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INTRODUCTION 

Aquafor Beech Limited was retained by the City of Niagara Falls to undertake a Master Drainage 

Plan Update Study (MDPUS) following the Municipal Class Environmental Assessment (EA) 

process. The study included several tasks and deliverables, with the overarching objective to 

provide a Master Plan document which satisfies the City’s 2011-2014 strategic priorities. These 

priorities include financial stability, innovative and progressive tools and techniques, and a well-

planned infrastructure system that is sustainable and ecologically sound. 

 

The drainage infrastructure system within the City of Niagara Falls is based on conventional 

stormwater management measures constructed for runoff control and floodplain management with 

an emphasis on the conveyance of runoff. This approach to managing stormwater does not fulfill 

the requirements of a well-planned infrastructure system that is sustainable and ecologically sound. 

Previous studies show that the drainage infrastructure system within the City has been under 

increasing stress due to new development, population growth and a growing tourism industry. 

These pressures have resulted in increased levels of combined sewer overflows (CSO),  basement 

flooding and environmental degradation. Continued growth within the City of Niagara Falls 

without a comprehensive and integrated stormwater management policy framework incurs a risk 

to the City’s drainage infrastructure, the local ecosystem and the wellbeing of residents. The study 

area for the MDPUS spans the entire City of Niagara Falls. The study area is identified along with 

existing land use in Figure 1. 

 

REPORT STRUCTURE 

The report titled ‘City of Niagara Falls Master Plan Update Study – Environmental 

Assessment Document’ provides a summary of the overall process and integrates the findings 

from the following Technical Support Documents which are provided under separate cover: 
 

• Background Report – Technical Report #1 – This document provides an overview of the 

relevant policy framework, summary of existing environmental conditions and data gap 

analysis overview. 

The City of Niagara Falls contains lands within seven (7) subwatershed areas. The 

breakdown of the City’s subwatersheds is shown in Table 1.  

Table 1: Subwatersheds Covering the City of Niagara Falls 

Subwatershed Area (ha) Percent 

Beaverdams and Shriners Creeks 3137.57 14.65% 

Central Welland River 13.15 0.06% 

Fort Erie 590.91 2.76% 

Lower Welland River 2218.24 10.35% 

Niagara Falls Urban 4518.57 21.09% 

Niagara-on-the-Lake 806.97 3.77% 

South Niagara Falls 10137.97 47.32% 

Total Area 21423.38  
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Exiting surficial geology, hydrology, hydrogeology, natural heritage and water quality 

conditions are summarized in the MDPUS. A more detailed description of existing 

environmental conditions is found in Background Report – Technical Report #1 and 

Receiving Stream Habitats and Geomorphic Conditions Report.  

• Receiving Stream Habitats and Geomorphic Conditions Report -  This document

provides details with respect to existing aquatic and geomorphic (stream) conditions

throughout the City.

Stream habitat and geomorphic conditions in City watercourses have been degraded by

changes in the hydrologic and hydraulic regime related to urban development. By

conducting surveys of existing stream conditions, it was possible to make recommendations

for aquatic habitat restoration, infrastructure repairs and programs that will enhance

watercourses within the City.

Through field and technical assessments five (5) locations were identified as requiring 

works to improve stream habitat and geomorphic conditions. Issues identified included 

failing riprap, perched culverts, scouring, bank erosion, poor grading and debris 

accumulation. The following works are recommended to improve geomorphic and aquatic 

habitat conditions within the City: 

a) Montrose Road Culvert: Erosion protection at failed gabion and scour location

b) Kalar Road Culvert at Tributary 1: Culvert Replacement

c) Westport Drive Culvert: Culvert Replacement

d) Storm Outfall at Don Muir Street: Restoration works at perched outfall and

failing riprap

e) Chippawa Parkway Culvert: Culvert Replacement

• Climate Change Considerations Technical Memo – This document provides an analysis

of climate change scenarios and recommendations for the City of Niagara Falls. Climate

change can impact the frequency, volume and intensity of rainfall events, and this in turn

can impact the frequency and severity of storm sewer discharges, combined sewage

overflows and/or basement flooding. A technical analysis was needed to consider the

possible extent of climate change in Niagara Falls and its associated impacts on future

stormwater and CSO management.

To evaluate the observed impact of climate change on the City and predict future climate 

scenarios that may affect stormwater management, the following methodology was used: 

a) A long-term rainfall analysis was undertaken. This analysis covered the April 15th

to November 14th period of each year from 1950 to 2014.

b) Climate change software known as “SWMM-CAT” was used to generate near and

far term projections of monthly rainfall and 24-hour design storm rainfall intensities

(for the 5, 10, 15, 30, 50 and 100-year return periods) for the City.

Based on the long-term rainfall analysis, there is little evidence of increased annual rainfall 

volume in Niagara Falls in recent years. Average annual rainfall volumes for the past 15 

years (2000 to 2014) were actually 5.5% lower than the long-term average, and significantly 
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lower (by 12.6%) than the average annual rainfalls in the 1970’s, 80’s and 90’s; and the 

frequency of the larger rainfall events (> 25 mm) that cause most of the SWM and CSO 

problems were all significantly lower than the long-term average (by 15-25%). 

• Intensity-Duration-Frequency (IDF) Curves Update Memo – This document discusses

the methodology and results of the development of new rainfall Intensity-Duration-

Frequency (IDF) curves for the City of Niagara Falls, updated to reflect more recent rainfall

records; and suggests some next steps for estimating the potential impacts of climate change

on the level of performance of the City’s storm and combined sewer systems. Rainfall IDF

curves describe the probability of occurrence for extreme rainfall events of various rates and

durations, and are routinely used in the design and management of drainage infrastructure.

The current IDF curves used by the City of Niagara Falls were derived in 1989 as part of

the Shriner’s Creek Watershed Study. Considering climate change concerns, an IDF

analysis was needed to ensure stormwater design reflects current rainfall parameters.  New

IDF curve parameters were developed for each of the five Niagara Falls AES rainfall

stations, based on the recent rainfall data recorded from Jan 1998 to Apr 2015. The IDF

relationships were compared to the IDF curves currently used by the City.

Climate change, by its very nature can be difficult to predict. The application of a factor of

safety on IDFs used for stormwater design purposes is recommended despite no evidence

of increased rainfall patterns between 2000 and 2014. A 5% increase should be applied to

the current IDF curves used to size stormwater and combined sewer infrastructure. The 5%

climate change scenario most closely reflects the findings of the Niagara Falls SWMM-

CAT near and far term climate change projections. The 5% and 10% scenarios mirror the

results of the screening assessment of the potential impacts climate change on combined

sewer overflow (CSO) mitigation in the Great Lakes Region (USEPA, 2008); and provide

a reasonable basis for considering the potential impacts of climate change on the SWM and

CSO and basement flooding control measures.

Stormwater Financing Strategy – Over the past decade, several municipalities across 

Ontario have changed the way municipal stormwater management projects are funded. 

Progressive municipalities have shifted from allocating portions of property taxes for 

stormwater projects to stormwater utilities or tiered fee systems based on property size, 

property type, and/or impervious area. These funding programs have been largely successful 

in providing stormwater management projects and programs with sustainable revenue 

generation. Hemson Consulting Limited is currently conducting a Stormwater Financing 

Study as part of the MDPUS. This study will involve a review of available stormwater 

management financing options available to the City to fund operating and capital expenses 

and will make recommendations for moving forward with a strategy. 

• Storm Sewer and Stormwater Pond Technical Assessment – This document provides

details with respect to existing conditions, modeling approach and proposed measures for

the storm sewer and stormwater pond system. This assessment followed the Municipal Class

Environmental Assessment (EA) process which and is described in further detail below.
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STUDY PURPOSE 

The purpose of the MDPUS as we noted previously was to satisfy the City’s 2011-2014 strategic 

priorities through the analysis and development of recommendations for both urban and rural 

environments within the City and to provide a better understanding of the level of service currently 

provided by municipal drainage infrastructure. The project was also undertaken to identify the 

improvements needed to sustainably develop and manage stormwater infrastructure considering 

population growth and climate change.  

MUNICIPAL CLASS ENVIRONMENTAL ASSESSMENT (EA) PROCESS 

The MDPUS was undertaken using Master Plan Approach 1 as identified in the MEA’s Class EA 

document. Master Plans undertaken using this approach complete Phase 1 (Establish the Problem 

or Opportunity) and Phase 2 (Identify and Assess Alternative Solutions to the Problem, and Select 

a Preferred Alternative). The Master Plan is then used as a basis for, and be used in support of, 

future investigations for the specific Schedule B and C projects identified within it. 

PHASE 1 – PROBLEM AND OPPORTUNITY DEFINITION 

Urban development areas can degrade the environment in many ways. Pollutants from residential, 

commercial and industrial sources are conveyed to the receiving waterbodies in stormwater runoff. 

Urban development can also result in undesired changes to the hydrologic response within 

subwatersheds. Rainfall events that under undeveloped conditions contributed little or no runoff 

can cause significant runoff after impervious areas are constructed. Problems associated with 

stormwater management in urban areas include: 

• Degraded surface water and groundwater quality

• Thermal enrichment of surface water

• Increased sediment loads to surface water

• Adverse effects on human and animal health

• Loss and degradation of fish and wildlife habitat, natural features and processes

• Increased flooding and erosion

• Disruption of the pre-development hydrologic process (reduction in groundwater recharge

and stream baseflow)

• Urban flooding (overwhelming of the municipal storm sewer system)

These problems must be analysed from several perspectives to identify opportunities that are 

sustainable and cost effective. For this reason, problems and opportunities are identified in each of 

the technical reports developed for the MDPUS. Specific to the Class EA are the flooding problems 

experienced since 2003.  

The City of Niagara Falls has experienced several rainfall events that have triggered incidents of 

basement flooding in various areas across the City. Based on flooding reports collected by the City 

of Niagara Falls, the rainfall events that are known to have caused basement flooding include the 

following:  

• August 5th, 2003 (90 mm)

• July 14th-15th 2004

• September 9th, 2004 (63 to 88 mm)

• August 31st, 2005 (89 to 121 mm)

• July 13th, 2013
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Using hydrologic and hydraulic modelling software, the capacity of storm sewers can be assessed 

in areas of the City that are prone to flooding. This information is then used to recommend works 

and strategies that will mitigate flooding and provide an acceptable level of stormwater service 

within the City.  

 

PHASE 2 - EVALUATION OF ALTERNATIVE SOLUTIONS 

The City of Niagara Falls experienced several rainfall events which resulted in basement flooding. 

Since 2003, five (5) events have overwhelmed the sewer system resulting in over 100 reports of 

basement flooding due to backup of water through the floor drains or plumbing. Specific areas of 

concern are listed below and identified in Figure 2 along with flood reports associated with each 

identified storm event. 

 

Areas within the City of Niagara Falls prone to Flooding: 

• Beaverdams Road and Kalar Road; 

• Lundy’s Lane and Kalar Road; 

• Murray Street and Franklin Avenue; 

• Dunn Street and Caledonia Street 

• Rideau Street and Eldorado Avenue; and 

•  Kaumeyer Street and Mears Crescent. 

 

Following the review of City data and compiling inventories for minor and major systems within 

the City, the level of service of the existing drainage system with all its components was evaluated 

using XPSWMM modeling software. The XPSWMM sewer model prepared for the City includes 

approximately 2,000 storm sewer sections of pipe larger than mm in diameter and 90 storm 

outfalls. There is also a total of 17 modeled stormwater management facilities. Figure 3 identifies 

the extent of the pipe model and the location of the stormwater management facilities.  

 

Model results of existing conditions identified areas of the City storm sewer network that are at 

full capacity at events less-than the 1:2-year return period. Figure 4 identifies the level-of-service 

provided by storm sewers. Modelling was then undertaken for alternative solutions for each 

flooding area.   
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The alternatives that were initially developed to address the problems and associated issues were 

broadly categorized as follows: 

• Do Nothing (i.e. Maintain Existing Municipal Program)  

• Source Control Works 

• Conveyance Control Works 

• Replace Storm Sewers 

• End-of-Pipe Retrofits and Dredging of Stormwater Management Facilities 

 

The “Do Nothing” alternative is traditionally carried forward as a benchmark in the EA process. 

For the purpose of this study the “Do-Nothing” alternative would essentially equate to maintaining 

status quo which includes: 

• Weeping-Tile Disconnection and Backwater Valve Programs 

• Stormwater Management Facility Operation and Maintenance Works 

Recognizing that the City of Niagara Falls’ drainage system is complex and that no individual 

solution will solve all drainage issues within the City, alternatives were assessed individually and 

as bundled options across the study area to meet the unique criteria and constraints associated with 

each area of the City affected by flooding.   

 

PREFERRED ALTERNATIVES 

FLOOD MITIGATION STRATEGY 

To address the flooding issues within the City, the preferred alternative includes capital works 

within the storm sewer system and at specific stormwater management ponds. Figures 5 through 

9 depict the capital works recommendations for specific flooding areas. 

 

Problem Area 8 

• Improving the capacity of the outlet channel downstream of existing stormwater 

management pond; 

• Performance confirmation of the existing stormwater pond by undertaking water level and 

flow monitoring;   

• Ongoing maintenance of the existing stormwater pond to ensure functionality; and 

• Replacement of 400 m of storm sewers of 750 – 1200 mm to provide adequate capacity. 

 

Problem Area 9 

• Reconstruction of existing stormwater management pond(s) to provide additional capacity 

(2,000 m3) storage for 100-year storm event. The facility would attenuate peak flows to the 

sewer system. In addition, the facility would temporarily store the stormwater runoff which 

would reduce the amount of stormwater discharged to the downstream creek; 

• Replacement of 480 m of storm sewers of 450 – 975 mm to provide additional capacity;  

• Construction of off-line storage (400 m3) on Orchard Grove Parkway; and 
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• Installation of a single sewer inlet for the reconstruction of the existing stormwater

management pond(s) should be considered for cost efficiency and constructability during

the conceptual design stage.

Problem Areas 19 and 20 

• Installation of 4,000 m of new storm sewer to provide additional capacity (Carlton Avenue,

Ash Street, Monroe Street, Symmes Street, Dawlish Avenue, Pinegrove Avenue and

Orchard Avenue.

Problem Area 21 

• Capacity upgrades and replacement of 320 m of storm sewers of 450 – 600 mm on Eldorado

Avenue to provide more capacity.

Problem Area 23 

• Installation of 600 m of new storm sewer of 525 - 750 mm and open channel (approximate

dimension & grade of the channel is provided in the Figure 26) to provide additional

capacity (Gunning Drive, Welland Street, Main Street and Bridgewater Street); and

• Inlet controls on Gunning Drive which limit flows (0.14 m3/s) to existing storm sewer

capacity and excess runoff would be conveyed to the proposed relief storm sewer and open

channel.
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CITY-WIDE STORMWATER STRATEGY 

A city-wide stormwater strategy was also recommended to reduce runoff volumes during all 

rainfall events and to ensure long-term municipal planning documents remain consistent with 

existing MOECC stormwater management best practices and anticipated MOECC stormwater 

management guidelines.  To avoid prematurely outdated implementation strategies and policies, a 

“treatment train” approach to provide integrated treatment of runoff from all sites is recommended. 

Integral to this approach are LIDs which mimic natural hydrologic systems as rain travels from 

runoff source to the stream by applying a series of practices across the entire subwatershed, 

development area, and or site before discharge to receiving water body. Using this approach, 

stormwater is managed in hierarchical manner using: 

1. Source Controls - These practices are physical measures that detain runoff, encourage the

infiltration of water into the ground and reduce runoff volumes before water enters

municipal drainage systems.

2. Conveyance Controls – These linear stormwater transport systems are generally located

within the municipal road ROW. Conventionally these systems were designed for only

conveyance, but LID approaches to design allow for infiltration and filtration of

stormwater. Examples of conveyance LID practices include bioswales and perforated pipe

systems.
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3. End-of-Pipe Controls – These practices are located at the end of the conveyance system.

These facilities have conventionally been designed to provide erosion, water quantity and

quality control applications.  Some end-of-pipe facilities include infiltration components.

End-of-pipe facilities are harder to incorporate into older developments lacking in

stormwater controls because they require significant land acquisition.

Table 2 summarizes the EA Schedule for all recommended storm sewer and stormwater 

management facility capital works and associated cost estimations. Table 3 summarizes the EA 

Schedule for all recommended watercourse works. In summary, the stream works fall under 

Schedule A while the storm sewer works fall under Schedule A+. Channel realignment works and 

stormwater management pond works fall under Schedule B.  

Table 2: Summary of EA Undertakings and Estimated Costs 

Flooding Area Works EA 

Schedule 

Estimated 

Cost* 

Problem Area 8 SWM Pond Works B 
$1,100,000 

Replacement of Storm Sewer A+ 

Problem Area 9 SWM Pond Works B 

$2,000,000 Replacement of Storm Sewer A+ 

Construction of Offline Storage A+ 

Problem Areas 19 & 20 Installation of Relief Storm Sewer A+ $12,900,000 

Problem Area 21 Replacement of Storm Sewer A+ $400,000 

Problem Area 23 New Storm Sewer and Open Channel B 
$400,000 

Inlet Controls A+ 

*Cost Estimates are exclusive of land acquisition, engineering, contingency, and HST.

Table 3: Summary of EA Undertakings and Estimated Costs 

Location Works EA Schedule 

Montrose Road Culvert Erosion Protection A 

Kalar Road Culvert at 

Tributary 1 
Culvert Replacement A+ 

Westport Drive Culvert Culvert Enhancement A 

Storm Outfall at Don Muir 

Street 
Restoration Works A 

Chippawa Parkway Culvert Culvert Replacement A 
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Additional unit costs associated with the recommended approach are identified in Table 4.   

 

Table 4: Unit Costs for SWM Facility Works 

Type of Facility Activity Cost Unit 

Wet or Dry SWM 

Facilities 
Water Quality Retrofit $125 to $160 

per m3 of water 

quality storage 

required for wet 

ponds per MOE 

Table 3.2 (MOE, 

2003) 

Wet SWM Facilities Dredging of Sediment $200 

per m3 of sediment 

assuming offsite 

disposal 

Wet SWM Facilities Dredging of Sediment $50 

per m3 of sediment 

assuming onsite 

disposal 

Wet or Dry SWM 

Facilities 
Excavation $50 

per m3 assuming 

onsite disposal 

Wet or Dry SWM 

Facilities 
Annual Inspection $1000 per site visit 

 

ADDITIONAL RECCOMENDATIONS 

In addition to the recommended approach described above, the following recommendations 

where identified in the City of Niagara Falls MDPUS: 

1) It is recommended that the City investigate the applicability of an “all-pipes model” which 

would allow for the assessment of potential new development as well as keep a current 

inventory with respect to potential capacity limitations and opportunities.  

 

2) It is recommended that the City undertake a monitoring program that will allow the existing 

XPSWMM model to be calibrated.  

 

3) It is recommended that the City develop a policy that clarifies the City’s role with respect 

to drainage problems on private property. 

 

4) It is recommended that the City develop an updated program for roadside ditch and swale 

maintenance (weed clearing, sediment removal, culvert cleaning, etc.) to ensure that water 

does not stagnate and cause safety issues. 
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1.0 Introduction 

 

Aquafor Beech was retained by the City of Niagara Falls to undertake a Master Drainage Plan 

Update Study (MDPUS) following the Municipal Class Environmental Assessment (EA) 

process. The study includes several tasks and deliverables, with the overarching objective to 

provide a Master Plan document which satisfies the City’s 2011-2014 strategic priorities in terms 

of a well-planned city, infrastructure sustainability, and financial stability, innovative and 

progressive tools and techniques, and proposes a well-planned infrastructure system that is 

sustainable and ecologically sound.  

 

Continued growth within the City of Niagara Falls without a comprehensive and integrated 

stormwater management policy framework in addition to climate change trends have led to 

placing cumulative pressure on the City’s drainage infrastructure and ecosystem in addition to 

the wellbeing of the existing and growing population. Remaining CSOs in the existing drainage 

system are a key issue causing flooding and water quality issues within the urban area of the 

City, a matter which has been assessed by the City’s Pollution Control Plan (CH2MHILL, 2008) 

with an overarching objective of 

reducing CSO discharges.  

 

The drainage infrastructure system 

within the City of Niagara Falls has 

been based on conventional 

stormwater management measures 

that have been constructed for the 

purpose of runoff control and 

floodplain management 

(accompanying figure; 1980s) based 

on the premise of flushing water 

away without much understanding 

of environmental consequences. 

Since then, the drainage 

infrastructure has not improved to 

fulfill the requirements of a well-

planned infrastructure system that is sustainable and ecologically sound.  

  

Previous studies show that the drainage infrastructure system within the City of Niagara Falls has 

been under increasing stress due to new development, population growth, and a growing tourism 

industry, leading to increased levels of combined sewer overflows (CSO) and basement flooding 

within the City.  

 

In order to for the City of Niagara Falls to fulfill its strategic priorities including a well-

planned city, infrastructure sustainability, financial stability, and ecosystem protection, a 

comprehensive Master Drainage Plan Update Study (MDPUS) is needed.  

 

The MDPUS is to update the City of Niagara Falls previous drainage studies completed in the 

1980s, namely the City of Niagara Falls Master Drainage Plan, completed in 1981 and cover the 

Figure 1.0: Evolution of Stormwater Management 
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urban part of the City; and the Rural Area Drainage Study, completed in 1987 and cover the rural 

part of the City. Accordingly, a new assessment is required to evaluate the level of services 

provided by the existing drainage infrastructure and provide an up-to-date direction that includes, 

but not limited to, inventories and capacity assessment, stormwater policy review and input, and 

performance under climate change trends. 

 

1.2 The Class Environmental Assessment Process 

 

The Municipal Class Environmental Assessment (Class EA), Municipal Engineers Association 

(MEA) document (October 2000, as amended in 2007 & 2011), describes the process that 

municipalities must follow in order to meet Ontario’s Environmental Assessment requirements 

for water, wastewater and road projects, including Master Plans. The process is illustrated in 

Figure 1.1, and may involve up to five phases of assessment. These phases include: 

 

 Phase 1: Establish the Problem or Opportunity 

 Phase 2: Identify and Assess Alternative Solutions to the Problem, and Select a 

Preferred Alternative 

 Phase 3: Identify and Assess Alternative Design Concepts for the Preferred Solution, 

and Select a Preferred Design Concept 

 Phase 4: Prepare an Environmental Study Report 

 Phase 5: Progress with Design and Implementation 
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Figure 1.1: MEA Flow Chart 

 

Public and agency consultation is also an important and necessary component of the above 

process. 

 

The level of assessment depends on the type of project or Master Plan that a municipality is 

undertaking. The MEA’s Class EA document classifies projects as Schedules ‘A’, ‘B’ or ‘C’ 

depending on their level of environmental impact and public concern. 

 

 Schedule ‘A’ projects are generally routine maintenance and upgrade projects; they do 

not have big environmental impacts or need public input. Schedule ‘A’ projects are all 

so routine that they are generally pre-approved without any further public consultation. 

 

 Schedule ‘B’ projects have more environmental impact and do have public 

implications. Examples would be stormwater ponds, river crossings, expansion of 

water or sewage plants beyond their rated capacity, new or expanded outfalls and 

intakes, and the like. Schedule ‘B’ projects require completion of Phases 1 and 2 of the 

Class EA process. 

 

 Schedule ‘C’ projects have the most major public and environmental impacts. 

Examples would be storage tanks and tunnels with disinfection, anything involving 

chemical treatment, or expansion beyond a water or sewage plant’s rated capacity. 
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Schedule ‘C’ projects require completion of Phases 1 through 4 of the Class EA 

process, before proceeding to Phase 5 implementation. 

 

As for particular projects, the MEA’s Class EA document has identified different approaches to 

completing Master Plans. Four approaches have been identified, each representing different 

levels of assessment. However, despite the approach selected, all Master Plans must address the 

first two phases of the Class Environmental Assessment process. 

 

 Approach 1, the most common approach, is to follow Phases 1 and 2 as defined 

above, then use the Master Plan as a basis for future investigations of site specific 

Schedule ‘B’ and ‘C’ projects. Any Schedule ‘B’ and ‘C’ projects that need specific 

Phase 2 work and Phases 3 and 4 works usually have this Phase 2, 3 and 4 deferred 

until the actual project is implemented. 

 

 Approach 2 is to complete all of the work necessary for Schedule ‘B’ site specific 

projects at the time they are identified. Using this approach, a municipality would 

identify everything it needed in the first ten years and would complete all the site 

specific work required, including public consultation to meet Class EA requirements. 

The Master Plan in such cases has to be completed with enough detail so that the 

public in site specific locations can be reasonably informed, and so that the approving 

government Agencies (Conservation Authorities, Natural Resources, Federal 

Department of Fisheries and Oceans, Transportation Canada etc.) can be satisfied that 

their concerns will be addressed before construction commences. 

 

 Approach 3 is to complete the requirements of Schedule ‘B’ and Schedule ‘C’ at the 

Master Plan stage. 

 

 Approach 4 is to integrate approvals under the EA and Planning Acts. For example, 

the preparation of new or amended Official Plans could be undertaken simultaneously 

with Master Plans for water, wastewater and transportation, and approval for both 

sought through the same process. 

 

The City has selected Approach 1 for undertaking this Master Plan. The Master Plan will 

therefore be completed such that the level of investigation, consultation and documentation is 

sufficient to fulfill the Municipal Class EA requirements for Schedule ‘A’ and ‘A+’ projects 

identified in the Master Plan. Additional studies will be required for any project which falls 

under Schedule ‘B’ or ‘C’. 

 

Any project identified in this Master Plan must be classified as to their level of complexity, 

which will in turn decide which Schedule process needs to be followed. As a general guideline, 

Schedule ‘A’ projects are limited in scale and have minimal adverse environmental effects. 

Schedule ‘B’ projects have the potential for some adverse environmental effects, while Schedule 

‘C’ projects have the potential for significant environmental effects. 

 

Once the report is completed, staff will request Council’s endorsement prior to issuing the 

“Notice of Completion” and the 30-day review.  
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1.3 Study Area 

 

The City of Niagara Falls has a population of 82,184 (Census Canada, 2006) and services over 

14 million people of tourist population annually. The Study Area covers the urban and rural 

parts of the City of Niagara Falls, which expands over an area of 212 km
2
. The urban area 

covers around 60 km
2 

of the total area. Figure 1.2 shows the limits of the municipality and the 

existing land use within the study area. It is noticed that while the urban area is built-up and 

includes several land uses, the southern portion of the City is dominated by agricultural land use 

and natural heritage features. Table 1.3.1presents a breakdown of existing land uses within the 

urban and rural areas of the City.  

 

Table 1.3.1 Existing Land Use within the City of Niagara Falls (Schedule A) 

Current Landuse Area (ha) Percent 

Agricultural 5753.69 30.43% 

Commercial 454.39 2.40% 

Industrial 806.73 4.27% 

Institutional 530.60 2.81% 

Open Space 1811.23 9.58% 

Recreational 333.60 1.76% 

Residential 4496.56 23.78% 

Transportation 742.50 3.93% 

Utility 820.05 4.34% 

Vacant Commercial 236.04 1.25% 

Vacant Industrial 564.80 2.99% 

Vacant Residential 2357.55 12.47% 

Total Area 18907.76  

 

Figure 1.3 shows future land use, which includes the following development and redevelopment 

areas according to the Official Plan: 

 

1. Downtown Node (Schedule A.2a) 

2. Drummondville Node (Schedule A.2b) 

3. Stamford Node (Schedule A.2c) 

4. Morrison/Dorchester Node (Schedule A.2d) 

5. Garner South Secondary Plan (Schedule A3)\ 

Table 1.3.2 shows a breakdown of future land uses within the City. 

 

Table 1.3.2 Future Land Use within the City of Niagara Falls 

Current Landuse Area (ha) Percent 

Environmental 

Protection Area 
2431.13 11.26% 

Extractive Industrial 193.96 0.90% 

Good General 

Agriculture 
9285.85 43.03% 
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Current Landuse Area (ha) Percent 

Industrial 1488.78 6.90% 

Major Commercial 240.01 1.11% 

Minor Commercial 79.97 0.37% 

Neutral 328.43 1.52% 

Niagara Escarpment 

Plan Area 
829.07 3.84% 

Open Space 2015.50 9.34% 

Parkway Residential 88.44 0.41% 

Residential 3484.30 16.14% 

Resort Commercial 328.60 1.52% 

Rural / Agricultural 0.43 0.00% 

Theme Park 

Marineland 
291.86 1.35% 

Tourist Commercial 495.68 2.30% 

Total Area 21582.00  
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1.4 Study Purpose and Report Structure 

 

The purpose of this project was to undertake a Master Drainage Plan Update Study (MDPUS) 

which satisfies the City’s 2011-2014 strategic priorities in terms of a well-planned city, 

infrastructure sustainability, and proposed a well-planned infrastructure system that is 

sustainable and ecologically sound.  

 

The MDPUS will incorporate both urban and rural environments within the City and will provide 

an ability to better understand the level of service currently provided together with the future 

improvements needed to sustainably develop and manage stormwater infrastructure. 

Furhtermore, stormwater policies and stormwater approaches together with available 

technologies to manage stormwater flows and water quality have changed substantially in recent 

years. The MDPUS will, therefore, also require a review of relevant policies related to 

development and the technical approaches to stormwater management in order to develop 

effective stormwater management policies and guidelines for the City. 

 

This report, entitled ‘City of Niagara Falls Master Plan Update Study –Environmental 

Assessment Document’ provides a summary of the overall process and integrates the findings 

from the following Technical Support Documents which are provided under separate cover: 

 Background Report – Technical Report #1 – this document provides an overview of the 

relevant policy framework, summary of existing environmental conditions and data gap 

analysis overview; 

 Receiving Stream Habitats and Geomorphic Conditions Report – this document 

provides details with respect to existing aquatic and geomorphic (stream) conditions 

throughout the City; 

 Storm Sewer and Stormwater Pond Technical Assessment – this document provides 

details with respect to existing conditions, modeling approach and proposed measures for 

the storm sewer and stormwater pond system; 

 Climate Change Considerations – Technical Memo – a summary of existing climate 

change scenarios is presented together with a recommendation for the City of Niagara 

Falls; and 

Intensity Duration Frequency (IDF) Curves Update Memo – this document discusses the 

methodology and results of the development of new rainfall IDF curves for the City of 

Niagara Falls, updated to reflect more recent rainfall records; and suggests some next steps for 

estimating the potential impacts of climate change on the level of performance of the City’s 

storm and combined sewer systems.   

 

The structure for this document is outlined below. 

 

Chapter 1 – Defines the study purpose 

Chapter 2 – Defines the problems and opportunities associated with the study 

Chapter 3 – Establishes existing environmental and social conditions 

Chapter 4 – Defines condition of the existing storm sewers and stormwater management ponds 

Chapter 5 – Provides details with respect to policy framework and municipal planning review 

Chapter 6 – Presents climate change considerations 

Chapter 7 – Presents updated IDF rainfall curves 
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Chapter 8 – Presents the recommended approach 

Chapter 9 – Presents the recommended stormwater strategy 

Chapter 10 – Presents preliminary cost estimates 

Chapter 11 – Presents implementation considerations 

Chapter 12 – Presents the Public Consultation Strategy used for this Study 

Chapter 13 – Presents study conclusions and Recommendations 

 

 

2.0 Problem and Opportunity Identification  

 

2.1 General 

 

Urban areas may degrade the environment in many ways, as a result of both new development 

and from existing development. Pollutants from a variety of residential, commercial and 

industrial sources impact the environment, as well as terrestrial and aquatic life when conveyed 

to the receiving bodies of water. Urban development can also result in undesired changes to the 

hydrologic characteristics within subwatersheds, where rainfall events that previously 

contributed little or no runoff to streams now cause flow to occur and consequently, the amount 

of water draining to streams significantly increases in volume. As a result of existing land uses, 

together with proposed land use changes, a number of potential environmental problems have 

been identified. These include: 

 

 Degraded surface water and groundwater quality 

 Thermal enrichment of surface water 

 Increased sediment loads to surface water 

 Adverse effects on human and animal health 

 Loss and degradation of fish and wildlife habitat, natural features and processes 

 Increased flooding and erosion 

 Disruption of the pre-development hydrologic process (reduction in groundwater 

recharge and stream baseflow) 

 Urban flooding (overwhelming of the municipal storm sewer system) 

 

2.2 Identification of Problems and Opportunities 

 

Over the last 10 to 15 years, the City of Niagara Falls has experienced several rainfall events that 

have triggered incidents of basement flooding in various areas across the City. Based on flooding 

reports collected by the City of Niagara Falls, the rainfall events that are known to have caused 

basement flooding include the following:  

 

• August 5th, 2003 (90 mm) 
• July 14th-15th 2004  
• September 9th, 2004 (63 to 88 mm) 
• August 31st, 2005 (89 to 121 mm) 
• July 13th, 2013  
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The objective of this study is to develop a plan, consistent with ongoing city and Conservation 

authority initiatives to address the potential problems related to existing infrastructure and the 

environment as noted above.  

 

3.0 Existing Conditions 

 

3.1 General 

 

This section will describe the natural environment within the City of Niagara Falls. The 

objective of the following sections is to describe the natural (as well as social and economic) 

environment from a study area perspective. A more detailed description of existing 

environmental conditions may be found in Background Report – Technical Report #1 and 

Receiving Stream Habitats and Geomorphic Conditions Report  

 

Seven (7) environmental planning and watershed-based studies were reviewed in order to 

provide a watershed context for the City of Niagara Falls Master Drainage Plan Update Study 

(MDPUS). As a result, a brief characterization of the study area was developed, where key 

environmental features and functions were addressed. These include: 

 Subwatershed coverage  

 Surfical geology and physiography 

 Hydrology  

 Hydrogeology 

 Natural Heritage 

 Water Quality 

 

3.2 Overview of Watershed-based Issues 

 

There have been several studies and reports that cover issues related to watersheds covering the 

City of Niagara Falls, and consequently shaping and impacting its environmental health and 

municipal infrastructure sustainability. These documents include:     

 

1. Lower Welland River Characterization Report (NPCA, 2011) 

2. South Niagara Falls Watershed Report (NPCA (2008) 

3. Niagara River Remedial Action Plan – Stage 2 (2009) 

4. Niagara River Remedial Action Plan –(Update 2012) 

5. 2012 Watershed Report Cards (NPCA, 2012) 

6. Water Quality Monitoring Program (NPCA, 2009) 

7. Niagara Water Quality Protection Strategy (2004) 

 

These documents range in their focus and complexity from large-scale interest such as the 

Niagara River Remedial Action Plan; which has identified areas of concern (AOCs) within the 

Niagara River watershed including the City of Niagara Falls, to smaller-scale focus such as 

subwatershed characterization reports (i.e. Lower Welland and South Niagara Falls).     

 

In the following sections, a summary of key environmental characteristics of the study area is 

presented, and is based on the above-mentioned documents.   
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3.3 Subwatershed Coverage 

 

The Niagara Peninsula Conservation Authority (NPCA) watershed serves approximately 500,000 

people and covers an area of 2424 square  kilometers encompassing  the  entire Niagara  Region 

and the City of Niagara Falls. The NPCA watershed is comprised of over 202 subwatersheds of 

varying sizes. 

 

As shown in Figure 3.0, the City of Niagara Falls is primarily covered by the following six (6) 

subwatersheds (from north to south) (Table 3.3): 

1. Niagara on the Lake 

2. Beaverdams and Shriners Creek 

3. Niagara Falls Urban (Draining to the OPG Canal or the Niagara River) 

4. Lower Welland River 

5. South Niagara Falls 

6. Fort Erie 

 

Table 3.3 Subwatersheds Covering the City of Niagara Falls 

Subwatershed Area (ha) Percent 

Beaverdams and Shriners Creeks 3137.57 14.65% 

Central Welland River 13.15 0.06% 

Fort Erie 590.91 2.76% 

Lower Welland River 2218.24 10.35% 

Niagara Falls Urban 4518.57 21.09% 

Niagara-on-the-Lake 806.97 3.77% 

South Niagara Falls 10137.97 47.32% 

Total Area 21423.38  

 

3.4 Surficial Geology  

 

The study is dominated by clay and silt soils (approximately 79% of the study area) especially 

the southern and western portions of the City (i.e. South Niagara Falls and Beaverdams and 

Shriners Creeks subwatersheds). Silt and sand soils are dominant within the Niagara Falls Urban 

subwatershed with pockets of sand and gravel (Figure 3.1).  

 

3.5 Hydrology  

 

As indicated earlier, the City of Niagara Falls is covered by six (6) subwatersheds. These 

subwatersheds include several watercourses and tributaries that run through the City, 

specifically: 

 

1. Thompsons Creek 

2. Welland River 

3. Shriners Creek 

4. Grassy Brook 

5. Lyons Creek 
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6. Tee Creek 

7. Usshers Creek 

8. Bayer Creek 

The Niagara Peninsula Conservation Authority monitors stream flow, rainfall and other 

meteorological information at locations across the watershed. Meteorological stations within the 

City include: 

 

1. Kalar Road SPS Precipitation Station 

2. Niagara Falls Station 

Average streamflows of key watercourses within the urban study area are as follows 

(CH2MHILL, 2008): 

1. Welland River: 50 m
3
/s 

2. Niagara River: 5,380 m
3
/s 

3. OPG Canal: 1,980 m
3
/s  

3.6 Hydrogeology 

There are primarily four soil groups that characterize the soil types in the study area including 

soils from the Niagara, Welland, Malton, and Peel groups.  

1. Niagara soils are imperfectly drained and moderately to slowly permeable. 

Groundwater levels are usually close to the surface until late spring and this soil group 

has moderate to high water-holding capacities.  

2. Welland soils are poorly drained and slowly permeable except during the summer 

months when surface cracking increases their   permeability. Like   the   Niagara soils, 

groundwater levels remain close to the surface most of the year.  

3. Malton soils are commonly found in association with Welland soils. Like the Welland 

and Niagara soils, Malton soils are poorly drained and slowly permeable, and they are 

normally saturated by groundwater for long periods of the year.  

4. Peel soils are imperfectly drained. Like Malton soils, perched water tables are a 

common occurrence due to tillage compaction and the dense clay loam till subsoil.  

Figure 3.2 shows groundwater recharge and discharge areas within the City of Niagara Falls. 
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3.7 Natural Heritage 

Terrestrial Ecology 

The City of Niagara Falls is covered by a wealth of natural heritage features, especially within 

the South Niagara Falls subwatershed (Figure 3.3). Table 3.7 shows forest cover within 

subwatersheds covering the City of Niagara Falls. The City includes the following natural 

heritage features: 

 Lyon’s Creek Provincially Significant Wetland and Lyon’s Creek Floodplain Wetland 

ANSI 

 Thompsons Creek Wetland PSW and Warren Creek Wetland Complex PSW. 

