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Executive Summary 

WSP Canada Inc. (WSP) was contracted by HDR Corporation on behalf of WM 

Canada (WM) to prepare this Draft Surface Water Quantity Existing Conditions Report 

for the Twin Creeks Environmental Centre (TCEC) Landfill Optimization Project 

Environmental Assessment (EA). The purpose of this report is to present the existing 

surface water quantity (hydrology) conditions of the TCEC site and surrounding area. 

The TCEC is located at 5768 Nauvoo Rd. approximately 1 km north of the Village of 

Watford in the Township of Warwick, Ontario. The TCEC is bounded by agricultural 

area on all sides, with the closest residential area being in Watford in the south. The 

On-site Study Area for Surface Water Quantity focuses on the on-site ditches and 

Stormwater Ponds 1, 2, 3 and 4. The Off-Site Study Area for Surface Water Quantity 

includes the area within the vicinity of the TCEC extending approximately 1 km out 

from the On-Site Study Area along with the Kersey Drain to the east, Van Kessel Drain 

to the west, and municipal drainage tile at catch basin SS1. The municipal drainage 

tile ultimately flows to the Gilliland-Geerts Drain, beneath Nauvoo Road (County 

Road 79). The assessment of external areas will enable a more comprehensive 

characterization of existing conditions at a watershed scale to assist in the assessment 

of potential surface water quantity effects. 

There are approximately 5 years of approved landfill airspace capacity remaining at 

the TCEC (i.e., capacity will be reached in approximately 2031). The proposed 

optimization would provide additional airspace of approximately 14.3 million cubic 

metres (m³), which could extend the site life by approximately 12 years (from 2031 to 

2043) and may be achieved through alternative landfill configurations or alternative 

methods within the existing 301-hectare TCEC site area. No changes are proposed to 

the size of the TCEC site area, approved service area, or annual fill rate. 

The investigations to characterize existing Surface Water Quantity included the 

following tasks: 

• A desktop review of background data to understand the baseline conditions; 

• A site reconnaissance to corroborate existing conditions; 

• Confirmation of overland flow routes, drainage boundaries and outlet locations; 

• Inventory of existing hydraulic structures (i.e., location, size, material); 

• Measurements of typical stream channel geometry (i.e., bottom width, side slopes, 

depth); and 

• Climate and stream flow monitoring (initiated in the fall of 2015) to collect: 

• Rainfall data and ambient temperature data; 

• Water temperature and water levels data; and 
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• Stream flow gauging measurements. 

The site reconnaissance was conducted on September 28, 2022. Visual observation 

of the four stormwater management ponds and surrounding drainage features was 

completed to assess the current condition and performance. 

Hydrologic modelling was completed in Visual OTTHYMO (6.2) to determine the peak 

return period flows at each outlet location, and to evaluate the function of the existing 

stormwater management ponds. 

According to the existing conditions analysis, the ponds are functioning adequately 

and the SWM Pond 1 has the highest peak outflow of 0.704 m³/s as per the hydrologic 

modeling for the 100-year design storm. SWM Pond 2, 3 and 4 show a peak outflow 

of 0.529 m³/s, 0.671 m³/s and 0.372 m³/s respectively for the 100-year design storm. 

The peak outflow to Gilliland-Geerts Drain from the site was 4.68 m³/s. 

Further, it should be noted that the catchment areas of the TCEC site are to remain 

unchanged for the landfill optimization vertical expansion alternatives being 

considered. As such, drainage patterns within the site and off-site are expected to 

remain unchanged. 

Other considerations: 

During construction, there is a potential for short-term sediment wash-off from the site. 

To protect the downstream receiving system and other natural features, on-site 

sediment control measures are necessary during construction and should not be 

removed until the end of construction period when the site has been stabilized.  

Construction phasing must be scheduled to minimize the extent and period to which 

disturbed soils are exposed to weathering. To prevent erosion during construction at 

TCEC, WM uses intermediate cover materials, silt fences, and hydraulic seeding to 

stabilize soils and control runoff, with these measures continuing as new landfill cells 

are developed.
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Acronyms, Units and Glossary 

Acronyms  

Acronym Definition 

CN Curve Number 

D&O Design and Operations  

EA Environmental Assessment 

EAA Environmental Assessment Act  

IDF Intensity Duration Frequency  

MECP Ministry of Environment, Conservation and Parks 

MNRF Ministry of Natural Resources and Forestry 

SCRCA St. Clair Region Conservation Authority  

SCS United States Department of Agriculture Soil Conservation Survey  

SWM Stormwater Management 

TCEC Twin Creeks Environmental Centre 

ToR Terms of Reference 

TP Time to Peak  

WM WM Canada 

 

Units  

Unit Definition 

ha hectare 

km kilometre 

m metre 

m³ cubic metre 

 

Glossary  

Term Definition 

Approval Permission granted by an authorized individual or organization for a project to proceed. 
This may be in the form of program approval, certificate of approval, or provisional 
certificate of approval. 

Capacity (Disposal 
Volume) 

The total volume of air space available for disposal of waste at a landfill site for a particular 
design (typically in m³); includes both waste and daily cover materials but excludes the final 
cover. 
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Glossary  

Term Definition 

Composting The controlled microbial decomposition of organic matter, such as food and yard wastes, in 
the presence of oxygen, into finished compost (humus), a soil-like material. Humus can be 
used in vegetable and flower gardens, hedges, etc. 

Composting facility A facility designed to compost organic matter either in the presence of oxygen (aerobic) or 
absence of oxygen (anaerobic). 

Environment As defined by the Environmental Assessment Act, environment means: 

• air, land or water 

• plant and animal life, including human life 

• the social, economic and cultural conditions that influence the life of humans or a 
community 

• any building, structure, machine or other device or thing made by humans 

• any solid, liquid, gas, odour, heat, sound, vibration or radiation resulting directly or 
indirectly from human activities 

• any part or combination of the foregoing and the interrelationships between any two or 
more of them (ecosystem approach). 