 Dufferin Islands – Queen Victoria Park – Niagara 

Gorge 

 Garner Road Woods 

Table 3.7 Forest Cover and Conditions within Subwatersheds Covering the City of Niagara 

Falls (NPCA, 2012) 
  

Watershed 

Forest Cover Forest Interior Riparian Zone Forested  

Overall Grade % Grade % Grade % Grade 

 

T
w

e
lv

e
 

M
il

e 
C

re
e
k

 

Shriners Creek 8 D 0 F 20.2 D D 

Beaver Dams Creek 6 D 0.1 F 9.8 F F 

Upper Twelve Mile Creek 33 B 4.7 D 45.9 B C 

Lower Twelve Mile Creek 17 B 2 F 30.5 C C 

 

N
ia

g
a
r
a
-o

n
-t

h
e
 

L
a
k

e
 

Eight Mile Creek 4 F 0 F 9.5 F F 

Six Mile Creek 14 D 0.8 F 22.9 D D 

Four Mile Creek 9 D 0.2 F 15.6 D D 

Two Mile Creek 9 D 0.4 F 11.6 F F 

One Mile Creek 12 D 0 F 26.5 D D 

L
o
w

e
r
 W

e
ll

a
n

d
 R

iv
e
r
 

a
n

d
 S

o
u

th
 N

ia
g
a
ra

 F
a
ll

s Bayer Creek 37 A 6.3 C 30.4 C B 

Usshers Creek 33 B 4.4 D 32.5 C C 

Tee Creek 30 B 5.9 D 36.7 C C 

Grassy Brook 23 C 1.9 F 26.3 D D 

Lyons Creek 30 B 4.6 D 29.1 C C 

Welland River - Lower 28 B 4 D 28.4 C C 

 

F
o
rt

 E
ri

e
 

Six Mile Creek 24 C 1.9 F 24.5 D D 

Kraft Drain 33 B 8.4 C 42.1 C C 

Frenchman Creek 22 B 3.6 D 25 D D 

Black Creek 21 C 4 D 23.1 D D 
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Aquatic Ecology 

Fish habitat types within the City of Niagara Falls are shown in Figure 3.4 as critical habitat 

(Type 1), important habitat (Type 2) and marginal habitat (Type 3). As illustrated, the main 

channel of Bayers Creek, Usshers Creek, Tee Creek, Hunters Drain and Grassy Brook have been 

classed as Type 1 habitat. The majority of Lyons Creek has been classed as Type 1 habitat with 

the exception of some of the upper tributaries, which have been classed as Type 2 habitat (NPCA, 

2008). 
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3.8 Water Quality 

 

There are twelve (12) water quality monitoring stations within the City of Niagara Falls (Figure 

3.5). These stations are distributed as follows: 

 

1. Four (4) stations within the Beaverdams and Shriner’s Creeks subwatershed 

2. Two (2) stations within the Lower Welland River subwatershed 

3. Five (5) stations within the South Niagara Falls subwatershed 

4. One (1) station within the Niagara Falls Urban subwatershed  

Highly vulnerable aquifers are mostly located within the Niagara Falls Urban subwatershed and 

extend to the north and north west within the Niagara on the Lake subwatershed and the 

Beaverdams and Shriner’s Creeks subwatershed (Figure 3.6). 

 

Table 3.8 shows surface water quality results for Total Phosphorus and E.coli, in addition to 

Benthic Biotic Index within subwatersheds covering the City of Niagara Falls. Surface water 

quality grades for the NPCA watersheds range from C to F with the majority of watersheds 

scoring D. Overall, the poorest water quality scores were in the Niagara-on-the-Lake watersheds 

Two Mile Creek and Four Mile Creek.   

 

Table 3.8 Key Pollutant Concentrations within Subwatersheds Covering the City of 

Niagara Falls (NPCA, 2012) 
 

 

Watershed 

Total Phosphorus Bacter

ia 

Benthic 
 

 

Overall 

Grade 

75th Percentile 

Concentration 

(ug/L) 

  Grade 

Geometric 

Mean 

E. 

coli 

(CFU/100

ml) 

  Grade 

 

Family Biotic 

Index Score 

  Grade 

 

- 
  

 T
w

e
lv

e 

M
il

e
 C

re
e
k

 

Shriners Creek 120 D 157 C 6.48 D D 

Beaver Dams Creek 350 F 142 C 7.12 F D 

Upper Twelve Mile 

Creek 
120 D 180 C 4.71 B C 

Lower Twelve Mile 

Creek 
30 B 81 B N/A N/A B 

 

N
ia

g
a
ra

-o
n

-t
h

e
 

L
a
k

e
 

Eight Mile Creek 120 D 251 C 6.56 F D 

Six Mile Creek 105 D 277 C 6.02 D D 

Four Mile Creek 265 F 439 D 7.04 F F 

Two Mile Creek 103 D 2425 F 6.81 F F 

One Mile Creek 115 D 382 D 5.9 D D 

L
o
w

e
r
 

W
e
ll

a
n

d
 R

iv
e
r
 

a
n

d
 S

o
u

th
 

N
ia

g
a
ra

 F
a
ll

s Bayer Creek 300 F 92 B 6.64 F D 

Usshers Creek 460 F 81 B 8.32 F D 

Tee 

Creek 
480 F 116 C 6.96 F D 
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Watershed 

Total Phosphorus Bacter

ia 

Benthic 
 

 

Overall 

Grade 

75th Percentile 

Concentration 

(ug/L) 

  Grade 

Geometric 

Mean 

E. 

coli 

(CFU/100

ml) 

  Grade 

 

Family Biotic 

Index Score 

  Grade 

Grassy Brook 280 F 75 B 8.36 F D 

Lyons Creek 160 D 31 B 7.86 F D 

Welland River - 

Lower 
101 D 113 C N/A N/A D 

 

F
o
rt

 E
ri

e 

Six Mile Creek 165 D 112 C N/A N/A C 

Kraft Drain 100 D 347 D 6.83 F D 

Frenchman Creek 70 D 130 C 7.31 F D 

Black Creek 180 D 42 B 6.9 F D 
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4.0 Existing Conditions –Storm Sewer and Stormwater Management Ponds 

 

4.1  General 

 

A separate document entitled Storm Sewer and Stormwater Pond Technical Assessment details 

the findings for existing conditions as well as alternatives for the storm sewer and stormwater 

ponds within the urban area of the City. Provided below is a summary of the findings. 

Historical Flooding 

The City of Niagara Falls experienced several rainfall events which resulted in basement 

flooding events over the period of a couple of decades. The storm event overwhelmed the 

existing sewer system through storm sewers and cross connections which resulted in over 100 

reports of basement flooding due to backup of water through the floor drains or plumbing, etc. 

Some specific areas that noted concerns as a result of the storm included the following locations: 

 

 Beaverdams Road and Kalar Road; 

 Lundy’s Lane and Kalar Road; 

 Murray Street and Franklin Avenue; 

 Dunn Street and Caledonia Street 

 Rideau Street and Eldorado Avenue; and 

  Kaumeyer Street and Mears Crescent. 

 

Several historical rainfall events have been known to cause flooding in various areas across the 

City. The five (5) significant previously noted include:  

 

 August 5th, 2003 (90 mm) 

 July 14th-15th 2004  

 September 9th, 2004 (63 to 88 mm) 

 August 31st, 2005 (89 to 121 mm) 

 July 13th, 2013  
 

A map of basement flooding throughout the City limits based on the historical data provided is 

identified in Figure 4.0.    
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Reported Flooding Incidents Associated with Sewer Systems  

Based on the discussions with City staff, the reported flooding incidents associated with storm, 

combined and sanitary systems were identified. Figure 4.1 illustrates the flooding incident areas 

associated with each type of sewer system. Also shown in the figure is a summary as to whether 

the flooding area is attributable to issues in the sanitary, combined or storm sewer system.  

 

This study will address flooding incidences related to the storm sewer system. A separate study 

will be completed in 2017 (Niagara Falls Pollution Prevention and Control Plan) to address 

flooding incidences related to the sanitary and combined sewer systems.  

 

4.2  Model Set-Up 

 

This section will outline the model set-up process.  

 

The sewer infrastructure data was provided by the City in GIS and TIFF format and was 

imported and converted to the XPSWMM collection system model. Other control devices such 

as stormwater management ponds were manually reviewed and input into the model. Missing or 

suspect data was collected by project team staff through field verifications to establish the 

required information. In situations where it was not possible to collect the information in the 

field, a data inference process within the XPSWMM model was used to establish the remaining 

missing information. Inferred information is noted within the model.  

 

The study team defined all the sub-catchment areas and information draining towards a manhole 

in the collection system and input the data into the XPSWMM model.   

 

4.3 Model Software Selection 

 

Following the review of existing information and compiling inventories for minor and major 

systems within the City, the level of service of the existing drainage system with all its 

components was evaluated using hydrologic and hydraulic modeling software. Based on our 

review of background documents, it was apparent that several areas within the City show 

hydraulic and freeboard concerns. These areas include: High Lift PS, Valley Way, Kalar Road, 

and Chippawa. Specifically, Kalar Road suffers major capacity constraints.    

 

The recommended model for this study is the XPSWMM modeling platform, which has also 

been used and updated in previous studies (i.e. Niagara Falls Sewer System Analysis, and CSO 

Abatement, 1996 and Niagara Falls Pollution Control Plan, 2008).  XPSWMM and its variations 

(EPA SWMM, PCSWMM, InfoSWMM) are widely used modeling platforms that are well suited 

for urban and rural areas, perform water quality, quantity and water balance assessments and 

have LID and BMP simulation capabilities and CSO diversion. The discussion of model 

selection was carried out in the process of proposing the modeling approach as part the start-up 

meeting and the detailed work plan. In general terms, the XPSWMM model included two runs: 

existing conditions and future conditions including new development areas.  
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Network Development 

 

To meet the modeling objectives of this study, it was necessary to ensure that the sewer system 

model was representative of the current physical collection system. This section presents the 

physical data used from various data sources. 

 

The City of Niagara Falls maintains a GIS database which contains sewer network and manhole 

data for the storm sewer system. The main source of data for the pipes and manholes is the 

current City GIS database. The City provided sewer infrastructure information which included 

pipe diameters, invert elevations, pipe lengths, and manhole ground elevations. The GIS database 

was then imported and converted to the XPSWMM collection system model. Considerable effort 

was made to correct data, fill in the data gaps and missing sewer infrastructure information by 

reviewing as-built and field drawings, and use of best professional judgment to develop an 

accurate model. The updated and revised data were documented in the model for reference and 

the approach was agreed to with the City.  

 

The XPSWMM model completes a verification process once data is imported. The verification 

of the model ensures that all network data is input correctly and no errors are present. The model 

identified a number of discrepancies in the data that needed to be addressed before proceeding 

which included storm sewers identified as sanitary sewers, missing ground elevations, incorrect 

diameters, reverse flow pipes etc. The GIS database did not include detailed information on 

stormwater management facilities.  

 

Stormwater management facility data is important to the accurate predictions of flows within the 

system. Considerable effort, including field verification by the project team staff was expended 

to input and verify the location and background information of all stormwater management 

facilities and system interconnections, and their associated physical properties. The details of 

these network connections are discussed in a later section. 

 

The XPSWMM program utilizes the EPA SWMM runoff routing simulation engine for 

hydrological simulation. The model parameterization effort was focused on the setup of SWMM 

hydrological parameters. Each subcatchment draining towards a manhole in the collection 

system was allocated in the XPSWMM model. The primary hydrological parameters included 

the subcatchment area, subcatchment percent imperviousness, ground slope and width. The 

initial values for these parameters were determined by using land use and topographic 

information contained in the City’s GIS database. 

 

The following sections describe the general components for the model setup and modelling 

approach. 

 

The City of Niagara Falls has provided data including physical information about the service 

areas and sewer system. Other data consists of historical information related to development 

practices, by-laws, system configuration, topography, hydrogeology, operations and 

maintenance, and stormwater management facility reports.  
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All identifiable information was compiled by City staff from various sources within the City and 

Niagara Peninsula Conservation Authority (NPCA).  

Sewer System 

The study area is serviced by separated sewers. The sewer system was modeled using the 

XPSWMM model (see Section 4.0 for selection of computer model) in order to simulate the 

existing flow conditions within the system. The XPSWMM sewer model includes approximately 

2,000 storm sewer sections and 90 storm outfalls. There are also a total of 17 modeled 

stormwater management facilities. A more detailed assessment of the stormwater facilities is 

provided in Section 4.4.12.  The storm sewers that were included in the XPSWMM sewer model 

are 600 mm in diameter and larger. These storm sewers are identified in Figure 4.2.  

Stormwater Management Facilities 

Stormwater management data was provided from the City of Niagara Falls for the majority of the 

facilities within the project limits. Based on discussions with City staff, generic 

stage/storage/discharge (SSD) relationships were approximated based on available information 

for remaining facilities in which as-built and/or storage capacity information was unknown. It is 

suggested that this information be updated within the model as data becomes available. The data 

was used to characterize and model the City’s stormwater management facilities with their 

connection to the overall storm network system. The data provided by the City included the 

following: 

 As-built drawings; 

 Detailed pond operation characteristics including: 

o Stage/storage/discharge relationships; 

o Outlet Structure Details; 

 Inlet and Outlet Pipe Characteristics. 

 

Provided below is a summary table of all stormwater management facilities located throughout 

the City of Niagara Falls. Detailed finding for all of the SWM facilities is provided in Appendix 

A of the Storm Sewer and Stormwater Pond Technical Assessment report.  

 

Table 4.3 Stormwater Management Facility List 

SWM Facility 

ID 

Drainage 

Area (ha) 
Subdivision 

Facility 

Type 

SWM Pond Designer 

Maintenance Comments 
Additional Notes 

DDP_001 26.12 
BEAVER VALLEY 

EXT. 1 
Wet Pond 

Designer recommends annual 

inspections; and periodic 

removal of sediment from pond 

(no specific period given) 

 

DDP_002 31.40 
CALAGUIRO 

ESTATES PH 2 
Wet Pond 

Designer did not provide any 

recommendations with respect 

to pond maintenance 

 

DDP_003 28.72 
EDGEWOOD 

ESTATES 
Wet Pond 

Designer recommends annual 

inspections; and removal of 
 



CITY OF NIAGARA FALLS MP STUDY UPDATE – EA ASSESSMENT DOCUMENT  November 2016 

 31 

SWM Facility 

ID 

Drainage 

Area (ha) 
Subdivision 

Facility 

Type 

SWM Pond Designer 

Maintenance Comments 
Additional Notes 

sediment from pond every 25 

yrs 

DDP_004 39.33 
WARREN WOODS 

PH 1 & 2 
Wet Pond 

Designer recommends annual 

inspections; and removal of 

sediment from pond every 19 

yrs 

 

DDP_005 26.70 
CHIPPAWA WEST  

PH 1 (BETTY'S) 
Wet Pond 

Designer recommends regular 

inspections; and removal of 

sediment from pond every 5-10 

yrs 

 

DDP_006 4.2 
ORCHARD GROVE 

EXT 
Dry Pond 

No SWM report discussing 

maintenance, but requirements 

should be similar to other ponds 

in City, including regular 

inspections, and periodic 

removal of sediment from 

ponds. 

This pond is not 

included in XP-

SWMM Model as 

the outlet pipe 

into the pond < 

600mm 

 

DDP_007 N/A 4TH AVENUE Dry Pond 

No SWM report discussing 

maintenance, but requirements 

should be similar to other ponds 

in City, including regular 

inspections, and periodic 

removal of sediment from 

ponds. 

 

DDP_008_012 30.06 
FERNWOOD PH 1 

& 2 
Wet Pond 

SWM report did not discuss 

maintenance, but requirements 

should be similar to other ponds 

in City, including regular 

inspections, and periodic 

removal of sediment from 

ponds. 

Pond 1 = 

DDP_012 

Pond 2 = 

DDP_011 

Pond 3 = 

DDP_010 

Pond 4 = 

DDP_009 

Pond 5 = 

DDP_008 

DDP_013_015 22.00 
ORCHARD GROVE 

ESTATES 
Wet Pond 

SWM report did not discuss 

maintenance, but requirements 

should be similar to other ponds 

in City, including regular 

inspections, and periodic 

removal of sediment from 

ponds. 

Only Ponds 2, 4 

& 5 were 

constructed 

Pond 2 = 

DDP_015 

Pond 4 = 

DDP_014 

Pond 5 = 
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SWM Facility 

ID 

Drainage 

Area (ha) 
Subdivision 

Facility 

Type 

SWM Pond Designer 

Maintenance Comments 
Additional Notes 

DDP_013 

 

DDP_016_018 38.83 GARNER ESTATES Wet Pond 

SWM report did not discuss 

maintenance, but requirements 

should be similar to other ponds 

in City, including regular 

inspections, and periodic 

removal of sediment from 

ponds. 

A drawing does 

not show 

DDP_017 

From above, the 

ponds appear to 

be a single pond, 

not three distinct 

ponds. 

 

DDP_019 25.09 
MACBAIN 

CENTRE 
Wet Pond 

No SWM report discussing 

maintenance, but requirements 

should be similar to other ponds 

in City, including regular 

inspections, and periodic 

removal of sediment from 

ponds. 

No SWMP or 

drawings 

provided – C of A 

is only source of 

info. 

This pond not 

included in XP-

SWMM Model 

since outlet pipe 

into pond < 

600mm 

 

DDP_020_021 N/A 
NEIGHBOURHOOD 

OF ST DAVID'S 
N/A N/A N/A 

DDP_022 32.70 
CHIPPAWA WEST  

PH 2 
Wet Pond 

Designer recommends regular 

inspections several times per 

year and following heavy 

rainfalls; and removal of 

sediment from pond every 26 

years 

Original SWMP 

prepared by 

RAND eng in 

1998.  Info 

presented here is 

from SWMP 

completed by 

RVA in 2008. 

 

Locations of the modelled SWM facilities are identified in Figure 4.2. At the time of the 

modeling, SWMF ID DDP_006, DDP_019 and DDP_020_021 were not included in the model 

but should be included in future iterations.   
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All relevant stormwater management facility data including stage/storage curves, inlet and outlet 

configuration and elevation and outlet structure characteristics for the facilities above were input 

into the XPSWMM model. 

 

Overall, the stormwater management facilities throughout the City and included within the 

XPSWMM model were detailed to accurately represent the upstream sewer hydraulics 

throughout the sewer networks during the selected rainfall events. The facilities may create a 

tailwater condition and work dynamically with the upstream storm sewer system during each 

storm event of the analysis. All stormwater management facility data is provided within 

Appendix A.  A sample photo (Photo 1) of a stormwater management facility within the City of 

Niagara Falls is shown below: 

 

Photo 1 - Sample photo of Stormwater Management Facility (DDP_004) 

 

Existing Level of Service and System Performance 

The target level of service for the minor system is to maintain the hydraulic grade line within the 

pipe for events up to the 5-year design storm. The modeling results suggest that there is localized 

flooding in the minor system. Figure 4.3 highlights the system performance under the various 

design storm conditions.  

 

The 5-year design storm event model results are used as a basis to develop alternatives to 

alleviate flooding for the remedial measures for the storm sewer (minor) system. 

100-Year Design Storms Assessment Event 

The 100-year assessment event model results are used to develop and evaluate alternative 

remedial measures and size the recommended solution for the overland drainage (major) system 

(i.e. stormwater water pond and open channel) where appropriate. 
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Reviewing Figure 4.3 in conjunction with the flooding records and historical reports shows that 

the modeling results provide a consistent correlation between location of the reported flooding 

incidents and the proximity of surcharged pipes as modeled in the XPSWMM model. Overall the 

storm system model results are consistent with reported flooding in the study area.  

The system performance analysis indicates that some portions of the City`s minor storm sewer 

system are deficient with respect to the stated of level of service criteria. These deficiencies lead 

to pipe surcharging. 

4.4 Identification of Problem Areas 

There are numerous areas within the study area where the storm sewers surcharge under the 5-

year design storm based on the modeling results. 

Based on the discussions with City staff, the reported flooding incidents associated with storm, 

combined and sanitary systems were identified. Figure 4.1 illustrates the flooding incident areas 

associated with each type of sewer system. Also shown is a summary as to whether the flooding 

is attributable to issues in the sanitary, combined or storm sewer system. The primary problem 

areas related to the surcharging of the various sewer systems are provided in Table 4.4.1. 

Table 4.4.1 Overall Flooding Incident Area Summary 

Flooding Incident 

Area 

Major Intersection Flooding Associated with 

Storm, Combined or Sanitary 

system 

1 Aintree Dr and Lexington Ct Sanitary System 

2 Mulhern St and Paddock Trail Dr Storm System 

3 Brookdale Dr and Thorton St Sanitary System 

4 Freeman St and Meadowvale Dr Sanitary System 

5 Rolling Acres Dr and Waterloo Dr Sanitary System 

6 Casey St and Appleford Ave Sanitary System 

7 Woodgate St and Woodfield Ave Sanitary System 

8 Beaverdams Rd and Kalar Rd Storm System 

9 Lundy’s Ln and Kalar Rd Storm System 

10 Rysdale St and Hodgson Ave Combined System 

11 Belmont Ave Lundy’s Ln Combined System 

12 Huggins St and Arlington Ave Combined System 

13 Coholan St and Dayman Ave Sanitary System 

14 Ferguson St and Hickson Ave Combined System 

15 Valley Way and Victoria Ave Combined System 

16 Forsythe St and Buchanan Ave Combined System 

17 Drummond Rd and Prospect St Combined System 

18 Lundy’s Ln and Leonard Ave Combined System 
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Flooding Incident 

Area 

Major Intersection Flooding Associated with 

Storm, Combined or Sanitary 

system 

19 Dunn St and Caledonia St Storm System 

20 Murray St and Franklin Ave Storm System 

21 Rideau St and Eldorado Ave Storm System 

22 Kuhn Cres and Delta Dr Storm System 

23 Kaumeyer St and Mears Cres Storm System 

24 Front St and Norton St Sanitary System 

 

Outside of these areas listed in the above table there is evidence of scattered flooding incidents. 

 

The primary purpose of this MDPUS study was to develop the remedial recommendations for the 

flooding areas related to the surcharging of the storm sewer system, the problem areas 

associated with the combined and sanitary sewer system will be addressed through other studies. 

 

 

Problem Areas with Storm Sewer System 

 

The flooding areas related to the surcharging of the storm sewer system are provided in Table 

4.4.2.     

 

Table 4.4.2 Storm Sewer Related Flooding Problem Area Summary 

Flooding Problem 

Area 

Major Intersection Flooding Associated with 

Storm system 

8 Beaverdams Rd and Kalar Rd Storm System 

9 Lundy’s Ln and Kalar Rd Storm System 

19 Dunn St and Caledonia St Storm System 

20 Murray St and Franklin Ave Storm System 

21 Rideau St and Eldorado Ave Storm System 

23 Kaumeyer St and Mears Cres Storm System 

 

The reported flooding incidents and existing storm sewer capacity for each flooding problem 

area is illustrated in Figures 4.4 to 4.9.  
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4.5 Problem Areas - Storm Sewer Segment Expansion  

General  

As discussed in Section 3.2 the MDPUS model was developed to order to determine flows and 

hydraulic grade lines for the 2 – 10 years storms. However, the model only included storm 

sewers that are 600 mm or larger.  

 

There are several areas, shown in Figure 4.3 and Table 4.4.1, where flooding within the local 

sewers (less than 600 mm) occurs. Based on the discussion with City staff, it was agreed that the 

model would be extended to include smaller sewer segments within appropriate areas. In this 

manner a more comprehensive solution for several flood areas within the City of Niagara Falls to 

address flooding problem can be defined.  

Field Verification   

Upon review of the identified problem areas, a field verification of the problem areas related to 

storm sewer system was conducted in the October 2015. The objective of the verification was to 

visually inspect the residential properties where they might be impacted during a significant 

storm event. The verification was also used to identify any features in the problem areas that may 

be important to overland flow paths as well as opportunities to manage surface flows. 

Storm Sewer Segment Expansion 

As the Master Plan model developed in this study only included storm sewer greater than 

600mm within the study area, the first step was to expand the model to contain all storm sewer 

segments for the flooding problem areas associated with the storm sewer system. The City 

provided most of the storm sewer network data such as TIFF / PDF format. The Study Team had 

to extract further information (i.e. inverts, pipe sizes, manhole ground elevations) from the plan 

and profile drawings and manually input this information into the XPSWMM computer model.  

Lumped Sub-catchment Areas Separation  

For this MDPUS study, the sub-catchment areas were defined based on the size of the storm 

sewer running through it. In areas where the storm sewers were not modeled, (as the sewer size 

did not meet the minimum size criteria) the sub-catchment areas were aggregated. For other 

areas where the storm sewer was modeled, the sub-catchment area tributary to the storm sewer 

was applied.   

 

Once the model included all storm sewer segments (Flooding problem areas where related to 

storm sewer system), the second step was to separate the catchment areas that were lumped 

together previously. The lumped (or coarse) catchment areas were divided into small (detailed) 

sub-catchment areas based on the number and location of the storm sewer running through the 

area.   

Define System Capacity and Performance 

The existing model was rerun to define system capacity and performance for the new 

components of the model. The reported flooding incidents and existing storm sewer capacity for 
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each flooding problem area, which included the storm sewer segments expansion, is illustrated in 

Figures 4.11 through 4.16.   

 

Problem Area 8 

In Area 8, the primary problem areas are distributed and centred on the following intersections: 

 Beaverdams Road and Kalar Road; and 

 Brookside Dr and Beaver Glen Drive. 

Figure 4.10 illustrates the potential cause of basement flooding due to the infrequent storm 

events. Figure 4.11 illustrates the flooding incident locations as well as the storm sewer capacity 

in Problem Area 8. The water levels and storm infrastructure were adopted from the City’s storm 

water management and as construct drawings (CC-4160R4, CC-4158R10, CC-4155R6 and CC-

4162R3).    

 
Figure 4.10: Potential Cause of Basement Flooding 

 

Problem Area 9 

In Area 9, the primary problem areas are distributed and centred on the following intersections: 

 Lundy`s Lane and Kalar Road; and 

 Woodsview Crescent and Orchard Grove Parkway.  
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Figure 4.12 illustrates the flooding incident locations as well as the storm sewer capacity in 

Problem Area 9. 

Problem Area 19 

In Area 19, the primary problem areas are distributed and centred on the following intersections: 

 Dunn Street and Caledonia Street; and 

 Dunn Street and Ralph Avenue.  

Figure 4.13 illustrates the flooding incident locations as well as the storm sewer capacity in 

Problem Area 19. 

Problem Area 20 

In Area 20, the primary problem areas are distributed and centred on the following intersections: 

 Murray Street and Franklin Avenue; and 

 Corwin Crescent and Merle Crescent.   

Figure 4.14 illustrates the flooding incident locations as well as the storm sewer capacity in 

Problem Area 20. 

Problem Area 21 

In Area 21, the primary problem areas are distributed and centred on the following intersection: 

 Eldorado Avenue and Rideau Street 

 

Figure 4.15 illustrates the flooding incident locations as well as the storm sewer capacity in 

Problem Area 21. 

 

Problem Area 23 

In Area 23, the primary problem areas are distributed and centred on the following intersection: 

 Kaumeyer Street and Mears Crescent.   

 

Figure 4.16 illustrates the flooding incident locations as well as the storm sewer capacity in 

Problem Area 23. 
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5.0  Policy Framework 

 

The Background Document – technical Report #1 provides details with respect to Policy 

Framework and Municipal Planning Review. Provided below is a summary of the findings. 

This task included the review of a variety of documents and studies relevant to technical 

background, planning framework, and data management related to stormwater quantity and 

quality management.  The information was categorized as follows:  

1. Policy Framework 

a. Planning Act 

b. Conservation Authorities Act 

c. Drainage Act 

d. Ontario Water Resources Act 

e. Clean Water Act 

f. Lakes and Rivers Improvement Act 

g. Species at Risk Act 

h. Fisheries Act 

 

2. Municipal Planning Review 

a. City of Niagara Falls Official Plan 

b. Engineering Design Guidelines Document (2012) 

c. City of Niagara Falls Master Drainage Plan (1981) 

d. The Rural Area Drainage Study (1987) 

 

3. Environmental Planning and Watershed-Based Review 

a. Lower Welland River Characterization Report (NPCA, 2011) 

b. South Niagara Falls Watershed Report (NPCA (2008) 

c. Niagara River Remedial Action Plan – Stage 2 (2009) 

d. Niagara River Remedial Action Plan –(Update 2012) 

e. 2012 Watershed Report Cards (NPCA, 2012) 

f. Water Quality Monitoring Program (NPCA, 2009) 

g. Niagara Water Quality Protection Strategy (2004) 

 

4. Technical Direction Review 

a. City of Niagara Falls Sewer System Analysis (CG&S, 1996) 

b. Niagara Falls Pollution Control Plan (CH2MHILL, 2008) 

c. Shriners Creek Stormwater Management Study (Falcone and Smith, 1990) 

d. Chippawa Pollution Control Study (CG&S, 1998) 

 

From a Policy Framework perspective, the documents as noted provide high level guidance 

related to the protection and enhancement of environmental resources based on Municipal, 

Provincial, Conservation Authority and Federal policies. As will be noted later, the primary 

document that provides direction for stormwater management is the MOE Stormwater 

Management Planning and Design Manual (2003). This document provides guidance for the 

design and construction of stormwater management measures and is also used as a framework 

for retrofitting existing infrastructure. It should be noted that this document is being updated and 
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may contain direction/requirements with respect to provision of a minimum volume control 

(infiltration, evaporation or reuse) which would need to be considered in the design of new 

infrastructure as well as potentially retrofitting of existing infrastructure. 

 

From a Municipal Planning Review perspective the Official Plan provides a framework for the 

development and redevelopment of lands.  

 

The Engineering Design Guidelines document provides a set of guidelines in terms of 

engineering design practices for planning land development and redevelopment within the City 

of Niagara Falls.  The scale of application of the document is focused on subdivisions, and can 

be integrated with federal, provincial, and local planning documents at higher scales of influence 

and requirements.    

 

With respect to stormwater management, the document indicates that the MOE Stormwater 

Management Planning and Design Manual (MOE, 2003) should be referenced for stormwater 

quantity and quality management studies. The document provides common practices for 

hydrologic analysis including rainfall-runoff analysis, minor/major drainage analysis, and 

erosion and sedimentation control. Detailed standards and criteria related to stormwater 

management facilities design and maintenance are presented for non-residential and recreational 

land uses.  

 

The City of Niagara Falls Master Drainage Plan (1981) and the Rural Area Drainage Study 

(1987) provide useful background information with respect to existing conditions and 

recommendations for the urban and rural areas within the City respectively. 

 

From an Environmental Planning and Watershed-Based Review and a Technical Direction 

Review perspective, the documents as noted were used as background to help establish existing 

conditions and, where appropriate, define potential remedial measures.   

 

6.0 Climate Change Considerations 

 

6.1 Background 

 

The technical memo titled Climate Change Considerations (HMM, 2015) provides details with 

respect to this task. This climate change document has been provided in the accompanying 

Appendix B.  A summary of the objectives and findings is presented below. 

 

Climate change has become a hot topic in recent years.  Climate change can impact the 

frequency, volume and intensity of rainfall events, and this in turn can impact the frequency and 

severity of storm sewer discharges, combined sewage overflows and/or basement flooding.  The 

objective of this technical memorandum is to consider the possible extent of climate change in 

Niagara Falls, and its associated impacts on future stormwater and CSO management 

requirements.   

There are two possible ways to approach this, by either: 1) obtaining a more recent long-term 

rainfall record for the City of Niagara Falls that incorporates recently observed changes in 

rainfall (if such a record exists); or 2) applying some kind of safety or adjustment factor to the 
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rainfall, wet weather flows and/or storm sewer and CSO discharge volumes (and/or pollutant 

loads) to estimate the expected impacts on the required capacities and/or volumes of the 

proposed solutions for SWM, CSO control and basement flooding prevention (for various levels 

of control). 

A variety of different approaches have been applied in an attempt to account for the possible 

impacts of climate change in the planning and design of remedial measures to reduce storm 

sewer and CSO discharges, and basement flooding, and specifically the uncertainties associated 

with modelling climate change.  Some approaches that have been employed include, but are not 

limited to, the following: 

 Applying a safety factor to the rainfall events or historical rainfall records being used to 

evaluate and determine design parameters for possible remedial measures (e.g. required 

capacity of sewers, pumping stations and forcemains, storage facilities and/or treatment 

facilities).  In Ottawa, the average year rainfall events were factored (increased) by 15% 

to account for uncertainties in modelling/climate change, and the hydrologic/hydraulic 

model of the proposed Combined  Sewage Storage Tunnel (CSST) system was run with 

the factored average rainfall to estimate the possible impacts of climate change on the 

proposed solution (D’Aoust et al, 2011).  

 The selection of the 15% climate change factor for the Ottawa CSST project was based 

on the findings of a Screening Assessment of the Potential Impacts of Climate Change on 

Combined Sewer Overflow (CSO) Mitigation in the Great Lakes and New England 

Regions conducted by the Office of Research and Development of the United States 

Environmental Protection Agency (USEPA, 2008).   

 A working paper on Climate Change and Urban Stormwater Infrastructure in Canada: 

Context and Case Studies by Watt et al (2001) suggested that “climate change will lead to 

a modest 15% increase in the magnitude of heavy rainfalls of the type that would 

normally be used in the design of urban stormwater infrastructure”.      

 

6.2 Long Term Rainfall Analysis 

 

Before deciding on the preferred approach to considering climate change in Niagara Falls, it is 

prudent to confirm the extent of climate change that may have occurred in the area in recent 

years, based on an analysis of observed long term rainfall data.  Environment Canada has 

operated rainfall monitoring stations in the Niagara Falls area for over a century, including the 

following stations and periods of operation: 

 Niagara Falls, from 1902 to 1995 

 Niagara Falls NPCSH, from 1980 to 2011  

 Niagara Falls Ont Hydro, from 1921 to 1972 

 Niagara Falls Chippawa, from 1988 to 1990 

Daily rainfall data from each of these stations was downloaded from Environment Canada’s 

website, and reviewed to identify periods with missing records.  For the purposes of this analysis, 

we concentrated on the 7-month period from April 15 to November 14 of each year, matching 

the reporting period defined by MOECC Procedure F-5-5 (MOE, 1997).  From this initial 
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review, a list of station-years with complete records for the 7-month spring-summer period was 

identified, and a detailed analysis of the rainfall occurring during the period from 1950 to 2014 

was conducted, covering a period of 65 years. 

Table 6.2 presents the results of our detailed analysis of long term rainfall for 1950 to 2014, 

which considered not just total annual rainfall volume, but also the distribution of daily rainfall 

volumes within a number of selected volume ranges.  The table includes a summary of the total 

annual rainfall volumes for the 7-month MOECC reporting period, as well as the 

frequency/number of storm events falling within five different storm size ranges (0-5 mm, 5-10 

mm, 10-25 mm, 25-50 mm, and >50 mm) during the same period.  The results are presented year 

by year and decade by decade, to reveal any trends in these rainfall metrics over the period from 

1950 to 2014.   

The following observations can be made regarding possible effects of climate change in Niagara 

Falls: 

 There is little evidence of increased annual rainfall volume in recent years. Over the past 

15 years (from 2000 to 2014): 

 Average annual rainfall volumes were 5.5% lower than the long term average (500 versus 

529 mm/yr), and significantly lower (12.6%) than the average annual rainfalls in the 

1970’s, 80’s and 90’s (500 versus 571/569/575 mm/yr respectively). 

 The average annual number of days with at least some measured rainfall was 2.2% higher 

than the long term average (75 versus 74 days/yr).   

 The frequency of smaller rainfall events was slightly higher than the long term average.  

The average annual number of days with < 5 mm and between 5-10 mm of rainfall; were 

6.2% (43.5 versus 40.9 days/yr) and 2.5% (14.9 versus 14.5 days/yr) higher, respectively.  

And it is worth noting that these are not the types of events that typically cause CSOs or 

basement flooding.  

 The frequency of larger rainfall events (10-25 mm, 25-50 mm, and > 50 mm) were all 

lower than the long term average, and by quite a significant amount for the two larger 

ranges.  The average annual number of days with 10-25 mm, 25-50 mm, and > 50 mm of 

rainfall: were 3.1% (14.1 versus 14.5 days/yr), 24.3% (2.4 versus 3.2 days/yr), and 16.7 

(0.33 versus 0.40 days/yr) lower, respectively.   
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Table 6.2: Detailed Analysis of Long-Term Rainfall 
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6.3 SWMM-CAT Climate Change Rainfall Analysis 

 

The United States Environmental Protection Agency (USEPA) developed a new tool to help 

analyze the impacts of climate change using the USEPA Stormwater Management Model 

(SWMM).  The new Storm Water Management Model Climate Adjustment Tool (SWMM-CAT) 

is a software utility that provides near (2020 to 2049) and far (2045 to 2074) term climate change 

projections, in the form of percentage changes in monthly temperature, evaporation and rainfall 

data, and 24-hour rainfall design storm intensity and return period, from their current parameter 

values.  SWMM-CAT provides a set of location-specific adjustments that were derived from 

global climate change models run as part of the World Climate Research Programme (WCRP) 

Coupled Model Intercomparison Project Phase 3 (CMIP3) archive.  Additional details on the 

program can be found in the SWMM-CAT User’s Manual (USEPA, 2014), including the 

Climate Resilience Evaluation and Awareness Tool (CREAT) it employs to generate the near 

and far term climate changes (USEPA, 2012).  

Location coordinates for Niagara Falls were entered into SWMM-CAT, and the model was run 

to generate near and far term projections of monthly rainfall and 24-hour design storm rainfall 

intensities (for the 5, 10, 15, 30, 50 and 100-year return periods) for the City.   

 

Figures 6.0 and 6.1 show the projected changes in monthly rainfall in Niagara Falls in the near 

(2020 to 2045) and far (2045 to 2074) term respectively, expressed as a percentage change from 

historical values for each month of the year.  For the median climate change scenario, the 

projected average annual increase in rainfall volume is 2.6% for the near term, and 4.8% for the 

far term.  For the 7-month period defined by MOECC Procedure F-5-5 (where CSOs are of 

greatest concern), the projected average annual increase in rainfall volume is only 0.7% for the 

near term, and 1.2% for the far term.   
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Figure 6.0: Near Term (2020-2045) Rainfall Projection for Niagara Falls 

 

 

Figure 6.1: Far Term (2045-2074) Rainfall Projection for Niagara Falls 
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Figure 6.2 and 6.3 show the projected changes in the highest 24-hour design storm rainfall 

volume in Niagara Falls in the near (2020 to 2049) and far (2045 to 2074) term respectively, 

expressed as a percentage change from historical values for each design storm return period.  For 

the median climate change scenario, the projected increase in the 24-hour design storm rainfall 

volume ranges from approximately 3.6% for the 5-year storm to 2.1% for the 100-year storm for 

the near term, and from approximately 6.5% for the 5-year storm to 3.8% for the 100-year storm 

in the far term.  It is also worth noting that the percentage increase in the 24-hour design storm 

rainfall volume (and the impact of future climate change) decreases quite significantly as the 

return period increases (at least for the median and warm-wet climate change scenarios).    

 

 

Figure 6.2: Near Term (2020-2045) 24-Hour Design Storm Projection for Niagara Falls 
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Figure 6.3: Far Term (2045-2074) 24-Hour Design Storm Projection for Niagara Falls 

 

6.3 Climate Change Sensitivity Analysis  

 

The Technical Memo discusses some potential approaches to the investigation of the possible 

impacts of future climate change on the required capacities and/or volumes (and life cycle costs) 

of the proposed solutions for SWM and CSO control, and basement flooding (for various levels 

of control), and suggests that a climate change sensitivity analysis be conducted, considering the 

impacts of increasing the rainfall records/design storms by say 5% to 15%, in increments of 5%.  

The 5% climate change scenario most closely reflects the findings of the Niagara Falls SWMM-

CAT near and far term climate change projections, and the 5% and 10% scenarios mirror the 

results of the screening assessment of the potential impacts climate change on combined sewer 

overflow (CSO) mitigation in the Great Lakes Region (USEPA, 2008); and provide a reasonable 

basis for considering the potential impacts of climate change on the SWM and CSO and 

basement flooding control measures to be included in the Niagara Falls MDPUS.  

Based on these findings, the 10 and 15% rainfall increase scenarios are unlikely to occur in 

Niagara Falls, but are probably worth considering in any case, as climate change, by its very 

nature can be very difficult to predict.  

The 5%, 10% and 15% climate change rainfall increase scenarios should be applied to the SWM 

and CSO and basement control measures ultimately considered and proposed by the MDPUS, to 

estimate the impacts of each on the size and cost of the proposed control measures.   

As noted above, there is little evidence of increased annual rainfall volume in Niagara Falls in 

recent years.  Average annual rainfall volumes for the past 15 years (2000 to 2014) were actually 

5.5% lower than the long term average, and significantly lower (by 12.6%) than the average 
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annual rainfalls in the 1970’s, 80’s and 90’s; and the frequency of the larger rainfall events (> 25 

mm) that cause most of the SWM and CSO problems were all significantly lower than the long 

term average (by 15-25%).  So it is not a given that rainfall will increase much in the future, and 

even the 5% rainfall increase scenario may be overly conservative when considering potential 

climate change impacts. 