Environmental 
Assessment (EA) 

A systematic planning process that is conducted in accordance with applicable laws or 
regulations aimed at assessing the effects of a proposed project on the environment. 

Evaluation criteria Evaluation criteria are considerations or factors taken into account in assessing the 
advantages and disadvantages of various alternatives being considered. 

Greenhouse gas 
(GHG) 

Any of the gases whose absorption of solar radiation is responsible for the 
greenhouse effect, including carbon dioxide, methane, ozone, and the fluorocarbons. 

Indicators Indicators are specific characteristics of the evaluation criteria that can be measured 
or determined in some way, as opposed to the actual criteria, which are fairly general. 

Landfill gas (LFG) The gases produced from the wastes disposed in a landfill; the main constituents are 
typically carbon dioxide and methane, with small amounts of other organic and odour-
causing compounds. 

Landfill site An approved engineered site / facility used for the final disposal of waste. Landfills are 
waste disposal sites where waste is spread in layers, compacted to the smallest practical 
volume, and typically covered by soil. 

Leachate Liquid that drains from solid waste in a landfill and which contains dissolved, suspended 
and/or microbial contaminants from the breakdown of this waste. 

Mitigation Measures taken to reduce adverse impacts on the environment. 

Project Is defined in the Environmental Assessment Act as: one or more enterprises or activities or 
a proposal, plan or program in respect of an enterprise or activity. 

Proponent A person who: 

• carries out or proposes to carry out a project 

• is the owner or person having charge, management or control of a project 

Receptor The person, plant or wildlife species that may be affected due to exposure to a 
contaminant. 

Terms of Reference 
(ToR) 

A terms of reference is a document that sets out detailed requirements for the preparation 
of an Environmental Assessment. 

Waste Refuse from places of human or animal habitation; unwanted materials left over from a 
manufacturing process. 
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1 Introduction 

This report presents a description of the existing conditions for Surface Water Quantity 

for the WM Canada (WM) Twin Creeks Environmental Centre (TCEC) Landfill 

Optimization Project in support of the environmental assessment (EA). The purpose 

of the EA is to assess the potential effects of the proposed landfill optimization on the 

environment. The EA is being carried out in accordance with the requirements of the 

Environmental Assessment Act (EAA) and Terms of Reference (ToR), which was 

approved by the Ministry of Environment, Conservation and Parks (MECP) on 

December 13, 2022. 

The approved ToR included a preliminary description of the existing conditions within 

the area surrounding the TCEC, with the commitment that a more detailed description 

of existing environmental conditions would be prepared as part of the EA. In 

accordance with the approved ToR, additional investigative studies were carried out 

as necessary to generate a more detailed description of the existing natural, cultural, 

socio-economic, and built environments for use in the assessment of the effects of the 

alternative methods for the TCEC Landfill Optimization Project during the EA. 

WM, the owner and operator of the TCEC in Watford, Ontario, has initiated an EA 

seeking approval to optimize the landfill design and operation, maximizing the use of 

the constructed infrastructure and the significant investment made at the TCEC. There 

are approximately 5 years of approved landfill airspace capacity remaining at the 

TCEC (i.e., capacity will be reached in approximately 2031).   The proposed 

optimization would provide additional airspace capacity of up to approximately 

14.3 million m³, which could extend the site life by about 12 years (from 2031 to 2043). 

No changes are proposed to the size of the current 301 ha TCEC site area, the 

approved service area, or the annual fill rate. 

There is a need for the continued development of the TCEC as it is a significant 

component of the provincial waste management network and infrastructure, which is 

lacking in sufficient and secure long-term disposal capacity. Optimizing the future 

development of the TCEC allows for on-going sustainable business operations and 

continued provision of essential financial support for community services and 

programs. 

This Surface Water Quantity Existing Conditions Report is one component of the EA. 

The EA Study Report will incorporate the information presented herein as appropriate, 

and this report will be included with the EA Study Report as a supporting document.  

Surface water quality existing conditions are addressed in a separate report. 

This Surface Water Quantity report has been prepared in accordance with the 

workplan included as part of the approved ToR. The workplan outlines the tasks 

required to support the EA through the characterization of existing conditions and 

assessment of potential environmental effects of the Project on the Surface Water 
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Quantity environment, including the evaluation of the various alternative methods and 

the identification and assessment of a preferred alternative. This work plan outlines 

the scope of the Surface Water Quantity work, including protocols and/or standards to 

be adhered to while the work is undertaken.  

The objective of this Surface Water Quantity Existing Conditions Report is to 

comprehensively characterize the existing hydrological conditions at the TCEC and 

surrounding area. Specifically, this report addresses the below objectives: 

• A desktop review of background data to understand baseline conditions; 

• Observations from site reconnaissance; 

• Confirmations of overland flow routes, drainage boundaries, and outlet locations; 

• Inventory of existing hydraulic structures; 

• Typical stream channel geometry; 

• Hydrologic modelling; and 

• Climate and stream flow monitoring results. 

2 TCEC and Study Areas 

The TCEC is located at 5768 Nauvoo Rd. approximately 1 km north of the Village of 

Watford in the Township of Warwick, Ontario. The subject site is bounded by 

agricultural area on all sides, with the closest residential area being in Watford in the 

south. The topography of the area is flat with some rolling hills. The site lies at the 

surface water divide between Bear Creek Watershed to the west and the Brown Creek 

Watershed to the east. The location of the site is shown in Figure 2-1, with the On- 

and Off-site Study Areas shown in Figure 2-2.  

The TCEC is a regional facility that provides safe and convenient disposal services for 

communities, businesses and industries serving the Province of Ontario. The landfill 

is approved to receive municipal, industrial, commercial, and institutional solid non-

hazardous wastes generated, including non-hazardous contaminated soil. 

The TCEC is engineered with environmental protection systems that meet or exceed 

regulatory requirements and are subject to highly regulated monitoring and reporting 

requirements. Systems include engineered liners and covers, leachate collection and 

removal, landfill gas collection and control, and on-site leachate disposal through 

phytoremediation.  

Leachate that is generated in the waste is conveyed toward a perimeter leachate 

collection system. WM received approval to treat leachate through a phytoremediation 

system consisting of a 9.3 ha poplar system planted on the existing landfill cap in 2003. 

Surplus leachate is trucked off-site to approved wastewater treatment plants. 
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Figure 2-1. Site Location 

 

 

During the EA, existing conditions and potential effects will be considered in the 

context of two study areas: on-site and off-site. The general study areas proposed for 

the purposes of the EA are: 

• On-site Study Area: the existing TCEC. 

• Off-site Study Area: the lands within the vicinity of the TCEC extending 

approximately 1 km out from the On-site Study Area. 

For the water quantity analysis, the focus is on the drainage conditions within the 

TCEC site limit, with an evaluation of overall drainage patterns and channel geometry 

in the offsite study area. Figure 2-2 shows the On-site and Off-site Study Area 

boundaries. 
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Figure 2-2. On-Site and Off-Site Study Areas 

 

3 Methods 

This Surface Water Quantity Existing Conditions Report was developed based on the 

evaluation criteria, indicators, and data sources included in the approved ToR, which 

were developed in consultation with government agencies and other stakeholders. 

The evaluation criteria, rationale, indicators and data sources used for Surface Water 

Quantity as per the approved ToR are provided in Table 3-1. 

The existing conditions analysis focused on the on-site ditches and Stormwater Ponds 

1, 2, 3 and 4 and extended to the Off-Site Study Area within the vicinity of the TCEC, 

shown in Figure 2-2. Future analysis of proposed conditions will evaluate the identified 

indicators and compare with the analysis presented in this report. 
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Table 3-1. Evaluation Criteria, Indicators and Data Sources for Surface Water 
(Hydrology) 

Evaluation Criteria Rationale Indicators Data Sources 

Natural Environment 

Surface Water Environment 

Surface Water 
Quantity 

Construction of physical 
works may disrupt 
natural surface 
drainage patterns and 
may alter runoff and 
peak flows. The 
presence of the 
expanded landfill may 
also affect base flow to 
surface water. 

• Change in runoff 
volumes and peak flows 
resulting from steeper 
and longer side slopes. 

• Changes to drainage 
areas on-site and off-
site. 

• Predicted occurrence 
and degree of off-site 
effects to surface water 
flows. 

• On-site stormwater 
management system design 
for expanded landfill. 

• Landfill design and operations 
data. 

• Hydrologic modelling. 

• Annual monitoring reports. 

• Published flow information and 
hydrology design standards 
from MECP, MNRF, 
Environment Canada and 
SCRCA. 

• Site reconnaissance. 

• Topographic surveys. 

• Air photos. 

• Drainage maps. 

• Watershed mapping areas 
including municipal water 
supply sources within the Off-
site Study Area from SCRCA. 

• Typical stream channel 
geometry within the Off-site 
Study Area, to the extent 
accessible. 

• Water well survey within the 
off-site study area. 

• PTTW records. 

• Liaison with MECP, SCRCA, 
downstream riparian 
landowners along Gilliland-
Geerts Drain between Nauvoo 
Road and Underpass Road, 
Township of Warwick. 

3.1 Data Collection and Review 

The following data sources were reviewed to establish the existing site conditions: 

• Survey data from September 2022; 

• The survey recorded existing site topography which was used to define 

catchment areas and flow patterns. 

• The survey also identified the location and geometry of hydraulic structures. 

• Site Reconnaissance on September 28, 2022; 
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• Site reconnaissance was done to confirm the existing drainage patterns and 

assess the condition of the stormwater management features. Details are 

presented in Section 3.2. 

• Design & Operations (D&O) Report 2008;  

• The D&O Report contains information on the stormwater management pond 

design, outlet structures, site background, and previously completed 

modelling. 

• Aerial Imagery. 

• Aerial imagery was used to identify land use and offsite drainage patterns. 

3.2 Field Studies 

The WSP drainage team visited the site on September 28, 2022, to conduct a site 

reconnaissance and conduct a review of the existing conditions of the stormwater 

management facilities. Site reconnaissance was done to confirm the existing drainage 

patterns on the TCEC site and to assess the condition of the stormwater management 

features. Specifically, each of the four stormwater management ponds were observed 

and photographed, as well as the Nauvoo Road culvert site outlet. 

3.3 Characterization of Existing Conditions 

The existing conditions for Surface Water Quantity were characterized as follows: 

1. Information collected from the sources identified in Section 3.1 was reviewed and 

summarized; 

2. Field studies were undertaken to confirm the existing drainage patterns and assess 

the condition of the stormwater management features (Section 4.1); and 

3. Hydrologic modelling was conducted to determine existing condition peak flows 

and pond performance as a baseline condition with which future proposed 

condition hydrologic modelling can be compared. Furthermore, the 2-year design 

storm flows are considered as average flows leaving the site which have also been 

determined and are presented in Table 4-4 and discussed within Section 4.5.2. 

3.4 Mitigating Erosion Potential 

To mitigate potential erosion during construction activities, WM implements a range of 

surface-level erosion and sediment control measures. One of the primary strategies 

currently in use at the TCEC site includes the application of intermediate cover 

materials, which help stabilize exposed soils. Additionally, silt fences are strategically 

installed to intercept and slow runoff, thereby reducing the risk of sediment transport 

off-site. These protective measures are standard practice for all active construction 

zones and will continue to be applied as new landfill cells are developed at higher 

elevations under the Landfill Optimization Project. In areas that are not actively being 
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developed and are expected to remain undisturbed for extended periods, WM employs 

hydraulic seeding techniques to establish vegetative cover. This vegetation plays a 

critical role in long-term erosion control by anchoring the soil and minimizing surface 

runoff. 