7.0 Updating of Intensity-Duration-Frequency (IDF) Curves 

 

The technical memo titled Intensity - Duration – Frequency (IDF) Curves Update provides 

details with respect to this task. This technical memo has been included in the accompanying 

Appendix C. A summary of the objectives and findings is presented below. 

 

7.1 Background 

 

Rainfall Intensity-Duration-Frequency (IDF) curves describe the probability of occurrence 

extreme rainfall events of various rates and durations, and are routinely used in the design and 

management of drainage infrastructure.  The current IDF curves used by the City of Niagara 

Falls were derived by Falcone Smith Associates Inc. in 1989 as part of the Shriner’s Creek 

Watershed Study.  The study developed new IDF curves for the City of Niagara Falls, based on 

22 years of rainfall data (collected prior to 1989) from the Atmospheric Environment Service 

(AES) rainfall monitoring station in Niagara Falls (located in the northeast area of the City), for 

design storms with return intervals of 2, 5, 10, 25, 50 and 100-years. 

Provided below is a discussion of the methodology and results of the development of new 

rainfall IDF curves for the City of Niagara Falls, updated to reflect more recent rainfall records; 

Suggestions for estimating the potential impacts of climate change on the level of performance of 

the City’s storm and combined sewer systems.   

 

7.2 Source and Analysis of Recent Rainfall Data 

 

More recent raw rainfall data (at 5-minute increments) was obtained from the Regional 

Municipality of Niagara from 5 precipitation monitoring stations within the City of Niagara 

Falls.   The following rain gauges and periods of records were used in the study: 

 Niagara Falls WWTP Precipitation Station, from Jan 1998 to Apr 2015 

 Niagara Falls WTP Precipitation Station, from Jan 1998 to Apr 2015 

 Southside Highlift SPS Climate Station, from Jan 1998 to Apr 2015 

 Kalar Road SPS Precipitation Station, from Jan 1998 to Apr 2015 

 Garner Road Biosolids Climate Station, from Jan 1998 to Apr 2015 

 

New IDF curve parameters were developed for each of the five Niagara Falls AES rainfall 

stations, based on the recent rainfall data recorded from Jan 1998 to Apr 2015.     

Table 7.2 provides a summary of recent historical rainfall data from each of the five stations, in 

terms of total rainfall depth (mm) as a function of storm duration and return period. 

  



CITY OF NIAGARA FALLS MP STUDY UPDATE – EA ASSESSMENT DOCUMENT  November 2016 

 63 

Table 7.2: Historical Return Period Rainfall Amounts for Niagara Falls for 1998-2015 
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7.3 Frequency analysis &IDF Curve Development 

 

IDF curves indicate the relationship between rainfall intensity, duration and annual exceedance 

probability, which are typically generated from an extreme value statistical analysis.  For the 

purpose of the current analysis, a Log-Pearson distribution was applied to fit annual rainfall 

extremes from 16 years of local records covering the period from Jan 1998 to Apr 2015. 

Tables 7.3.1 through 7.3.5 presents a comparison of the updated IDF curves (and resulting 

design rainfall volumes) with the IDF curves developed previously by Falcone-Smith, for each of 

the five rainfall stations.  With the exception of the updated IDF curve for the Niagara Falls 

WWTP station (which as noted in the Technical memo that the data is somewhat unreliable), the 

updated IDF curves generate rainfall volumes and intensities that are slightly lower than those 

generated by the previous IDF curves. This analysis found little evidence of increased annual 

rainfall volume in Niagara Falls in recent years.  Average annual rainfall volumes for the past 15 

years (2000 to 2014) were actually 5.5% lower than the long term average, and significantly 

lower (by 12.6%) than the average annual rainfalls in the 1970’s, 80’s and 90’s; and the 

frequency of the larger rainfall events (> 25 mm) that cause most of the SWM and CSO 

problems were all significantly lower than the long term average (by 15-25%).   
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Tables 7.3.1 and 7.3.2: Updated IDFs for Niagara Falls WWTP and WTP 

 
 

 



CITY OF NIAGARA FALLS MP STUDY UPDATE – EA ASSESSMENT DOCUMENT  November 2016 

 66 

Tables 7.3.3 and 7.3.4: Updated IDFs for Kalar Road and Garner Road 
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Table 7.3.5: Updated IDF for Southside Heights SPS 

 

 
 



CITY OF NIAGARA FALLS MP STUDY UPDATE – EA ASSESSMENT DOCUMENT  November 2016 

 68 

7.4 Recommendations 

 

Analysis of recent (2000 – 2014) show that volumes actually decreased by 5.5% than the long 

term average.  Application of the SWMM-CAT model with the percentage increase in the 24-

hour design storm rainfall over time would be in the 5% range. Studies in the Great Lakes and 

New England Regions suggest that a 15% increase be applied to the IDF curves to account for 

the long term impact of climate change. 

As noted above, climate change, by its very nature can be difficult to predict. Thus, the 

application of a factor of safety could be considered. However, analysis of the data for the City 

of Niagara Falls would suggest that it is not a given that rainfall will increase much, if at all, in 

the future. Thus, based on the SWMM-CAT model results we would recommend that a 5% 

increase be applied to the current IDF curves and that the new curves be used to design and size 

storm, stormwater and combined sewer infrastructure.  

8.0 Recommended Approach 

 

The previous chapters described the problems and opportunities, defined existing conditions and 

highlighted issues related to the storm, stormwater and stream systems. This chapter will 

summarize the proposed works which, when implemented, will provide the City with an 

appropriate level of service to protect their infrastructure and to preserve the environment.  

8.1 Storm Sewer System and Stormwater Management Ponds – Capital Works 

 

The following sections present a summary of recommended solutions which were developed for 

each problem area in the high priority areas in order to address basement flooding related to the 

storm sewer system.  

 

Problem Area 8 

Problem Area 8 is located in the west portion of the study area. The primary cause of basement 

flooding in this problem area, based on the modeling and field verification, is a result of flows 

during extreme rainfall events exceeding the capacity of the existing storm sewers and associated 

drainage system that may surcharge back into the basements of some individual homes. The 

recommended solution includes: 

 

 Improving the capacity of the outlet channel downstream of existing stormwater 

management pond; 

 Performance confirmation of the existing stormwater pond by undertaking water level 

and flow monitoring;   

 Ongoing maintenance of the existing stormwater pond to ensure functionality; and 

 Replacement of 400 m of storm sewers of 750 – 1200 mm to provide adequate capacity. 

 

Figure 8.1.1 presents the recommended solution showing areas where future monitoring and 

structural improvements should be considered.  

 

With respect to monitoring of the existing stormwater pond, a review of the existing drawings 

suggests that the 100-year level within the stormwater pond may result in basement flooding of 
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homes adjacent to the pond along Brookside Drive. Monitoring of the pond level for major storm 

event, together with confirmation as to basement floor elevations and the connection policy 

(storm sewer, sanitary sewer or sump pump) for homes adjacent to the stormwater facility should 

be undertaken. 

 

Problem Area 9 

Problem Area 9 is located in the west portion of the study area. The primary cause of basement 

flooding in this problem area, based on modeling together with field verification, is a result of 

flows during extreme rainfall events exceeding the capacity of the pond and the existing storm 

sewers. The recommended solution includes: 

 

 Reconstruction of existing stormwater management pond(s) to provide additional 

capacity (2,000 m
3
) storage for 100-year storm event. The facility would attenuate peak 

flows to the sewer system. In addition, the facility would temporarily store the 

stormwater runoff which would reduce the amount of stormwater discharged to the 

downstream creek; 

 Replacement of 480 m of storm sewers of 450 – 975 mm to provide additional capacity;  

 Construction of off-line storage (400 m
3
) on Orchard Grove Parkway; and 

 Installation of a single sewer inlet for the reconstruction of the existing stormwater 

management pond(s) should be considered for cost efficiency and constructability during 

the conceptual design stage.   

 

Figure 8.1.2 presents the recommended solution showing areas where structural improvements 

should be considered.  

 

Problem Areas 19 and 20 

Problem Areas 19 and 20 are located in the central portion of the study area. The primary cause 

of basement flooding in this problem area, based on modeling and field verification, is a result of 

flows during extreme rainfall events exceeding the capacity of the existing trunk storm sewers 

which cannot handle the flow. In particular, the existing storm trunk sewers are generally 

undersized and located along Carlton Avenue, Dunn Street, Caledonia Street, Warden Avenue, 

Ann Street and McLeod Road. Therefore, a new relief storm sewer system is proposed. The 

proposed relief sewers/pipe upgrades would reduce the peak flows to the existing trunk sewer 

which is connected to the OPG Canal. The recommended solution includes: 

 

 Installation of 4,000m of new storm sewer to provide additional capacity (Carlton 

Avenue, Ash Street, Monroe Street, Symmes Street, Dawlish Avenue, Pinegrove Avenue 

and Orchard Avenue.  

Construction of the new outlet and trunk sewer would relieve the existing Dunn Street trunk 

sewer so that it will have sufficient capacity to handle the stormwater runoff during the intense 

rain events. Some of new trunk sewers and the outlet would be proposed to construct along the 

hydro corridor land. Consideration of coordinating this recommendation with the appropriate 

stakeholder (Hydro One) should be undertaken.  

 

Figure 8.1.3 presents the recommended solution showing areas and proposed trunk sewer sizes 

where structural improvements should be considered.  
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Problem Area 21 

Problem Area 21 is located in the southwest portion of the study area. During intense rain events 

stormwater runoff can exceed the capacity of local storm sewer, resulting in flows that surcharge 

back into some individual homes, based on modeling together with field verification, is the 

primary cause of basement flooding in this problem area. In particular, the storm trunk sewer is 

generally located Rideau Street and Pitton Road. The following storm sewers are recommended: 

 

 Capacity upgrades and replacement of 320 m of storm sewers of 450 – 600 mm on 

Eldorado Avenue to provide more capacity. 

  

Figure 8.1.4 presents the recommended solution showing areas where structural improvements 

should be considered.  

 

Problem Area 23 

Problem Area 23 is located in the southeast portion of the study area. The primary cause of 

basement flooding in this problem area, based on modeling and field verification, is a result of 

flows during extreme rainfall events overloading of the existing storm sewers. In particular, the 

existing storm sewers are undersized and generally located along Mears Crescent, Kaumeyer 

Street and Niagara Street. Therefore, an open channel with culverts at the road crossings is 

proposed to convey the 100-year storm event. The recommended solution includes: 

 

 Installation of 600 m of new storm sewer of 525 - 750 mm and open channel 

(approximate dimension & grade of the channel is provided in the Figure 26) to provide 

additional capacity (Gunning Drive, Welland Street, Main Street and Bridgewater Street); 

and 

 

 Inlet controls on Gunning Drive which limit flows (0.14 m
3
/s) to existing storm sewer 

capacity and excess runoff would be conveyed to the proposed relief storm sewer and 

open channel.   

 

This solution is premised on managing excess storm flows on Mears Crescent, Kaumeyer Street 

and Niagara Street. Excess runoff for the southern part of Gunning Drive would be conveyed to 

the proposed storm sewers and open channel. The proposed channel would able to provide 0.51 

m
3
/s additional capacity.    

 

Figure 8.1.5 presents the recommended solution showing areas and proposed sewer sizes 

together with location of the open channel where structural improvements should be considered.  
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9. Nuisance Issues 

 

It is also recommended that an Annual Inspection Program and Database Development be 

established to better monitor the performance and maintenance requirements for the existing 

stormwater management facilities. 

 

8.2.1 Conveyance Systems – Maintenance Works 

 

Maintenance works are also needed for open channel stormwater conveyance systems. In order 

to ensure that water does not stagnate and cause safety issues including breeding grounds for 

mosquitos, weed clearing and sediment removals are needed when flows are impeded. Where 

excess vegetation and sediment cause obstructions in culverts the use of a vacuum truck may be 

required to alleviate the blockage.  

 

8.3 Stream System 

 

The document entitled Receiving Stream Habitats and Geomorphic Conditions Report provides 

an overview with respect to geomorphic and aquatic habitat conditions within the City of 

Niagara Falls. Provided below is a summary of the recommendations from this report. 

 

In summary, most of the watercourses that were assessed were found to be stable. A summary of 

the issues that were found is provided below. 

 
8.3.1 Beaverdams and Shriner’s Creeks Subwatersheds 

 
Culvert for Montrose Road – A gabion basket weir is located on the downstream side of the 

culvert for Montrose Road (Figure 8.3.1.1).  The wire mesh has failed and the rip rap is emptying 

from the baskets.  A perched storm sewer outfall is located on the right wide of the channel 

(looking upstream) at this point and a scour hole has developed from flows from this outfall.  Rip 

rap protection on the outfall channel has failed and has deposited downstream.  Localized bank 

erosion has occurred in this area as well. 

 

                                      
 

Headwall and Grading Issues – At Kalar Road, the headwalls for Beaverdams Creek 

Tributary 1 culvert are in poor repair and require maintenance or replacement.  As well, 

Figure 8.3.1.1: 

Failed gabion 

basket weir 

and perched 

storm sewer 

outfall 
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ponded water was noted to the north of the access for the SWMF.  Grading in this area may 

be required. 

 

 
Figure 8.3.1.2: Failing headwalls and poor grading at Beaverdams Creek Tributary 1 

culvert 

 
8.3.2 Niagara Falls Urban Subwatersheds 

 

 Westport Drive culvert – Gabion basket wing walls on the downstream side of the 

culvert are failing.  The basket on the left bank (looking upstream) has emptied and the 

baskets on the right bank are slumping.  Scour of the channel bed on the downstream side 

of the culvert has resulted in a perched condition for the concrete closed-bottom culvert 

(Figure 8.3.2.1).  This bed scour has resulted in undermining of the gabions baskets, thus 

contributing to their failure. 

 

 Bank erosion – Gully formation was observed on the left bank (looking upstream) of the 

trapezoidal channel upstream of the Westport Drive culvert (Figure 8.3.2.3).  This 

erosion appears to be from rear yard drainage directed towards the channel (Figure 

8.3.2.2).  Increasing the riparian buffer would likely help to reduce erosion. 

 

 Debris accumulation - Sediment and large woody debris has accumulated on upstream 

side of culvert for berm east of Fairfield Place.  Maintenance should be undertaken to 

clear this debris and ensure capacity of culvert (see Figure 8.3.2.4). 
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Figure 8.3.2.1: Perched culvert and failing 

gabion wing walls, Site WC-1 

 

 
Figure 8.3.2.2: Rear yard drainage causing 

gully formation, Site WC-2 

 
Figure 8.3.2.3: Gully erosion on left bank, 

Site WC-2 

 

 
Figure 8.3.2.4: Debris accumulation on 

upstream face of culvert, Site WC-3 

 

  

 
8.3.3 Lower Welland River Subwatesheds 

 
Storm outfall at Don Muir Street – The storm sewer outfall for Don Muir Street is perched and 

the rip rap bed protection is failing.  Maintenance works could be undertaken to restore the 

outfall channel (see Figure 8.3.3.1). 

 

Culvert for Chippawa Parkway – The culvert for the Chippawa Parkway crossing is 

corrugated steel with a concrete bottom.  A scour pool has developed upstream of the culvert and 

the downstream side of the culvert is perched due to channel downcutting (Figure 8.3.3.1).  The 

upstream and downstream gabion basket headwalls are slumping.  Gabion baskets lining the 

downstream channel are also slumping and in some cases, the wire mesh has failed and rip rap is 

emptying from the baskets. 
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8.3.4 Recommendations for Future Development 

 

A general plan for improving habitat conditions within the City’s urban watercourses is provided 

below. 

 

 Focus aquatic habitat restoration efforts on watercourses classified as Type 2 fisheries.  

MNR fish habitat Type 2 is considered ideal for enhancement or restoration projects 

(MNR 2010).  The following watercourses are classified as Type 2 fisheries: 

o 6 Mile Creek, 

o 4 Mile Creek, 

o Shriners Creek, 

o Beaverdams Creek, 

o Warren Creek, 

o Chippawa Channel, 

o Thompson Creek, 

o Pells Creek, and 

o Niagara River tributaries 12-14. 

 

 Increase riparian buffers on urban watercourses. On many privately owned properties, 

manicured lawns were found adjacent to the channel.  In other areas, plant diversity 

within the riparian zone was limited as was the width of the buffer. Increasing the width, 

as well as the variety and diversity of native plant species within the riparian buffer will 

provide cover and habitat for fish, insects, and invertebrates along the watercourse.  

Deep-rooted vegetation planted along the banks will also help to stabilize the creek 

banks, which in turn will help to limit bank erosion.  Landowner education regarding 

these benefits will be needed to encourage owners to plant native species and establish a 

healthy riparian buffer on their properties.  Resident education will also be needed in 

Figure 8.3.3.1: 

Perched culvert 

and slumping 

gabion baskets 

on Welland 

River Tributary 

2 at Chippawa 

Parkway 
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areas where the City may decide to establish improved riparian buffers in parks.  An 

understanding of the benefits may help residents to adjust to the new look of the parks. 

 

 Deliver a City-wide education campaign on yard waste management.  During the field 

assessments, piles of discarded yard waste were found in numerous locations in 

watercourse corridors throughout the City. Disposal of yard waste into watercourse 

corridors can cause debris jams within the channel and impact flow conveyance, which 

can lead to channel erosion and flooding.  Due to the observed widespread nature of this 

issue, it is recommended that the City implement a program of landowner education on 

this matter.  The program should emphasize the fact that the Region of Niagara provides 

a weekly curb-side yard waste removal service at no additional cost to residents (Region 

of Niagara, 2015).  Additional information can be obtained from the Region of Niagara 

website. 

 

 Monitor conditions in Hunters Drain as development continues in this watershed.  Under 

existing conditions, some erosion was observed in the form of localized bank scour.  As 

development continues and the hydrologic regime of the watercourse changes 

correspondingly, the channel may widen and deepen in response.  Conditions should be 

monitored to ensure that any risks posed by erosion to infrastructure, property, or public 

safety are identified early. 

 

 Undertake regular inspection of sediment and erosion control measures to ensure that 

they are present and correctly implemented at construction sites.  Correct installation and 

maintenance of these measures will help to minimize the release of sediment to receiving 

waters.  During the field walks, examples of poor maintenance or missing erosion and 

sediment control measures were observed in the Hunters Drain and Shriner’s Creek 

Tributary 1 watersheds. 

 

 Consult with the Niagara Peninsula Conservation Authority to determine whether 

landowner-implemented changes on Pells Creek at Chippawa Parkway have a significant 

impact on floodlines.  The City should undertake landowner outreach in this area to 

increase awareness as to the effects of watercourse alteration. 
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9.0 Recommended Stormwater Strategy 

The City of Niagara Falls Engineering Design Guidelines Manual (2012) provides a set of 

guidelines in terms of engineering design practices for planning land development and 

redevelopment within the City of Niagara Falls.  The scale of application of the document is 

focused on subdivisions, and can be integrated with federal, provincial, and local planning 

documents at higher scales of influence and requirements.    

 

With respect to stormwater management, the document indicates that the MOE Stormwater 

Management Planning and Design Manual (MOE, 2003) should be referenced for stormwater 

quantity and quality management studies. The document provides common practices for 

hydrologic analysis including rainfall-runoff analysis, minor/major drainage analysis, and 

erosion and sedimentation control. Detailed standards and criteria related to stormwater 

management facilities design and maintenance are presented for non-residential and recreational 

land uses. 

 

9.1 Provincial Direction on Low Impact Development Stormwater Management 

Although the Stormwater Management Planning and Design Manual (MOE, 2003) is the most 

recent provincial guidance manual; a companion document is anticipated to be released in 2017. 

This Low Impact Development Planning and Design Guide and will contain minimum “volume 

targets” and is expected to mandate the use of LID approaches for new development, infill and 

redevelopment as well as linear projects. 

 

The Ministry of the Environment and Climate Change (MOECC) released an Interpretation 

Bulletin – Expectations Re: Stormwater Management in February 2015 which detailed the 

Ministry’s position, specifically that:  

 “The natural hydrologic cycle should be maintained to the greatest extent possible.” 

 “Too often, preservation of the natural hydrologic cycle is not sufficiently addressed in 

stormwater management plans submitted to the Ministry for an Environmental 

Compliance Approval (ECA).” 

 “Low Impact Development (LID) is relevant for all forms of development, including 

urban intensification and retrofit.” 

 “LID can be less costly than conventional stormwater practices.” 

 “Going forward the Ministry expects that stormwater management plans will reflect the 

findings of the watershed, subwatershed, and environmental management plans, and will 

employ LID in order to maintain the natural hydrologic cycle to the greatest extent 

possible. “ 

 

The Interpretation Bulletin was a precursor to the release of the terms-of-reference for the 

development of the Ministry of the Environment and Climate Change (MOECC) Low Impact 

Development Planning and Design Guide, a companion document to the 2003 MOE Stormwater 

Planning and Design Guidance Manual (SWMPD). The pending LID Planning and Design 

Guide is anticipated of release in 2017 and will contain minimum “volume targets” and is 

expected to mandate the use of LID approaches for new development, infill and redevelopment 

as well as linear projects. 
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Compliance with the upcoming MOECC Low Impact Development Stormwater Management 

Guidance Manual is an important consideration for the City of Niagara Falls to ensure long-term 

municipal planning documents remain consistent with the potential future requirements to avoid 

prematurely outdated implementation strategies and policies. By developing a plan that is 

consistent with the direction of the MOECC’s future requirements, ensures that costly study 

updates can be avoided and that the development industry stay ahead of future development 

approval requirements. 

 

 

9.2 Low Impact Development Stormwater Management  

Low Impact Development (LID) is a green infrastructure approach to stormwater management 

(SWM) that uses simple, distributed and cost-effective engineered landscaped features and other 

techniques to infiltrate, store, evaporate and detain rainfall where it falls. 

 

LID techniques mimic natural systems as rain travels from runoff source to the stream by 

applying a series of practices across the entire subwatershed, development area, and or site 

before discharge to receiving water body.  Real-world LID designs typically incorporate a series 

of LID BMPs in a ‘treatment train’ approach to provide integrated treatment of runoff from any 

and all sites. LID practices, together with traditional BMP’s can be applied to achieve overall 

SWM systems which provide better performance, are more cost effective, have lower 

maintenance burdens, and are less susceptible to failure during extreme storms than conventional 

stormwater practices alone. 

 

The principles of LID are part of the evolution of SWM in Ontario, whereby rainwater is 

managed close to where it falls, to be used as a resource.  LID is part of broader initiatives 

whereby stormwater is managed as part of a treatment train. This approach is encouraged by 

MOE’s SWM Planning and Design Manual (MOE, 2003) and by more recent stormwater 

documents including Toronto Region Conservation Authority and Credit Valley Conservation’s 

Low Impact Development Stormwater Management Planning and Design Guide (CVC/TRCA, 

2010). 

 

Practices which are consistent with the MOE’s treatment train approach to SWM are being 

incorporated into stormwater strategies by municipalities across Ontario by implementing LID. 

Using this approach, stormwater is managed in hierarchical manner using: 

 

1. Source Controls - These practices are physical measures that detain runoff, encourage 

the infiltration of water into the ground and reduce runoff volumes before water enters 

municipal drainage systems. 

 

 

 

Figure 9.2.1: From left to right, Permeable Pavers, Rain Garden, and Rain Barrels  
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Figure 9.3.1: Parking lot 

bioretention in Mississauga. 

2. Conveyance Controls – These linear stormwater transport systems are generally located 

within the municipal road ROW. Conventionally these systems were designed for only 

conveyance, but LID approaches to design allow for infiltration and filtration of 

stormwater. Examples of conveyance LID practices include bioswales and perforated 

pipe systems.  

 

 

 

 

 

 

 

 

 

 

 

3. End-of-Pipe Controls – These practices are located at the end of the conveyance system. 

These facilities have conventionally been designed to provide erosion, water quantity and 

quality control applications.  Some end-of-pipe facilities include infiltration components. 

End-of-pipe facilities are harder to incorporate into older developments lacking in 

stormwater controls because they require significant land acquisition.  
 

 

 

 

 

 

 

 

 

 

 

 

9.3 Examples of Low Impact Development Stormwater Management  

Below are descriptions of different LID stormwater management practices along with examples 

of their successful implementation in Ontario Municipalities. 

 
9.3.1 Bioretention  

As a stormwater filtration and infiltration practice, bioretention 

temporarily stores, treats and infiltrates runoff. The primary 

component of the practice is the bioretention soil media. This 

component is comprised of specific ratio of sand, fines and 

organic material. Another important element of bioretention 

practices is vegetation, which can be either grass or a more 

elaborate planting arrangement.  

 

Figure 9.2.2: From left to right, Perforated Pipe, Bioretention, and Bioswale  

Figure 9.2.3: From left to right, Dry SWM Pond, Wet SWM Pond, and Engineered 

Wetland  
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Figure 9.3.3: Enhanced Grass Swale in the 

Town of Georgina. 
 

Bioretention can be integrated into a diverse range of landscapes including Road ROWs, Public 

Parks, and Commercial Facilities. Bioretention practices installed on residential properties are 

commonly referred to as “rain gardens)  

 

Depending on the native soil infiltration rate and site constraints, bioretention practices may be 

designed without an underdrain for full infiltration, with an underdrain for partial infiltration, or 

with an impermeable liner and underdrain for filtration only (i.e., a biofilter).  

 

9.3.2  Bioretention Planters 

Bioretention planters have vertical sidewalls and are often 

narrow and rectangular in shape. The walls allow 

bioretention planters to maximize the amount of stormwater 

retention within a small footprint.  

 

The self-contained structure of bioretention planters 

permits them to be installed in close proximity to utilities, 

driveways, trees, light standards and other landscape 

features. Bioretention planters can be constructed 

immediately adjacent to the roadway, in the boulevard, or 

as a green feature within the pedestrian area (i.e. sidewalks 

and pathways). Given these characteristics, bioretention 

planters are ideal for integrating within highly urbanized 

streetscapes or within other road ROWs with tight space 

constraints. 

 

Planters are an ideal means to address multiple objectives 

in urban streetscapes, including street greening and improved aesthetics along with stormwater 

management benefits.   

 

9.3.3 Enhanced Grass Swale 

Enhanced grass swales incorporate a number of 

simple modifications to substantially improve the 

pollutant removal capability of a conventional 

grassed swale. Design improvements can include 

some or all of the following: modified geometry 

(a wider channel base coupled reduced side 

slopes), check dams and enhanced vegetation. 

 

Check dams and vegetation in the swale slows 

the water to allow sedimentation, filtration 

through the root zone and soil, 

evapotranspiration, and infiltration into the 

underlying native soil.   

 

Figure 9.3.2: Parking lot 

bioretention in Mississauga. 
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Figure 9.3.4: Right-of-Way bioswale 

in Mississauga. 
 

Figure 9.3.5: Perforated Pipe in a 

Mississauga right-of-way. 
 

Figure 9.3.6: Parking lot permeable 

Pavement in Kitchener. 
 

Enhanced grass swales are a preferred alternative to curb and gutter as well as storm drains as a 

stormwater conveyance system. When incorporated into a site design, they can reduce 

impervious cover, accent the natural landscape, and provide aesthetic benefits.  

 

9.3.4 Bioswales 

Bioswales are similar to enhanced grass swales in terms 

of the design of their surface geometry, slope, and 

optional use of check dams. They also incorporate 

aspects of bioretention cells in that they have 

bioretention soil media, gravel storage layer and 

optional underdrain components. 

 

Bioswales are implemented to provide water quality 

treatment and water balance benefits beyond those of a 

conventional swale. Bioswales are sloped to provide 

conveyance, but due to their permeable bioretention soil 

media and gravel, surface flows are only expected 

during intense rainfall events. Sites with existing swales 

or ditches are ideal candidates for retrofitting with 

bioswales.  
 

9.3.5 Perforated Pipe Systems 

Perforated pipe systems, also called exfiltration systems, 

can be thought of as long infiltration trenches that are 

designed for both conveyance and infiltration of 

stormwater runoff.  They are underground stormwater 

conveyance systems composed of perforated pipes 

installed in gently sloping granular stone beds lined with 

geotextile fabric that allows infiltration of runoff into the 

gravel bed and underlying native soil.  

 

Perforated pipe systems can be used in place of 

conventional storm sewer pipes where topography, 

water table depth, and runoff quality conditions are 

suitable. They are capable of handling runoff from roofs, 

walkways, parking lots, and low-to-medium traffic roads.  

 

9.3.6 Permeable Pavement 

Permeable pavement is a collective term that 

describes BMPs that can be used in place of 

conventional asphalt or concrete pavement. 

These alternatives contain pore spaces or joints 

that allow stormwater to pass through to a stone 

base for infiltration into underlying native soil 

or temporarily detained. Types of permeable 

pavement include: 
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• Pervious concrete 

• Porous asphalt 

• Permeable interlocking concrete pavers (PICP, or just permeable pavers) 

 

For best results in ROW applications, permeable pavement should be limited to areas subject to 

light vehicle traffic, including parking lay-bys, shoulders, cycle paths, and pedestrian areas. 

Permeable pavement is suitable for curb-to-curb installation on local minor residential roads. Use 

in heavier traffic areas is not recommended—these materials don’t currently wear as well as 

conventional asphalt or concrete. 

 

9.3.7 Soakaways and Infiltration Chambers 

Infiltration practices including soakaways and 

infiltration chambers can be used to reduce runoff 

volume and preserve groundwater recharge. Most 

surface areas located on public lands can be directed 

to infiltration practices without pre-treatment. Roads 

and parking lots should be provided with pre-

treatment to prevent clogging and extend their 

lifecycle.  

 

Soakaways, also known as infiltration galleries, and 

dry wells, are excavations in the native soil that are 

filled with geotextile fabric and filled with clean 

granular stone. Soakaways are typically designed 

with a perforated pipe inlet from a relatively clean 

water source such as a roof or pedestrian area. Where possible, soakaways should be installed 

where native soils allow for infiltration; however like other infiltration techniques, underdrains 

can be installed where poorly drained soils are present. 

 

Soakaways can be designed in a broad range of shapes and sizes. A linear variation of a 

soakaway is known an infiltration trench.  This technique may be appropriate for sites where 

space for a retrofit is limited to long strips between buildings or along property lines.   

 

Infiltration chambers are soakaway variations that use prefabricated modular structures installed 

over a granular base to provide maximum void space (up to 9%) and provide structural support. 

These systems provide more storage capacity than equivalently sized soakaways and have 

minimal surface footprint. Infiltration chambers are ideal for heavily urbanized sites because 

they can be installed below parking lots. Infiltration chambers have also been successfully 

installed below recreational fields and public urban courtyards.  They can be designed in many 

configurations to suit site constraints. 

 

9.3.8 Prefabricated Modules 

Prefabricated modules provide additional options for implementing LID retrofits. There are a 

number of benefits with these systems, the main benefit being that product specifications are 

readily available from manufacturers, along with design guidance, installation considerations, 

and expected performance. These forms of support can help provide confidence to municipalities 

Figure 9.3.7: Construction of a 

Soakaway on a residential property 

in Etobicoke. 
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not experienced with LID retrofits as well as 

municipalities seeking a more off-the-shelf retrofit 

process. 

 

Many prefabricated modules are designed primarily 

for stormwater treatment, and as such quantity and 

water balance may not be addressed by this BMP. 

These types of prefabricated modules are ideal as pre-

treatment for other LID practices like perforated pipe 

systems. Prefabricated modules can also be used on 

their own if quantity control is not needed, or for units 

that manage both stormwater quantity and quality. 

 

9.3.9 Rainwater Harvesting  

Rainwater harvesting is the process of intercepting, conveying and storing rainwater for future 

use. Roof runoff is the ideal source for this practice due to the large surface area and minimal 

exposure to contaminants. Rainwater harvesting not only reduces the volume of runoff that is 

conveyed offsite, but also reduces the onsite usage of potable water and associated costs. 

 

Rainwater harvesting systems convey roof runoff 

to a storage tank or cistern. Prefabricated storage 

units can range in size from rain barrels that tie into 

downspouts to precast concrete tanks capable of 

storing tens of thousands of litres from much larger 

catchment areas. Cisterns can be located inside a 

building or outside. Cisterns located internally are 

common for retrofits of large, flat roofed building 

due to pre-existing internal roof drains. If the water 

supply from an outdoor cistern is to be used year-

round, the cisterns should be buried below the frost 

penetration depth.  

 

Rainwater that is collected in a cistern can be used 

for non-potable indoor or outdoor uses. For non-

potable use, minimal pre-treatment is required. Sufficient pre-treatment options include gravity 

filtration or first flush diversion.  The irrigation of landscaped areas and pressure washing of site 

features and vehicles are common uses of harvested rainwater. Indoor applications such as the 

flushing of toilets and urinals also present opportunities for use. 

 

9.3.10  Landscape Alternatives 

Natural landscapes provide important hydrologic functions that are lost when development 

occurs. The focus of landscape alternatives is to reintroduce natural features that provide 

hydrologic benefits. Natural features include highly permeable soils, pocket wetlands, open 

channel drainage, tree clusters, areas of natural vegetation, riparian buffers and floodplains. To 

replicate the function of natural landscapes a variety of landscape alternatives exist which can 

serve to improve site aesthetics and even reduced maintenance and save money. They include:  

Figure 9.3.8: A tree planter 

stormwater BMP in Toronto. 

Figure 9.3.9: A cistern buried under 

a parking lot used to collect 

rainwater in Brampton. 
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 Tree clusters 

 No-mow zones 

 Xeriscaping  

 Micro-grading  

 Soil amendments 

 

Benefits of landscape alternatives include filtration of 

contaminates, erosion protection, infiltration, 

evapotranspiration, evaporative cooling, interception 

of precipitation in foliage, retention and detention of 

stormwater. 

 

Green Roofs 

Green roofs consist of a thin layer of growing media 

installed on top of a conventional flat or sloped roof. 

The vegetation planted on the growth media is selected based on climate conditions, desired 

aesthetics, and maintenance considerations.  

 

Other components of green roofs include a 

waterproofing membrane designed to protect the roof, 

specially designed drainage layers that allow for 

storage of water for plant uptake, and a filter layer to 

prevent clogging of the drainage system. Green roofs 

are also equipped with overflows and underdrains 

connected to the roof drainage system to prevent 

excessive ponding of water during major storm events. 

 

Green roofs reduce the rate and volume of runoff by 

providing temporary storage on the surface of the 

vegetation, within the growing media and drainage 

layers, as well as allowing water to be lost to the 

atmosphere via evapotranspiration.  

 

The components of a green roof system provide thermal insulation to the building below. As a 

result, you will find it easier to maintain a comfortable indoor temperature during both cold and 

warm conditions. 

 

9.4 Existing Programs 

The City of Niagara Falls offers a Weeping-Tile Removal 

Assistance Program (WRAP) to homeowners that have 

weeping tile (foundation drains) connected to the 

municipal sanitary sewer system. The goals of the WRAP 

programs are to: 

 Reduce basement flooding: 

 Reduce sewerage overflows into the natural 

environment; 

Figure 9.3.10: Naturalized 

Landscape in the Region of 

Durham. 
 

Figure 9.3.11: Green Roof plantings 

in Toronto. 
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 Reduce sewage treatment costs; 

 Increase public awareness; and 

 Provide financial incentives to homeowners who disconnect their weeping-tile. 

 

There are two components of the WRAP programs. 

 

1)  Weeping-Tile Disconnection: This component includes a weeping-tile investigation, the 

disconnection of the weeping tile, and the installation of a sump-pump. Program funding for this 

program component includes full costs for labour, materials,(including restoration), permit and 

taxes up to a maximum reimbursement value of $3000. 

 

2)  Backwater Valve Installation: This component includes weeping-tile investigation, 

purchase & installation of suitably sized mainline fullport backwater valve (with clear cover); to 

prevent sewage flows from backing up into the basement. Program funding for this program 

component includes full costs for labour, materials, (including restoration), permit and taxes up 

to a maximum reimbursement value of $900. 

 

9.5 Stormwater Financing Recommendations 

In the last decade several municipalities across North America have changed the way municipal 

stormwater management projects are funded. Progressive municipalities have shifted from 

allocating portions of property taxes for stormwater projects to stormwater utilities or tiered fee 

systems based on property size, property type, and/or impervious area. These funding programs 

have been largely successful in providing stormwater management projects and programs with 

sustainable revenue generation.  

 

City of Kitchener Example 

An Ontario municipality an innovative stormwater utility is the City of Kitchener.  

The City of Kitchener’s 2016 Stormwater Rate Schedule includes thirteen (13) Stormwater 

Classification Codes which cover Residential, Multi-Residential and Non-residential properties.   

 

 Residential Single Detached homes are classified as small, medium or large based on the 

building footprint. Owners of these properties pay $6.86, $11.44 or $15.04/month 

respectively. Owners of Townhouses or Semi-Detached homes pay $8.17/month for each 

unit. Owners of Residential Condominiums pay $4.56/month for each unit. 

 

 Multi-residential properties have five (5) classification codes. Owners of duplexes, 

triplexes, four-plexes, and five-plexes pay between $9.16 and $22.89/month. Owners of 

Multi-Residential properties with greater than five (5) units pay $2.29/month according to 

the number of dwelling units. 

 

 Non-residential properties fall into six (6) classification codes. These utility rates range 

from $21.89 to $2,329.31/month. Non-residential classifications are based on impervious 

area.  

 

According to a May 2010 Memorandum regarding The Implementation, the City of Kitchener’s 

rates are based on the average impervious area of a single detached home, calculated to be 259 
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m
2
. This base impervious area is known as the “SFU” (Single Family Unit) and used for scaling 

stormwater monthly charges on all types and sizes of parcels.  

 

City of Waterloo Example 

The the City of Waterloo’s 2016 Stormwater Rate Schedule also includes thirteen (13) 

Stormwater Classification Codes which cover residential, multi-residential, institutional, can 

commercial/industrial land uses.   

 

 Residential Single Detached homes are classified as small, medium or large based on the 

building footprint. Owners of these properties pay $5.61, $8.43 or $18.61/month 

respectively. 

 

 Multi-Residential properties are classified as small, medium or large based on the 

building footprint. Owners of these properties pay $16.31, $68.24 or $363.61/month 

respectively. 

 

 Institutional properties are classified as small, medium or large based on the building 

footprint. Owners of these properties pay $26.14, $70.64 or $144.66/month respectively.  

 

 Commercial and Industrial properties are classified as small, medium, large and largest 

based on the building footprint. Owners of these properties pay $21.63, $101.01, $325.51 

or $824.49/month respectively.  

 

City of Mississauga Example 

Similar to the City of Kitchener, the City of Mississauga has defined land use categories and 

subcategories of impervious areas in order to calculate stormwater utility charges.  As of 2016, 

single residential properties are classified from “smallest” to “largest” and assigned an annual 

stormwater charge between $50.00 and $170.00. Non- single residential properties such as multi-

residential, mixed use and non-residential properties are assigned annual stormwater charges 

based on the total impervious are on the property.   

 

City of London Example 

The City of London has a three-tiered stormwater charge system. In 2016 properties up to and 

including 0.4 ha are charged $14.92/month unless they are residential without a storm sewer 

within 90 m in which case they are charged 11.20/month. All properties larger than 0.4 ha are 

charged $124.19/month.  

 

Flat Stormwater Charge Municipalities in Ontario 

As an alternative to a stormwater utility which allocates charges based on impervious area and/or 

property size, some municipalities have implemented flat stormwater charges on all residential 

properties. Examples include St. Thomas and Aurora who charge residential property owners 

$7.39 and $4.78 respectively (2015 $ figures). 

 

Stormwater Credits for Source Controls 

As an incentive for the implementation of stormwater source controls such as rain barrels, 

cisterns, permeable pavement and rain gardens; many municipalities are offering properties 
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owners reductions on stormwater utility charges. These incentive programs are typically rolled-

out at the onset of the stormwater utility charges. Pilot projects and partnerships with NGOs and 

community groups can prove beneficial for these landscape-based incentive programs. 

 

9.6 Staffing Needs 

With ever changing environmental requirements and improved stormwater management 

programs, many municipalities have expanded staffing to deal with associated resource and 

policy requirements. Municipalities that have expanded stormwater staffing to implement 

projects and programs recommended in stormwater master plans include Kitchener, Brampton 

and Mississauga.  