4 Description of Existing Conditions 

This section discusses the stormwater management features that currently exist on 

the TCEC site, the locations where water leaves the site, offsite drainage conditions, 

an inventory of existing hydraulic structures, and a description of the hydrologic 

modelling performed as well as the results of the hydrologic analysis. 

4.1 Stormwater Management Ponds 

Stormwater at the TCEC site is managed through four SWM ponds. A series of ditches 

direct runoff to the ponds, and from the ponds to the outlets. Each pond has an outlet 

structure that is designed to control the pond outflow during a range of return period 

storm events. Each pond is described in detail in the sections below. 

The observations from the site reconnaissance for the stormwater management 

facilities are also noted and documented below. Exhibits showing the existing 

catchment areas, the offsite drainage patterns, and the hydraulic structures are shown 

in Appendix A. A series of photographs from the site reconnaissance showing the 

SWM ponds are included in Appendix B. 

4.1.1 Stormwater Pond 1 

Stormwater Pond 1 is located centrally on the site, to the southeast of the TCEC landfill 

(Appendix A - Exhibit 1). The area draining to this pond is approximately 40.21 ha 

and the total footprint of the pond, shown in Figure 4-1, is approximately 0.8 ha/ 

21,429 m³, which includes two forebays and a permanent pool of 3,651 m³. The pond 

provides water quality treatment for runoff from the site with a 75% TSS removal rate. 

The two inlets are swales which direct runoff from catchment G4B (10% 

imperviousness) into the forebays (swale geometry is shown in Figure 4-2 and 

Figure 4-3).  

The outlet control arrangement for this pond consists of two outlet control structures 

that provide staged discharge from the pond. Structure 1 includes a 1,500 mm 

diameter riser with a riser crest elevation of 238.7 m, two 150 mm diameter lower 

orifices at invert elevation 237.6 m, and two 150 mm diameter upper orifices at invert 

elevation 238.0 m. Discharge is conveyed through a 750 mm diameter outlet pipe, 

25 m in length, with upstream and downstream invert elevations of 237.5 m and 

237.4 m, respectively. A rectangular weir is also provided with a crest elevation of 

238.3 m and a length of 1.2 m. Structure 2 includes a 1,500 mm diameter riser with a 

riser crest elevation of 238.7 m, two 200 mm diameter lower orifices at invert elevation 
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238.0 m, and no upper orifice or rectangular weir. Discharge from Structure 2 is also 

conveyed through a 750 mm diameter outlet pipe, 25 m in length, with upstream and 

downstream invert elevations of 237.5 m and 237.4 m, respectively. As such, this pond 

is regulated by a staged outlet control system rather than by outlet pipes alone. The 

pond normal water level is 237.6 m, and outflow from the pond is eventually directed 

towards Outlet G. The inlet and outlet structures were not accessible during the site 

visit for depth measurements. A silt fence separates the forebay and the permanent 

pool and was observed to be in good condition during the site visit.  

Figure 4-1. Pond 1 Features 

 

Figure 4-2. Pond 1 North Inlet Swale Geometry 
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Figure 4-3. Pond 1 South Inlet Swale Geometry 

 

4.1.2 Stormwater Pond 2 

Stormwater Pond 2 is located on the west side of the site, southwest of the TCEC 

landfill. This pond is just east of Nauvoo Road (County Road 79) near the walking trail. 

The area draining to this pond is approximately 62.26 ha and the total footprint of the 

pond, shown in Figure 4-4, is approximately 2.0 ha/48,954 m³, which includes two 

forebays and a permanent pool of 10,856 m³. The pond provides water quality 

treatment for runoff from the site with a 75% TSS removal rate. The main inlet structure 

is a reinforced concrete box culvert with a span of 3 m and a rise of 1.2 m. There is an 

additional inlet and small forebay on the north side of the pond that receives surface 

runoff through swales. Runoff is received from catchments G4A, G3A, and G1B that 

have a total imperviousness of approximately 27%.  

The outlet control arrangement for this pond consists of two outlet control structures 

that regulate pond discharge under a range of storm events. Structure 1 includes an 

1,800 mm diameter riser with a riser crest elevation of 233.2 m, two 200 mm diameter 

lower orifices at invert elevation 232.3 m, and two 200 mm diameter upper orifices at 

invert elevation 232.6 m. Discharge is conveyed through a 1,050 mm diameter outlet 

pipe, 55 m in length, with upstream and downstream invert elevations of 231.7 m and 

231.5 m, respectively. A rectangular weir is also provided with a crest elevation of 

232.9 m and a length of 1.2 m. Structure 2 includes a 2,400 mm diameter riser with a 

riser crest elevation of 233.4 m, two 200 mm diameter lower orifices at invert elevation 

232.3 m, and one 200 mm diameter upper orifice at invert elevation 232.8 m. 

Discharge from Structure 2 is conveyed through a 1,200 mm diameter outlet pipe, 

55 m in length, with upstream and downstream invert elevations of 231.7 m and 

231.5 m, respectively. No rectangular weir is provided for Structure 2. As such, this 

pond is regulated by a staged outlet control system rather than by outlet pipes alone 

and is discharged through a pair of outlet pipes toward Outlet G.  
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Furthermore, the depth of water that was observed at the inlet structure was 

approximately 76 cm and at the outlet structures was approximately 60 cm and 50 cm 

for the 1.05 m and 1.2 m diameter pipe culvert respectively. Additionally, there was an 

overflow channel that was lined with riprap and river stone with big boulders around it. 

The SWM pond main cell was observed to be full, slightly higher than the permanent 

pool elevation, and the overflow channel was conveying flows towards the walking 

trail. This is because on September 19 and 21 there were recent rainstorms just prior 

to the site reconnaissance on September 22, 2022. The pond normal water level is 

232.3 m. 