 

10.0 Preliminary Cost Estimate and Environmental Assessment Requirements 

 

10.1 General 

 

Based on the remedial measures discussed in the previous sections cost estimates for the 

recommended solutions have been developed. Estimated planning level costs for the 

recommended solutions were determined and are summarized in Table 10.1. As shown in the 

table, the estimated cost of implementing the recommended solution for the City is 

approximately $21,800,000. 

 

Table 10.1: Estimated Costs of Recommended Solutions 

Problem 

Area 

Number 

Description Estimated Cost 

8 
Replacement of Storm Sewers,  Potential Expansion of the 

Stormwater Management Pond 
$1,100,000 

9 Replacement of Storm Sewers, Reconstruction of Existing 

SWM ponds, Construction of Off-line Storage 

$2,000,000 

19 & 20 Proposed Storm Sewers $12,900,000 

21 Replacement of Storm Sewers $400,000 

23 Proposed Storm Sewers and Open Channel $400,000 

SUBTOTAL $16,800,000 

Engineering & Contingency (30% of subtotal) $5,000,000 

GRAND TOTAL $21,800,000 
Costs are exclusive of land acquisition and GST. 

  

The final cost will be dependent upon the results of the topographic survey, geotechnical 

assessments, findings at the conceptual and detail design stages and other associated works. 

 

10.2 Environmental Assessment Requirements 

 

Table 10.2 summarizes the Environmental Assessment (EA) Schedule for all proposed 

undertakings associated with the remedial works. In summary, the stream works fall under 

Schedule A, the storm sewer works fall under Schedule A+. Channel realignment works and 

stormwater management pond works fall under Schedule B as noted below.  
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Table 10.2 Summary of EA Undertakings 

Area Works EA Schedule 

Problem Area 8 SWM Pond Works B 

Problem Area 8 Replacement of Storm Sewer A+ 

Problem Area 9 SWM Pond Works B 

Problem Area 9 Replacement of Storm Sewer A+ 

Problem Area 9 Construction of Offline Storage A+ 

Problem Areas 19 + 20 Installation of Relief Storm Sewer A+ 

Problem Area 21 Replacement of Storm Sewer A+ 

Problem Area 23 New Storm Sewer and Open Channel B 

Problem Area 23 Inlet Controls A+ 

Montrose Road Culvert Erosion Protection A 

Kalar Road Culvert at Tributary 1 Culvert Replacement A+ 

Westport Drive Culvert Culvert Enhancement A 

Storm Outfall at Don Muir Street Restoration Works A 

Chippawa Parkway Culvert Culvert Replacement A 

 

Chapter 8 provides further information with respect to the implementation considerations for the 

proposed remedial measures. 

 

11.0 Implementation Considerations 

 

11.1 General  

 

This chapter will summarize the implementation considerations associated with the various 

elements of the Recommended Solutions as described in Chapter 6. 

 

The next steps for implementation of the recommended solutions include: 

 

 Clarify Municipal Policy on Private Drainage Works 

 Conceptual design 

 Considerations at the detail design stage 

 Detailed design and geotechnical investigations 

 Approvals 

 Contract document preparation and tender; 

 Implementation; and  

 Construction 

 

11.2 Clarify Municipal Policy on Private Drainage Works 

 

Based on discussions with City of Niagara Falls staff, it is evident that the City must develop a 

policy that clarifies the City’s role with respect to drainage problems on private property. 

Historically the City has assisted home owners by providing materials and labour for resolving 

private drainage issues. The time and resources required to assists all homeowners who request 



CITY OF NIAGARA FALLS MP STUDY UPDATE – EA ASSESSMENT DOCUMENT  November 2016 

 93 

assistance is beyond the capacity of the City. A new policy that clarifies when and where the 

City will provide resources to improve drainage works on private property is needed. 

 

11.3 Conceptual Design  

 

The conceptual design for this project will be undertaken after submission and approval of the 

Environmental Assessment Project File. In general, the conceptual design will enhance the 

design elements as presented in this document including: 

 

 Major aspects of the constructability plan; 

 Access/egress locations and staging areas; 

 Key operational impacts; 

 Phasing of construction tasks; and  

 Cost estimate (to suggested standard – Public Works and Government Services Canada 

Class D +/- 30%)  

In addition, for this project, the conceptual design will provide direction, alternatives and initial 

design considerations for the LID component of the project to ensure that design and subsequent 

approvals are consistent with the requirements of this project and discussions with MOECC. In 

this regard, MOECC are currently in the process of updating the Stormwater Management 

Planning and Design Manual. Consideration of a mandatory volume control is part of the new 

assignment. 

 

The proposed storm sewer works should fall under Schedule A+ under the Municipal Class 

Environmental Assessment process. This is based on the assumption that the works are located 

within an existing road allowance or existing utility corridor. This item should be confirmed at 

the conceptual design stage. 

 

11.4 Considerations at the Detail Design Stage 

 

Once the above measures have been undertaken then the detail design can be initiated. The 

primary steps involved in the preparation of detail design drawings include: 

 

 Site Assessments: including infrastructure assessments, tree assessments, geotechnical 

assessments (see further description below), topographic surveys and utility 

investigations. 

 

 Design Criteria: confirmation of design criteria as defined in this document together 

with other relevant criteria s required for the detail design stage. 

11.5 Detailed Design and Geotechnical Investigation  

 

The detail design package should include the preparation of 60%, 90% and final design drawings 

for review by the City and relevant stakeholders. The detail design package should include, but 

not be limited to, the following components: 

 

 General plan (detailing structure, property lines and services); 
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 Site plan (including site access, staging and stockpile area delineation); 

 Plan and profile drawings (detailing location of existing combined and storm sewers with 

associated infrastructure, proposed storm sewer and outfall and existing utilities); 

 Erosion and sediment control plan (as per the Erosion and Sediment Guidelines for 

Urban Construction); 

 Traffic management plan; 

 Tree Inventory and Landscape restoration plan (including tree removal, preservation and 

planting plan);  

 Construction phasing and staging; and 

 Associated design brief 

 

Geotechnical Investigation - A geotechnical investigation is recommended to characterize 

subsurface conditions as they relate to:  

 
• Geotechnical laboratory soil testing on selected samples (as required) to characterize the 

index properties including water content and grain size distribution  

• Existing road profile and base conditions, suggested pavement structure requirements  

• Subsurface conditions at the all proposed inlet structures and headwalls within and 

adjacent to the study area. This includes at the proposed inlet structure downstream the 

Glen Road crossing;  

• Groundwater elevations through the installation of piezometers in selected boreholes to 

facilitate ground water level monitoring, according to Ontario Regulation 389/09;  

• Pipe bedding considerations;  

• Excavations and trenches in accordance with O. Reg. 213/91;  

• Off-site soil disposal options; and 

• Dewatering during construction  

 

Soil Chemistry Screening - As part of the geotechnical investigation selected soil samples will be 

analyzed to obtain preliminary information about the chemical quality of the site soils. The 

results of the soil chemistry analysis are to be compared with standards included in various 

Property Use criteria noted in the Soil, Ground Water and Sediment Standards for Use Under 

Part XV. I of the Environmental Protection Act of Ontario (2004). The work and chemical 

analysis program is intended for preliminary screening and is not designed to delineate the extent 

of the impacted soils if encountered. Focus should be given to the anticipated work area of Pond 

6 and locations of infrastructure where significant off-site disposal are anticipated.  
 

The following analytical testing is proposed for the selected soil samples obtained during the 

subsurface investigation for the site.  

 
• Metals & inorganics (Reg. 153)  

• Petroleum hydrocarbons (F1 -F4) and BTEX  

• Volatile Organic Compounds (VOC’s)  

• Polycyclic Aromatic Hydrocarbons (PAHs)  

• Sodium Adsorption Ratio (SAR)  

 



CITY OF NIAGARA FALLS MP STUDY UPDATE – EA ASSESSMENT DOCUMENT  November 2016 

 95 

In addition, In-situ soil testing should be carried out to confirm the permeability of the resident 

soils and to provide direction for sizing of the Low Impact Development component of the 

design.   

 

In–situ soil testing is required for all infiltration based LID designs. The testing is required to 

scientifically determine the field saturated hydraulic conductivity (kfs) infiltration capacity of 

local soils, appropriately size each facility, determine if underdrains are required, appropriately 

locate any drains within the facility cross-section and accurately estimate post-development 

performance.  In–situ soil testing will be comprised of:  

 

 On-site infiltration testing using the Guelph Permeameter Testing apparatus and protocols 

to determine the in-situ field saturated hydraulic conductivity and the design infiltration 

rate per the LID Stormwater Planning and Design Guide Version 1.0 (TRCA/CVC 2010 

or most recent).  Testing locations should be based on borehole logs and areas 

stratigraphy, targeted to the proposed footprint of the infiltration facilities, located at a 

depth which corresponds to the ultimate invert of the infiltration facility and shall be 

completed using a sufficient number of locations commensurate to the size of the facility 

to accurately determine the average design infiltration rate to be used in detailed design 

and as part of approvals.  

 

The relevant utility companies shall be contacted to confirm the presence of underground utilities 

within the proposed testing areas using the by Ontario One-Call service.  In-situ testing must be 

performed in non-saturated and unfrozen soil conditions. 

 

11.6 Permits and Approvals 

 

The following permits and approvals will likely be required prior to undertaking construction 

activities: 

 

1. Niagara Peninsula Conservation Authority watercourse permits under “Schedule ‘A’ 

Application for Development, Interference With Wetlands and Alterations to Shorelines 

and Watercourse Permit (Pursuant to Ontario Regulation 150/06)” under the general 

category of “Standard Development” will be required for:  

 Any and all works as they pertain to watercourse alterations and/or outfall construction or 

alteration relating to the Problem Areas 19-20 and 23 

 

MOE Environmental Compliance Approval (ECA) – An Environmental Compliance Approval 

will be required for the proposed works. The ECA typically includes a number of basic 

requirements (see below) together with the design drawings and design brief. The design brief 

provides a description of the proposed works together with the appropriate calculations to define 

the design and associated principles. Typical general information that is required as part of the 

application should include: 

• Name of original sub-division, development or applicant (if available);  

• Legal survey address, municipal address including lot and concession;  

• Detailed storm sewer drawings as constructed in digital format;  
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• Proof of public consultation and notification (including reference to the Environmental 

Assessment);  

• Site zoning and classification according to the City of Hamilton Official Plan including 

municipal zoning confirmation letter signed by municipal officer;  

• Location of nearest municipal wells;  

• Identified source protection/ Drinking water treats;  

• Receiver of effluent discharge;  

• Clearance from local conservation authority (Hamilton Conservation Authority), 

typically as a letter of support of HCA watercourse permits (as detailed above).  

 

It should be assumed that a minimum of eight (8) weeks will be required to obtain the necessary 

approvals once submitted to the MOE. 

 

11.7 Contract Document Preparation and Tender 

 

A tender document shall be prepared for the project with the intent that the proposed works be 

publically tendered. The tender will be consistent with the requirements of the City of Niagara 

Falls standards. The package shall include several sections common to most tenders, as well as 

sections on: 

 Special specifications; 

 Schedule of prices; 

 Detailed Cost Estimate based on tender schedule of prices; and  

 Final detailed design drawings. 

 

11.8 Implementation 

 

The phasing and timing of the proposed works will be determined by the following three criteria. 

 

 Construction must start from the storm sewer outlet and progress upstream; 

 Construction should be coordinated with ongoing road reconstruction programs; and 

 Construction, where possible, should address high priority areas (from a flooding 

perspective) first. 

 

Construction of the proposed works would generally start at the downstream limit and proceed 

upstream. These works would, however, be coordinated with proposed road reconstruction 

projects.    

 

11.9 Costing of Stormwater Management Facility Works 

 

Provided below are unit costs associated with common SWM facility works. Cost estimates 

include included the labour, equipment and materials required to complete the maintenance tasks 

and are based on an inventory of construction based cost estimates from contractors and 

suppliers Aquafor Beech Ltd has retained during past projects. 
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Table 11.8: Unit Costs for SWM Facility Works 

Type of Facility Activity Cost Unit 

Wet or Dry SWM 

Facilities 
Water Quality Retrofit $125 to $160 

per m
3
 of water 

quality storage 

required for wet 

ponds per MOE 

Table 3.2 (MOE, 

2003) 

Wet SWM Facilities Dredging of Sediment $200 

per m
3
 of sediment 

assuming offsite 

disposal 

Wet SWM Facilities Dredging of Sediment $50 

per m
3
 of sediment 

assuming onsite 

disposal 

Wet or Dry SWM 

Facilities 
Excavation $50 

per m
3
 assuming 

onsite disposal 

Wet or Dry SWM 

Facilities 
Annual Inspection $1000 per site visit 

 

 

11.10 Construction  

 

The proposed construction timing will be based on subsequent discussions within the City and 

will be integrated with the proposed timing for the proposed storm sewer works as well as the 

proposed road construction in order to minimize the level of inconvenience to residents, 

businesses and commuters. 

 

12.0 Public Consultation Requirements 

 

The Notice of Study Commencement was published in the local newspaper on March 30, 2016. 

A copy of the notice and a comment sheet was mailed out to all relevant government agencies, 

local interest groups, Aboriginal contacts, and persons requesting to be a part of the study.  In 

addition, the notices were hand delivered to everyone in the reported basement flooding areas. In 

total approximately 3,000 notices were handed out. 

 

The Public Information Centre was held on Thursday, April 14, 2016 at the Gale Centre from 

4:00 p.m. to 8:00 p.m. The purpose of this open house was to present an overview of the City of 

Niagara Falls Master Drainage Plan Update Study (MDPUS), define existing issues and 

opportunities; present existing conditions for stormwater infrastructure and environmental 

conditions; present a long list of alternatives that address existing issues & outline subsequent 

steps in the process. 
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The open house consisted of display boards outlining the study purpose and background, 

alternative solutions, recommended solutions and next steps. A copy of the display panels are 

attached in Appendix D. 

 

In total, over 80 people attended and 38 people signed at the meeting, and each was given a 

Comment Sheet to provide feedback, and approximately 170 comment sheets were received 

from City’s online website or by mail. City staff, as well as staff from Aquafor Beech Limited 

provided responses and clarification to questions raised by the public. 

 

13.0 Conclusions and Recommendations 

 

1) The purpose of this project was to undertake a Master Drainage Plan Update Study 

(MDPUS) which satisfies the City’s 2011-2014 strategic priorities in terms of a well-

planned city, infrastructure sustainability, and proposed a well-planned infrastructure 

system that is sustainable and ecologically sound.  

 

2) This component of the MDPUS is to be used as a guiding document for undertaking more 

detailed assessments throughout the City and ensure that the City manages its existing 

and proposed infrastructure in a cost-efficient and timely manner. 

 

3) The primary intention of this MDPUS study was to develop the remedial 

recommendations for the flooding areas related to the surcharging of the storm sewer 

system, the problem areas associated with the combined and sanitary sewer system will 

be addressed through other studies. 

 

4) Several historical rainfall events were known to cause flooding in various areas across the 

City. The five (5) significant previously noted include:   

 

 August 5th, 2003 (90 mm) 

 July 14th-15th 2004  

 September 9th, 2004 (63 to 88 mm) 

 August 31st, 2005 (89 to 121 mm) 

 July 13th, 2013  
 

5) The remedial measures, which were defined based on modeling together with field 

verification and the discussions with City staff as outlined in previous chapters, include 

recommended solutions for each of the high priority areas in order to address basement 

flooding related to the storm sewer system. 

 

6) The Recommended Solution for Problem Area 8 includes the following:    

 

 Improving the capacity of the outlet channel downstream of existing stormwater 

management pond; 

 Performance confirmation of the existing stormwater pond by undertaking water level and 

flow monitoring;  



CITY OF NIAGARA FALLS MP STUDY UPDATE – EA ASSESSMENT DOCUMENT  November 2016 

 99 

 Ongoing maintenance of the existing stormwater pond to ensure functionality; and 

 Replacement of 400 m of storm sewers of 750 – 1200 mm to provide adequate capacity. 

 

7) The Recommended Solution, for Problem Area 9, includes the following:    

 

 Reconstruction of existing stormwater management pond(s) to provide additional 

capacity (2,000 m
3
) storage for 100-year storm event. The facility would attenuate peak 

flows to the sewer system. In addition, the facility would temporarily store the 

stormwater runoff which would reduce the amount of stormwater discharged to the 

downstream creek; 

 Replacement of 480 m of storm sewers of 450 – 975 mm to provide additional capacity; 

 Construction of off-line storage (400 m
3
) on Orchard Grove Parkway; and 

 Installation of a single sewer inlet for the reconstruction of the existing stormwater 

management pond(s) should be considered for cost efficiency and constructability 

during the conceptual design stage. 

 

8) The Recommended Solution, for Problem Areas 19 & 20, includes the following:    

 

 Installation of 4,000m of new storm sewer to provide additional capacity (Carlton 

Avenue, Ash Street, Monroe Street, Symmes Street, Dawlish Avenue, Pinegrove 

Avenue and Orchard Avenue .  

 Coordination with the appropriate stakeholder (Hydro One) should be undertaken for 

the construction of the new trunk storm sewers. 

 

9) The Recommended Solution, for Problem Area 21, includes the following:    

 

 Capacity upgrades and replacement of 320 m of storm sewers of 450 – 600 mm on 

Eldorado Avenue to provide more capacity. 

 

10) The Recommended Solution, for Problem Area 23, includes the following:    

 

 Installation of 600 m of new storm sewer of 525 - 750 mm and open channel to provide 

additional capacity (Gunning Drive, Welland Street, Main Street and Bridgewater 

Street); and 

 Inlet controls on Gunning Drive which limit flows (0.14 m
3
/s) to existing storm sewer 

capacity and excess runoff would be conveyed to the proposed open channel and 

culverts at the crossing.   

 

11) The Recommended Solutions will have a total price tag of $22 million for the 

construction of storm sewers, open channel as well as off-line storage, reconstruction of 

stormwater management ponds (DDP_013-015), and potential expansion of the 

stormwater management pond (DDP_001).   
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12) Most watercourse within the study area were found to be stable with minor stream works 

recommended at the following locations: 

 

 Montrose Road Culvert (failed gabion and scour) 

 Kalar Road at Beaverdams Creek Tributary 1 (failing headwall and grading 

issues) 

 Westport Drive Culvert (failed gabions and erosion) 

 Storm outfall at Don Muir Street (perched outfall and failing rip rap) 

 Chipawa Parkway Culvert (scouring, perched culvert, and slumping gabions) 

 

13) It is recommended that the City investigate the applicability of an “all-pipes model” 

which would allow for the assessment of potential new development as well as keep a 

current inventory with respect to potential capacity limitations and opportunities.  

 

14) It is recommended that the City undertake a monitoring program that will allow the 

existing XPSWMM model to be calibrated.  

 

15) It is recommended that based on the SWMM-CAT model a 5% increase be applied to the 

current IDF curves and that the new curves be used to design and size storm, stormwater 

and combined sewer infrastructure. 

 

16) It is recommended that the City develop a policy that clarifies the City’s role with respect 

to drainage problems on private property. 

 

17) It is recommended that the City develop an updated program for roadside ditch and swale 

maintenance (weed clearing, sediment removal, culvert cleaning, etc.) to ensure that 

water does not stagnate and cause safety issues. 
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1.0 Introduction 

1.1 Background 

 

Aquafor Beech was retained by the City of Niagara Falls to undertake a Master Drainage Plan 

Update Study (MDPUS) following the Municipal Class Environmental Assessment (EA) process. 

The study includes several tasks and deliverables, with the overarching objective to provide a 

Master Plan document which satisfies the City’s 2011-2014 strategic priorities in terms of a 

well-planned city, infrastructure sustainability, and financial stability, innovative and 

progressive tools and techniques, and proposes a well-planned infrastructure system that is 

sustainable and ecologically sound.  

 

The MDPUS considers flood and erosion control, groundwater and surface water quality 

management, natural heritage, environmental management and infrastructure, all in an 

integrated manner as part of an overall plan. Master Plans, in general, allow the City to 

appropriately manage risks through the establishment of environmental targets for water 

quality, water quantity, erosion, infiltration (water balance) and provide guidance with respect 

to the protection of natural features. These plans also address infrastructure issues such as 

flooding and form part of an overall asset management program.   

 

The City of Niagara Falls has experienced several basement flooding events over the last fifteen 
(15) years. The storm events overwhelmed the existing storm sewers and potential cross 
connections to the sanitary sewer system which resulted in hundreds of reports of basement 
flooding due to backup of water through the floor drains or plumbing, etc.  
 

The City of Niagara Falls collection system modeled as part of the MDPUS includes 302 km of 
the separated storm sewer system.  The storm sewer system conveys stormwater from the City 
to numerous stormwater management facilities and ultimately to one of several receiving 
streams located within the City. 

1.2 Study Area 

 

The study area (City of Niagara Falls) for this component of the MDPUS consists of several land 
uses from low to high density residential, commercial, institutional and light and heavy 
industrial. Significant portions of the City along the south-western boundary are maintained as 
agriculture lands.  
 
The city limits are bounded by the following and identified within Figure 1: 

 Highway 405 to the north;  
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 Niagara River to the east; 

 Netherby Rd to the south; and 

 Thorold Townline and McKenney Road to the west. 

 

1.3 Study Purpose and Primary Tasks 

 

The purpose of this project was to undertake a Master Drainage Plan Update Study (MDPUS) 
which satisfies the City’s 2011-2014 strategic priorities in terms of a well-planned city, 
infrastructure sustainability, and proposed a well-planned infrastructure system that is 
sustainable and ecologically sound.  
 
This component of the MDPUS is to be used as a guiding document for undertaking more 
detailed assessments throughout the City and ensure that the City manages its existing and 
proposed infrastructure in a cost-efficient and timely manner. The MDPUS is an integrated 
approach that considers flood and erosion control, surface water quality management, natural 
heritage environment management as well as stormwater infrastructure. 
 
The deliverable of this element of the MDPUS is the development of a baseline storm sewer 
trunk system network model and the assessment of performance scenarios for existing and 
proposed conditions within the existing urban area.  The baseline storm sewer trunk system 
network model will serve as the basis upon which the City can further assess the storm sewer 
system throughout the City of Niagara Falls.  
 
The primary tasks associated with this component of the MDPUS include the following:  
 
 
Development of a Storm Sewer Trunk System Hydraulic Network Model 
 
The development of a robust model of the storm sewer trunk system network model to 
represent the sewer sheds within the City which consisted of: 
 

 Construction of the hydraulic model which incorporated all City trunk sewers, 
stormwater management facilities, and storm underground storage facilities; and 
 

 Delivery to the City with a baseline storm sewer trunk system network model and 
final report.  
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2.0 Problem and Opportunity Identification  

2.1 General 

Urban areas may degrade the environment in many ways, as a result of both new development 

and from existing development. Pollutants from a variety of residential, commercial and 

industrial sources impact the environment, as well as terrestrial and aquatic life when conveyed 

to the receiving bodies of water. Urban development can also result in undesired changes to 

the hydrologic characteristics within subwatersheds, where rainfall events that previously 

contributed little or no runoff to streams now cause flow to occur and consequently, the 

amount of water draining to streams significantly increases in volume. As a result of existing 

land uses, together with proposed land use changes, a number of potential environmental 

problems have been identified. These include: 

 

 Degraded surface water and groundwater quality 

 Thermal enrichment of surface water 

 Increased sediment loads to surface water 

 Adverse effects on human and animal health 

 Loss and degradation of fish and wildlife habitat, natural features and processes 

 Increased flooding and erosion 

 Disruption of the pre-development hydrologic process (reduction in groundwater 
recharge and stream baseflow) 

 Urban flooding (overwhelming of the municipal storm sewer system) 
 

This component of the MDPUS addresses urban flooding (overwhelming of the municipal storm 

sewer system only). 

2.2 Identification of Problems and Opportunities 

 
Over the last 10 years, the City of Niagara Falls has experienced several rainfall events that have 

triggered incidents of basement flooding in various areas across the City. The rainfall data 

information was provided by the City in January 2015. The more significant events included:  

 

 August 5th, 2003 (90 mm) 

 July 14th-15th 2004  

 September 9th, 2004 (63 to 88 mm) 

 August 31st, 2005 (89 to 121 mm) 

 July 13th, 2013  
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The objective of this component of the MDPUS is to assess the capacity of the trunk storm 
sewer system (equal to or larger than 600 mm) to:  
 

 Provide a level of service which is consistent with municipal and agency standards; and 

 Develop methodologies to optimize infrastructure wherever feasible.  
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3.0 Existing Conditions 

3.1 General 
 

In order to provide background information to establish existing conditions, an inventory of the 
study area was undertaken and is detailed within a report entitled “Background Report – 
Technical Report #1 - March 2014”. The following sections outline the findings of that report as 
related to this element of the MDPUS in terms of the economic environment, specifically the 
existing land use parameters, historical flooding incidents, etc. 
 

3.1.1 Study Area 

 
The City of Niagara Falls (Figure 1) has a population of 82,184 (Census Canada, 2006) and 
services over 14 million tourists annually. The Study Area covers the urban and rural parts of 
the City of Niagara Falls, which expands over an area of 212 km2. The urban area covers around 
60 km2 of the total area. 

 

3.1.2 Land Use 

 

The following section describes the existing and future land-uses within the City of Niagara 
Falls.  
 

3.1.1.1 Existing Land Use 
 
 

The City of Niagara Falls is characterized by a mixture of land-uses. Generally, the lands in the 
south-west of the city are the only remaining agricultural lands. Figure 1B shows existing land 
uses within the study area. It is noticed that while the urban area is built-up and includes 
several land uses, the southern portion of the City is dominated by agricultural land use and 
natural heritage features. Table 1 presents a breakdown of existing land uses within the urban 
and rural areas of the City.  
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Table 1: Existing Land Use within the City of Niagara Falls (Schedule A) 

Current Landuse Area (ha) Percent 

Agricultural 5753.69 30.43% 

Commercial 454.39 2.40% 

Industrial 806.73 4.27% 

Institutional 530.60 2.81% 

Open Space 1811.23 9.58% 

Recreational 333.60 1.76% 

Residential 4496.56 23.78% 

Transportation 742.50 3.93% 

Utility 820.05 4.34% 

Vacant 
Commercial 

236.04 1.25% 

Vacant Industrial 564.80 2.99% 

Vacant 
Residential 

2357.55 12.47% 

Total Area 18907.76 
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3.1.1.2 Future Land Use 
 

 
In accordance with Ontario legislation, the City of Niagara Falls, like all municipalities, is charged 
with ensuring that they direct proper and orderly development within their urban boundary.  
The City has many tools to achieve these requirements, including the Regional and City Official 
Plan (OP) and others.   
 

Figure 1C shows future land use, which includes the following development and 
redevelopment areas according to the Official Plan: 

 

1. Downtown Node (Schedule A.2a) 
2. Drummondville Node (Schedule A.2b) 
3. Stamford Node (Schedule A.2c) 
4. Morrison/Dorchester Node (Schedule A.2d) 
5. Garner South Secondary Plan (Schedule A3) 

 

Table 2 shows a breakdown of future land uses within the City.  
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Table 2: Future Land Use within the City of Niagara Falls 

Future Landuse Area (ha) Percent 

Environmental 
Protection Area 

2431.13 11.26% 

Extractive 
Industrial 

193.96 0.90% 

Good General 
Agriculture 

9285.85 43.03% 

Industrial 1488.78 6.90% 

Major 
Commercial 

240.01 1.11% 

Minor 
Commercial 

79.97 0.37% 

Neutral 328.43 1.52% 

Niagara 
Escarpment Plan 

Area 
829.07 3.84% 

Open Space 2015.50 9.34% 

Parkway 
Residential 

88.44 0.41% 

Residential 3484.30 16.14% 

Resort 
Commercial 

328.60 1.52% 

Rural / 
Agricultural 

0.43 0.00% 

Theme Park 
Marineland 

291.86 1.35% 

Tourist 
Commercial 

495.68 2.30% 

Total Area 21582.00  
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3.1.3 Historical Flooding 

 
The City of Niagara Falls experienced several rainfall events which resulted in basement 
flooding events over the last 15 years. The storm event overwhelmed the existing sewer system 
through storm sewers and cross connections which resulted in hundreds of reports of 
basement flooding due to backup of water through the floor drains or plumbing, etc. Some 
specific areas that noted concerns as a result of the storm included the following locations: 
 

 Beaverdams Road and Kalar Road; 

 Lundy’s Lane and Kalar Road; 

 Murray Street and Franklin Avenue; 

 Dunn Street and Caledonia Street 

 Rideau Street and Eldorado Avenue; and 

 Kaumeyer Street and Mears Crescent. 
 
Several historical rainfall events have been known to cause flooding in various areas across the 
City. The three (3) significant previously noted include:  
 

 August 5th, 2003 (90 mm) 

 July 14th-15th 2004  

 September 9th, 2004 (63 to 88 mm) 

 August 31st, 2005 (89 to 121 mm) 

 July 13th, 2013  

 
A map of basement flooding throughout the City limits based on the historical data provided is 
identified in Figure 2.   
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3.1.4 Reported Flooding Incidents associated with Sewer Systems  

 
 
Based on the discussions with City staff, the reported flooding incidents associated with storm, 
combined and sanitary systems were identified. Figure 2.1 illustrates the flooding incident 
areas associated with each type of sewer system. Also shown in the figure is a summary as to 
whether the flooding area is attributable to issues in the sanitary, combined or storm sewer 
system. The summary of findings for primary problem areas related to the surcharging of the 
various sewer system is provided in Section 5.4 and Table 12. 
 

3.2 Technical Environment 

3.2.1 General 

The City of Niagara Falls urban area is serviced by a separated sewer system comprised of 
sanitary and storm sewers with exception of the City’s downtown core area which is serviced by 
a combined sewer system (not included in this study).  
 
 
The primary purpose of this MDPUS study was to develop the remedial recommendations for 
the flooding areas related to the surcharging of the storm sewer system. The problem areas 
associated with the combined and sanitary sewer system will be addressed through other 
studies. 
 
In general, the sanitary sewer is a system of underground pipes that carries sewage from 
bathrooms, sinks, kitchens, and other plumbing components to a wastewater treatment plant 
where it is filtered, treated and discharged. The storm sewer is a system designed to carry 
rainfall runoff and other drainage (excess rain and ground water from impervious surfaces such 
as paved streets, parking lots, sidewalks and roofs). The illustration below provides a schematic 
of a separated sewer system. 
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The City requested that the following pipes be incorporated within the model for the analysis of 
the storm system: 
 

 Storm sewer pipes 600 mm diameter or larger in size. 
 
The objective was to develop a baseline model of the City’s sewer systems.  Further details of 
the sub-catchment area delineation approach are discussed in Section 5.4.2.  

3.2.2 Sewer System 

The study area is serviced by separated sewers. The sewer system was modeled using the 
XPSWMM model (see Section 4.0 for selection of computer model) in order to simulate the 
existing flow conditions within the system. The XPSWMM sewer model includes approximately 
2,000 storm sewer sections and 90 storm outfalls. There are also a total of 17 modeled 
stormwater management facilities. A more detailed assessment of the stormwater facilities is 
provided in Section 4.4.12.  The storm sewers that were included in the XPSWMM sewer model 
are 600 mm in diameter and larger. These storm sewers are identified in Figure 3.  
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3.2.3 Data Collection – Background Documents and Storm Sewer Data 

 

The following section summarizes the process of collecting data from the City and NPCA. 

  

Background Documents  

 

Aquafor Beech had requested the following background documents and files in relation to the 

MDPUS project in early November 2013. The data was provided by uploading the information 

onto the City’s FTP website.  

 

 General Background Information (as listed in the proposal) 

 Natural Heritage Information 

 Hydrology and Hydraulics 

 GIS data/Information  

 Other Engineering information 

 

Aquafor received and downloaded the files sent by the City of Niagara Falls in Mid- November 

2013. After reviewing the information provided, the study team noted that some important 

information was missing including the characterization of the study area and the analyses of 

drainage issues. Therefore, we requested further information from the City and the Niagara 

Peninsula Conservation Authority (NPCA).  

 

The study team understood that in order to obtain necessary data from the NPCA, the City was 

to initiate the process (i.e. license agreement). As a result, the study team added the data 

needed from NPCA in a separate category.       

 

City Background Information 

 

General Background Information (as listed in the proposal) 

 The City of Niagara Falls Master Drainage Plan (1981); 
 The Rural Area Drainage Study (1987); 
 Niagara Falls Development 2009 Development Charge Background Study (2009) and 

ongoing study 
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 Existing Drainage studies, flooding reports and maintenance reports including Functional 
Servicing Reports and MESPs 

 

Hydrology and Hydraulics Models 

 Existing City hydrology reports and models 

 Existing City hydraulics (conveyance) reports and models (including recent storm sewer 
system models from previous and concurrent projects).  

 

GIS data/Information  

 Sewer Networks  
o Storm Pipes, Manholes and Storm Outfalls- size, ID#’s (if available) 

 Road Networks 
o Single line 
o Double line 

 SWM facilities and attribute data 
 Land use and zoning info (including Official Plan GIS files) 
 Property Parcels including ownership, mailing address and contact telephone number 
 Topographic Information 

o Contours 
o Digital Terrain Model (DTM) 

 Watercourse/Waterbody Mapping 
o Double line preferred 

 Buildings/Structures 
 Digital aerial photography (Orthophotography) - High resolution 
 Historic records of flooding 
 Historic design/as-built drawings of all watercourse crossings 
 Benchmark information  
 Any other available base mapping information (e.g. vegetation, geology, soils, hydrologic 

soil groups etc.) 
 

 

NPCA Background Information 

 

Study Area Characterization and Natural Heritage GIS Info 

 Subwatersheds and catchments 

 Physiography 

 Surficial geology and soil types 

 Groundwater recharge and discharge 

 Land use 

 Significant Groundwater Recharge Area Delineation  

 Wellhead Protection Areas (WHPAs) 

 Monitoring stations and monitoring type 
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 Floodline mapping within the study area 

 Terrestrial ecology 

 Aquatic ecology and habitat 

 Historic aerial photography 

 Stormwater management facilities and SWM controlled areas  

 MNR evaluated wetland mapping (2013) 

 NPCA ELC Mapping (2009) 

 NPCA Natural Area Inventory (2010) 

 Niagara Region Resources Mapping  

 Niagara Region Core Natural Heritage Map  

 Species at Risk information  

 Most current MNR/ NPCA Fish Habitat Classifications 
 

Previous Studies 

 Water Availability Study (2009) 

 Relevant data and information from EIS and/or other studies on file for the study area 
Previous models 

 Existing NPCA hydrology  models for the study area 

 Existing NPCA hydraulics (conveyance) models for the study area 
Data 

 Historic precipitation and air temperature data 

 Historic records of flooding 
 

 

All identifiable information was compiled by City and Conservation Authority staff from various 

sources. Aquafor Beech Limited reviewed all the information provided by the City of Niagara 

Falls and NPCA. The review criteria was based on status, quality, and missing information.  

 

 

 

3.2.4 Storm Sewer Data 

 

The following section summarizes findings of our review for all of the information that was 

provided for the storm sewer systems. Table 3 shows available information for the storm sewer 

systems within the study area. Figure 10 illustrates the location of these pipes within the City of 

Niagara Falls (including Chippawa). The storm sewer system was broken down into the 

following categories: 
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1. Size not available 

2. < 600 mm 

3. 601 – 900 mm 

4. 901 – 1200 mm 

5. 1201 – 1500 mm 

6. 1501 – 1800 mm 

7. > 1800 mm 

 

Table 3: Characteristics of Sewer Pipes Received from the City  

Pipe Size Length in metres Percent 

Not Available 193316.48 63.96% 
250 548.84 0.18% 
300 13764.37 4.55% 
345 20.00 0.01% 
350 280.14 0.09% 
375 19532.11 6.46% 
400 148.59 0.05% 
450 18578.90 6.15% 
525 13101.30 4.33% 
600 10770.57 3.56% 
645 103.01 0.03% 
675 6211.00 2.05% 
750 5854.42 1.94% 
825 2743.43 0.91% 
900 3950.24 1.31% 
975 374.67 0.12% 

1050 2936.03 0.97% 
1200 4299.64 1.42% 
1350 1677.79 0.56% 
1500 2366.37 0.78% 
1650 905.30 0.30% 
1800 643.90 0.21% 
2100 121.98 0.04% 

Total Length 302249.10 
 

 

In general, the data was acceptable to develop the hydraulic model, but the GIS shape files 

didn’t include the following information: 

 Missing ground elevations; 

 Missing detailed information on pipe sizes and invert; 

 Missing system interconnections; 
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The data gaps and missing sewer infrastructure information were filled in by reviewing the as-

built drawings, and the use of best professional judgment to develop an accurate model. For 

these situations the Study Team had to extract the missing information from the plan and 

profile drawings and manually input this information into the computer model. A detailed 

discussion of this process provided in Section 4.4.8. 

 

3.2.5 Overview of Public Open House No.1 

 

The Notice of Study Commencement was published in the local newspaper on March 30, 2016. 

A copy of the notice and a comment sheet was mailed out to all relevant government agencies, 

local interest groups, Aboriginal contacts, and persons requesting to be a part of the study.  In 

addition, the notices were hand delivered to everyone in the reported basement flooding areas. 

In total approximately 3,000 notices were handed out. 

 

The Public Information Centre was held on Thursday, April 14, 2016 at the Gale Centre from 

4:00 p.m. to 8:00 p.m. The purpose of this open house was to present an overview of the City of 

Niagara Falls Master Drainage Plan Update Study (MDPUS), define existing issues and 

opportunities; present existing conditions for stormwater infrastructure and environmental 

conditions; present a long list of alternatives that address existing issues & outline subsequent 

steps in the process. 

 

The open house consisted of display boards outlining the study purpose and background, 

alternative solutions, recommended solutions and next steps. A copy of the display panels are 

attached in Appendix C. 

 

In total, over 80 people attended and 38 people signed at the meeting, and each was given a 

Comment Sheet to provide feedback, and approximately 170 comment sheets were received 

from City’s online website or by mail. City staff, as well as staff from Aquafor Beech Limited 

provided responses and clarification to questions raised by the public. 
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3.2.6 Overall City Programs 

 

The City initiated a public assistance program (Weeping-tile Removal Assistance Program –

WRAP) for the area to describe why the downspouts and weeping-tile cause flooding problems 

and to inform residents as to how they can undertake the necessary measures themselves or 

contact the City in order to address any questions they may have. As part of this program the 

City can also provide guidance with respect to alternatives for improving grading adjacent to 

the foundations of homes or businesses. 

 

The details of the WRAP can be found on the City’s website and the website address is provided 

below.    

 

https://www.niagarafalls.ca/living/environment/wrap.aspx 
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4.0 Model Development  

4.1 General 

 

The previous chapters provided a general description of the existing storm sewer network. This 
chapter will outline the model set-up process.  
 
The sewer infrastructure data was provided by the City in GIS and TIFF format and was 
imported and converted to the XPSWMM collection system model. Other control devices such 
as stormwater management ponds were manually reviewed and input into the model. Missing 
or suspect data was collected by project team staff through field verifications to establish the 
required information. In situations where it was not possible to collect the information in the 
field, a data inference process within the XPSWMM model was used to establish the remaining 
missing information. Inferred information is noted within the model.  
 
The study team defined all the sub-catchment areas and information draining towards a 
manhole in the collection system and input the data into the XPSWMM model.   
 

4.2 Model Software Selection 

 

Following the review of existing information and compiling inventories for minor and major 
systems within the City, the level of service of the existing drainage system with all its 
components was evaluated using hydrologic and hydraulic modeling software. Based on our 
preliminary review of background documents, it was apparent that several areas within the City 
show hydraulic and freeboard concerns. These areas include: High Lift PS, Valley Way, Kalar 
Road, and Chippawa. Specifically, Kalar Road suffers major capacity constraints.    
 