Figure 4-4. Pond 2 Features 
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4.1.3 Stormwater Pond 3 

Stormwater Pond 3 is located in the northwest corner of the site just behind the office 

building. The area draining to this pond is approximately 31.84 ha and the total 

footprint of the pond, shown in Figure 4-5, is approximately 1.1 ha/24,996 m³, which 

includes a forebay and a permanent pool of 4,843 m³. The pond provides water quality 

treatment for runoff from the site with a 75% TSS removal rate. The inlet structure is a 

reinforced concrete box culvert which is 3 m wide and 1.2 m high and the water depth 

was observed to be approximately 27 cm. Runoff is received from catchment AB that 

has approximately 10% imperviousness.  

The outlet control arrangement for this pond consists of three outlet control structures 

that provide staged discharge from the pond to the downstream drainage system. 

Structure 1 includes a 1,200 mm diameter riser with a riser crest elevation of 237.2 m, 

two 200 mm diameter lower orifices at invert elevation 236.6 m, and two 200 mm 

diameter upper orifices at invert elevation 236.9 m. Discharge is conveyed through a 

450 mm diameter outlet pipe, 90 m in length, with upstream and downstream invert 

elevations of 236.1 m and 235.8 m, respectively. No rectangular weir is provided for 

this structure. Structure 2 includes a 1,200 mm diameter riser with a riser crest 

elevation of 237.20 m, two 100 mm diameter lower orifices at invert elevation 236.6 m, 

and two 200 mm diameter upper orifices at invert elevation 236.9 m. Discharge is 

conveyed through a 600 mm diameter outlet pipe, 50 m in length, with upstream and 

downstream invert elevations of 236.1 m and 235.8 m, respectively. Structure 3 

includes a 1,200 mm diameter riser with a riser crest elevation of 237.3 m, three 

200 mm diameter lower orifices at invert elevation 236.8 m, and no upper orifice or 

rectangular weir. Discharge from Structure 3 is conveyed through a 600 mm diameter 

outlet pipe, 50 m in length, with upstream and downstream invert elevations of 236.1 m 

and 235.8 m, respectively. This pond is regulated by a staged outlet control system 

which is provided through multiple riser and orifice structures. As discussed above, 

pond has three outlet culverts that run under the berm and outlet to the ditch that runs 

along Nauvoo Road (County Road 79). Two pipe culverts (600 mm in diameter) outlet 

towards the south (Outlet B) whereas one pipe culvert (450 mm in diameter) outlets 

towards the north (Outlet A) into the roadside ditch. The pond normal water level is 

236.6 m.  
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Figure 4-5. Pond 3 Features 

 

4.1.4 Stormwater Pond 4 

Stormwater Pond 4 is located in the northeast corner of the site just south of Zion Line. 

The area draining to this pond is approximately 15.77 ha and the total footprint of the 

pond, shown in Figure 4-6, is approximately 0.4 ha/8,328 m³, which includes the 

forebay and the permanent pool of 1,812 m³. The pond provides water quality 

treatment for runoff from the site with a 75% TSS removal rate. The inlet structure is a 

1.05 m pipe culvert. Runoff is received from catchment C1B (11% imperviousness), 

and outflow is directed toward outlet C. 

The outlet control arrangement for this pond consists of a single outlet control structure 

incorporating staged discharge controls within the riser system. The structure includes 

an 1,800 mm diameter riser with a riser crest elevation of 241.3 m, two 200 mm 

diameter lower orifices at invert elevation 240.4 m, and two 200 mm diameter upper 

orifices at invert elevation 240.7 m. Discharge is conveyed through a 1,050 mm 

diameter outlet pipe, approximately 355 m in length, with upstream and downstream 

invert elevations of 239.8 m and 239.6 m, respectively. A rectangular weir is also 
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provided with a crest elevation of 241.0 m and a length of 1.2 m. As such, the pond 

discharge is regulated through an orifice-controlled riser structure with higher-level 

overflow control, rather than through a simple pipe outlet alone. The water depth was 

observed to be 4 cm and 11 cm at the inlet and outlet structure respectively. The pond 

normal water level is 240.4 m. 

Figure 4-6. Pond 4 Features 

 

4.2 Site Outlets  

Locations where flow leaves the TCEC were confirmed during the site 

reconnaissance. Refer to Appendix A – Exhibit 1 for the site plan showing the outlet 

locations. A total of 10 outlet locations were identified and have been described in the 

following sections. 
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4.2.1 Outlet A 

This outlet is located at the northwest corner of the site at the intersection of Nauvoo 

Road (County Road 79) and Zion Line. The flow crosses Zion Line through a 400 mm 

CSP culvert. Flow to this outlet includes the small undeveloped area adjacent to the 

roadway (Catchment A) and a portion of the controlled flow from Pond 3 

(Catchment AB). The downstream receiver of flows from Outlet A is the Auld-

Redmond Drain. 

4.2.2 Outlet B 

This outlet is located approximately 270 m south of the intersection of Nauvoo Road 

and Zion Line. The flow crosses Nauvoo Road through a 900 mm concrete culvert. 

Flow to this outlet includes uncontrolled runoff from the area around the landfill 

entrance (Catchment B) and a portion of the controlled flow from Pond 3 

(Catchment AB). The immediate downstream receiver of flows from Outlet B at 

Nauvoo Road is the Bryson-Fleming Drainage Works Drain which confluences with 

Gilliland-Geerts Drain near Underpass Road. 

4.2.3 Outlet C 

This outlet is located approximately 380 m east of the intersection of Nauvoo Road 

and Zion Line. The flow crosses Zion Line through an 800 mm CSP culvert. Flow to 

this outlet includes uncontrolled runoff from the perimeter berm (Catchment C1A) and 

controlled flow from Pond 4 (Catchment C1B). The downstream receiver of flows from 

Outlet C is the Auld-Redmond Drain. 

4.2.4 Outlet D 

This outlet is located approximately 440 m south of the intersection of Nauvoo Road 

and Zion Line. The flow crosses Nauvoo Road through an 825 mm concrete culvert 

after part of the flow passes through a 375 mm Big ‘O’ culvert through the perimeter 

berm. Flow to this outlet is primarily from grassed areas on either side of the perimeter 

berm (Catchment D). The immediate downstream receiver of flows from Outlet D at 

Nauvoo Road is the Bryson-Fleming Drainage Works Drain which confluences with 

Gilliland-Geerts Drain near Underpass Road. 

4.2.5 Outlet E 

This outlet is located approximately 650 m south of the intersection of Nauvoo Road 

and Zion Line. The flow crosses Nauvoo Road through an 825 mm CSP culvert after 

part of the flow passes through a 375 mm Big ‘O’ culvert through the perimeter berm. 

Like Outlet D, flow to this outlet is primarily from grassed areas on either side of the 

perimeter berm (Catchment E). The immediate downstream receiver of flows from 

Outlet E at Nauvoo Road is the Bryson-Fleming Drainage Works Drain which then 

confluences with Gilliland-Geerts Drain near Underpass Road. 



Surface Water Quantity Existing Conditions Report 

 Twin Creeks Environmental Centre Landfill Optimization Project Environmental Assessment 

 

May 2026 | 15 

4.2.6 Outlet F 

This outlet is located approximately 720 m south of the intersection of Nauvoo Road 

and Zion Line. The flow passes through a 525 mm Big ‘O’ culvert through the perimeter 

berm and joins the south-flowing ditch of Nauvoo Road. Similar to Outlets D and E, 

flow to this outlet is primarily from grassed areas on either side of the perimeter berm 

(Catchment F). The immediate downstream receiver of flows from Outlet F at Nauvoo 

Road is the Bryson-Fleming Drainage Works Drain which then confluences with 

Gilliland-Geerts Drain near Underpass Road. 

4.2.7 Outlet G 

This outlet is located approximately 1090 m south of the intersection of Nauvoo Road 

and Zion Line. The flow crosses Nauvoo Road through a 3.7 m x 2.8 m box culvert. 

This is the largest outlet on the site and conveys the highest flows. Catchments G1A 

and G2A are largely undeveloped and flow uncontrolled to the outlet. Catchments 

G1B, G3A, and G4A are controlled by Pond 2. Catchment G4B is controlled by Pond 1, 

with the outflow conveyed by roadside ditch and the Van Kessel Drain to the outlet. 

Downstream of Outlet G the flow remains within a defined flow channel (Gilliland-

Geerts drain) which is a tributary to Bear Creek. The Gilliland-Geerts drain has a 

channel geometry as shown in Figure 4-7, with a bottom width of 2.3 m and a top 

width of 7.9 m. 

Figure 4-7. Gilliland-Geerts Drain Channel Geometry (left to right looking 
downstream) 

 

4.2.8 Outlet H 

This outlet is located near the excess soil stockpile on the south half of the site and 

leaves the site to the west under the walking path through a 750 mm CSP. Flow to this 

outlet is from part of the excess soil stockpile and a small section of the poplar 

plantation (Catchment H). Downstream of Outlet H the flow crosses Nauvoo Road 

through a 2.0 m x 1.5 m culvert and connects with the flow from Outlet G further 

downstream. The downstream receivers of flows from Outlet H are the Vankessel 
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Drain and the Gilliland-Geerts Drain. The channel geometry upstream of the culvert 

crossing is as shown in Figure 4-8, with a bottom width of 3.5 m and a top width of 

8.2 m. 

Figure 4-8. Channel Geometry Downstream of Outlet H at the Nauvoo Road 
Crossing (left to right looking downstream) 

 

4.2.9 Outlet I 

This outlet is located near the southwest corner of the site. Flows from Catchment I 

leave the site at multiple locations through small culverts under the walking path. The 

immediate downstream receiver of flows from Catchment I are the Brown-Jarriott Drain 

Extension and the flows join further downstream to form a tributary to Bear Creek and 

the Gilliland-Geerts Drain. 

4.2.10 Outlet J 

Catchment J drains a small area of perimeter berm in the northeast corner of the site. 

Uncontrolled flows are directed east along the Zion Line roadside ditch towards Brown 

Creek. 

4.2.11 Remaining site area 

The remaining site area that does not drain to the above outlets drains uncontrolled 

toward Brown Creek. This area is primarily undeveloped and contains multiple small 

drainage channels that discharge directly into Brown Creek. Brown Creek channel 

geometry was surveyed downstream of the Confederation Line crossing and is shown 

in Figure 4-9. 
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Figure 4-9. Brown Creek Channel Geometry (left to right looking downstream) 

 

4.3 Off-Site Drainage Conditions 

This section describes the offsite drainage conditions and the surrounding watersheds.  

4.3.1 Drainage Boundaries and Overland Flow Routes 

The TCEC site lies on the border between the Bear Creek and the Brown Creek 

watersheds. Exhibit 2 (Appendix A) shows the watershed boundaries and the 

watercourses that flow through the surrounding area. The Gilliland-Geerts Drain as 

well as the Brown-Jarriott Drain both flow west from the site toward Bear Creek, with 

the location where they meet in Bear Creek shown in Exhibit 2. Flow also leaves the 

site at the north boundary along a minor channel that captures flow from Outlet C and 

directs it northwest under Nauvoo Rd and west toward Bear Creek. These watersheds 

all eventually drain to the Sydenham River and then to the St. Clair River. 

On the southwest side of the site, Brown Creek passes right along the site boundary. 

Runoff from adjacent agricultural fields within the off-site study area drains west toward 

Brown Creek and joins runoff from the on-site study area. The Brown Creek watershed 

begins north of the study area and has a well-defined channel well upstream of the 

Highway 402 crossing. There is no flow monitoring in Brown Creek (as per SCRCA), 

however significant flows are expected due to the size of the installed drainage 

infrastructure along Brown Creek at road crossings.  
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4.3.2 Gilliland-Geerts Drain 

The Gilliland-Geerts drain is of particular interest, as it is the primary outfall for the site. 