The recommended model for this study is the XPSWMM modeling platform, which has also 
been used and updated in previous studies (i.e. Niagara Falls Sewer System Analysis, and CSO 
Abatement, 1996 and Niagara Falls Pollution Control Plan, 2008).  XPSWMM and its variations 
(EPA SWMM, PCSWMM, InfoSWMM) are widely used modeling platforms that are well suited 
for urban and rural areas, perform water quality, quantity and water balance assessments and 
have Low Impact Development (LID) and Best Management Practices (BMP) simulation 
capabilities and Combined Sewer Overflow (CSO) diversion. The discussion of model selection 
was carried out in the process of proposing the modeling approach as part the start-up meeting 
and the detailed work plan. In general terms, the XPSWMM model included two runs: existing 
conditions and future conditions including new development areas.  
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4.3 Network Development 

 

To meet the modeling objectives of this study, it was necessary to ensure that the sewer system 
model was representative of the current physical collection system. This section presents the 
physical data used from various data sources. 
 
The City of Niagara Falls maintains a GIS database which contains sewer network and manhole 
data for the storm sewer system. The main source of data for the pipes and manholes is the 
current City GIS database. The City provided sewer infrastructure information which included 
pipe diameters, invert elevations, pipe lengths, and manhole ground elevations. The GIS 
database was then imported and converted to the XPSWMM collection system model. 
Considerable effort was made to correct data, fill in the data gaps and missing sewer 
infrastructure information by reviewing as-built and field drawings, and use of best professional 
judgment to develop an accurate model. The updated and revised data were documented in 
the model for reference and the approach was agreed to with the City.  
 
The XPSWMM model completes a verification process once data is imported. The verification of 
the model ensures that all network data is input correctly and no errors are present. The model 
identified a number of discrepancies in the data that needed to be addressed before 
proceeding which included storm sewers identified as sanitary sewers, missing ground 
elevations, incorrect diameters, reverse flow pipes etc. The GIS database did not include 
detailed information on stormwater management facilities.  
 
Stormwater management facility data is important to the accurate predictions of flows within 
the system. Considerable effort, including field verification by the project team staff was 
expended to input and verify the location and background information of all stormwater 
management facilities and system interconnections, and their associated physical properties. 
The details of these network connections are discussed in a later section. 
 
The XPSWMM program utilizes the EPA SWMM runoff routing simulation engine for 
hydrological simulation. The model parameterization effort was focused on the setup of SWMM 
hydrological parameters. Each subcatchment draining towards a manhole in the collection 
system was allocated in the XPSWMM model. The primary hydrological parameters included 
the subcatchment area, subcatchment percent imperviousness, ground slope and width. The 
initial values for these parameters were determined by using land use and topographic 
information contained in the City’s GIS database. 
 
The following sections describe the general components for the model setup and modelling 
approach. 
 
The City of Niagara Falls has provided data including physical information about the service 
areas and sewer system. Other data consists of historical information related to development 
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practices, by-laws, system configuration, topography, hydrogeology, operations and 
maintenance, and stormwater management facility reports.  
 
All identifiable information was compiled by City staff from various sources within the City and 
Niagara Peninsula Conservation Authority (NPCA).  

4.4 Hydrological (Subcatchment) and Hydraulic (Sewer System) Specific Parameters 

4.4.1 General 

 

As part of this study, the project team reviewed all the information provided by the City of 
Niagara Falls. The review criteria is based on status, quality, and missing information. The 
following sections summarize the findings of our review of the information which has been 
provided including various assumptions made to use and apply data in the development of the 
hydrologic and hydraulic model for the City of Niagara Falls. 
 

Model Hydrological (Subcatchment) Specific Parameters 

4.4.2 Sub-Catchment Area and Delineation  

 
Based on the review of the data provided, all the sub-catchment areas were defined manually 
by Aquafor Beech and the approach for defining the sub-catchment areas was based on the size 
of the sewer running through it. 
 
As a requirement from the City, only storm sewers greater than 600 mm were included in the 
model. In areas where the storm sewers are not modeled, (as the sewer size does not meet the 
minimum size) the sub-catchment areas are aggregated (broken lines). For other areas (solid 
lines) where the storm sewer is modelled, the sub-catchment area tributary to the storm sewer 
is used. Figure 4 illustrates the difference between the pipes that were included in the model 
(solid lines) and pipes which were not modelled (broken lines) for the storm sewer system. 
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Figure 4: Approach Used to Model the Storm Sewer Systems 

 

 

The storm sewer model was assembled using the database provided by the City and each 
manhole was considered as a node.  
 
The storm system catchment delineation process was used by GIS generated layers and manual 
interpretation of urban features and topography. Overland flow routes and low-points were 
generated from the DEM provided by the City and verified in the field defined major drainage 
areas which were subsequently broken down to individual subcatchments based on the 
major/minor system network.  
 
Land parcel boundaries, buildings, contours, and aerial photography were used in conjunction 
with storm system elements (pipes, manholes and catchbasins) to delineate subcatchments 
boundaries in GIS. Each delineated subcatchment was associated with a node (manhole) as the 
load point to the major and minor system storm model.  
 
The parcel data layer provides the boundaries of properties and road allowances. The aerial 
photos were used to categorize all roadways in the study area and determine the total paved 
area based on width as well as the occurrences of sidewalks and boulevards. The building 
footprints were used to calculate the roof area for each parcel.  
 
Paved areas such as driveways, patios, and parking lots that are not defined in a GIS layer were 
determined by using land use classifications, aerial photos and information provided by the 
City. Distinct parcels of land that differed from the normal land use classification impervious 
area were examined directly from aerial photos in the GIS and appropriate impervious areas 
were assigned to these subcatchments.  
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For each subcatchment, the total contributing area was split to represent the portion that 
contributes directly to the sewer (minor) system, and the portion that contributes to the 
overland (major) system. The connected portion would include roof and driveway drains that 
are connected through a storm lateral to the storm sewer. 
 
The balance of the catchment area is connected to an overland flow segment and consists of 
pervious and impervious areas associated with grassed areas, driveways, roadways, and 
disconnected downspouts.  
 
The subcatchment takeoffs quantified roof area, impervious surfaces (roads, driveways, 
sidewalks) and pervious surfaces (grass, open space). The connection history was used to 
identify roof tops connected to the storm sewer or discharging to the surface. This information 
was used to prepare the XPSWMM catchment dataset and storm system hydrology. The 
subcatchment was structured using three “runoff areas”.  
 
Table 4 summarizes the possible sewer types of a catchment and its subcatchment ‘runoff area’ 
connections to sewers. 
 

 

 

Table 4: Subcatchment ‘Runoff Area’ Connections to Sewers 

Sewer system type in a 

catchment 
Sub-catchment #1  Sub-catchment #2  

Sanitary sewer and storm 

sewer (separated) 

Disconnected roof 

(DCR) to storm 

sewer 

Surface runoff (SF) 

to storm sewer 

 

Two (2) types of sub-catchments were setup. They are listed in the following: 
 
Subcatchment #1 - Disconnected Roof (DCR) represents area from connected roof drains to 

surface  
 
Subcatchment #2 - Surface Runoff (SF) represents tributary paved and non-paved (i.e. pervious) 

areas over private and public properties drain to the major system. 
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Expansion of the Storm Sewer Model for Flood Prone Areas 

After the initial model was developed discussions were held with City staff. It was agreed to 

expand the storm sewer model to include all storm sewers in areas where flooding had been 

experienced. The approach used is further defined in Section 5.0.  

 

4.4.3 Land Uses  

Total impervious and pervious values were developed for eighteen (18) distinct land uses in the 

City of Niagara Falls. Several representative examples that illustrate distinct land uses are 

shown in the following images.  
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Single Family Residential (RSF2) illustrates that single-detached houses and local roads are the 

primary components for this sub-catchment area. 
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Commercial Shopping Centre (CCS-1) illustrates that shopping centre building, parking lot and 

roads are the main components for this sub-catchment area. 
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Standard Industrial Property (IMI-1) indicates that the industrial building and parking lot are the 

main components for this sub-catchment area. 

 

 

 

 

Table 5 illustrates a summary of the total impervious and pervious values for each of the 20 

distinct land uses.  
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Table 5: Summary - Representative Land Use Impervious and Pervious Values 

Site 

ID 
Nearest Address 

Primary Land 

Use 
Secondary Land Use OP Code 

Total % 

Impervious 

Total % 

Pervious 

1 7195 President Dr Residential Single Family RSF-1 70.6% 29.4% 

2 6367 Brock St Residential Single Family RSF-2 82.5% 17.5% 

3 6488 Huggins St Residential High Rise RSF-3 51.8% 48.2% 

4 3776 Windermere Rd Institutional Local Schools/Churches ELC1 66.4% 33.6% 

5 7510 Industrial St Industrial 
Light Industry-Industrial 

Mall 
ILI1 65.8% 34.2% 

6 7946 Lundy's Lane Commercial 
Commercial 

Accommodations-

Hotels/Motels 
CCA1 33.1% 66.9% 

7 7410 Pin Oak Dr Commercial 
Community Shopping 

Centre CCS1 82.4% 17.6% 

8 7359 Alex Ave Residential Single Family RSF-4 66.2% 33.8% 

9 7036 McLeod Rd Commercial 
Neighborhood Shopping 

Centre CNS1 51.4% 48.6% 

10 5934 Clark Ave Commercial 

Commercial 

Accommodations-

Hotels/Motels CCA2 29.1% 70.9% 

11 4744 Jepson St Residential Town Houses RTH1 69.9% 30.1% 

12 6306 Valley Way Institutional Local Schools/Churches ELC1 62.3% 37.7% 

13 7860 Regional Rd 102 Industrial 
Medium Industry-Standard 

Industrial Properties IMI1 64.7% 35.3% 

14 8780 Banting Ave Residential Single Family RSF-5 77.4% 22.6% 

15 3540 Main St Residential Semi Detached RSD1 81.1% 18.9% 

16 3324 Cattell Dr Institutional Local Schools/Churches ELC2 79.7% 20.3% 

17 3776 Main St Commercial 
Community Shopping 

Centre CCS2 66.9% 33.1% 

18 3810 Welland St Industrial 
Light Industry-Industrial 

Mall ILI2 77.9% 22.1% 
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For each of the representative areas, the overall impervious values were determined through a 

mixture of percentage of steep roof (house) and percentage of flat surfaces (apartment, 

commercial and industrial roof, road, parking, driveway and sidewalk) and were determined by 

using topographical information. The different parameters (percentage of impervious and 

pervious areas) were calculated by overlaying the topography onto the catchment area map. 

Illustrations of the remaining distinctive land uses are provided in Appendix A.  

 

4.4.4 Runoff Surfaces 

 

When rain falls it is important to understand where the runoff ultimately flows, as this flow 

pattern will define the amount of water in each of the sewer systems. The study area has a fully 

separated storm sewer system. An example of this type of system is illustrated in Figure 5 

below. 

 

 

Figure 5: Direction of runoff in fully separated areas. 

 

Fully Separated Systems 

For fully separated systems, runoff will ultimately make its way to the storm sewer. It is 
however, still important to define the flow path for water which originally falls on the roofs of 
buildings. For example, if the roof downspout is directly connected to the storm sewer then 
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virtually all of the water will make its way to the storm sewer system. Alternatively, if the 
downspout discharges to the ground then some of the flow will infiltrate into the ground, 
thereby reducing the amount of flow which makes its way to the storm sewer system. 
 
The above approach was used to establish flow patterns for the type of sewer systems that 
exist within the City of Niagara Falls. It should be noted that although Runoff Surfaces 1 and 2 
from Figure 5 have the same runoff coefficient, they are kept separate to allow additional 
flexibility for analysis later on in the project. 
 
The modelling approach is described as follows. For every catchment area there are two (2) 

subcatchments.  

 Runoff Surface 1 (Subcatchment 1) is for the impervious surfaces (street pavement, 
sidewalks, driveways, etc.).  
 

 Runoff Surface 2 (Subcatchment 2) is for roof areas which are connected directly to the 
sewer. 

 

In the case of the storm system, the runoff from Runoff Surfaces 1 and 2 (Figure 5) are directed 

into the minor system, but are restricted by the inlet capture curve and number of catch basins 

assigned to the manhole within the subcatchment. When the surface runoff exceeds the 

maximum inlet capacity to the minor system, the excess runoff cascades overland where it 

either reaches the major system outlet or is captured by the minor system further downstream. 

4.4.5 Infiltration  

 

Infiltration is the water loss to the lower storage caused by the porosity of the catchment 
surface. Surface infiltration was simulated using the Horton equation, which is a widely 
accepted method. Three (3) input parameters are required:  
 

 the maximum infiltration rate; 
 

 minimum rate; and  
 

 a decay rate parameter which determines how quickly infiltration rate declines during a 
storm event. 

 
For the City of Niagara Falls study area, maximum and minimum rates of 260.0 and 9.5 mm/hr 
were applied respectively, and a decay rate parameter of 2 mm/hour was used. These values 
were selected based on consideration of local surficial soil conditions and recommended 
literature values.  
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Provided below is an overview as to how the infiltration values were defined for each surface 
type area.  Surface type areas (% of total area) – fractions of the catchment surface belonging 
to different surface types include: 
 

 Impervious steep – sloped roof area (e.g.: Residential Houses - Single Detached, Semi-
Detached and Town House) 
 

 Impervious flat – flat roof area (e.g.: Condominium, High Rise Building, 
University/College, School, Hospital, Community Centre, Office Building, Community & 
Neighboring Centre, Commercial Accommodation-Hotel/Motel, Warehousing, Industrial 
Property, Highway, Local Road, Driveway and Parking) 
 

 Pervious – low permeability (e.g.: Clays, Clay loams) 
 

 Pervious – medium permeability (e.g.: Loams, Clayey silt) 
 

 Pervious – high permeability (e.g.: Sandy soils) 
 
The infiltration hydrological parameters set for each sub-catchment are shown below: 
 

 Horton Initial Infiltration (mm/hr) – defines the maximum rate of infiltration (Horton) 
for the specific surface type.  The default value depends on the surface type (Table 6). 

 

 Horton Limiting Infiltration (mm/hr) – defines the minimum rate of infiltration (Horton) 
for the specific surface type.  The default value depends on the surface type (Table 6). 

 

 Horton’s Exponent – time factor “characteristic soil parameter” [s-1]. Determines the 
dynamics of the infiltration capacity rate reduction over time during rainfall. The actual 
infiltration capacity is made dependent of time since the rainfall start only.  The default 
value depends on the surface type (Table 6). 

 
 
Wetting Losses (Initial Loss Value) 
 
This parameter represents the depth of rain required to “wet” the surface of the land use type. 
No storage or runoff can occur until the wetting losses have been satisfied.  The default value 
for all surface types is range from 0.0018 to 0.018 m. 
 
The model applies different hydrological parameters for each of the surface types as 
summarized in the Table 6 below: 
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Table 6: Default Hydrological Parameters for Surface Runoff 

Parameter 

Impervious Pervious 

Roof Flat area Slow Infiltration 
Medium 

Infiltration 
High  

Infiltration 

Wetting (m)  0.0018 0.003 0.006 0.01 0.018 

Horton Initial 

Infiltration (mm/hr) 
- - 162.5 225.0 260.0 

Horton Limiting 

Infiltration (mm/hr) 
- - 9.5 19.0 26.0 

Horton Decay 

(1/hour) 
- - 2 2 2 

 

4.4.6 Flow Path Length 

 

The length of the flow path was 

used as a means of approximating 

the lag time observed between the 

commencement of rainfall and the 

occurrence of flows in the storm 

sewer system. In cases where the 

sub-catchment area drains directly 

to a sewer which was modeled the 

travel time from the sub-

catchment area to the sewer 

needed to be defined. In cases 

where the sub-catchment area 

drains to a sewer which is not 

modeled then the travel time in 

the sewer also has to be determined.  

 

Three (3) examples which illustrate how the flow path length was determined are provided 

below:  

 

Example No. 1: A single storm sewer segment (included in model) located in the sub-

catchment area 
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For impervious areas – roof and flat areas, Manning’s “n” values are approximately equal to the 

Manning’s “n” for the storm sewer. 

Flow path length = (2/3)l + L 

Where: 

L: storm sewer segment length 

l: length of building lot 

For pervious areas – grass area Manning’s “n” (assuming to be 30) is 80/30 = 2.67, and 

therefore the equation will be  

Flow path length = (2/3)l * 2.67 + L 

  

Example No. 2: Storm sewer segments (not included in model) connected to other storm 

sewer segment (included in model) located in the sub-catchment area 

For impervious and pervious areas – the calculation formula is the same as Example No.1 and 

simply picks the longest distance running along the sewer segments as “L”. 

 

Example No. 3: Rural or agricultural area 

For rural areas – overland (grass) area Manning’s “n” (assuming to be 4), therefore the length (l) 

has to be multiplied by 80/4 = 20 

Flow path length = (2/3)l * 20 + L 

Where: 

L: storm sewer segment length 

l: longest distance in area 

 

Outlined below is a simple way to determine the small “l” value 

For Residential  l = 40m 

  Institutional l = 200m 

 Office   l = 100m 

 Commercial  l = 60 m 

 Warehouse  l = 150m 

 Industrial  l = 150m 

 Open Space, determining the “l” value requires measurements (200m is the default 

value). 



City of Niagara Falls Master Drainage Plan Update Study (MDPUS) Draft Report  November 2016 

Aquafor Beech Limited  38 

65493 
 

 

4.4.7 Subcatchment Surface Roughness 

 
The velocity of overland flow is dependent on the surface roughness of the catchment. A lower 
surface roughness value will result in a higher surface runoff velocity.  
 
Manning’s Roughness Coefficients for various surfaces are listed on Table 7 and Table 8:  
 

Table 7: Manning’s Roughness Coefficient for Various Surfaces 

Surface Type Manning’s Roughness Coefficients 

Impervious steep roof area: (e.g.: Asphalt Shingles) 0.013 = 1/80 

Impervious flat roof area: (e.g.: Concrete) 0.014 = 1/70 

Pervious - low infiltration area: (e.g.: Clays) 0.033 = 1/30 

Pervious  - medium infiltration area: (e.g.: Clayey Silt) 0.083 = 1/12 

Pervious  - high infiltration area: (e.g.: Sandy soils) 0.410 = 1/2.5 

 

Table 8: Default Values for Hydrological Parameters 

Parameter 

Impervious Pervious 

Steep 

area 
Flat area 

Low 

Infiltration 

Medium 

Infiltration 
High 

Infiltration 

Manning (m1/3 s-1) 80 70 30 12 2.5 

 

4.4.8 Major (Overland Drainage) and Minor (Storm Sewer) Systems 

 

Storm sewers are designed to convey flows during the most frequent rainfall events and are 

designed for a certain magnitude of storm events and therefore make up what is called the 

“minor” drainage system. Flows that exceed the capacity of the storm sewers are conveyed 

along the ground surface (i.e. “overland”) and eventually make their way to the outlets along 

the Hydro Canal or along the Niagara River. The overland system makes up what is called the 

“major” drainage system as it conveys flows in excess of the minor system during larger 

magnitude, infrequent storm events.  

 

The City of Niagara Falls Engineering Design Guideline Manual (January 2012) provides a 

perspective as to how the City designed and managed their storm drainage system. Table 8.1 

taken from the Design Guideline Manual document, describes some of key design standards 
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between the major and minor systems. As noted in the manual document, the table is offered 

only for context and is not intended to be exhaustive. 

 

Table 8.1: City of Niagara Falls Drainage Design Standard 

Road Classification 
Bridge & Culverts 

Capacity 

Storm Drainage System 

Minor System Major System 

Urban 

Arterial/Collector 100 Yr. 5 Yr. 100 Yr. 

Rural 

Arterial/Collector 50 Yr. 5 Yr. 100 Yr. 

Local 25 Yr. 5 Yr. 100 Yr. 

Depressed Roadways 

(Subways, etc.) - 25 Yr. - 

 

4.4.9 Minor System – Storm Sewer 

 

Data Gaps 

The City provided a series of databases associated with the storm collection system. Databases 

associated with pipes, manholes and catchbasins provided geometric information such as 

length, diameters and elevations. As well, other physical information regarding material and 

date of construction was provided in order to develop the storm system model.   

In reviewing the data provided and through the importing process of the XPSWMM model, data 

gaps were identified. Data gaps were identified, which could be classified into the following 

categories:  

 Isolated manholes not connected to the network;  

 Isolated storm sewers not connected to the system;  

 Missing manhole ground surface elevations;   

 Special Features – such as control structures were not contained as part of the 
infrastructure databases; and 

 Missing pipe information such as pipe geometry, diameter and/or invert 
elevations.  

 

A total of 1042 of the 1856 manhole elevations for the study areas were provided. In addition, 
237 pipes (greater than or equal to 600 mm in diameter) in the storm sewer network were 
affected by gaps in the database.  
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An initial validation was conducted to identify where anomalies occurred in the physical pipe 
network. It was discovered that after validating, errors and warnings were found within the 
system, many of which were repetitive due to the nature of the error/warning. As well at times, 
terminology used in the GIS format was not compatible with terminology used in XPSWMM 
when importing. An example of this would be the shape of the pipe; while in GIS a circular pipe 
would have the notation “RND” (round), XPSWMM does not recognize this notation and views 
rounded pipes as “CIRC” (circular), hence generating repetitive error messages.   
 
An initial “walk-through” of the storm system identified obvious information that did not 
import from the GIS database into XPSWMM. Correction of the obvious information greatly 
shortened the list of errors and warnings. Most of the remaining errors or warnings were 
associated with missing physical data. Where missing information was limited, the calculated or 
assumed value was flagged in the model. In most cases, missing data was associated with pipe 
diameter or pipe/manhole inverts.  
 
Most of the gaps were filled using the digital sewer plan and profile drawings available provided 
by the City. When no information is available, the missing information was inferred using our 
best judgment and experience. The following assumptions were also considered to complete 
the sewer network model:  
 
Missing pipe inverts that could not be inferred were assigned inverts based on the average 
slope of pipe up and downstream of the missing inverts.  
 
Physical sewer connections that did not have a manhole at the connection point (i.e. private 
property sewers or laterals connected to collectors) were connected in the model using a 
dummy manhole.  
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Table 9: Sample Table for the XPSWMM Pipe Network Model 
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Figure 6 - Sample Figure of XPSWMM Pipe Network Model 

 
All manholes (upstream and downstream pipes greater than or equal to 600 mm in size) were 
represented as nodes in the model. Figure 3 shows the modelled storm sewer section (600 mm 
and larger only) locations for the City of Niagara Falls study area based on the GIS Information.   

 

4.4.10 Stormwater Management Facilities 

 

Stormwater management data was provided from the City of Niagara Falls for the majority of 
the facilities within the project limits. Based on discussions with City staff, generic 
stage/storage/discharge (SSD) relationships were arbitrary and assumed for remaining facilities 
in which as-built and/or storage capacity information was unknown. It is suggested that this 
information be updated within the model as data becomes available. The data was used to 
characterize and model the City’s stormwater management facilities with their connection to 
the overall storm network system. The data provided by the City included the following: 

 As-built drawings; 

 Detailed pond operation characteristics including: 

o Stage/storage/discharge relationships; 

o Outlet Structure Details; 

 Inlet and Outlet Pipe Characteristics;  
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Provided below is a summary table of all stormwater management facilities located throughout 
the City of Niagara Falls. Detailed finding for all of the SWM facilities is provided in Appendix B.  
 

Table 10: Stormwater Management Facility List 

SWM Facility 

ID 

Drainage 

Area (ha) 
Subdivision Facility Type 

SWM Pond Designer Maintenance 

Comments 
Additional Notes 

DDP_001 26.12 
BEAVER VALLEY 

EXT. 1 Wet Pond 

Designer recommends annual inspections; 

and periodic removal of sediment from 

pond (no specific period given) 

 

DDP_002 31.40 
CALAGUIRO 

ESTATES PH 2 Wet Pond 

Designer did not provide any 

recommendations with respect to pond 

maintenance 

 

DDP_003 28.72 
EDGEWOOD 

ESTATES Wet Pond 

Designer recommends annual inspections; 

and removal of sediment from pond every 

25 yrs 

 

DDP_004 39.33 
WARREN WOODS 

PH 1 & 2 Wet Pond 

Designer recommends annual inspections; 

and removal of sediment from pond every 

19 yrs 

 

DDP_005 26.70 
CHIPPAWA WEST  

PH 1 (BETTY'S) Wet Pond 

Designer recommends regular inspections; 

and removal of sediment from pond every 

5-10 yrs 

 

DDP_006 4.2 
ORCHARD GROVE 

EXT Dry Pond 

No SWM report discussing maintenance, 

but requirements should be similar to 

other ponds in City, including regular 

inspections, and periodic removal of 

sediment from ponds. 

This pond is not 

included in XP-SWMM 

Model as the outlet 

pipe into the pond < 

600mm 

 

DDP_007 N/A 4TH AVENUE Dry Pond 

No SWM report discussing maintenance, 

but requirements should be similar to 

other ponds in City, including regular 

inspections, and periodic removal of 

sediment from ponds. 

 

DDP_008_012 30.06 
FERNWOOD PH 1 

& 2 Wet Pond 

SWM report did not discuss maintenance, 

but requirements should be similar to 

other ponds in City, including regular 

inspections, and periodic removal of 

sediment from ponds. 

Pond 1 = DDP_012 

Pond 2 = DDP_011 

Pond 3 = DDP_010 

Pond 4 = DDP_009 

Pond 5 = DDP_008 

DDP_013_015 22.00 
ORCHARD GROVE 

ESTATES Wet Pond 
SWM report did not discuss maintenance, 

but requirements should be similar to 

Only Ponds 2, 4 & 5 

were constructed 
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SWM Facility 

ID 

Drainage 

Area (ha) 
Subdivision Facility Type 

SWM Pond Designer Maintenance 

Comments 
Additional Notes 

other ponds in City, including regular 

inspections, and periodic removal of 

sediment from ponds. 

Pond 2 = DDP_015 

Pond 4 = DDP_014 

Pond 5 = DDP_013 

 

DDP_016_018 38.83 GARNER ESTATES Wet Pond 

SWM report did not discuss maintenance, 

but requirements should be similar to 

other ponds in City, including regular 

inspections, and periodic removal of 

sediment from ponds. 

A drawing does not 

show DDP_017 

From above, the ponds 

appear to be a single 

pond, not three 

distinct ponds. 

 

DDP_019 25.09 MACBAIN CENTRE Wet Pond 

No SWM report discussing maintenance, 

but requirements should be similar to 

other ponds in City, including regular 

inspections, and periodic removal of 

sediment from ponds. 

No SWMP or drawings 

provided – C of A is 

only source of info. 

This pond not included 

in XP-SWMM Model 

since outlet pipe into 

pond < 600mm 

 

DDP_020_021 N/A 
NEIGHBOURHOOD 

OF ST DAVID'S N/A N/A N/A 

DDP_022 32.70 
CHIPPAWA WEST  

PH 2 Wet Pond 

Designer recommends regular inspections 

several times per year and following heavy 

rainfalls; and removal of sediment from 

pond every 26 years 

Original SWMP 

prepared by RAND eng 

in 1998.  Info 

presented here is from 

SWMP completed by 

RVA in 2008. 

 

Locations of the modelled SWM facilities are identified in Figure 7. At the time of the modeling, 
SWMF ID DDP_006, DDP_019 and DDP_020_021 were not included in the model but should be 
included in future iterations.    
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All relevant stormwater management facility data including stage/storage curves, inlet and 
outlet configuration and elevation and outlet structure characteristics for the facilities above 
were input into the XPSWMM model. 
 
Overall, the stormwater management facilities throughout the City and included within the 
XPSWMM model were detailed to accurately represent the upstream sewer hydraulics 
throughout the sewer networks during the selected rainfall events. The facilities may create a 
tailwater condition and work dynamically with the upstream storm sewer system during each 
storm event of the analysis. All stormwater management facility data is provided within 
Appendix B.  A sample photo (Photo 1) of a stormwater management facility within the City of 
Niagara Falls is shown below: 
 

Photo 1 - Sample photo of Stormwater Management Facility (DDP_004) 

 

 

 

4.4.11 Storm Outfalls 

 
The City of Niagara Falls GIS database identified approximately 300 storm sewer outfalls which 
discharge to watercourses, SWM facilities, or other drainage networks.  
 
There are approximately 110 storm outfalls (upstream pipes greater than or equal to 600 mm in 
size) which were represented as nodes in the model.  
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4.4.12 Underground Storm Storage Facilities 

 
Based on the review of the City of Niagara Falls GIS database, there are no underground storm 
storage facilities within the City of Niagara Falls study area.  

 

4.4.13 Major System 

 
The accompanying figure illustrates the difference between the pipes which were included in 
the model (solid lines) and pipes which were not modelled (broken lines) for the storm sewer 
system. 

 

 

 

As the sub-catchment areas are aggregated (broken lines), the modeling of the major drainage 
systems for these sub-catchment areas (As street flow directions, widths and cross sections 
may be inconsistent) would be imprecise, therefore, the major drainage system (street cross 
section) was not included in the trunk sewer model.  
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5.0 Assessment of Existing Storm System  

5.1 General 

 
The following sections outline the assessment of existing and proposed stormwater 
infrastructure conditions for the City of Niagara Falls study area. 
 
A variety of information was collected and reviewed in order to define existing conditions. In 
addition to collecting and reviewing existing information a significant amount of fieldwork was 
undertaken in order to better define existing conditions. Programs included field assessments 
to define the condition of the existing drainage system, inspection and verification of the sewer 
systems to better assess the current condition as well as a field survey to better define drainage 
patterns and confirm location, size and type of the storm sewers. A field reconnaissance of the 
SWM facilities was also undertaken. 
 
The model setup was discussed in previous sections. The section will focus on the assessment 
of the existing and proposed conditions based on the modeling results.   

5.2 Simulation (Ramp-Up) of Design Storms  

 
Once the setup of the sewer network system model was completed, the assessment of sewer 
system capacity was completed by running the model for a series of design storm events (i.e., 
2-year, 5-year and 10-year). The maximum water level recorded during the model simulations 
will define the relative capacity for the system (i.e., are the sewers partially full, full, or 
surcharged?).  Also, a comparison of the capacity of individual sewer segments can be made for 
a given design storm. 
 
The ‘ramp-up’ storms were used to identify the problem areas and bottlenecks when capacity 

restrictions start to occur and initiate occurrence in flooding. Colour-coded figures are included 

in Figure 8 to illustrate the modelled hydraulic performance of the City’s sewer system during 

‘ramp-up’ design storms events.  

5.3 Design Storms Assessment of Storm System Hydraulic Performance 

 

5.3.1 Existing Level of Service and System Performance 

 
The target level of service for the minor system is to maintain the hydraulic grade line within 
the pipe for events up to the 5-year design storm. The modeling results suggest that there is 
localized flooding in the minor system. Figure 8 highlights the system performance under the 
various design storm conditions.  
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The 5-year design storm event model results are used as a basis to develop alternatives to 
alleviate flooding for the remedial measures for the storm sewer (minor) system. 
 

5.3.2 100-Year Design Storms Assessment Event 

 
The 100-year assessment event model results are used to develop and evaluate alternative 
remedial measures and size the recommended solution for the overland drainage (major) 
system (i.e. stormwater water pond and open channel) where appropriate. 
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Reviewing Figure 8 in conjunction with the flooding records and historical reports shows that 
the modeling results provide a consistent correlation between location of the reported flooding 
incidents and the proximity of surcharged pipes as modeled in the XPSWMM model. Overall the 
storm system model results are consistent with reported flooding in the study area.  
 
The system performance analysis indicates that some portions of the City`s minor storm sewer 
system are deficient with respect to the stated of level of service criteria. These deficiencies 
lead to pipe surcharging. 
 

5.4 Identification of Problem Areas 

 

There are numerous areas within the study area where the storm sewers surcharge under the 

5-year design storm based on the modeling results. 

 
Based on the discussions with City staff, the reported flooding incidents associated with storm, 
combined and sanitary systems were identified. Figure 9 illustrates the flooding incident areas 
associated with each type of sewer system. Also shown is a summary as to whether the 
flooding is attributable to issues in the sanitary, combined or storm sewer system. The primary 
problem areas related to the surcharging of the various sewer systems are provided in Table 11. 
 
Table 11: Overall Flooding Incident Area Summary 
 

Flooding Incident 
Area 

Major Intersection Flooding Associated with Storm, 
Combined or Sanitary system 

1 Aintree Dr and Lexington Ct Sanitary System 

2 Mulhern St and Paddock Trail Dr Storm System 

3 Brookdale Dr and Thorton St Sanitary System 

4 Freeman St and Meadowvale Dr Sanitary System 

5 Rolling Acres Dr and Waterloo Dr Sanitary System 

6 Casey St and Appleford Ave Sanitary System 

7 Woodgate St and Woodfield Ave Sanitary System 

8 Beaverdams Rd and Kalar Rd Storm System 

9 Lundy’s Ln and Kalar Rd Storm System 

10 Rysdale St and Hodgson Ave Combined System 

11 Belmont Ave Lundy’s Ln Combined System 

12 Huggins St and Arlington Ave Combined System 

13 Coholan St and Dayman Ave Sanitary System 

14 Ferguson St and Hickson Ave Combined System 
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Flooding Incident 
Area 

Major Intersection Flooding Associated with Storm, 
Combined or Sanitary system 

15 Valley Way and Victoria Ave Combined System 

16 Forsythe St and Buchanan Ave Combined System 

17 Drummond Rd and Prospect St Combined System 

18 Lundy’s Ln and Leonard Ave Combined System 

19 Dunn St and Caledonia St Storm System 

20 Murray St and Franklin Ave Storm System 

21 Rideau St and Eldorado Ave Storm System 

22 Kuhn Cres and Delta Dr Storm System 

23 Kaumeyer St and Mears Cres Storm System 

24 Front St and Norton St Sanitary System 

 
Outside of these areas listed in the above table there is evidence of scattered flooding 
incidents. 
 
The primary purpose of this MDPUS study was to develop the remedial recommendations for 
the flooding areas related to the surcharging of the storm sewer system, the problem areas 
associated with the combined and sanitary sewer system will be addressed through other 
studies. 
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5.4.1 Problem Areas with Storm Sewer System 

 
The flooding areas related to the surcharging of the storm sewer system are provided in Table 
12.     
 
 
Table 12: Storm Sewer Related Flooding Problem Area Summary 
Flooding Problem Area Major Intersection Flooding Associated with Storm 

system 

8 Beaverdams Rd and Kalar Rd Storm System 

9 Lundy’s Ln and Kalar Rd Storm System 

19 Dunn St and Caledonia St Storm System 

20 Murray St and Franklin Ave Storm System 

21 Rideau St and Eldorado Ave Storm System 

23 Kaumeyer St and Mears Cres Storm System 

 
The reported flooding incidents and existing storm sewer capacity for each flooding problem 
area is illustrated in Figures 10 to 15.   
 

5.5 Problem Areas - Storm Sewer Segment Expansion  

 

5.5.1 General  

 

As discussed in Section 3.2 the MDPUS model was developed to order to determine flows and 

hydraulic grade lines for the 2 – 10 years storms. However, the model only included storm 

sewers that are 600 mm or larger.  

 

There are several areas, shown in Figure 9 and Table 12, where flooding within the local sewers 

(less than 600 mm) occurs. Based on the discussion with City staff, it was agreed that the model 

would be extended to include smaller sewer segments within appropriate areas. In this manner 

a more comprehensive solution for several flood areas within the City of Niagara Falls to 

address flooding problem can be defined.  
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Figure 16.1 - Problem Area 8
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5.5.2 Collection of Additional Plan and Profile Drawings 

   

In order to extend the storm sewer model additional plan and profile drawings were required. 

The locations where the drawings are required are provided in accompanying table and map. 

Table 13: Plan and Profile Drawings Summary  
Flooding Problem 

Area 

P & P Drawings available in 

Aquafor  

Required P & P Drawings from the City 

8 CC-4160 

CC-4158 

CC-4154 

 CC-4155 

 CC-4162 

   

9 CC-3656R6 

CC-3657R6 

CC-3703R6 

CC-4688R4 

 CC-3704 and drawings for the sewer system 
downstream of Kalar Road to outlet 

 Drawings on Woodsview Cres 

   

19 & 20 CC-4933R2 

CC-6656R5 

CC-0552R0 

CC-5152R5 

CC-0534R0 

CC-2244R5 

 See highlighted area in accompanying map 19  

   

21 CC-1368R0  Drawings on Eldorado Ave between Rideau St and 
Catalina St 

   

23 N/A  Drawings on Dock St between Welland St and 
Bridgewater St 
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Areas 19 and 20 Required Plan & Profile Drawings Map 

 

 

 

5.5.3 Field Verification   

 

Upon review of the identified problem areas, a field verification of the problem areas related to 

storm sewer system was conducted in the October 2015. The objective of the verification was 

to visually inspect the residential properties where they might be impacted during a significant 

storm event. The verification was also used to identify any features in the problem areas that 

may be important to overland flow paths as well as opportunities to manage surface flows. 

 

5.5.4 Storm Sewer Segment Expansion 

 

As the Master Plan model developed in this study only included storm sewer greater than 

600mm within the study area, the first step was to expand the model to contain all storm sewer 



City of Niagara Falls Master Drainage Plan Update Study (MDPUS) Draft Report  November 2016 

Aquafor Beech Limited  57 

65493 
 

segments for the flooding problem areas associated with the storm sewer system. The City 

provided most of the storm sewer network data such as TIFF / PDF format. The Study Team had 

to extract further information (i.e. inverts, pipe sizes, manhole ground elevations) from the plan 

and profile drawings and manually input this information into the XPSWMM computer model.  

 

5.5.5 Lumped Sub-catchment Areas Separation  

 

For this MDPUS study, the sub-catchment areas were defined based on the size of the storm 

sewer running through it. In areas where the storm sewers were not modeled, (as the sewer 

size did not meet the minimum size criteria) the sub-catchment areas were aggregated. For 

other areas where the storm sewer was modeled, the sub-catchment area tributary to the 

storm sewer was applied.   

 

Once the model included all storm sewer segments (Flooding problem areas where related to 

storm sewer system), the second step was to separate the catchment areas that were lumped 

together previously. The lumped (or coarse) catchment areas were divided into small (detailed) 

sub-catchment areas based on the number and location of the storm sewer running through 

the area.   

 

5.5.6 Define System Capacity and Performance 

 
The existing model was rerun to define system capacity and performance for the new 
components of the model. The reported flooding incidents and existing storm sewer capacity 
for each flooding problem area which included the storm sewer segments expansion is 
illustrated in Figures 16 to 21.   
 
 

Problem Area 8 

 

In Area 8, the primary problem areas are distributed and centred on the following intersections: 

 Beaverdams Road and Kalar Road; and 

 Brookside Dr and Beaver Glen Drive. 
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Figure 16 illustrates the flooding incident locations as well as the storm sewer capacity in 

Problem Area 8. Figure 16.1 illustrates the potential cause of basement flooding due to the 

infrequent storm events. The water levels and storm infrastructure were adopted from the 

City’s storm water management and as construct drawings (CC-4160R4, CC-4158R10, CC-

4155R6 and CC-4162R3).    

 

Problem Area 9 

 

In Area 9, the primary problem areas are distributed and centred on the following intersections: 

 Lundy`s Lane and Kalar Road; and 

 Woodsview Crescent and Orchard Grove Parkway.  

 

Figure 17 illustrates the flooding incident locations as well as the storm sewer capacity in 

Problem Area 9. 

 

Problem Area 19 

 

In Area 19, the primary problem areas are distributed and centred on the following 

intersections: 

 Dunn Street and Caledonia Street; and 

 Dunn Street and Ralph Avenue.  

 

Figure 18 illustrates the flooding incident locations as well as the storm sewer capacity in 

Problem Area 19. 

 

Problem Area 20 

 

In Area 20, the primary problem areas are distributed and centred on the following 

intersections: 
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 Murray Street and Franklin Avenue; and 

 Corwin Crescent and Merle Crescent.   

 

Figure 19 illustrates the flooding incident locations as well as the storm sewer capacity in 

Problem Area 20. 

 

Problem Area 21 

 

In Area 21, the primary problem areas are distributed and centred on the following 

intersection: 

 Eldorado Avenue and Rideau Street.  

 

Figure 20 illustrates the flooding incident locations as well as the storm sewer capacity in 

Problem Area 21. 

 

Problem Area 23 

 

In Area 23, the primary problem areas are distributed and centred on the following 

intersection: 

 Kaumeyer Street and Mears Crescent.   

 

Figure 21 illustrates the flooding incident locations as well as the storm sewer capacity in 

Problem Area 23.  
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6.0 Remedial Measures Recommendations 

The following section summarizes recommendations for remedial measures associated with the 

storm sewer system for the different study areas as identified previously. The 

recommendations include an extension to the original solutions together with increased 

definition as to the extent of the preferred measures. The performance of remedial measures 

associated with the storm system is based on the 5-year design storm.   

 

6.1.1 Recommended Solution 

 

The following sections present a summary of recommended solutions which were developed 

for each problem area in the high priority areas in order to address basement flooding related 

to the storm sewer system.  

 

Problem Area 8 

 

Problem Area 8 is located in the west portion of the study area. The primary cause of basement 

flooding in this problem area, based on the modeling and field verification, is a result of flows 

during extreme rainfall events exceeding the capacity of the existing storm sewers and 

associated drainage system that may surcharge back into the basements of some individual 

homes. The recommended solution includes: 

 

 Improving the capacity of the outlet channel downstream of existing stormwater 

management pond; 

 

 

 Performance confirmation of the existing stormwater pond by undertaking water level 

and flow monitoring (see Figure 16.1);   

 

 Ongoing maintenance of the existing stormwater pond to ensure functionality; and 

 

 

 Replacement of 400 m of storm sewers of 750 – 1200 mm to provide adequate capacity. 
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Figure 22 presents the recommended solution showing areas where future monitoring and 

structural improvements should be considered.  

 

With respect to monitoring of the existing stormwater pond, a review of the existing drawings 

suggests that the 100 year level within the stormwater pond may result in basement flooding of 

homes adjacent to the pond along Brookside Drive. Monitoring of the pond level for major 

storm event, together with confirmation as to basement floor elevations and the connection 

policy (storm sewer, sanitary sewer or sump pump) for homes adjacent to the stormwater 

facility should be undertaken. 

 

 

Problem Area 9 

 

Problem Area 9 is located in the west portion of the study area. The primary cause of basement 

flooding in this problem area, based on modeling together with field verification, is a result of 

flows during extreme rainfall events exceeding the capacity of the pond and the existing storm 

sewers. The recommended solution includes: 

 

 Reconstruction of existing stormwater management pond(s) to provide additional 

capacity (2,000 m3) storage for 100-year storm event. The facility would attenuate peak 

flows to the sewer system. In addition, the facility would temporarily store the 

stormwater runoff which would reduce the amount of stormwater discharged to the 

downstream creek; 

 

 

 Replacement of 480 m of storm sewers of 450 – 975 mm to provide additional capacity;  

 

 Construction of off-line storage (400 m3) on Orchard Grove Parkway; and 

 

 

 Installation of a single sewer inlet for the reconstruction of the existing stormwater 

management pond(s) should be considered for cost efficiency and constructability 

during the conceptual design stage. 
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Figure 23 presents the recommended solution showing areas where structural improvements 

should be considered.  

 

Problem Areas 19 and 20 

 

Problem Areas 19 and 20 are located in the central portion of the study area. The primary cause 

of basement flooding in this problem area, based on modeling and field verification, is a result 

of flows during extreme rainfall events exceeding the capacity of the existing trunk storm 

sewers which cannot handle the flow. In particular, the existing storm trunk sewers are 

generally undersized and located along Carlton Avenue, Dunn Street, Caledonia Street, Warden 

Avenue, Ann Street and McLeod Road. Therefore, a new relief storm sewer system is proposed. 

The proposed relief sewers/pipe upgrades would reduce the peak flows to the existing trunk 

sewer which is connected to the Hydro Canal. The recommended solution includes: 

 

 

 Installation of 4,000m of new storm sewer to provide additional capacity (Carlton 

Avenue, Ash Street, Monroe Street, Symmes Street, Dawlish Avenue, Pinegrove Avenue 

and Orchard Avenue .  

 

 

Construction of the new outlet and trunk sewer would relieve the existing Dunn Street trunk 

sewer so that it will have sufficient capacity to handle the stormwater runoff during the intense 

rain events. Some of new trunk sewers and the outlet would be proposed to construct along 

the hydro corridor land. Consideration of coordinating this recommendation with the 

appropriate stakeholder (Hydro One) should be undertaken.  

 

 

Figure 24 presents the recommended solution showing areas and proposed trunk sewer sizes 

where structural improvements should be considered.  
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Problem Area 21 

 

Problem Area 21 is located in the southwest portion of the study area. During intense rain 

events stormwater runoff can exceed the capacity of local storm sewer, resulting in flows that 

surcharge back into some individual homes, based on modeling together with field verification, 

is the primary cause of basement flooding in this problem area. In particular, the storm trunk 

sewer is generally located Rideau Street and Pitton Road. The following storm sewers are 

recommended: 

 

 Capacity upgrades and replacement of 320 m of storm sewers of 450 – 600 mm on 

Eldorado Avenue to provide more capacity. 

 

Figure 25 presents the recommended solution showing areas where structural improvements 

should be considered.  

 

 

Problem Area 23 

 

Problem Area 23 is located in the southeast portion of the study area. The primary cause of 

basement flooding in this problem area, based on modeling and field verification, is a result of 

flows during extreme rainfall events overloading of the existing storm sewers. In particular, the 

existing storm sewers are undersized and generally located along Mears Crescent, Kaumeyer 

Street and Niagara Street. Therefore, an open channel with culverts at the road crossings is 

proposed to convey the 100-year storm event. The recommended solution includes: 

 

 Installation of 600 m of new storm sewer of 525 - 750 mm and open channel 

(approximate dimension & grade of the channel is provided in the Figure 26) to provide 

additional capacity (Gunning Drive, Welland Street, Main Street and Bridgewater 

Street); and 
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 Inlet controls on Gunning Drive which limit flows (0.14 m3/s) to existing storm sewer 

capacity and excess runoff would be conveyed to the proposed relief storm sewer and 

open channel.   

 

This solution is premised on managing excess storm flows on Mears Crescent, Kaumeyer Street 

and Niagara Street. Excess runoff for the southern part of Gunning Drive would be conveyed to 

the proposed storm sewers and open channel. The proposed channel would able to provide 

0.51 m3/s additional capacity.    

 

Figure 26 presents the recommended solution showing areas and proposed sewer sizes 

together with location of the open channel where structural improvements should be 

considered.  

 

 
  



Proposed Storm Sewer

Proposed Open Channel

Existing Storm Trunk Sewer

General Locations of Historical
Flooding

Figure 26 - Problem Area 23
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7.0 Preliminary Cost Estimate 

7.1.1 General 

Based on the remedial measures discussed in the previous sections cost estimates for the 

recommended solutions have been developed. Estimated planning level costs for the 

recommended solutions were determined and are summarized in Table 14.0. As shown in the 

table, the estimated cost of implementing the recommended solution for the City is 

approximately $21,800,000. 

 

Table 14: Estimated Costs of Recommended Solutions 

Problem 

Area 

Number  

Description Estimated Cost 

8 
Replacement of Storm Sewers,  Potential Expansion of 

the Stormwater Management Pond 
$1,100,000 

9 Replacement of Storm Sewers, Reconstruction of Existing 

SWM ponds, Construction of Off-line Storage 

$2,000,000 

19 & 20 Proposed Storm Sewers $12,900,000 

21 Replacement of Storm Sewers $400,000 

23 Proposed Storm Sewers and Open Channel $400,000 

SUBTOTAL $16,800,000 

Engineering & Contingency (30% of subtotal) $5,000,000 

GRAND TOTAL $21,800,000 

Costs are exclusive of land acquisition and GST. 

  

Table 14.1 presents the detailed estimated costs for each problem area. 

  



Table 14.1 - Niagara Falls - Preliminary Cost Estimate of Recommended Solutions 1.2

Area 8 Beaver Glen Drive West of Brookside Dr 100 750 $1,440 $144,000
Brookside Drive West of Windsong Dr 180 825 $1,560 $280,800
Brookside Drive West of Windsong Dr 55 1050 $2,280 $125,400
Brookside Drive Discharges to SWM Pond 50 1200 $2,640 $132,000

Potential Pond Expansion West of Brookside Dr - - - $400,000
Sub-total Area 8 $1,082,200

Area 9 Woodsview Cres West of Forman Ave 140 450 $540 $75,600
Woodsview Cres West of Forman Ave 170 525 $840 $142,800

Orchard Grove Pkwy West of Booth St 40 600 $1,056 $42,240
Orchard Grove Pkwy West of Booth St 80 825 $1,560 $124,800
Orchard Grove Pkwy West of Booth St 50 975 $2,040 $102,000
Underground Storage South of Booth St 40 - $28,000 $1,119,984

SWM Pond Reconstruction West of Orchard Grove Pkwy - - - $400,000
Sub-total Area 9 $2,007,424

Areas 19 & 20 Orchard Ave North of Symmes St 75 450 $540 $40,500
Pinegrove Ave North of Symmes St 75 450 $540 $40,500
Dawlish Ave North of Symmes St 120 675 $1,260 $151,200
Orchard Ave North of Symmes St 50 675 $1,260 $63,000
Symmes St East of Orchard Ave 310 675 $1,260 $390,600

Ash St East of Franklin Ave 525 750 $1,440 $756,000
Symmes St West of Orchard Ave 155 1050 $2,280 $353,400
Symmes St East of Drummond Rd 190 1200 $2,640 $501,600
Monroe St West of Drummond Rd 200 1500 $1,800 $360,000
Monroe St East of Franklin Ave 320 1650 $3,960 $1,267,200

Franklin Ave North of Ash St 100 1650 $3,960 $396,000
Ash St West of Franklin Ave 160 1650 $3,960 $633,600

Carlton Ave North of Dunn St 420 1650 $3,960 $1,663,200
Weaver Park North of Dunn St 550 1800 $4,320 $2,376,000

Hydro Corridor Land North of Dunn St 750 2100 $5,160 $3,870,000
Sub-total Areas 19 & 20 $12,862,800

Area 21 Eldorado Ave North of Rideau St 110 675 $1,260 $138,600
Eldorado Ave North of Rideau St 210 750 $1,440 $302,400

Sub-total Area 21 $441,000

Area 23 Gunning Dr West of Bell Cres 15 525 $840 $12,600
Gunning Dr West of Bell Cres 85 750 $1,440 $122,400
Welland St East of Dock St 15 750 $1,440 $21,600

Main St East of Dock St 20 750 $1,440 $28,800
Bridgewater St East of Dock St 20 750 $1,440 $28,800
Open Channel East of Dock St 445 - $480 $213,600

Sub-total Area 23 $427,800

Subtotal $16,821,224
Engineering & Continency (30% of subtotal) $5,046,367

GRAND TOTAL $21,867,591
Costs are exclusive of land acquisition and HST.

Phase ID Street Name Location Approxi. Road 
Length (m)

Proposed Storm 
Sewer Size (mm)

Installatio
n Cost Total Cost
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It should be noted that the costs exclude contingencies and engineering fees. 

 

The final cost will be dependent upon the results of the topographic survey, geotechnical 

assessments, findings at the conceptual and detail design stages and other associated works. 
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8.0 Stormwater Management Pond Maintenance 

8.1.1 General 

 

Stormwater management facility data is significant to the accurate predictions of flows within 

the storm system. Considerable effort, including field reconnaissance by the project team staff 

was expended to input and verify the location and background information (e.g. stormwater 

management pond reports) of all stormwater management facilities and system 

interconnections, and their associated physical properties. 

 

Provided below is a summary table of all stormwater management facilities located throughout 
the City of Niagara Falls. Detailed findings for all of the SWM facilities is provided in Appendix B. 
 

Table 15: Stormwater Management Facility List 

SWM Facility 

ID 

Drainage 

Area (ha) 
Subdivision Facility Type 

SWM Pond Designer Maintenance 

Comments 

DDP_001 26.12 
BEAVER VALLEY 

EXT. 1 Wet Pond 

Designer recommends annual inspections; 

and periodic removal of sediment from 

pond (no specific period given) 

DDP_002 31.40 
CALAGUIRO 

ESTATES PH 2 Wet Pond 

Designer did not provide any 

recommendations with respect to pond 

maintenance 

DDP_003 28.72 
EDGEWOOD 

ESTATES Wet Pond 

Designer recommends annual inspections; 

and removal of sediment from pond every 

25 yrs 

DDP_004 39.33 
WARREN WOODS 

PH 1 & 2 Wet Pond 

Designer recommends annual inspections; 

and removal of sediment from pond every 

19 yrs 

DDP_005 26.70 
CHIPPAWA WEST  

PH 1 (BETTY'S) Wet Pond 

Designer recommends regular inspections; 

and removal of sediment from pond every 

5-10 yrs 

DDP_006 4.2 
ORCHARD GROVE 

EXT Dry Pond 

No SWM report discussing maintenance, 

but requirements should be similar to 

other ponds in City, including regular 

inspections, and periodic removal of 

sediment from ponds. 

DDP_007 N/A 4TH AVENUE Dry Pond 
No SWM report discussing maintenance, 

but requirements should be similar to 



City of Niagara Falls Master Drainage Plan Update Study (MDPUS) Draft Report  November 2016 

Aquafor Beech Limited  69 

65493 
 

SWM Facility 

ID 

Drainage 

Area (ha) 
Subdivision Facility Type 

SWM Pond Designer Maintenance 

Comments 

other ponds in City, including regular 

inspections, and periodic removal of 

sediment from ponds. 

DDP_008_012 30.06 
FERNWOOD PH 1 

& 2 Wet Pond 

SWM report did not discuss maintenance, 

but requirements should be similar to 

other ponds in City, including regular 

inspections, and periodic removal of 

sediment from ponds. 

DDP_013_015 22.00 
ORCHARD GROVE 

ESTATES Wet Pond 

SWM report did not discuss maintenance, 

but requirements should be similar to 

other ponds in City, including regular 

inspections, and periodic removal of 

sediment from ponds. 

DDP_016_018 38.83 GARNER ESTATES Wet Pond 

SWM report did not discuss maintenance, 

but requirements should be similar to 

other ponds in City, including regular 

inspections, and periodic removal of 

sediment from ponds. 

DDP_019 25.09 MACBAIN CENTRE Wet Pond 

No SWM report discussing maintenance, 

but requirements should be similar to 

other ponds in City, including regular 

inspections, and periodic removal of 

sediment from ponds. 

DDP_020_021 N/A 
NEIGHBOURHOOD 

OF ST DAVID'S N/A N/A 

DDP_022 32.70 
CHIPPAWA WEST  

PH 2 Wet Pond 

Designer recommends regular inspections 

several times per year and following heavy 

rainfalls; and removal of sediment from 

pond every 26 years 

 

A field reconnaissance of the SWM facilities was also undertaken to confirm the type of facility 

together with the general documentation of potential issues. 

 

A general overview with respect to general maintenance activities, associated frequencies and 

costs is further discussed in the next section. 
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Staff Member Completing Conditions Assessments 

8.1.2 Stormwater Management Facility Maintenance 

 
Ontario municipalities are all responsible for providing adequate stormwater controls for new 

and old communities, and to operate and maintain these systems. Stormwater systems include 

numerous stormwater management facilities (e.g. ponds and wetlands) used to improve 

stormwater water quality and prevent flooding, kilometers of storm sewers, catch basins and 

maintenance holes and the streams and rivers which ultimately receive stormwater from the 

system. Through maintenance all municipalities must ensure their stormwater systems are 

operating in accordance with various acts, regulations and approvals provided by federal, 

provincial and local authorities including the Ontario Ministry of Environment and Climate 

Change and local Conservation Authorities. 

Stormwater Management Facilities (SWMF) such as stormwater ponds - components of the 

stormwater system - are the most common stormwater management practices used by 

municipalities to provide water quantity and /or water quality control for urbanized areas 

which contribute stormwater runoff to the stormwater system. The performance of these 

ponds are a function of available storage which is used to hold and treat stormwater thereby 

protecting communities from localized flooding and improving downstream water quality.  As 

these facilities age, they accumulate sediment which causes their performance to deteriorate 

due to a decrease in storage capacity. 

The following sections provide an overview of the many steps that can be taken by 

municipalities to manage their stormwater management assets such that maintenance 

activities are well documented and undertaken on a regular basis. A general overview of the 

most common maintenance activities associated with SWMFs is also provided. 

Maintenance Needs Plans Studies 

In recent years, many progressive 
municipalities with stormwater management 
assets have completed Stormwater 
Management Facility Inventory and 
Maintenance Needs Plans for all municipally 
owned and operated SWMFs. The main 
objectives of these studies are to: 

 Collect an inventory of each SWM 
facility’s design attributes to 
understand and document their 
intended performance and function; 

 Assess each SWMF’s current conditions 

and level of performance as compared 
to their designs; and, 

 Provide a prioritized maintenance program for the municipally owned stormwater 
ponds to maximize the life expectancy over the short and long term.  
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These studies provide municipalities with an “up-to-date” inventory of their stormwater 
management assets in addition to their current conditions and performance which can be used 
to develop a maintenance and rehabilitation program. The success of maintenance and 
rehabilitation programs is entirely dependent on the accuracy of the inspections and surveys 
along with the interpretation of any defects identified. If the inspection and survey information 
is not accurate, any maintenance and rehabilitation needs cannot be properly evaluated and 
any required work could be either over or under estimated.  Provided below is a listing of 
potential tasks which would typically be undertaken as part of such studies: 

1. Task 1 –Background Review; 

a. Search and Obtain Existing Certificates of Approval from MOE 

b. Design reports and drawings 

i. The above information provides details of the facility’s expected 

performance and function to be maintained. 

2. Task 2 – Sediment Assessment and Functional Study; 

a. Bathymetric Survey – assess accumulation rates compared to design or as built 

drawings 

b. Flood Storage Capacity Confirmation - assess facility capacity as compared to 

design to confirm flood storage requirements 

c. Condition Assessment – assessing all facility components for deficiencies and 

maintenance concerns. 

3. Task 3 – Maintenance Management and Reporting 

a. Provide Inventory of General Maintenance Activities for each SWMF and 

Condition Rating including Summary of Deficiencies and Inspection Results 

b. Priority Maintenance Activities for the Existing Facilities. 

Annual Inspection Programs 

In order to maintain an “up-to-date” 

inventory and maintenance plan, some 

municipalities have established annual 

conditions assessment programs, 

undertaken by City staff, to 

continuously update and review their 

SWMFs conditions and status in detail.  

The annual assessments evaluate all 

components of each SWMF and 

monitor their conditions to ensure 

they are performing as designed and 

confirm that completed maintenance 

tasks are documented and done 

properly.   

The detailed annual assessments 

should be supplemented with regular 

Sediment Accumulation Rates of SWMF based on Municipal 

Monitoring Programs 
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inspections which provide a course visual inspection of key SWMF components to identified 

regular or ongoing maintenance issues such as nuisance, vegetation and clogging issues.  These 

are generally maintenance issues which may impact the facility’s short term performance (i.e. 

causing flooding during a significant rainfall event).  

Assessing the hydrologic/hydraulic performance of a pond and sediment accumulation levels 

are more difficult if strictly relying on visual inspections. As such, some municipalities have 

integrated continuously monitoring strategies into their annual inspection programs.  

Continuous monitoring of water levels will confirm stage-storage and outflow performance and 

the completion of bathymetric surveys every 3-5 years will determine actual sediment 

accumulation rates and sediment clean-out frequencies. This level of monitoring is 

recommended as it provides detailed information regarding the facility’s performance which is 

otherwise difficult to assess. Also, sediment removal is generally the most costly maintenance 

activity associated with SWMFs.  Monitoring sediment accumulation and determining actual 

sediment accumulation rates allows municipalities to forecast clean-outs further in advance, 

providing time to secure adequate funding for prioritized clean-outs. 

Database Development 

To manage, organize and interpret collected data many municipalities have developed, and 

continuously manage, geodatabases which inventories all of their SWM assets.  The attributes 

of the georeferenced SWMFs are constantly updated with reports and measurements 

completed in the field on an annual basis.  Such systems provided a simple and effective means 

of tracking previously completed maintenance works and forecasting and reprioritizing future 

works based on the annual updates it receives.  This type of data collecting and processing 

approach provides a simple and effective means of translating raw data into prioritized work 

orders. 

General SWMF Maintenance Activities  

Adequate maintenance is essential to ensure the long-term achievement of stormwater 
management performance targets. In recognition of this, the following sections provide typical 
operations and maintenance requirements for stormwater management ponds which set out 
maintenance and monitoring objectives and procedures for all of the functional components of 
stormwater management facilities.   
 
Specific maintenance issues for all of the SWM facilities assessed during the field 
reconnaissance undertaken as part of this study are provided in Appendix B. 

Sediment Management and Removal 

SWM controls such as wet ponds and wetlands are designed to provide water quality control by 

allowing sediment to settle to the bottom of the facility.  Over time the facility fills with 

sediment until it becomes ineffective and requires clean-out.  Typically, sediment accumulation 

rates average 1-2m3/ha/year and the clean-out frequency of an average SWMF can be upwards 
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of 20 years; however, the actual required frequency of sediment removal is dependent on 

many factors including: 

 Type of stormwater management facility; 

 Design storage volume  

 Characteristics of the upstream catchment area  

 Municipal practices (e.g., sanding, street sweeping, etc). 

 

To approximate sediment maintenance requirements, the Stormwater Management Planning 

and Design Manual (MOE, 2003), recommends a maximum 5% reduction in treatment 

efficiency due to sediment accumulation.  By monitoring sediment accumulation rates the 

approach to this threshold can be more accurately forecasted. As mentioned, this provides 

municipality’s opportunities to allocated sufficient funding for the costly maintenance activity 

(Sediment removal costs vary but can be approximated at $250/m3 of sediment to be removed 

and disposed off-site). 

The following provides information related to the recommended activities to be undertaken in 

preparation of dredging works in addition to dredging methodologies and disposal 

considerations.  

Bathymetric Surveys 

Bathymetric surveys are generally limited to the permanent pool areas of the facility 

with the primary objective of determining the quantity of sediment to be removed from 

the SWMF.  Sediment quantities are estimated by comparing top of sediment surveys to 

as-built design drawings and original design grades to determine the amount of 

sediment accumulation within the facility.  Bottom of sediment survey points - 

estimated by pushing the survey rod into the sediment until its termination point - can 

also be gathered as a comparison between the top and bottom of sediment and be used 

as a “check” to determine if original design drawings and grades are generally correct 

and consistent with the in-situ conditions. This information can forecast potential layout 

conflicts to be expected during construction which can then be considered during 

tender preparation and generating cost estimates for the work. Bathymetric surveys 

should be updated within one year prior to completing the dredging work such that 

sediment quantity measurements are as accurate as possible.  

 
Sediment Testing 
Excess soil management and off-site disposal options can significant influence sediment 
removal costs and an investigation into potential management strategies to limit these 
costs should be explored early in the design process in order to identify options and 
evaluate cost implications, not to mention limiting risks associated with an inadequate 
soil management strategy. Developing recommendations for potential sediment 
reuse/disposal alternatives depend on the results of in-situ sediment sampling. It is 
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recommended that sediment sampling follow the procedures by Polta, 2006 which are 
as follows: 

 The procedures involves the 
collection of sediment samples using 
a 36-inch OgeecheeTM sand corer 
(Wildlife Supply Company) 
constructed of stainless steel and 
equipped with a stainless steel with a 
liner and an eggshell core catcher; 

 Sampling of sediment should be 
conducted at three to five individual 
locations, ideally in a line extending 
from the inlet towards the outlet; 

 The three to five individual sub-
samples are decanted, combined and homogenized to obtain two composite 
sample for testing (i.e. one sample and one duplicate for QA/QC purposes). 
Processing and submission of the refrigerated samples to the testing laboratory 
should be done within 24 hours (for bacteria) and 7 days (for other parameters).  

 Composite samples for each individual “water-holding” component of the SWMF 
(i.e. wet pond, forebays, outlet wetland/micro-pool) should be submitted for 
analysis.  Sediment quality will vary from cell to cell and therefore may be 
managed differently. 

 Additional Analysis Parameter to Consider:  % solids is useful in determining 
sediment reuse characterization and valuable information for hydraulic dredging 
contractors where the % solids provides insight to the amount of polymer 
application required and level of dewatering possible.  

Sediment disposal alternatives shall be based on the characterization of the SWMF 
sediment and developed based on the available guidance documents, policies, and best 
management practices.  Recommendations included those which identify other 
municipally owned lands where re-grading and or fill is needed, could be also be 
explored as potential disposal and cost savings options. 

 
Sediment Removal and Disposal 
Prior to removing sediment from SWMFs, all standing water should be drained by 
gravity or by using pumps. Pump hoses should be equipped with filter bags to avoid 
discharging sediment into any natural receiver (i.e. creek) or storm sewer. Proper 
sedimentation and erosion control and dewatering plans shall also be specified which 
may include requirements for stilling basins, energy dissipaters, and vegetative buffers.  
The level of detail of such plans will be largely dependent on the environmental 
considerations required during the design process and site context. 
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Traditional Sediment Dredging with Excavator 

 
Dewatering Via Bottom Drain (Gravity) 

 
Dewatering Via Pumps 

 
When full dewatering of the SWMF is 
possible typically mechanical dredging 
equipment such as a backhoe, front end 
loader, dipper, bucket dredge, drag line or 
clamshell dredge may be used (see 
accompanying figure). In situations where 
draining the facility is not feasible or 
mechanical methods are not practical then 
hydraulic dredging methods should be 
considered. The Stormwater Management 
Facility Sediment Maintenance Guide 
(Greenland, 1999) provides further 
information on alternative dredging 
techniques. 
 
If possible, special care should also be taken when removing the sediment to avoid 
damaging the plantings on the flood and shoreline fringes of the pond. Maintaining 
fringe vegetation as much as possible will ensure regeneration efforts of the pond side 
slopes are minimized following construction.  It will also preserve the overall aesthetics 
of the facility which is generally a key concern of many onlooking residents.  However, if 
vegetation maintenance has been identified this should be considered during the 
dredging operations.  
 
Following sediment removal, decanting/drying of the sediment is recommended to 
reduce the water content.  Reducing the water content eases hauling operations and 
reduces the risk of spillage during disposal.  In many cases, disposal sites will not accept 
sediment material is the high water content is too high.  Sediment drying can be 
achieved by simply stockpiling the material to promote drying by gravity and 
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evaporation. Sediment removed from SWMFs is generally high in organic content and 
will maintain high moisture content due to the absorption properties of the organic 
material.  As such, drying by gravity may require continuous turning of the material and 
sufficient time.  The addition of mulch, saw dust or other drying agents to the sediment 
once removed is a cost effective way of effectively reducing drying times.  Slump tests 
can be conducted to determine an material consistency which is appropriate for hauling 
and off-site disposal.  
 
Permitting and Environmental Considerations 

Agency consultation, especially local conservation authorities, is recommended when 

dredging works are scheduled for SWMFs adjacent to natural areas and watercourses. It 

is recommended that agency consultation occur well in advance of construction such 

that any permit requirements and expectations are identified well before.  Such pre-

emptive discussions will assist the permitting process and prepare agencies for permit 

applications to be expected, if required. 

Typical SWMF Monitoring and Maintenance Activities 

With respect to ongoing maintenance of stormwater management ponds, it is necessary for a 

particular facility to operate as designed on a long-term basis. A document prepared for the 

Center for Watershed Protection entitled Stormwater Pond and Wetland Maintenance 

Guidebook (CWP, 2004) identifies the following nine broad categories as the most frequent 

problems encountered in maintaining stormwater management ponds and wetlands: 

1. Hydraulic Operation of the Facility; 

2. Clogging; 

3. Pipe Repairs; 

4. Grass Cutting; 

5. Weed Control; 

6. Vegetation Management; 

7. Dredging and Sediment Removal Management (discussed previously); 

8. Access; and 

9. Nuisance Issues 

 

Provided below is an overview of the monitoring and maintenance activities that are required if 

SWMFs are to function according to their original designs. 
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Hydraulic Operation of the Facility  

The permanent pools of wet ponds and wetlands provide functions that include water quality 
enhancement, visual aesthetics and potential aquatic habitat. The permanent pool should 
normally be stable between storm events (the permanent pool will rise during and after rainfall 
events). If the permanent pool is too high then storage for erosion and flood control will not be 
available. If the pool is too low, water quality is then threatened by algal blooms and anoxic 
conditions, which can lead to fish kills downstream of the facility. 
 
Periodic monitoring, typically 3 times per year, or continuous monitoring should be undertaken. 
If the water level is higher than normal or drawdown rates are not as designed then the outlet 
structure or downstream receiver should be checked. Too low of a water level may be 
attributed to leakage or due to evaporation during extended dry weather periods. Continuous 
monitoring of the facility’s water levels and cross-referencing with rainfall events (i.e. mm of 
rainfall) can provide an indication of the facility’s stage-storage and drawdown performance. 
 
The type of maintenance to be undertaken will depend upon the item that is causing the 
abnormal water levels. Various corrective actions for typical maintenance issues which impact 
the hydraulic function of SWMFs are provided in Table 16.  
 

Table 16: Hydraulic Performance Maintenance Problems and Activities 

Problem Activity 

Damage/leak in outlet Seal leak and repair outlet 

Clogged Outlet or Downstream Channel Clean outlet or channel and consider 
installing trash rack if not present 

Leak or seepage in berms Perform visual inspection, undertake dye 
test or drain permanent pool to inspect for 
deficient area 

Vortexing Drain pond and visually inspect outlet 
device for piping  

Wildlife Nuisances  Remove and relocated nuisance as 
required using certified trappers and 
biologist and removed debris and 
blockages as required.  

Damaged or Missing Flow Control 
Structures 

Replace/install as required per the original 
designs 
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Beaver Dam in Outlet Control Structure 

Clogging 

The most frequent maintenance item common to 
stormwater facilities is the clogging of outfalls.  Large 
storms transport significant amounts of debris and 
some residents also discharge litter and trash into 
the facility.  Monitoring should include the periodic 
(typically three times per year) inspection of the 
following stormwater components:  

 Inlets/Outlets; 

 Downstream and Upstream Channels;  

 Low Flow Orifices; 

 Under-drains; 

 Trash Racks; 

 Cooling Features; and 

 Spillways/Emergency Spillways 
 
Maintenance activities at weirs or spillways may be relatively straightforward. Clogging within 
low flow pipes and underdrains may require more complex actions. If clogging is thought to be 
a problem, then recording the water level by noting the high water mark and comparing this 
level to the design drawings may be the first step. The following activities as noted in Table 16 
may also be necessary.   
 

Table 17: Maintenance Activities Associated with Clogging 

Problem Activity 

General Debris Remove debris from pond embankments, 
water bodies which can lead to clogging 

Clogged Weirs or Spillways Remove debris by hand or machine 

Clogged Underdrains or Orifices High velocity spray and hydraulic head 
pressure devices, or draining of pond 
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Outlet Pipe Corrosion and Damage 

Pipes Repairs 

Improper design, poor construction 

practice or inadequate maintenance may 

result in damage to pipes or riser 

structures. If the pipes or risers are 

damaged, then the functions of the facility 

may be impacted.  

 

Physical inspections of the piping structure 

conditions should be carried out 3 times 

per year. The inspections may involve 

identification of obvious failures such as 

damaged inlet or outlet structures. Visual 

inspection for signs of piping along 

embankments should also be undertaken.  

 
Maintenance activities will typically involve repair or replacement of the deficient pipe. 
Provided below is an overview of the different methods that may be used to repair or 
rehabilitate pipes:  
 
Repair 
Typically repair methods include: 

 Joint Sealing: A high strength non-shrink grout or epoxy can be used to seal concrete 
pipes;  

 Chemical Stabilization: This process involves introducing one or more compounds into 
an isolated length of pipeline in order to form a protective coating over cracks and 
cavities; and  

 Invert Protection: The lower portions of corrugated metal pipes are lined with a smooth 
bituminous concrete material that fills the corrugations in order to improve flow 
conditions and provide resistance to scour. 

 
Rehabilitation 
Rehabilitation is generally required when there is a major structural and/or hydraulic weakness. 
Typically rehabilitation methods include: 

 Pipe Replacement: the deficient pipe segment is replaced;  

 Slip-lining: A new pipe is inserted by pushing or pulling it into the existing pipe and 
grouting the annular space; and  

 Spray Lining: A lining of cement mortar or resin is applied to the existing pipeline using 
a rotating spray head to apply the material.  

 
Other less commonly used methods include pipe-pulling, pipe bursting, cure-in-place pipe and 
folded liners.  
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Manicured along Maintenance 

Access/Unmanicured adjacent to Water 

Level 

Grass Cutting 

Grass cutting is one maintenance activity which is 
solely undertaken to enhance the perceived 
aesthetics of the facility and is generally limited to 
areas adjacent to walkways or maintenance access 
locations.  
 
It is recommended that grass-cutting be limited or 
eliminated around SWM facilities since allowing 
grass to grow tends to enhance water quality and 
provide other benefits for wet facilities.  Short grass 
around a wet stormwater facility provides an ideal 
habitat for nuisance species such as geese.  Allowing 
the grass to grow is an effective means of 
discouraging nuisances. 
 
The frequency of grass cutting depends on surrounding land uses, and local municipal by-laws. 
Therefore, grass cutting should be done as infrequently as possible, recognizing the aesthetic 
concerns of nearby residents. 
 

Weed Control  

Weeds are generally defined as any kind of vegetation which is unwanted in a particular area. In 
terms of stormwater management facilities, weeds are generally invasive species which cannot 
provide the intended function of the planting strategy. Weed control by-laws should be 
consulted for local requirements. Weed control may be required annually. 
 
Weeding should be done by hand to prevent the destruction of surrounding vegetation. The 
use of herbicides and insecticides is prohibited near stormwater management facilities since 
these compounds can contribute to water quality problems. The use of fertilizer should also be 
limited to minimize nutrient loadings to the downstream receiving waters.  
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Vegetation Management 

Vegetation is an integral functional component of stormwater management facilities, 
contributing to bank stability, pollutant removal and the filtration of stormwater. Consequently, 
it is important that the vegetation community within SWMPs be maintained appropriately in 
order to ensure that the facility performs as originally intended over the long-term. 
 
All vegetation communities should 
be monitored to confirm their 
health and identify any factors that 
may act as stressors and 
contribute to the eventual decline 
of specific species or the entire 
vegetation community. At a 
minimum, vegetation communities 
should be assessed at least twice a 
year to identify signs of dieback, 
infestation or disease. The 
following maintenance activities 
should be implemented. 
 
 

A. Tree and Shrub Maintenance and Management 

 Adjust stakes and guys to prevent girdling (strangulation of plant as stakes/guys 
become too tight around the perimeter). 

 Ensure rodent protection measures are functional and that rodent guards 
remain in contact with the ground. 

 Prune out dead or damaged limbs of the plant. Do not prune leaders.  Replace 
plant material that exhibits leader dieback. 

 Water trees as required to maintain tree health in consideration of soil 
composition, site characteristics and meteorological trends as well as species 
requirements. 

 Top up mulch as required to maintain adequate soil moisture conditions. 
 

B. Seeded Area Maintenance 

 Monitor after initial seeding to ensure that adequate cover density is achieved. 

 Overseed as required to eliminate bare patches. 

 Repair and reseed any rills or gullies that may have formed during the grow-in 
period. 

 Remove any weeds that may have become established during the germination 
and grow-in periods. 

 For areas that are designated to be mown, cut to a height of 60-75mm as 
required. 

 Irrigate seeded areas as required to ensure adequate germination and growth. 
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C. Shrubs and Shrub Beds 

 Prune out dead or damaged branches. 

 Remove weeds from mulched beds, ensure that adequate levels of mulch are 
maintained. 

 Water shrubs to ensure healthy growth as dictated by meteorological trends and 
species requirements. 

 
Access 

Access for inspection and maintenance purposes 
is generally required at the following locations: 

 Inlet and Outfall structures; 

 Embankments; 

 Riser structures; 

 Perimeter of the pond; and 

 Pond bottom (during dredging) 
 
Frequent maintenance items typically involve 
municipal staff and small pieces of equipment 
such as light trucks, lawn movers etc.  As such, it 
is recommended that staff summarize issues 
relating to inadequate access once the first field inspection is undertaken. Inadequate access to 
the facility may require special equipment, repairs or reconstruction to one or more 
components of the facility. As noted above, the actions may include straightforward steps such 
as replacement of missing steps or rungs in a manhole, or construction of works to access hard 
to reach components such as risers. In some cases more considerable works such as 
construction of temporary or permanent access roads may be required.  
 

Where applicable, access gates, fencing and locks 

should be inspected annual in order to ensure the 

security of the facility is maintained. This will ensure 

the potential risk to public safety is avoided. 
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Nuisance Issues 

Nuisance issues generally relate to items such as the presence of waterfowl, mosquitoes, 

rodents, litter, nutrient build-up, or poor water clarity. 

Inspection of the above noted issues will typically occur as part of the general inspections that 

should be undertaken 3 times per year. 

Table 18 summarizes typical nuisance issues together with potential maintenance actions.  
 

Table 18: Maintenance Activities Associated With Nuisance Issues 

Problem Maintenance Activity 

Waterfowl  Limit area which is mowed  

 Install cross lines within pond  

Animal Activity  Inspect for animal burrows  

 Check inlet/outlets, flood fringe for 
evidence or animal activity 

Mosquitoes  Check for isolated areas of shallow 
standing water. Regrade if necessary 

 Provide habitat for predators (bird 
houses) which consume larvae and 
mosquitoes 

Water Clarity/Excess Nutrients  Remove sediments 

 Remove select fish species which 
disturb pond bottom. 

 Install aerators 

 Use of Barley Straw Bales 

 
 
Reference: Stormwater Pond and Wetland Maintenance Guideline (CWP, 2004) 
  



City of Niagara Falls Master Drainage Plan Update Study (MDPUS) Draft Report  November 2016 

Aquafor Beech Limited  84 

65493 
 

9.0 Implementation Considerations 

 

9.1 General  

 

This chapter will summarize the implementation considerations associated with the various elements of 

the Recommended Solutions as described in Chapter 6. 

 

 

The next steps for implementation of the recommended solutions include: 

 

 Conceptual design 

 Considerations at the detail design stage 

 Detailed design and geotechnical investigations 

 Approvals 

 Contract document preparation and tender; 

 Implementation; and  

 Construction 

 

 

9.2 Conceptual Design 

 

 

The conceptual design for this project will be undertaken after submission and approval of the 

Environmental Assessment Project File. 

In general, the conceptual design will enhance the design elements as presented in this 

document including; 

 Major aspects of the constructability plan; 

 Access/egress locations and staging areas; 

 Key operational impacts; 

 Phasing of construction tasks; and  

 Cost estimate (to suggested standard – Public Works and Government Services Canada 

Class D +/- 30%)  
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In addition, for this project, the conceptual design will provide direction, alternatives and initial 

design considerations for the LID component of the project to ensure that design and 

subsequent approvals are consistent with the requirements of this project and discussions with 

MOECC. In this regard, MOECC are currently in the process of updating the Stormwater 

Management Planning and Design Manual. Consideration of a mandatory volume control is part 

of the new assignment. 

The proposed storm sewer works should fall under Schedule A+ under the Municipal Class 

Environmental Assessment process. This is based on the assumption that the works are located 

within an existing road allowance or existing utility corridor. This item should be confirmed at 

the conceptual design stage. 

 

9.3 Considerations at the Detail Design Stage 

 

Once the above measures have been undertaken then the detail design can be initiated. The 

primary steps involved in the preparation of detail design drawings include: 

 Site Assessments: including infrastructure assessments, tree assessments, geotechnical 

assessments (see further description below), topographic surveys and utility 

investigations. 

 

 Design Criteria: confirmation of design criteria as defined in this document together 

with other relevant criteria s required for the detail design stage. 