All drainage from Catchment Area G, as discussed in Section 4.2 above, flows into 

the Gilliland-Geerts Drain. The flow meanders through farmland and wooded area 

before passing beneath Underpass Road. The culvert that crosses Nauvoo Road is a 

reinforced concrete box culvert which has a 3.8 m span and 1.55 m rise. A picture of 

the crossing is presented in Appendix B. 

A survey of riparian property owners along the Gilliland Geerts Drain was conducted 

by RWDI in July/August 2023 as a condition of the Permit to Take Water (System No. 

4682-BLJRY) dated November 8, 2021. Furthermore, the survey indicated that there 

is no water taking that would be regulated by the Ontario Water Resources Act from 

the Gilliland-Geerts Drain. Therefore, an assessment of potential impacts on riparian 

water users was not required to be completed. The survey and methodology are 

included in Appendix F. 

4.4 Inventory of Existing Hydraulic Structures  

Three types of hydraulic structures exist within the study area: culverts, pond inlets, 

and pond outlets. These structures convey water under on-site and off-site roads, as 

well as direct flow in to and out of the on-site stormwater management ponds. The 

available information regarding existing culvert IDs, location, size, and material has 

been tabulated and is included in Appendix C. A summary of stormwater 

management pond outlet structures on the TCEC site has also been included in 

Appendix C. An exhibit showing structure IDs to identify their locations is included in 

Appendix A. 

4.5 Hydrologic Modelling 

Hydrologic modelling for the TCEC site was conducted to evaluate the existing peak 

flows leaving the site and the existing pond function. The results presented here can 

be used to compare with future conditions modelling so that impacts of proposed works 

can be mitigated. 

Existing conditions catchment areas for the site were calculated based on the 

proposed catchment areas described in the Development and Operations Plans – 

Warwick Landfill Expansion (March 2008) and updated based on 2022 ground surface 

information as part of the site survey (Exhibit 1). 

Four existing stormwater management ponds are located on the site (Section 4.1). 

These ponds are designed to store runoff from developed areas of the site, providing 

quantity and quality control. There are several uncontrolled areas within the site 

boundary which drain primarily undeveloped regions of the site. 

The existing drainage areas are shown on Exhibit 1 in Appendix A. 
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4.5.1 Methodology 

Hydrologic modelling was completed in Visual OTTHYMO (6.2). Existing conditions 

were modelled based on the drainage areas delineated in the Development and 

Operations Plans – Warwick Landfill Expansion (March 2008), with areas updated 

based on current topography and land use. 

Furthermore, the hydrologic modelling parameters presented in Table 4-2 were 

developed using a combination of background design information and updated 

existing conditions data. Existing catchment areas were based on the drainage areas 

described in the Development and Operations Plans – Warwick Landfill Expansion 

(March 2008) and were refined using 2022 survey information and current site 

topography and land use. Catchment slopes were derived from the updated surveyed 

ground surface and catchment delineation, while percent imperviousness and runoff 

characteristics were assigned based on current site land use and developed 

conditions observed on-site. Survey information was also used to confirm drainage 

patterns and the location including geometry of hydraulic structures. 

The rainfall intensity information for the site was obtained from the Environment 

Canada Sarnia weather station Intensity-Duration-Frequency (IDF) data. 

  

Where: 

• A, B = regression constants for each return period 

• I = rainfall intensity (mm/hour) 

• Td = storm duration (hours) 

IDF parameters are summarized in Table 4-1. 

Table 4-1. IDF Regression Constants 

Return Period A B 

2 22.5 0.713 

5 29.7 0.726 

10 34.4 0.732 

25 40.4 0.737 

50 44.9 0.740 

100 49.3 0.743 

The 4-hour Chicago design storm was used to evaluate peak flows at each outlet. The 

Chicago event distributions are widely accepted as a synthetic distribution for use in 

southern Ontario. The 4-hour Chicago design storm was created based on the above 

𝑖 = [
𝐴

(𝑇𝑑)𝐵
] 
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rainfall information. The 3-hour Chicago storm was also run, however the 4-hour 

results were found to be more conservative (i.e., higher peak flows and higher storage 

volumes). As such, the 4-hour Chicago storm results were chosen to be presented 

within this report. The results from both the 100-year 3-hour Chicago and the 100-year 

4-hour Chicago are included in Appendix D. 

4.5.2 Results 

Modelling parameters for each drainage area were calculated and are shown in 

Table 4-2. Time to peak (i.e., the time it takes for the whole drainage area to contribute 

to runoff) was calculated as the average of the SCS Upland and CN methods. 

The SCS Upland method calculates the flow velocity based on catchment slope and 

ground type and finds the time of concentration as the catchment length divided by the 

flow velocity. 

The SCS CN method calculates the flow velocity based on curve number, flow length, 

and effective slope.
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Table 4-2. Catchment Modelling Parameters 

Catchment 

ID 

Drainage 

Area (ha) 

Runoff 

Coefficient 

Curve 

Number 

Imperviousness 

(%) 

Slope  

(%) 

Initial Abstraction 

Pervious (mm) 

Initial Abstraction 

Impervious (mm) 

Time to Peak 

(hr) 

A 0.94 0.44 84  14 0.60 3.88 n/a 0.12 

AB 31.84 0.42 85  10 0.80 3.47 n/a 0.93 

B 6.99 0.51 81  28 1.00 5.90 2.00 n/a 

C1A 6.77 0.42 83  14 0.40 4.12 n/a 0.50 

C1B 15.77 0.42 84  11 0.90 3.94 n/a 0.42 

D 2.10 0.38 82  6 0.50 4.32 n/a 0.14 

E 1.31 0.38 82  7 0.70 4.30 n/a 0.08 

F 1.89 0.37 83  4 0.50 4.09 n/a 0.22 

G1A 12.45 0.39 82  9 0.30 3.07 n/a 1.03 

G1B 32.91 0.41 84  10 0.50 2.71 n/a 0.60 

G2A 19.40 0.35 81  2 0.40 2.96 n/a 0.66 

G3A 18.71 0.39 83  5 0.70 2.75 n/a 2.44 

G4A 10.64 0.41 83  12 0.50 2.86 n/a 1.12 

G4B 40.21 0.42 84  10 0.30 2.71 n/a 1.20 

H 8.60 0.37 82  1 1.80 4.16 n/a 0.31 

I 22.13 0.37 82  1 0.40 4.16 n/a 1.07 

J 1.93 0.38 82  3 0.60 4.12 n/a 0.29 
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Existing condition peak flows for the 4-hour Chicago design storm are shown in 

Table 4-3. Visual OTTHYMO model output is included in Appendix D. 