 

9.4 Detailed Design and Geotechnical Investigation  

 

The detail design package should include the preparation of 60%, 90% and final design drawings 

for review by the City and relevant stakeholders. The detail design package should include, but 

not be limited to, the following components: 
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 General plan (detailing structure, property lines and services); 

 Site plan (including site access, staging and stockpile area delineation); 

 Plan and profile drawings (detailing location of existing combined and storm sewers 

with associated infrastructure, proposed storm sewer and outfall and existing utilities); 

 Erosion and sediment control plan (as per the Erosion and Sediment Guidelines for 

Urban Construction); 

 Traffic management plan; 

 Tree Inventory and Landscape restoration plan (including tree removal, preservation 

and planting plan);  

 Construction phasing and staging; and 

 Associated design brief 

Geotechnical Investigation - A geotechnical investigation is recommended to characterize 

subsurface conditions as they relate to:  

• Geotechnical laboratory soil testing on selected samples (as required) to characterize 
the index properties including water content and grain size distribution  

• Existing road profile and base conditions, suggested pavement structure requirements  
• Subsurface conditions at the all proposed inlet structures and headwalls within and 

adjacent to the study area. This includes at the proposed inlet structure downstream the 
Glen Road crossing;  

• Groundwater elevations through the installation of piezometers in selected boreholes to 
facilitate ground water level monitoring, according to Ontario Regulation 389/09;  

• Pipe bedding considerations;  
• Excavations and trenches in accordance with O. Reg. 213/91;  
• Off-site soil disposal options; and 

• Dewatering during construction  

 

Soil Chemistry Screening - As part of the geotechnical investigation selected soil samples will be 

analyzed to obtain preliminary information about the chemical quality of the site soils. The 

results of the soil chemistry analysis are to be compared with standards included in various 

Property Use criteria noted in the Soil, Ground Water and Sediment Standards for Use Under 

Part XV. I of the Environmental Protection Act of Ontario (2004). The work and chemical analysis 

program is intended for preliminary screening and is not designed to delineate the extent of the 

impacted soils if encountered. Focus should be given to the anticipated work area of Pond 6 

and locations of infrastructure where significant off-site disposal are anticipated.  
 

The following analytical testing is proposed for the selected soil samples obtained during the 
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subsurface investigation for the site.  

• Metals & inorganics (Reg. 153)  
• Petroleum hydrocarbons (F1 -F4) and BTEX  
• Volatile Organic Compounds (VOC’s)  
• Polycyclic Aromatic Hydrocarbons (PAHs)  
• Sodium Adsorption Ratio (SAR)  
 

In addition, In-situ soil testing should be carried out to confirm the permeability of the resident 

soils and to provide direction for sizing of the Low Impact Development component of the 

design.   

In–situ soil testing is required for all infiltration based LID designs. The testing is required to 

scientifically determine the field saturated hydraulic conductivity (kfs) infiltration capacity of 

local soils, appropriately size each facility, determine if underdrains are required, appropriately 

locate any drains within the facility cross-section and accurately estimate post-development 

performance.  In–situ soil testing will be comprised of:  

 

 On-site infiltration testing using the Guelph Permeameter Testing apparatus and 
protocols to determine the in-situ field saturated hydraulic conductivity and the design 
infiltration rate per the LID Stormwater Planning and Design Guide Version 1.0 
(TRCA/CVC 2010 or most recent).  Testing locations should be based on borehole logs 
and areas stratigraphy, targeted to the proposed footprint of the infiltration facilities, 
located at a depth which corresponds to the ultimate invert of the infiltration facility 
and shall be completed using a sufficient number of locations commensurate to the size 
of the facility to accurately determine the average design infiltration rate to be used in 
detailed design and as part of approvals.  

 

The relevant utility companies shall be contacted to confirm the presence of underground 

utilities within the proposed testing areas using the by Ontario One-Call service.  In-situ testing 

must be performed in non-saturated and unfrozen soil conditions. 

 

9.5 Permits and Approvals 

 

The following permits and approvals will likely be required prior to undertaking construction 

activities: 

1. Niagara Peninsula Conservation Authority watercourse permits under “Schedule ‘A’ 
Application for Development, Interference With Wetlands and Alterations to Shorelines 
and Watercourse Permit (Pursuant to Ontario Regulation 150/06)” under the general 
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category of “Standard Development” will be required for:  
• Any and all works as they pertain to watercourse alterations and/or outfall 

construction or alteration relating to the Problem Areas 19-20 and 23 

 

MOE Environmental Compliance Approval (ECA) – An Environmental Compliance Approval 

will be required for the proposed works. The ECA typically includes a number of basic 

requirements (see below) together with the design drawings and design brief. The design 

brief provides a description of the proposed works together with the appropriate 

calculations to define the design and associated principles. Typical general information that 

is required as part of the application should include: 

• Name of original sub-division, development or applicant (if available);  
• Legal survey address, municipal address including lot and concession;  
• Detailed storm sewer drawings as constructed in digital format;  
• Proof of public consultation and notification (including reference to the 

Environmental Assessment);  
• Site zoning and classification according to the City of Hamilton Official Plan including 

municipal zoning confirmation letter signed by municipal officer;  
• Location of nearest municipal wells;  
• Identified source protection/ Drinking water treats;  
• Receiver of effluent discharge;  
• Clearance from local conservation authority (Hamilton Conservation Authority), 

typically as a letter of support of HCA watercourse permits (as detailed above).  
 

It should be assumed that a minimum of eight (8) weeks will be required to obtain the 

necessary approvals once submitted to the MOE. 

9.6 Contract Document Preparation and Tender 

 

A tender document shall be prepared for the project with the intent that the proposed works 

be publically tendered. The tender will be consistent with the requirements of the City of 

Niagara Falls standards. The package shall include several sections common to most tenders, as 

well as sections on: 

 Special specifications; 

 Schedule of prices; 

 Detailed Cost Estimate based on tender schedule of prices; and  

 Final detailed design drawings. 
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9.7 Implementation 

 

The phasing and timing of the proposed works will be determined by the following three 

criteria. 

 

 Construction must start from the storm sewer outlet and progress upstream; 

 Construction should be coordinated with ongoing road reconstruction programs; and 

 Construction, where possible, should address high priority areas (from a flooding 

perspective) first. 

 

Construction of the proposed works would generally start at the downstream limit and proceed 

upstream. These works would, however, be coordinated with proposed road reconstruction 

projects.    

 

9.8 Construction  

 

The proposed construction timing will be based on subsequent discussions within the City and 

will be integrated with the proposed timing for the proposed storm sewer works as well as the 

proposed road construction in order to minimize the level of inconvenience to residents, 

businesses and commuters. 
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10.0 Conclusions  

1) The purpose of this project was to undertake a Master Drainage Plan Update Study 
(MDPUS) which satisfies the City’s 2011-2014 strategic priorities in terms of a well-
planned city, infrastructure sustainability, and proposed a well-planned infrastructure 
system that is sustainable and ecologically sound.  

 
2) This component of the MDPUS is to be used as a guiding document for undertaking 

more detailed assessments throughout the City and ensure that the City manages its 

existing and proposed infrastructure in a cost-efficient and timely manner. 

 
3) The primary intention of this MDPUS study was to develop the remedial 

recommendations for the flooding areas related to the surcharging of the storm sewer 

system, the problem areas associated with the combined and sanitary sewer system will 

be addressed through other studies. 

 

4) Several historical rainfall events were known to cause flooding in various areas across 

the City. The five (5) significant previously noted include:   

 
 August 5th, 2003 (90 mm) 

 July 14th-15th 2004  

 September 9th, 2004 (63 to 88 mm) 

 August 31st, 2005 (89 to 121 mm) 

 July 13th, 2013  

 

5) The remedial measures, which were defined based on modeling together with field 

verification and the discussions with City staff as outlined in previous chapters, include 

recommended solutions for each of the high priority areas in order to address basement 

flooding related to the storm sewer system. 

 

6) The Recommended Solution, for Problem Area 8, includes the following:    

 Improving the capacity of the outlet channel downstream of existing stormwater 

management pond; 

 Performance confirmation of the existing stormwater pond by undertaking water level 

and flow monitoring;  

 Ongoing maintenance of the existing stormwater pond to ensure functionality; and 

 Replacement of 400 m of storm sewers of 750 – 1200 mm to provide adequate capacity. 

 

 



City of Niagara Falls Master Drainage Plan Update Study (MDPUS) Draft Report  November 2016 

Aquafor Beech Limited  91 

65493 
 

7) The Recommended Solution, for Problem Area 9, includes the following:    

 

 Reconstruction of existing stormwater management pond(s) to provide additional 

capacity (2,000 m3) storage for 100-year storm event. The facility would attenuate 

peak flows to the sewer system. In addition, the facility would temporarily store the 

stormwater runoff which would reduce the amount of stormwater discharged to the 

downstream creek; 

 Replacement of 480 m of storm sewers of 450 – 975 mm to provide additional 

capacity; 

 Construction of off-line storage (400 m3) on Orchard Grove Parkway; and 

 Installation of a single sewer inlet for the reconstruction of the existing stormwater 

management pond(s) should be considered for cost efficiency and constructability 

during the conceptual design stage. 

 

8) The Recommended Solution, for Problem Areas 19 & 20, includes the following:    

 

 Installation of 4,000m of new storm sewer to provide additional capacity (Carlton 

Avenue, Ash Street, Monroe Street, Symmes Street, Dawlish Avenue, Pinegrove 

Avenue and Orchard Avenue .  

 Coordination with the appropriate stakeholder (Hydro One) should be undertaken for 

the construction of the new trunk storm sewers. 

 

9) The Recommended Solution, for Problem Area 21, includes the following:    

 

 Capacity upgrades and replacement of 320 m of storm sewers of 450 – 600 mm on 

Eldorado Avenue to provide more capacity. 

 

10) The Recommended Solution, for Problem Area 23, includes the following:    

 

 Installation of 600 m of new storm sewer of 525 - 750 mm and open channel to 

provide additional capacity (Gunning Drive, Welland Street, Main Street and 

Bridgewater Street); and 

 Inlet controls on Gunning Drive which limit flows (0.14 m3/s) to existing storm sewer 

capacity and excess runoff would be conveyed to the proposed open channel and 

culverts at the crossing.   
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11) The Recommended Solutions will have a total price tag of $22 million for the 

construction of storm sewers, open channel as well as off-line storage, reconstruction of 

stormwater management ponds (DDP_013-015), and potential expansion of the 

stormwater management pond (DDP_001).   
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Appendix A - Illustrations of the Distinctive Land Uses  
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Figure 1.3 - Locations of Representative
Areas

Legend

Study Area



01 - Residential - Single Family (RSF-1)

President Dr

Casey St

Olden Ave



02 - Residential - Single Family (RSF-2)



03 - Residential - High Rise (RSF-3)



04 - Institutional - School (ELC-1)



05 - Industrial - Light Industry (ILI-1)



Lundy's Lane

M
ontrose Rd

Q
EW

06 - Commercial - Hotels/Motels (CCA-1)



07 - Commercial - Shopping Centre (CCS-1)

McLeod Rd Q
EW

Montrose Rd



08 - Residential - Single Family (RSF-4)



09 - Commercial - Shopping Centre (CNS-1)



10 - Commercial - Hotel/Motel (CCA-2)



11 - Residential - Town Houses (RTH-1)



12 - Institutional - Local School (ELC-1)



13 -Industrial - Medium Industry (IMI-1)



14 - Residential - Single Family (RSF-5)



15 - Residential - Semi Detached (RSD-1)



16 - Institutional - Local School/Church (ELC-2)

Catte
ll D

r
Furlong Ave



17 - Commercial - Shopping Centre (CCS-2)



18 - Industrial - Light Industry (ILI-2)
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Appendix B - Stormwater Management Facility Detailed Findings Summary 

October 2016  



City of Niagara Falls Stormwater Management Facilities

City of Niagara Falls - Stormwater Pond Inventory

Maintenance Additional Notes
Pond ID Subdivision Closest Address and/or Intersection Registered Plan CC/Dwg # MOECC CofA SWMP Author SWMP Date Drainage Area 

(ha)
Drawings Permanent Pool 

Volume (m3)
Active Pool  

Volume (m3)
Total WQ 

Volume (m3)
Volume for 2yr 

storm (m3)
Volume for 5yr 

storm (m3)
Volume for 100yr 

storm (m3)
Runoff from 
25mm event

Maximum 
Extended 
Detention 

Volume (m3)

Total WQ + 
Erosion Control 
Volume (m3)

Recommended Maintenance Interval Additional Notes

DDP_001 BEAVER VALLEY EXT. 1 Located on east side of Kalar Rd, behind 
Brookside Dr & Beaver Glen Dr

Closest Intersection =
Brookside Dr & Glen Dr

Block 72 & 78
59M-274

4160 3-0489-99-006 Upper Canada 
Consultants

4/1/1999 & 
5/31/1999

            26.12 SWM report contains pond drawing (Figure 5)
Full Pond Dwg = CC-4160R4.tif

                      522                 1,045             1,567               3,195               3,792                 4,967                  2,824               2,824                3,346 Designer recommends annual inspections; 
and periodic removal of sediment from pond 
(no specfic period given)

DDP_002 CALAGUIRO ESTATES PH 2 Located at east end of Domenic Cr

Closest Intersection =
Domenic Cr & Caliguiro Cr

Part of Block 99 - M-
092

Parts 16 & 17 59R-
11579

4438 1893-523UWK Acres and 
Associates

July-01 31.40           Appendix A of SWM report includes pond drawings
CC-3272,CC-3283,CC-3283A
Dwg CC-4438R6 not found

1,570                  1,256                2,826           4,267              N/A 12,350              2,922                2,922              4,492              Designer did not provide any 
recommendations with resp[ect to pond 
maintenance

DDP_003 EDGEWOOD ESTATES Located on east side of Garner Rd, just north of 
Forestview Blvd

Closest Intersection =
Forestview Blvd & Garner Rd

Block 248 - 59M-
366

6380 2433-6XSSPT
5288-6WVTQ2

Upper Canada 
Consultants

October-06 28.72           SWM report contains 3 preliminary pond dwgs (in Appendix B), but 
design was subsequently updated.
Updated Final Pond Dwg = CC-6380R2.tif

1,436                  1,149                2,585           3,328              4,587              8,008                3,217                3,221              4,657              Designer recommends annual inspections; 
and removal of sediment from pond every 25 
yrs

DDP_004 WARREN WOODS PH 1 & 2 Located on west side of Kalar Rd, between 
Mulberry Dr & Brown Rd

Closest Intersection =
Kalar Rd & Mulberry Dr

5740 2553-7LHR99 Upper Canada 
Consultants

September-08             39.33 SWM report includes pond dwgs (pages 38-41)
Dwg CC-5740 not found

                   2,753                 1,573             4,326               3,480               5,827                 9,545                  4,515               4,515                7,268 Designer recommends annual inspections; 
and removal of sediment from pond every 19 
yrs

DDP_005 CHIPPAWA WEST  PH 1 
(BETTY'S)

Located on west side of Sodom Rd, just south of 
Weinbrenner Rd (adjacent to Betty's  Restaurant 
parking lot)

Closest Intersection =
Sodom Rd & Weinbrenner Rd

Part of Lot 20, Conc 
3

3620 6157-5PBHVK RAND Engineering 
Corp

August-95 26.70           Full Pond Dwg = CC-3620R5.tif 801                     1,068                1,869           1,068              1,869              Designer recommends regular inspections; 
and removal of sediment from pond every 5-
10 yrs

DDP_006 ORCHARD GROVE EXT Located behind 5591 & 5597 Magnolia Dr

Closest Intersection =
Magnolia Dr & Beaverdams Rd

Lots 49 & 50 - 59M-
268

Parts S 53 & 54, 
59r-10798

4123 3-0234-99-006 R.A. Harrington 
and Associates

February-99 4.2? SWM report appears to be for DDP_013--015 not DDP_006
Dwg 4123 not found
Dwg 415R6.tif shows most of the pond

570 ? No SWM report discussing maintenance, but 
requirements should be similar to other 
ponds in City, including regular inspections, 
and periodic removal of sediment from 
ponds.

This pond not included in XP-SWMM 
Model since outlet pipe into pond < 
600mm

DDP_007 4TH AVENUE Located on east side of Fourth Av, north of 
Hamilton St (across from Gale Centre)

Closest Intersection =
Fourth Av & Hamilton St

Part 1, 59R-5204 6352 8897-7DSS3P No SWM Report N/A no info Full Pond Dwg = CC-6352R6.pdf N/A N/A N/A no info no info no info no info N/A 1,900              No SWM report discussing maintenance, but 
requirements should be similar to other 
ponds in City, including regular inspections, 
and periodic removal of sediment from 
ponds.

Dry Pond

DDP_008_012 FERNWOOD PH 1 & 2 Five ponds located behinds homes on south side of 
Hendershot Blvd

Along entire length of Hendershot Blvd

Block 77 - 59M-370 6247
6251

2388-782KQG R.A. Harrington 
and Associates

August-07 30.06           SWM report includes pond dwgs (p 36, 37)
Dwgs 5845, 6245R3, 6246R3 only show part of pond 
Dwgs CC-6247, CC-6251 not found

1,132                  3,800                4,932           5,475              7,928              15,899              3,874                3,874              5,006              SWM report did not discuss maintenance, 
but requirements should be similar to other 
ponds in City, including regular inspections, 
and periodic removal of sediment from 
ponds.

Pond 1 = DDP_012
Pond 2 = DDP_011
Pond 3 = DDP_010
Pond 4 = DDP_009
Pond 5 = DDP_008

DDP_013_015 ORCHARD GROVE ESTATES Three ponds located in Larry Delazzer Park at 
west end of Orchard Grove Pkwy

Cllosest Intersection = West end of
Orchrad Grove Pkwy & Woodsview Cr

Block 251 - 59M-
229

3656 3-0031-96-006 R.A. Harrington 
and Associates

February-03 22.00           SWM report includes pond plan dwg (Figure 4)
Dwg CC-3656R6.tif provides minimal info on ponds 

2,151                  3,548                5,699           3,481              5,262              10,153              2,328                3,548              5,699              SWM report did not discuss maintenance, 
but requirements should be similar to other 
ponds in City, including regular inspections, 
and periodic removal of sediment from 
ponds.

Only Ponds 2, 4 & 5 were constructed
Pond 2 = DDP_015
Pond 4 = DDP_014
Pond 5 = DDP_013                   

DDP_016_018 GARNER ESTATES Three ponds (in one) located behind west side of 
Parkside Dr between McGarry Dr & McLeod Rd

Closest Intersection =
McLeod Rd & Parkside Dr, or
McGarry Dr & Parkside Dr

Parts 2&3, 59R-
10815

Part 7, 59R-11594

5163
6098
6099
4174

8663-5CXKX5
5005-6TYJ47

Upper Canada 
Consultants

April-99 38.83           SWM report includes 4 pond dwgs (figure 2,3,4 & 5)
Pond Dwg = CC-5163R5.tif
Dwgs CC-6098, 6099 and CC-4174 not found

620                     6,566                7,186           5,599              7,213              12,730              5,327                6,566              7,186              SWM report did not discuss maintenance, 
but requirements should be similar to other 
ponds in City, including regular inspections, 
and periodic removal of sediment from 
ponds.

Dwg does not show DDP_017
From above, the ponds appear to be a 
single pond, not three distinct ponds.

DDP_019 MACBAIN CENTRE Located behind McBain Centre at 7150 Montrose 
Rd

Closest Intersection =
Montrose Rd & McLeod Rd

no info 5800 8313-844K96 No SWM Report N/A 25.09           Dwg 5800 not found 2,092                  no info 2,092           no info no info 8,843                no info 1,004              3,096              No SWM report discussing maintenance, but 
requirements should be similar to other 
ponds in City, including regular inspections, 
and periodic removal of sediment from 
ponds.

No SWMP or drawings provided - CofA is 
only source of info.
This pond not included in XP-SWMM 
Model since outlet pipe into pond < 
600mm

DDP_020_021 NEIGHBOURHOOD OF ST 
DAVID'S

South side of Warner Road, adjacent to Church of 
Jesus Christ of Latter Day Saints ? 3944 -               -                 -                  NO INFO AT ALL ON THIS POND

DDP_022

CHIPPAWA WEST  PH 2 Located on east side of Tallgrass Av, south of 
Sawmill Dr (in new subdivision)

Closest Intersection =
Tallgrass Av & Sawmill Dr

Part of Lots 19, 20 
& 21, Conc 3 & Part 
of Road Allowance 
between Lots 20 & 

21, Conc 3  

7293
7294
7295
7296

3-1149-98-006 R.V. Anderson 
Associates

May-08             32.70 SWM report contains pond dwgs (pages 113-118)

Dwgs CC-7293, 7295, 7296 not found

                   1,300                 5,781             7,081  N/A  N/A               15,941                  3,262               5,781                7,081 Designer recommends regular inspections 
several times per year and following heavy 
rainfalls; and removal of sediment from pond 
every 26 years

Original SWMP prepared by RAND eng in 
1998.  Info presented here is from SWMP 
completed by RVA in 2008.

SWM Pond Location Stormwater Management Plan Erosion ControlWater Quality
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City of Niagara Falls Stormwater Management Facilities

City of Niagara Falls - Stormwater Pond Inventory

Pond ID Subdivision Pretreatment Inlet Conveyance Inlet Structure Sediment 
Forebay

Storage Pool Outlet Structure Outlet 
Conveyance

Maintenance 
Access

Security Landscaping Pretreatment Inlet Pipe Inlet Structure Sediment Forebay Storage Pool Outlet Structure Outlet Conveyance Security Normal Water Level Upper Limit of Active 
Quality Storage

100 Year Storage Limit

DDP_001 BEAVER VALLEY EXT. 1 N Y Y Y Y Y Y N Y Y none 975mm @ 0.3%, inv 184.81m grate, inv 184.81m 73 m3, inv 183.8m inv 184.5m 250 mm @ 0.5%, inv 184.80; 
135mm orfice plate, inv 184.8;
weir, inv 186.00
675mm @ 0.5%, inv 184.80

675mm outlet drains into 
open channel, and then 
900mm & 750mm culverts 
under Kalar Rd

Fence around site no info 185.82m 186.43m

DDP_002 CALAGUIRO ESTATES PH 2 N Y N Y Y Y Y Y Y Y none 900mm, inv 174.50 no info 1075 m3, inv 172.5 inv 172.5 300mm @ 6.25% reverse slope, inv 173.00: 
150mm orfice plate, inv 173.58
600mm @ 0.5%, inv 173.16; 
320mm orfice plate, inv 173.16

600mm outlet drains into 
1300mm CSP culvert 

Fence around site 173.5 174.38 176.25

DDP_003 EDGEWOOD ESTATES N Y Y Y Y Y Y Y Y Y none 1200mm @ 0.3%, inv 184.75 grate, inv 184.75 621 m3, inv 183.25 inv 183.75 250mm @ 4.97% reverse slope, inv 184.00; 
525mm @ 0.36%, inv 184.26

525mm outlet drains into 
750mm storm sewer 

Fence around site 184.75 no info 185.86

DDP_004 WARREN WOODS PH 1 & 2 Y Y Y Y Y Y Y Y Y Y CDS oil/grit separator with 
sediment capacity of 2,286L and 
oil capacity of 594L

1500mm @ 0.15%, inv 176.00 grate, inv 176.00 637 m3, inv 174.50 inv 175.00 825mm reverse slope, inv ~175.00;
1200mm @ 0.45%, inv 175.97

1200mm outlet discharges 
via headwall into Warren 
Creek

Fence around west side of 
pond

176.00 no info 177.55

DDP_005 CHIPPAWA WEST  PH 1 
(BETTY'S)

N Y Y Y Y Y Y N N Y none 900mm @ 0.4%, inv 171.74 headwall and grate, 
inv 171.74

inv 170.80 inv 170.80 200mm, inv 171.70 200mm outlet connects to 
concrete outfall headwall 
and grate

none 171.80 172.10 no info

DDP_006 ORCHARD GROVE EXT N Y N N Y Y Y N N Y none 450mm @ 1.0%, inv 189.54 - from south
Appears to be another inlet from west, but dwg does 
not show details

no info none no info 200mm @ 0.5%, inv 189.437 200mm outlet at northeast 
corner of pond

none no info no info no info

DDP_007 4TH AVENUE Y Y Y N N Y Y Y Y Y Oil/Grit Separator: 
WSQ1 sediment capacity = 3300 
L and max trmt rate = 116L/s
WSQ2 sediment capacity = 
3300L and max trmt rate = 76L/s
Discharge via 750mm pipe

750mm @ 0.4%, inv 177.43 concrete headwall and 
grate, with rip-rap 
apron, inv 177.43            

none inv 176.75 200mm orifice rated at 141 L/s @ 2.85 m head Outlet discharges via 
450mm pipe to Fourth Ave 
storm sewer 

Fence around site N/A N/A 180.00

DDP_008_012 FERNWOOD PH 1 & 2 Y Y Y Y Y Y Y Y N Y All catchbasins have deep 
sumps, and each storm sewer 
outlet has grit chamber installed 
upstream of each pond.

Inlet pipes vary in size from 200-375mm Concrete headwall and 
grate, at inlet to each 
pond 

no info no info Hickenbottom control structure with 75-125mm 
orifice plates at outlet of each pond, and ditch inlet 
catchbasin with emergency overflow notch to allow 
safe discharge of larger flows.

Outlet pipes vary in size from 
200-375mm

none no info no info no info

DDP_013_015 ORCHARD GROVE ESTATES N Y N N Y Y Y N Y Y none 375 mm into Pond 2, inv 187.74
200 mm into Pond 2, inv 187.90 
450mm into Pond 4, inv 188.618
375mm into Pond 4, inv 188.346 
200mm from Pond 2 into Pond 5, inv 187.154
600mm from Pond 4 into Pond 5, inv unknown

no info none Pond 2, inv 187.55
Pond 4, inv 188.52
Pond 5, inv 186.80

Hickenbottom control structure with 200mm orifice 
plate at inv 187.60 in Pond 5

1200mm x 600mm DICB with 
grate, into 600mm, and 
ultimately Beaverdams 
Tributary

Fence around Ponds 4&5 no info no info no info

DDP_016_018 GARNER ESTATES N Y Y Y Y Y Y Y Y Y none 1050mm entering east end of pond, inv 180.55
900mm entering west end of pond, inv 181.25

Concrete headwalls 
and grates on both 
east and west inlets

Small sediment 
forebays at both east 
and west inlts

Pond 1 inv 183.40
Pond 2 inv 182.10
Pond 3 inv 181.00

Pond 1, 150mm pipe with 90 deg down bend
Pond 2, 150mm pipe with 90 deg down bend
Pond 3, 200mm outlet orifice with 300mm 
Hickenbotton riser pipe

450mm outlet pipe from 
Pond 1 to Pond 2
450mm outlet pipe from 
Pond 2 to Pond 3
375mm outlet pipe from 
Pond 3 to outlet channel 

Fence around site 181.30 181.90 185.00

DDP_019 MACBAIN CENTRE Y Y ? Y Y Y Y ? Y Y Parking Lot and Rooftop storage 
provided upstream of pond. 

no info no info 467 m3 no info 120mm orifice and weir arrangement;
300mm revesred slope;
Twin 600mm restrictor pipe arrangement

no info Gate over end of 
maintenance road, but no 
fence around pond 

no info no info no info

DDP_020_021
NEIGHBOURHOOD OF ST 
DAVID'S

DDP_022

CHIPPAWA WEST  PH 2 N Y Y Y Y Y Y Y Y Y none 1200mm @ 0.23% no info inv 171.00 inv. 170.75 600mm @ 0.5%, inv 172.95
300mm @ 0.0%, inv 172.00 to drain pond, with gate 
over inlet

600mm outlet drains into 
900mm storm sewer

172.00 no info 172.94

Pond Water LevelsAsset Inventory DetailsSWM Pond Location Asset Inventory (Y = yes, asset exists)

19/10/2015



 

 

 

 

 

 

 

Stormwater Management Facility Detailed Findings Summary   

 

DDP_001  

Brookside Drive, Beaver Valley Subdivision Extension One 

  



DDP_001 Location Plan DDP_001 Aerial View

DDP_001 Drawing

DDP_001 Photo



DDP_001 Brookside Drive, Beaver Valley Subdivision Extension One 

• Outlet control structure at west end of pond appears to be in good shape, at least from what 
could be seen from outside security fence.  See Photo DDP_001-001 

• Inlet pipe and concrete headwall at northeast corner of pond appears to be in good shape and 
free of blockage, at least from what I could see from afar outside security fence. 

• The upstream ends of the twin corrugated-steel culverts leading from the pond (downstream of 
the outlet control structure, on the east side of Kalar Rd) are damaged/mangled, although 
probably not enough to significantly reduce their conveyance capacity.  See Photos DDP_001-
002 & 003. 

• The bigger problem is the missing piece in the centre of the rock headwall above the second set 
of twin corrugated steel conduits that convey the flows under Kalar Rd to the west side of road.  
See Photo DDP_001-004.  

• Also, there appears to be another pond/wetland on west side of road, which is not shown on 
the plans we were provided, or covered by any of the SWM reports we were provided.  See top 
of Photo DDP_001-004. 

 

 



 

 

 

 

 

 

 

Stormwater Management Facility Detailed Findings Summary   

 

DDP_002  

Calaguiro Drive, Calaguiro Estates Subdivision 

  



DDP_002 Location Plan DDP_002 Aerial View

DDP_002 Drawing

DDP_002 Photo



DDP_002 Calaguiro Drive, Calaguiro Estates Subdivision 

• Couldn’t see inlet of outlet control structures due to heavy vegetation and locked security fence 
around the site. 

• Aerial photo from Google Earth shows very significant algal growth across entire surface of 
pond, at least on the date the image was acquired.  See Image DDP_002. 

 

 



 

 

 

 

 

 

 

Stormwater Management Facility Detailed Findings Summary   

 

DDP_003 

Orchard Grove Subdivision Extension, Magnolia Dr 

  



DDP_003 Location Plan DDP_003 Aerial View

DDP_003 Drawing

DDP_003 Photo



DDP_003 Orchard Grove Subdivision Extension, Magnolia Dr 

• Couldn’t see outlet control structure due to significant vegetation growth and restricted access 
to same due to adjacent private residences. 

• There is no security fence around the site. 

 

 



 

 

 

 

 

 

 

Stormwater Management Facility Detailed Findings Summary   

 

DDP_004  

Warren Woods Subdivision, Kalar Rd south of McLeod Rd 

 

  



DDP_004 Location Plan DDP_004 Aerial View

DDP_004 Drawing

DDP_004 Photo



DDP_004 Panorama Photo



DDP_004 Warren Woods Subdivision, Kalar Rd south of McLeod Rd 

• There is very little information about this facility.  No drawings or SWM report were provided.   
• Our site visits confirm that the pond facilities here are much more extensive than shown on the 

plan we were provided.  In addition to the approximately square-shaped central wet pond 
shown on the plan, there is another longitudinal pond facility that runs around the outside of 
the central pond, from north of Mulberry Dr to Kalar Rd just north of Brown Rd.  See Image 
DDP_004-001. 

• A paved walkway around the central pond and along the entire length of the outer pond 
provides easy access for maintenance of both pond facilities.  See Photos DDP_004-003 to 007.   

• The facility is brand new (most of the homes in the subdivision are still under construction), and 
the inlet pipe, headwall and grating in the northwest corner of the central pond are in excellent 
condition and free of blockage.  The invert of the inlet apron includes energy dissipation blocks 
to reduce the velocity of flow into the pond.  See Photo DDP_004-007. 

• The outlet control structure with the domed grating in the southeast corner of the central pond 
is in similarly excellent condition.  See Photo DDP_004-008. 

• The outlet control structure for the central pond is connected to the outer pond facility via a 
large pipe, headwall and grating similar in design to the central pond’s inlet structure.  This 
structure is also in excellent condition and free of blockage, apart from a minor buildup of 
sediment between some of the energy dissipation blocks in the invert of the outlet (which 
would probably be washed away during the next large storm event).  See Photo DDP_004-009. 

 

 

 



 

 

 

 

 

 

 

Stormwater Management Facility Detailed Findings Summary   

 

DDP_005  

Williams Subdivision, Sodom Rd, Chippawa 

 

 

 

 

 

  



DDP_005 Location Plan DDP_005 Aerial View

DDP_005 Drawing

DDP_005 Photo



DDP_005 Williams Subdivision, Sodom Rd, Chippawa 

• Inlet Pipe and headwall in northeast corner of pond is in good condition and free of blockage. 
• Outlet control structure in northwest corner of pond is in good condition and free of blockage. 

See Photo DDP_005-001. 
• There is no security fence around the site.  See Photo DDP_005-002. 

 

 



 

 

 

 

 

 

 

Stormwater Management Facility Detailed Findings Summary   

 

DDP_006  

Orchard Grove Subdivision Extension, Magnolia Dr 

 

 

 

  



DDP_006 Location Plan DDP_006 Aerial View

DDP_006 Drawing

DDP_006 Photo



DDP_006 Edited Panorama Photo



DDP_006 Orchard Grove Subdivision Extension, Magnolia Dr 

• Corrugated plastic pipe inlet at east side of pond appears free of blockage. 
• Couldn’t see other inlet and outlet control structure due to significant vegetation growth and 

restricted access to same located behind private residences. 
• There is no security fence around the site. 

 

 



 

 

 

 

 

 

 

Stormwater Management Facility Detailed Findings Summary   

 

DDP_007  

Fourth Avenue, Gale Centre Area 

 

 

 

  



DDP_007 Location Plan DDP_007 Aerial View

DDP_007 Drawing

DDP_007 Photo



DDP_007 Fourth Avenue, Gale Centre Area 

• Outlet control structure appears to be in good condition and free of blockage. 
• This facility was originally referred to as a temporary wet pond, and older Google Map image 

from Sep 2009 confirms the pond did once have a permanent pool (or the image was taken right 
after a storm).  See Image DDP_007. 

• But the pond is normally dry now, and maybe no longer being used? 

 

 



 

 

 

 

 

 

 

Stormwater Management Facility Detailed Findings Summary   

 

DDP_008-012  

Fernwood Estates Subdivision Phase One, Garner Rd 

 

 

 

  



DDP_008-012 Location Plan DDP_008-012 Aerial View

DDP_008-012 Partial Drawing

DDP_008-012 Photo



DDP_008-012 Partial Drawing



DDP_008-012 Fernwood Estates Subdivision Phase One,  Garner Rd 

• This facility consists of five (5) successive ponds running along the south side of Hendershot 
Blvd, from just east of Mountain Rd to Garner Rd.  The facilities are quite new, with new homes 
still being constructed within the subdivision.  See Image DDP_008-012-001. 

• Fernwood Park, located on the south side of Hendershot Blvd, provides access to the ponds, for 
the public and for maintenance of the ponds.  See Photo DDP_008-012-002. 

• A paved walkway begins at Fernwood Park with and entrance from Hendershot Blvd, and runs 
along the south of ponds DDP_011 & 012.  A gravel pathway runs along the south side of ponds 
008 to 010, and I assume this may also be paved at some in the future.  See Photos DDP_008-
001, DDP_010-001 and DDP_011-001.   

• Each pond includes an inlet structure at its west end and an outlet control structure at its east 
end.  The extent of each facility can be easily discerned from Image DDP_008-012-011, where 
you can clearly see the outlet control structures at the east end of each of the five ponds.  The 
structures are not always visible from the ground due to the significant vegetation that 
envelopes them during the summer and fall. Inlet pipes vary in size from 200 to 375 mm. 

• Each outlet control structure includes a Hickenbottom control structure with a 75-125mm 
orifice plate at the outlet of each pond, and a ditch inlet catchbasin with an emergency overflow 
notch to allow safe discharge of larger flows.  Outlet pipes vary in size from 200 to 375 mm. 
Unfortunately, we could not get a good photo of the structures due to the significant vegetation 
surrounding them during most of our visits, but a winter shot is included in Photo DDP_010-002. 

• Each inlet structure includes a small concrete headwall flanked by armour stones on either side, 
with bars over the end of the pipe.  The structure are sometimes difficult to get at due to the 
significant vegetation in the ponds, but we were able to get a good look at the inlet structure for 
pond DDP_011, and it was in excellent condition and the pipe and grating was free of any 
blockage.  See Photos DDP_011-002 & 003. 

 

 

 



 

 

 

 

 

 

 

Stormwater Management Facility Detailed Findings Summary   

 

DDP_013-015  

Orchard Grove Estates Subdivision, Orchard Grove Pkwy 

 

 

  



DDP_013-015 Location Plan DDP_013-015 Aerial View

DDP_013-015 Plan

DDP_013 Photo



DDP_013 Panorama Photo



DDP_013-015 Orchard Grove Estates Subdivision, Orchard Grove Pkwy 

• Facility includes three (3) separate ponds - DDP_013, 014 & 015.   
• DDP_013 & 014 have security fences around them; DDP_015 does not. 
• Inlets to all three ponds appear in good condition and free of blockage. 
• Outlet structure in northwest corner of DDP_014 is in good condition and free of blockage. 
• Outlet control structure in northwest corner of DDP_013 is in good condition and generally free 

of blockage, although there’s a few very small tree branches/vines growing over grating.  See 
Photo DDP_013-001.  

• Walking bridges over ponds are in good condition. 

 

 



 

 

 

 

 

 

 

Stormwater Management Facility Detailed Findings Summary   

 

DDP_016-018  

Garner Estates Subdivision, McLeod Rd 

 

 

 

  



DDP_016-018 Location Plan DDP_016-018 Aerial View

DDP_016-018 Partial Drawing

DDP_016-018 Photo



DDP_016-018 Outlet Photo



DDP_016-018 Garner Estates Subdivision, McLeod Rd 

• Facility comprises includes three (3) ponds and three inlets, but from the surface the facility 
appears as a single large pond.  See Photo DDP_016-018-001.   

• Inlets to all three ponds, with concrete headwalls and gratings over inlet pipes, appear in good 
condition and free of blockage.  See Photo DDP_016-018-002. 

• Outlet control structure (riser) in southwest corner of pond is in good condition and free of 
blockage.  See Photo DDP_016-018-003. 

• Outlet pipe, headwall and grating on downstream side of outlet control structure is in good 
condition and free of blockage.  See Photo DDP_016-018-004.  

• There is a security fence around the pond, and good maintenance access to pond and all inlet 
and outlet structures. 

 

 



 

 

 

 

 

 

 

Stormwater Management Facility Detailed Findings Summary   

 

DDP_019  

MacBain Centre, Montrose Rd 

 

 

 

  



DDP_019 Location Plan DDP_019 Aerial View

DDP_019 Drawing

No Drawing Provided

DDP_019 Photo (from east) DDP_019 Photo (from south)



DDP_019 Photo (from west)



DDP_019 MacBain Centre, Montrose Rd 

• Inlets to pond, with concrete headwalls and gratings over inlet pipes, are all in good condition 
and free of blockage.  See Photo DDP_019-001. 

• Outlet control structure in southeast corner of pond is in good condition and free of blockage.  
• There is no security fence around the pond, but there is a paved access road/walkway with a 

locked gate at its entrance at the west end of the pond. 

 

 



 

 

 

 

 

 

 

Stormwater Management Facility Detailed Findings Summary   

 

DDP_022  

Chippawa West Phase 2, Tallgrass Ave, Chippawa 

 

 

 

  



DDP_022 Location Plan DDP_022 Aerial View

No Location Plan Provided, but Map provided below

DDP_022 Drawing

No Drawing Provided

DDP_022 Photo (from Google Earth)





DDP_022 Chippawa West Phase 2, Tallgrass Ave, Chippawa 

• New pond, for new subdivision still under construction – and not likely assumed yet by the City. 
• Couldn’t get very close to inlet/outlet structures due to security fence and very large size of 

pond, but structures looked in excellent condition. 
• There is a security fence around the entire site with a gravel access road around the entire 

perimeter of the pond. 
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Welcome to the

City of Niagara Falls

Master Drainage Plan Update Study 
(MDPUS)

Public Information Centre #1

View displays and discuss the study with project staff
Feel free to ask questions and fill out a comment sheet
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Purpose of this Study

Study Purpose
The City of Niagara Falls has initiated a Master Plan (Approach 1) Municipal Class 
Environmental Assessment (EA) to address issues relating to:

lDrainage system infrastructure,
lDegraded water quality conditions in streams, rivers,
lDegraded aquatic habitat in streams, rivers, and
lErosion within existing urban areas.

The objective is to provide a strategic plan, drainage policies and a capital 
strategy in order to define ongoing capital, operation and maintenance, and the 
long term growth and sustainability of the City’s drainage system infrastructure.