Table 4-3. Existing Conditions Peak Flows 

Outlet 

ID 

Ultimate Flow 

Receiver 
2-year 5-year 10-year 25-year 50-year 100-year 

A 
Auld-

Redmond 
Drain 

0.07 0.10 0.14 0.18 0.22 0.26 

B 
Gilliland-

Geerts Drain 
0.42 0.57 0.68 0.81 0.91 1.01 

C 
Auld-

Redmond 
Drain 

0.15 0.25 0.32 0.43 0.52 0.64 

D 
Gilliland-

Geerts Drain 
0.08 0.13 0.17 0.23 0.28 0.33 

E 
Gilliland-

Geerts Drain 
0.07 0.12 0.16 0.21 0.26 0.30 

F 
Gilliland-

Geerts Drain 
0.05 0.09 0.12 0.16 0.20 0.23 

G 
Gilliland-

Geerts Drain 
0.41 0.70 0.90 1.18 1.39 1.63 

H 
Gilliland-

Geerts Drain 
0.17 0.30 0.40 0.54 0.65 0.77 

I 

Brown-Jarriott 
Drain 

Extension and 
Gilliland-

Geerts Drain 

0.21 0.35 0.45 0.58 0.69 0.81 

J Brown Creek 0.04 0.08 0.10 0.13 0.16 0.19 

The total flows leaving to Auld-Redmond Drain, Brown Creek, Brown-Jarriott Drain 

Extension and Gilliland-Geerts Drain are shown in Table 4-4. 

Table 4-4. Peak Flows Leaving To Ultimate Receivers 

Ultimate Flow 

Receiver 
2-year 5-year 10-year 25-year 50-year 100-year 

Auld-Redmond 
Drain 

0.22 0.35 0.46 0.61 0.74 0.90 

Brown-Jarriott Drain 
Extension 

0.11 0.18 0.23 0.29 0.35 0.41 

Gilliland-Geerts 
Drain 

1.31 2.09 2.66 3.42 4.04 4.68 

Brown Creek 0.04 0.08 0.10 0.13 0.16 0.19 
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The 2-year design storm peak flows are considered as the average flows leaving the 

site to the ultimate receivers which range from 0.04 m³/s to 1.31 m³/s. 

Pond function was also evaluated in Visual OTTHYMO. Table 4-5 shows the peak 

inflow, peak outflow, and maximum storage used in each SWM pond during the 

100-year event. 

Table 4-5. SWM Pond Function During 100-year Event 

Pond ID Peak Inflow (m³/s) Peak Outflow (m³/s) Maximum Storage Used (ha.m) 

1 1.490 0.704 0.943 

2 2.460 0.529 1.625 

3 1.451 0.671 0.732 

4 1.247 0.372 0.347 

5 Summary of Existing Conditions 

This report has discussed the existing conditions for surface water quantity at the 

TCEC site and within the Off-Site Study Area. Seventeen catchment areas were 

delineated based on the updated survey information from September 2022 and were 

modelled in Visual OTTHYMO to show pond function and peak flows as summarised 

in Table 5-1.  

Table 5-1. Summary of Existing Conditions  

Outlet ID Catchment ID Drainage Area (ha) 100-year Peak Flow 

A 
A 0.94 

0.26 

AB 31.84 

B 1.01 
B 6.99 

C 
C1A 6.77 

0.64 
C1B 15.77 

D D 2.10 0.33 

E E 1.31 0.30 

F F 1.89 0.23 

G 

G1A 12.45 

1.63 

G1B 32.91 

G2A 19.40 

G3A 18.71 

G4A 10.64 

G4B 40.21 

H H 8.60 0.77 
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Outlet ID Catchment ID Drainage Area (ha) 100-year Peak Flow 

I I 22.13 0.81 

J J 1.93 0.19 

 

Site reconnaissance was completed on September 28, 2022, with observations made 

on the current state of SWM infrastructure. The four SWM ponds and 10 outlet 

locations were identified and discussed. 

According to the existing conditions analysis, the ponds are functioning adequately 

and the SWM Pond 1 has the highest peak outflow of 0.704 m³/s as per the hydrologic 

modeling for the 100-year design storm. SWM Pond 2, 3, and 4 show a peak outflow 

of 0.529 m³/s, 0.671 m³/s, and 0.372 m³/s respectively for the 100-year design storm. 

The peak outflow to Gilliland-Geerts Drain from the site was 4.68 m³/s for the 100-year 

design storm. 

Further, it should be noted that the catchment areas of the TCEC site are to remain 

unchanged for the landfill optimization alternatives being considered. As such, 

drainage patterns within the site and off-site are expected to remain unchanged. 

Other Considerations 

During construction, there is a potential for short-term sediment wash-off from the site. 

To protect the downstream receiving system and other natural features, on-site 

sediment control measures are necessary during construction and should not be 

removed until the end of construction period when the site has been stabilized.  

Construction phasing must be scheduled to minimize the extent and period to which 

disturbed soils are exposed to weathering. To prevent erosion during construction at 

TCEC, WM uses intermediate cover materials, silt fences, and hydraulic seeding to 

stabilize soils and control runoff, with these measures continuing as new landfill cells 

are developed. 
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