The study is being planned under the requirements set out in the Municipal  Class 
Environmental Assessment (MCEA) document dated October 2000, amended in 
2011. The MCEA process provides members of the public and interest groups to 
provide input at the key stages of the study.

2



Objective of Tonight’s Meeting

lProvide background on the study,

lSummarize existing conditions within the study area,

lPresent a list of alternatives that address existing issues,

lOutline the next steps in the study process, and

lReceive your feedback and answer your questions.
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Municipal Class Environmental Assessment Process

This study is being undertaken as a Master Plan (Approach 1) project under the 
Municipal Class Environmental Assessment (EA) process. The flow chart illustrates the 
key steps to be undertaken as part of the EA process.

Background data collection and 
interpretation

Define project 
problems/opportunities

Determination of existing 
conditions

Develop list of alternatives and 
evaluation criteria

Evaluate alternatives and identify 
recommended solutions

Select preferred solution

Produce EA Report and file for 
30-day review period

Public Information 
Centre #1

We are here
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Study Area

The study area covers the 
urban and rural parts of the 
City, which expands over an 
area of 212 km2. The urban 
area, where the majority of 
the effort will be spent, 
covers around 60 km2 of the 
total area. A number of 
streams and rivers of varying 
size are located within the 
study area. These include 
the Welland River, Lyons 
Creek and Thompsons 
Creek.
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Study Background

The City of Niagara Falls has completed several previous studies relating to 
drainage issues, infrastructure and water quality. These include:

lCity of Niagara Falls Master Drainage Plan (1981)
lRural Area Drainage Study (1987)
lNiagara Falls Pollution Control Plan (2008)

This study will incorporate the findings from previous studies and ultimately 
develop an integrated plan for urban and rural environments in order to:

lBetter understand potential issues,
lDefine existing conditions,
l Identify and evaluate alternative solutions, and
lDevelop an implementation plan.
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Existing Conditions – Stormwater Infrastructure

The objectives of the stormwater 
infrastructure component of the 
study is to:

lDevelop a storm trunk 
sewer network model,
l Identify and assess the 

existing stormwater 
management ponds, and
lDevelop a stormwater 

management program to 
address deficiencies

The accompanying figure 
illustrates the location of existing 
storm sewers (600mm or larger) 
that were included in the 
assessment as well as the 
stormwater management 
facilities.
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Existing Conditions – Stormwater Infrastructure

The accompanying figure 
illustrates the general location 
where basement or surface 
flooding has occurred since 
2000. Also shown is a 
summary as to whether the 
flooding is attributable to 
issues in the sanitary, 
combined or storm sewer 
system. This study will 
primarily address flooding 
related to a lack of capacity in 
the storm sewer system 
(including stormwater ponds). 
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Existing Conditions – Stormwater Infrastructure

The accompanying figure 
illustrates the “level of service”, 
or storm sewer capacity, 
currently provided by each of 
the 5,000 existing storm 
sewers which are 600mm or 
larger. Sewers with a 2 year 
capacity suggests that, on 
average, the capacity of the 
sewer will be exceeded every 2 
years.
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Existing Conditions – Water Quality

Objectives
The objective of the water quality component of the 
study is to:

l Review existing data to determine the 
relative health of watercourses

l Provide direction as to where, and what type, 
of alternative solutions might be beneficial in 
improving deteriorated conditions.

Methodology
Background reports were reviewed and data was 
compiled and summarized (NPCA Watershed Report 
Cards, NPCA Water Quality Reports). 

Findings
The accompanying figure summarizes the general 
condition of each subwatershed within the City, 
according to the background information compiled.  
The Final Grade is based on three indicators 
(phosphorus, bacteria and benthics) and scored as 
shown below. 

Surface water quality grades for the City watersheds 
range from C to F with the majority of watersheds 
scoring D.  Overall, the poorest water quality scores 
were in the Niagara-on-the-Lake watersheds, Two Mile 
Creek and Four Mile Creek.
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Existing Conditions – Stream Erosion

Objectives
The objectives of the stream erosion component of the 
study are to:

l Characterize the existing condition of urban 
streams with respect to erosion potential, and

l Provide direction as to where, and what type, 
of alternative solutions might be beneficial in 
restoring degraded conditions.

Methodology
Aquafor Beech Limited staff walked watercourses that 
receive outflow from storm water infrastructure within 
the urbanized areas in the City.  The extent of the creek 
walks is shown in the map opposite.  During the walks, 
assessment tools were used to determine the dominant 
processes at work in the watercourse (e.g. widening, 
deepening) and to assess the stability of the 
watercourses.  As well, any erosion or maintenance 
issues identified in the field were documented.

Findings
Most watercourses assessed were currently found to be 
within the expected range of variance for a “stable” 
channel.  Two exceptions were tributaries on Shriner’s 
Creek which exhibited signs of adjustment to 
urbanization.  Overall, the most common process found 
to be at work within the urban watercourse was 
widening.
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Existing Conditions – Stream Erosion
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Existing Conditions – Aquatic Resources

Objectives
The objective of the fisheries component of the study is to:

l Characterize the existing condition of 
watercourses (Type 1, 2 or 3), and

l Provide direction as to where, and what type, of 
alternative solutions might be beneficial in 
improving aquatic habitat conditions.

Methodology
Background reports were reviewed and data was compiled 
and summarized. 

Findings
Fish habitat types are shown on the accompanying figure as 
critical habitat (Type 1), important habitat (Type 2), and 
marginal habitat (Type 3).  See abbreviated definitions below.  
As illustrated, the main channel of Bayers Creek, Usshers
Creek, Tee Creek, Hunters Drain and Grassy Brook have 
been classified as Type 1 habitat.  The majority of Lyons 
Creek has been classified as Type 1 with the exception of 
some of the upper tributaries, which have been classified as 
Type 2 habitat. 

Type 1-
Critical

• Sensitive fish species and/or habitats present
• High quality fish habitat
• High degree of protection required

Type 2-
Important

• Watercourse is important to the fish community
• Ideal for enhancement or restoration
• Sensitive species may or may not be present.

Type 3-
Marginal

• Common species may or may not be present
• No sensitive species or specialized habitats are present
• These should not be considered for fish habitat

compensation (Type 2 should be the focus)
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Existing Conditions – Terrestrial Resources
Objectives
The objective of the terrestrial resources component of the study is 
to:

l Review existing data to summarize natural heritage 
features), and

l Provide direction as to where, and what type, of 
alternative solutions might be beneficial in improving 
deteriorated conditions

Methodology
Background reports were reviewed and data was compiled and 
summarized. 

Findings
The City of Niagara Falls is covered by a wealth of natural heritage 
features, especially within the South Niagara Falls subwatershed.  
Natural heritage features are:

l Lyon’s Creek Provincially Significant Wetland and 
Lyon’s Creek Floodplain Wetland ANSI

l Thompsons Creek Wetland PSW and Warren Creek 
Wetland Complex ANSI

l Dufferin Islands – Queen Victoria Park, Niagara Gorge
l Garner Road Woods

The accompanying figure summarizes the general forest condition 
of each subwatershed within the City.  Final Grade is based on 
three indicators (forest cover, forest interior, and riparian zone 
forested) and scored as shown below.

Surface water quality grades for the watersheds range from B to F 
with the majority of watersheds scoring C or D.  Overall, the best 
forest score was Bayer Creek. 

14



Alternative Solutions

15

Stormwater is initially directed to a perforated 
pipe system located under the road. Excess flows 
are then directed to a conventional storm sewer



Recommendations – Stream Erosion

Shriner’s Creek Tributary 1
• SCT1-1: Maintenance site at culvert 

for Montrose Road with ailing 
gabion basket weir and perched 
storm outfall on downstream side

• General maintenance required to 
replace grate on storm sewer

Shriner’s Creek Tributary 3
• General maintenance  required to 

remove accumulated organic debris 
on storm sewer inlet grate at 
downstream end of reach

Beaverdams Creek Tributary 1
• BC-1: Headwalls at Kalar Road are in 

poor repair and ponded water to the 
north of the SWMF access road 
suggests a grading issue

Warren Creek Tributary 1
• WC-1: Perched culvert and failing 

gabion basket wing walls at 
Westport Drive

• WC-2: Gully formation on left bank 
upstream of Westport Drive

Warrant Creek Tributary 2
• General maintenance required to 

remove debris on upstream side of 
culvert for berm east of Fairfield 
Place

Welland River Tributary 1
• WRT-1: Maintenance site with 

perched storm sewer outfall and 
failing rip rap

Welland River Tributary 2
• WRT-2: Maintenance site at culvert 

for Chippawa Parkway where 
concrete lining is undermined and 
gabion basket treatments are failing

Pells Creek
• Landowner on the north-west side 

of the creek at Chippawa Parkway 
has altered the creek through bank 
hardening and constructed 
weirs. This may impact floodlines.

Recommendations
• Undertake maintenance works noted above
• Explore opportunities to increase riparian buffers on 

watercourses
• Deliver a City-wide educational campaign on yard waste 

management
• Undertake regular inspection of sediment and erosion 

control measures on work sites throughout the City
• Monitor conditions in Hunters Drain as development 

continues

Findings of Field Assessments
The following erosion or maintenance sites were identified during 
the creek walks.

16



Recommended Solution: Area 8

Flooding in this area is a result 
of flows during extreme rainfall 
events exceeding the capacity 
of the existing sewers. The 
recommended solution 
includes:

óImproving capacity of outlet 
channel downstream of 
existing stormwater pond;

óMonitoring within existing 
stormwater pond to confirm 
performance; and

óReplacement of 400m of storm 
sewers with larger sewers to 
provide more capacity.

Existing Pond DDP_001

Pond Outlet

Low Point
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Recommended Solution: Area 9

Flooding in this area is a result of 
flows during extreme rainfall 
events exceeding the capacity of 
the pond and the existing sewers. 
The recommended solution 
includes:

óReconstruction of existing 
stormwater management ponds 
to provide additional capacity;

óReplacement of 480m of storm 
sewers with larger sewers to 
provide more capacity; and

óConstruction of off-line storage in 
the Booth St. and Orchard Grove 
Parkway.

18
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Recommended Solution: Areas 19 & 20

Flooding in this area is a result 
of flows during extreme rainfall 
events exceeding the capacity 
of the existing sewers. The 
recommended solution 
includes:

óInstallation of 4,000m of new 
storm sewer to provide 
additional capacity (Carlton 
Ave, Ash St, Monroe St, 
Symmes St, Dawlish Ave, 
Pinegrove Ave and Orchard 
Ave).
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Recommended Solution: Area 21

Flooding in this area is a result 
of flows during extreme rainfall 
events exceeding the capacity 
of the existing sewers. The 
recommended solution includes:

óReplacement of 320m of storm 
sewers with larger sewers to 
provide more capacity; and

20
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Recommended Solution: Area 23

Flooding in this area is a result 
of flows during extreme rainfall 
events exceeding the capacity 
of the existing sewers. The 
recommended solution 
includes:

óInstallation of 600m of new 
storm sewer and open 
channel to provide additional 
capacity (Gunning Dr, Welland 
St, Main St and Bridgewater 
St).

21

Gunning Dr facing southeastWelland St facing southeast Gunning Dr facing northwestBond St facing northwest



Next Steps

After this Public Information Centre the study team will consider verbal and 
written comments in order to refine the project problems and opportunities 
as well as the recommended solutions.

For more information on this project, or to submit your comments or 
feedback, and, to be placed on our mailing list, please contact:

Kent Schachowskoj, Infrastructure and Asset Manager
Municipal Works

City of Niagara Falls
4310 Queen Street

Niagara Falls, ON  L2E 6X5
Phone: (905) 356-7521 Ext. 4336

Fax: (289) 296-0048
kschachowskoj@niagarafalls.ca

22
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1.1.1.1. IntroductionIntroductionIntroductionIntroduction    

The existing sewer infrastructure in the City of Niagara Falls, Ontario consists of a network of storm, 

sanitary and combined sewers; and 16 pumping stations. The sanitary and combined sewer systems 

discharge to the Niagara Falls Wastewater Treatment Plant (WWTP), which is operated by the Regional 

Municipality of Niagara. The storm sewer outfalls generally discharge to the Niagara River, Welland 

River, HEPC Canal, and tributaries of Shriners Creek and Pell’s Creek. The collection system also 

includes 25 active combined sewer overflows (CSO) that provide relief of sewer surcharge and excess 

flows. 

The existing drainage infrastructure is generally based on conventional stormwater management (SWM) 

measures that have been constructed for runoff control and floodplain management, premised on 

removing water as quickly as possible without a full understanding of environmental consequences. 

Previous studies have shown that the drainage infrastructure is becoming increasingly stressed due to new 

development, population growth, a growing tourism industry, and climate change impacts, resulting in 

increased levels of CSO and basement flooding in the City. To satisfy the City’s 2011-2014 strategic 

priorities in terms of a well-planned city, infrastructure sustainability, and financial stability, more 

innovative and progressive tools and techniques are required to update and improve the sustainability and 

performance of its SWM and CSO infrastructure, from both operational and financial perspectives.  

Aquafor Beech Limited (ABL) and Hatch Mott MacDonald (HMM) were retained to prepare a new 

Master Drainage Plan Update Study (MDPUS) for the City of Niagara Falls to achieve these objectives.   

One of the key tasks of the MDPUS includes the evaluation of current design rainfall events and potential 

climate change impacts, including: the development of new updated Rainfall Intensity-Duration-

Frequency (IDF) curves reflecting more recent rainfall records; and estimates of the possible extent of 

climate change (in terms of increased rainfall) and its associated impacts (in terms of the level of 

performance of the storm and combined sewer systems). 

2.2.2.2. BackgroundBackgroundBackgroundBackground    

Climate change has become a hot topic in recent years.  Climate change can impact the frequency, 

volume and intensity of rainfall events, and this in turn can impact the frequency and severity of storm 

sewer discharges, combined sewage overflows and/or basement flooding.  The objective of this technical 
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memorandum is to consider the possible extent of climate change in Niagara Falls, and its associated 

impacts on future stormwater and CSO management requirements.   

We suggest there are two possible ways to approach this, by either: 1) obtaining a more recent long-term 

rainfall record for the City of Niagara Falls that incorporates recently observed changes in rainfall (if such 

a record exists); or 2) applying some kind of safety or adjustment factor to the rainfall, wet weather flows 

and/or storm sewer and CSO discharge volumes (and/or pollutant loads) to estimate the expected impacts 

on the required capacities and/or volumes of the proposed solutions for SWM, CSO control and basement 

flooding prevention (for various levels of control). 

A variety of different approaches have been applied in an attempt to account for the possible impacts of 

climate change in the planning and design of remedial measures to reduce storm sewer and CSO 

discharges, and basement flooding, and specifically the uncertainties associated with modelling climate 

change.  Some approaches that have been employed include, but are not limited to, the following: 

• Applying a safety factor to the rainfall events or historical rainfall records being used to evaluate 

and determine design parameters for possible remedial measures (e.g. required capacity of 

sewers, pumping stations and forcemains, storage facilities and/or treatment facilities).  In 

Ottawa, the average year rainfall events were factored (increased) by 15% to account for 

uncertainties in modelling/climate change, and the hydrologic/hydraulic model of the proposed 

Combined  Sewage Storage Tunnel (CSST) system was run with the factored average rainfall to 

estimate the possible impacts of climate change on the proposed solution (D’Aoust et al, 2011).   

• The selection of the 15% climate change factor for the Ottawa CSST project was based on the 

findings of a Screening Assessment of the Potential Impacts of Climate Change on Combined 

Sewer Overflow (CSO) Mitigation in the Great Lakes and New England Regions conducted by 

the Office of Research and Development of the United States Environmental Protection Agency 

(USEPA, 2008).  The USEPA study applied two different climate change models: the Hadley 

Centre Model (HADCM2) and the Canadian Climate Centre Model (CCCM) to generate daily 

precipitation totals representative of future climate (for 2060 to 2099) based on monthly average 

atmosphere ocean general circulation model (AOGCM) outputs using a modified version of the 

WGEN stochastic weather generator.  For the Great Lakes Region, the CCCM and HADCM2 

predicted a 5% and 15% increase in daily precipitation for 2060 to 2099, respectively.  The 

authors noted their assessment was only a first step towards understanding a complex issue, the 

implications of which will vary significantly in different locations and for different systems.            
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• A working paper on Climate Change and Urban Stormwater Infrastructure in Canada: Context 

and Case Studies by Watt et al (2001) suggested that “climate change will lead to a modest 15% 

increase in the magnitude of heavy rainfalls of the type that would normally be used in the design 

of urban stormwater infrastructure”.      

3.3.3.3. MethodologyMethodologyMethodologyMethodology    and Resultsand Resultsand Resultsand Results    

3.13.13.13.1 Long Term Rainfall AnalysisLong Term Rainfall AnalysisLong Term Rainfall AnalysisLong Term Rainfall Analysis    

Before deciding on the preferred approach to considering climate change in Niagara Falls, it is prudent to 

confirm the extent of climate change that may have occurred in the area in recent years, based on an 

analysis of observed long term rainfall data.  Environment Canada has operated rainfall monitoring 

stations in the Niagara Falls area for over a century, including the following stations and periods of 

operation: 

• Niagara Falls, from 1902 to 1995 

• Niagara Falls NPCSH, from 1980 to 2011  

• Niagara Falls Ont Hydro, from 1921 to 1972 

• Niagara Falls Chippawa, from 1988 to 1990 

Daily rainfall data from each of these stations was downloaded from Environment Canada’s website, and 

reviewed to identify periods with missing records.  For the purposes of this analysis, we concentrated on 

the 7-month period from April 15 to November 14 of each year, matching the reporting period defined by 

MOECC Procedure F-5-5 (MOE, 1997).  From this initial review, a list of station-years with complete 

records for the 7-month spring-summer period was identified, and a detailed analysis of the rainfall 

occurring during the period from 1950 to 2014 was conducted, covering a period of 65 years.       

Table 1 presents the results of our detailed analysis of long term rainfall for 1950 to 2014, which 

considered not just total annual rainfall volume, but also the distribution of daily rainfall volumes within a 

number of selected volume ranges.  The table includes a summary of the total annual rainfall volumes for 

the 7-month MOECC reporting period, as well as the frequency/number of storm events falling within 

five different storm size ranges (0-5 mm, 5-10 mm, 10-25 mm, 25-50 mm, and >50 mm) during the same 

period.  The results are presented year by year and decade by decade, to reveal any trends in these rainfall 

metrics over the period from 1950 to 2014.   
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0 mm 168 163 159 168 156 123 138 155 146 177 166 160 152 148 154 88 150 141 134 138 134 135 133 127 122 129 130 125 145 126 134 124 134 135 127 116 120 129 120 134 120 139 90 120 124 132 113 126 147 151 105 145 138 131 123 141 122 153 124 145 142 135 152 133 143 136.3 129.4 143.1 122.6 149.9

0 - 5 mm 19 17 11 14 16 11 43 28 37 10 19 21 14 23 36 20 37 43 47 41 42 53 46 54 64 49 47 49 35 57 51 49 46 38 52 57 58 47 64 46 49 46 49 56 59 47 59 58 43 32 30 44 49 43 58 39 45 42 59 35 37 40 39 46 46 40.9 38.9 43.0 36.8 45.0

 5 - 10 mm 14 20 5 19 18 10 11 17 21 14 14 11 10 14 14 12 10 10 18 13 17 10 17 19 10 16 15 13 15 7 13 20 17 22 9 20 11 20 17 14 26 11 17 16 11 11 16 13 11 11 12 14 10 20 10 17 17 16 17 16 21 16 9 15 13 14.5 13.8 15.2 13.1 16.0

 10 - 25 mm 9 12 15 9 18 15 16 12 8 10 10 20 12 3 7 15 16 15 10 21 18 13 11 8 18 16 19 21 13 20 13 16 15 14 23 14 22 12 11 17 18 16 22 21 11 18 22 11 10 17 14 9 14 18 19 11 20 3 14 16 13 22 11 16 11 14.5 13.8 15.2 13.1 16.0

25-50 mm 4 2 3 3 5 5 6 2 2 2 4 0 2 5 2 2 1 5 3 1 3 2 7 6 0 4 3 5 5 3 3 5 2 4 3 6 3 5 2 3 1 2 5 1 9 5 3 6 3 2 8 2 3 2 2 4 5 0 0 2 1 1 2 3 1 3.2 3.0 3.3 2.9 3.5

> 50 mm 0 0 0 1 1 0 0 0 0 1 1 1 1 2 1 0 0 0 2 0 0 1 0 0 0 0 0 1 1 1 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 2 1 0 0 0 0 0 0 1 1 0 0.40 0.38 0.42 0.36 0.44

Total # of Rainfall Days 46 51 34 46 58 41 76 59 68 37 48 53 39 47 60 49 64 73 80 76 80 79 81 87 92 85 84 89 69 88 80 90 80 79 87 98 94 85 94 80 94 75 93 94 90 82 101 88 67 63 64 69 76 83 91 72 87 61 90 69 72 79 62 81 71 73.5 69.9 77.2 66.2 80.9

Total Rainfall (mm) 407 441 400 498 742 500 603 450 437 418 489 510 441 442 489 407 413 545 577 535 562 478 613 534 477 546 611 721 585 586 461 648 474 638 577 690 634 623 434 513 568 447 691 556 653 633 747 531 390 539 584 394 472 582 641 551 646 223 435 486 449 579 434 642 388 529 502.8 555.7 476.4 582.2

Max Day Rainfall (mm) 29 39 39 74 95 49 41 46 33 82 80 57 56 65 86 31 34 44 75 47 30 54 49 38 23 46 48 70 52 55 38 39 35 55 41 65 36 59 37 42 27 27 34 37 42 72 64 49 30 54 37 30 37 37 60 85 42 22 23 41 27 27 54 89 37 47.6 45.2 50.0 42.9 52.4

5   For coloured rows, indicates values within +/- 5% and/or within one (1) event of Long Term Average 10   For coloured rows, indicates values within +/- 10% and/or within two (2) events of Long Term Average

*   Based on the above analysis, 1967, 1969 or 1975 appear to be the most typical years, followed by 1989 and 2005
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0 mm 136.3 122.6 149.9

0 - 5 mm 40.9 36.8 45.0

 5 - 10 mm 14.5 13.1 16.0

 10 - 25 mm 14.5 13.1 16.0

25-50 mm 3.2 2.9 3.5

> 50 mm 0.40 0.36 0.44

Total # of Rainfall Days 73.5 66.2 80.9

Total Rainfall (mm) 529.3 476.4 582.2

Max Day Rainfall (mm) 47.6 42.9 52.4

Table 1:  Long Term Rainfall Analysis for Niagara Falls
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The following observations can be made regarding possible effects of climate change in Niagara Falls: 

• There is little evidence of increased annual rainfall volume in recent years. Over the past 15 years 

(from 2000 to 2014): 

• Average annual rainfall volumes were 5.5% lower than the long term average (500 versus 529 

mm/yr), and significantly lower (12.6%) than the average annual rainfalls in the 1970’s, 80’s and 

90’s (500 versus 571/569/575 mm/yr respectively). 

• The average annual number of days with at least some measured rainfall was 2.2% higher than 

the long term average (75 versus 74 days/yr).   

• The frequency of smaller rainfall events was slightly higher than the long term average.  The 

average annual number of days with  < 5 mm and between 5-10 mm of rainfall; were 6.2% (43.5 

versus 40.9 days/yr) and 2.5% (14.9 versus 14.5 days/yr) higher, respectively.  And it is worth 

noting that these are not the types of events that typically cause CSOs or basement flooding.  

• The frequency of larger rainfall events (10-25 mm, 25-50 mm, and > 50 mm) were all lower than 

the long term average, and by quite a significant amount for the two larger ranges.  The average 

annual number of days with 10-25 mm, 25-50 mm, and > 50 mm of rainfall: were 3.1% (14.1 

versus 14.5 days/yr), 24.3% (2.4 versus 3.2 days/yr), and 16.7 (0.33 versus 0.40 days/yr) lower, 

respectively.   

3.23.23.23.2 SWMMSWMMSWMMSWMM----CAT Climate Change Rainfall AnalysisCAT Climate Change Rainfall AnalysisCAT Climate Change Rainfall AnalysisCAT Climate Change Rainfall Analysis    

The United States Environmental Protection Agency (USEPA) developed a new tool to help analyze the 

impacts of climate change using the USEPA Stormwater Management Model (SWMM).  The new Storm 

Water Management Model Climate Adjustment Tool (SWMM-CAT) is a software utility that provides 

near (2020 to 2049) and far (2045 to 2074) term climate change projections, in the form of percentage 

changes in monthly temperature, evaporation and rainfall data, and 24-hour rainfall design storm intensity 

and return period, from their current parameter values.  SWMM-CAT provides a set of location-specific 

adjustments that were derived from global climate change models run as part of the World Climate 

Research Programme (WCRP) Coupled Model Intercomparison Project Phase 3 (CMIP3) archive.  

Additional details on the program can be found in the SWMM-CAT User’s Manual (USEPA, 2014), 

including the Climate Resilience Evaluation and Awareness Tool (CREAT) it employs to generate the 

near and far term climate changes (USEPA, 2012).  
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Location coordinates for Niagara Falls (latitude = 43.13, longitude = -79.08) were entered into SWMM-

CAT, and the model was run to generate near and far term projections of monthly rainfall and 24-hour 

design storm rainfall intensities (for the 5, 10, 15, 30, 50 and 100-year return periods) for the City.   

Figures 1 and 2 show the projected changes in monthly rainfall in Niagara Falls in the near (2020 to 2049) 

and far (2045 to 2074) term respectively, expressed as a percentage change from historical values for each 

month of the year.  For the median climate change scenario, the projected average annual increase in 

rainfall volume is 2.6% for the near term, and 4.8% for the far term.  For the 7-month period defined by 

MOECC Procedure F-5-5 (where CSOs are of greatest concern), the projected average annual increase in 

rainfall volume is only 0.7% for the near term, and 1.2% for the far term.   

Figure 3 and 4 show the projected changes in the highest 24-hour design storm rainfall volume in Niagara 

Falls in the near (2020 to 2049) and far (2045 to 2074) term respectively, expressed as a percentage 

change from historical values for each design storm return period.  For the median climate change 

scenario, the projected increase in the 24-hour design storm rainfall volume ranges from approximately 

3.6% for the 5-year storm to 2.1% for the 100-year storm for the near term, and from approximately 6.5% 

for the 5-year storm to 3.8% for the 100-year storm in the far term.  It is also worth noting that the 

percentage increase in the 24-hour design storm rainfall volume (and the impact of future climate change) 

decreases quite significantly as the return period increases (at least for the median and warm-wet climate 

change scenarios).    

4.4.4.4. Climate Change Sensitivity AnalysisClimate Change Sensitivity AnalysisClimate Change Sensitivity AnalysisClimate Change Sensitivity Analysis    

The beginning of this TM discussed some possible approaches to the investigation of the possible impacts 

of future climate change on the required capacities and/or volumes (and life cycle costs) of the proposed 

solutions for SWM and CSO control, and basement flooding (for various levels of control), and suggested 

that a climate change sensitivity analysis be conducted, considering the impacts of increasing the rainfall 

records/design storms by say 5% to 15%, in increments of 5%.  The 5% climate change scenario most 

closely reflects the findings of the Niagara Falls SWMM-CAT near and far term climate change 

projections, and the 5% and 10% scenarios mirror the results of the screening assessment of the potential 

impacts climate change on combined sewer overflow (CSO) mitigation in the Great Lakes Region 

(USEPA, 2008); and provide a reasonable basis for considering the potential impacts of climate change 

on the SWM and CSO and basement flooding control measures to be included in the Niagara Falls 

MDPUS.  Based on these findings, the 10 and 15% rainfall increase scenarios are unlikely to occur in 

Niagara Falls, but are probably worth considering in any case, as climate change, by its very nature can be 

very difficult to predict.  



Figure 1:  Near Term (2020-2045) Rainfall Projection for Niagara Falls 



Figure 2:  Far Term (2045-2074) Rainfall Projection for Niagara Falls 



Figure 3:  Near Term (2020-2045) 24-Hour Design Storm Projection for Niagara Falls 



Figure 4:  Far Term (2045-2074) 24-Hour Design Storm Projection for Niagara Falls 
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The 5%, 10% and 15% climate change rainfall increase scenarios should be applied to the SWM and CSO 

and basement control measures ultimately considered and proposed by the MDPUS, to estimate the 

impacts of each on the size and cost of the proposed control measures.  Based on the findings of the 

studies mentioned above (USEPA, 2008 and D’Aoust et al, 2011), the following assumptions could be 

applied to the sensitivity analysis: 

• A 5% increase in rainfall is assumed to generate a 10% increase in runoff volume and a 15% 

increase in sewage bypass volume. 

• A 10% increase in rainfall is assumed to generate a 20% increase in runoff volume and a 30% 

increase in sewage bypass volume. 

• A 15% increase in rainfall is assumed to generate a 30% increase in runoff volume and a 45% 

increase in sewage bypass volume. 

A more rigorous approach, and the one that we would recommend, would be to conduct the climate 

change sensitivity analysis using the new trunk storm and combined sewer hydraulic model developed for 

the MDPUS.  This would comprise running simulations for the current set of design storms (for 

evaluation and sizing of SWM and basement flooding control measures) and the average year (for 

evaluation and sizing of CSO control measures) – to create the baseline case; re-running the simulations 

for 5%, 10% and 15% increases in the design storm and average year rainfall; and finally analyzing the 

results of the simulations to estimate the potential impact on the size and cost of the various SWM and 

CSO and basement flooding control measures proposed by the Niagara Falls MDPUS.  

As noted above, there is little evidence of increased annual rainfall volume in Niagara Falls in recent 

years.  Average annual rainfall volumes for the past 15 years (2000 to 2014) were actually 5.5% lower 

than the long term average, and significantly lower (by 12.6%) than the average annual rainfalls in the 

1970’s, 80’s and 90’s; and the frequency of the larger rainfall events (> 25 mm) that cause most of the 

SWM and CSO problems were all significantly lower than the long term average (by 15-25%).  So it is 

not a given that rainfall will increase much in the future, and even the 5% rainfall increase scenario may 

be overly conservative when considering potential climate change impacts. 
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1.1.1.1. IntroductionIntroductionIntroductionIntroduction    

The existing sewer infrastructure in the City of Niagara Falls, Ontario consists of a network of storm, 

sanitary and combined sewers; and 16 pumping stations. The sanitary and combined sewer systems 

discharge to the Niagara Falls Wastewater Treatment Plant (WWTP), which is operated by the Regional 

Municipality of Niagara. The storm sewer outfalls generally discharge to the Niagara River, Welland 

River, HEPC Canal, and tributaries of Shriners Creek and Pell’s Creek. The collection system also 

includes 25 active combined sewer overflows (CSO) that provide relief of sewer surcharge and excess 

flows. 

The existing drainage infrastructure is generally based on conventional stormwater management (SWM) 

measures that have been constructed for runoff control and floodplain management, premised on 

removing water as quickly as possible without a full understanding of environmental consequences. 

Previous studies have shown that the drainage infrastructure is becoming increasingly stressed due to new 

development, population growth, a growing tourism industry, and climate change impacts, resulting in 

increased levels of CSO and basement flooding in the City. To satisfy the City’s 2011-2014 strategic 

priorities in terms of a well-planned city, infrastructure sustainability, and financial stability, more 

innovative and progressive tools and techniques are required to update and improve the sustainability and 

performance of its SWM and CSO infrastructure, from both operational and financial perspectives.  

Aquafor Beech Limited (ABL) and Hatch Mott MacDonald (HMM) were retained to prepare a new 

Master Drainage Plan Update Study (MDPUS) for the City of Niagara Falls to achieve these objectives.   

One of the key tasks of the MDPUS includes the evaluation of current design rainfall events and potential 

climate change impacts, including: the development of new updated Rainfall Intensity-Duration-

Frequency (IDF) curves reflecting more recent rainfall records; and estimates of the possible extent of 

climate change (in terms of increased rainfall) and its associated impacts (in terms of the level of 

performance of the storm and combined sewer systems). 

2.2.2.2. BackgroundBackgroundBackgroundBackground    

Rainfall Intensity-Duration-Frequency (IDF) curves describe the probability of occurrence extreme 

rainfall events of various rates and durations, and are routinely used in the design and management of 

drainage infrastructure.  The current IDF curves used by the City of Niagara Falls were derived by 

Falcone Smith Associates Inc. in 1989 as part of the Shriner’s Creek Watershed Study.  The study 
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developed new IDF curves for the City of Niagara Falls, based on 22 years of rainfall data (collected prior 

to 1989) from the Atmospheric Environment Service (AES) rainfall monitoring station in Niagara Falls 

(located in the northeast area of the City), for design storms with return intervals of 2, 5, 10, 25, 50 and 

100-years. 

Task 6.9 of the Niagara Falls MDPUS includes an analysis of the City’s existing stormwater drainage 

system to evaluate the level of service it currently provides, based on current climate conditions.  Updated 

climate data (precipitation and air temperature) will be input into the new hydrologic/hydraulic model of 

the City’s drainage system to determine the degree of change in flows and the sensitivity of the drainage 

system to these changes, including the impact on the level of service the system provides, which is 

typically expressed as the return period of the design rainfall event the drainage system can accommodate 

before surcharging and/or flooding occurs.  This analysis requires an updated set of IDF curves based on 

more recent rainfall records.   

The remainder of this Tech Memo discusses the methodology and results of the development of new 

rainfall IDF curves for the City of Niagara Falls, updated to reflect more recent rainfall records; and 

suggests some next steps for estimating the potential impacts of climate change on the level of 

performance of the City’s storm and combined sewer systems.   

3.3.3.3. MethodologyMethodologyMethodologyMethodology    and Resultsand Resultsand Resultsand Results    

3.13.13.13.1 Source of Source of Source of Source of Recent Recent Recent Recent Rainfall DataRainfall DataRainfall DataRainfall Data    

More recent raw rainfall data (at 5-minute increments) was obtained from the Regional Municipality of 

Niagara from 5 precipitation monitoring stations within the City of Niagara Falls (at the locations shown 

in Figure 1).  The following rain gauges and periods of records were used in the study: 

• Niagara Falls WWTP Precipitation Station, from Jan 1998 to Apr 2015 

• Niagara Falls WTP Precipitation Station, from Jan 1998 to Apr 2015 

• Southside Highlift SPS Climate Station, from Jan 1998 to Apr 2015 

• Kalar Road SPS Precipitation Station, from Jan 1998 to Apr 2015 

• Garner Road Biosolids Climate Station, from Jan 1998 to Apr 2015 
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Figure 1:  Available Rainfall Stations in the City of Niagara Falls 
 

3.23.23.23.2 Quality Assurance Quality Assurance Quality Assurance Quality Assurance Checking Checking Checking Checking of Recent Rainfall Dataof Recent Rainfall Dataof Recent Rainfall Dataof Recent Rainfall Data    

The recent data from the five stations was first subjected to quality assurance checking to identify any 

locations and/or periods of rainfall that might include data of questionable accuracy or reliability, or 

might include very localized rainfall anomalies that could unnecessarily skew the results of the IDF 

curves analysis and update.      

Some of the key findings of the quality assurance checking included: 

1) Data Errors at the Niagara Falls WWTP Station  

a. The raw data on August 5, 2003 recorded ~ 90 mm of rainfall in just over 2 hours.  None of 

the other stations recorded such a high intensity rainfall during the same period. 

b. When cross-checked with the daily rainfall totals for the same station (from the AES 

website), it appears that only 11.8 mm of rainfall occurred on that day.  Similar raw data 

inconsistencies were found for periods in 2004 and 2005 for the same station.   

c. Based on these data inconsistencies, we conclude that this station does not provide a reliable 

basis for updating the City’s IDF curve parameters. 

2) Missing Data at the Niagara Falls Garner Road Station 



 

September 21, 2015  Page 4 

 

a. 4 years of data was missing at the station between 1998-2001, providing only 12 years of data 

for IDF curve analysis. 

b. Based on the reduced length of this data set, we conclude that this station does not provide a 

reliable enough basis for updating the City’s IDF curve parameters. 

3.33.33.33.3 Analysis of Recent Rainfall DataAnalysis of Recent Rainfall DataAnalysis of Recent Rainfall DataAnalysis of Recent Rainfall Data    

Despite the findings of the quality assurance checks discussed above (which indicate problems with some 

of the data from the AES Niagara Falls WWTP and Garner Road stations), new IDF curve parameters 

were developed for each of the five Niagara Falls AES rainfall stations, based on the recent rainfall data 

recorded from Jan 1998 to Apr 2015.     

Summary sheets were developed from the raw rainfall data for each station, similar in format to the AES 

rainfall data used in the Falcone Smith study.  The data was analyzed and maximum recorded rainfall 

amounts (in mm) were calculated for each station, for a number of different rainfall durations, for each 

year of record; and using lognormal parameterized equations, the return period values were derived for 

each station.  This method is consistent with the approach used by Environment Canada to generate the 

AES rainfall records data summary sheets (1964-1989) used in the previous IDF curve analysis conducted 

by Falcone Smith (1989).   

Table 1 provides a summary of recent historical rainfall data from each of the five stations, in terms of 

total rainfall depth (mm) as a function of storm duration and return period. 

3.43.43.43.4 Frequency Analysis & IDF Curve DevelopmentFrequency Analysis & IDF Curve DevelopmentFrequency Analysis & IDF Curve DevelopmentFrequency Analysis & IDF Curve Development    

IDF curves indicate the relationship between rainfall intensity, duration and annual exceedance 

probability, which are typically generated from an extreme value statistical analysis.  For the purpose of 

the current analysis, a Log-Pearson distribution was applied to fit annual rainfall extremes from 16 years 

of local records covering the period from Jan 1998 to Apr 2015.  Typically, we would prefer to have at 

least 20 years of data to work with, but we required 5-minute data, and this was the only suitable local 

period of record available.  In any case, it is worth remembering that we are trying to represent current 

climate conditions, so there is a limit to how far we want to go back in time for the IDF curve update, and 

a period of between 15-20 years seems a reasonable compromise between the length and age of the 

records.    



Period of Record (yr)

Duration 2 5 10 25 50 100 16 Duration (min) 2 5 10 25 50 100

5 7.20 9.74 11.42 13.56 15.16 16.77 16 5 86.45 116.87 137.10 162.73 181.92 201.21

10 11.66 15.88 18.93 23.09 26.42 29.95 16 10 69.97 95.25 113.58 138.54 158.52 179.69

15 14.30 19.53 23.03 27.49 30.85 34.23 16 15 57.19 78.11 92.11 109.97 123.39 136.94

30 17.39 25.32 32.12 42.82 52.52 63.94 16 30 34.78 50.65 64.24 85.64 105.05 127.88

60 20.33 31.16 41.04 57.39 72.96 92.05 16 60 20.33 31.16 41.04 57.39 72.96 92.05

120 24.50 38.30 50.67 70.87 89.90 112.92 16 120 12.25 19.15 25.33 35.44 44.95 56.46

360 35.70 53.78 68.39 90.28 109.27 130.80 16 360 5.95 8.96 11.40 15.05 18.21 21.80

720 41.74 61.44 77.16 100.49 120.54 143.12 16 720 3.48 5.12 6.43 8.37 10.05 11.93

1440 50.35 68.89 82.64 101.81 117.44 134.26 16 1440 2.10 2.87 3.44 4.24 4.89 5.59

Period of Record (yr)

Duration 2 5 10 25 50 100 16 Duration (min) 2 5 10 25 50 100

5 5.92 7.54 8.48 9.55 10.27 10.94 16 5 71.09 90.48 101.73 114.56 123.26 131.33

10 9.66 13.08 15.11 17.45 19.04 20.52 16 10 57.99 78.47 90.64 104.67 114.25 123.14

15 12.32 16.50 18.94 21.69 23.54 25.23 16 15 49.28 66.01 75.75 86.75 94.14 100.92

30 15.50 21.35 25.17 29.94 33.46 36.93 16 30 31.01 42.70 50.34 59.89 66.92 73.87

60 19.08 23.81 26.67 30.06 32.45 34.72 16 60 19.08 23.81 26.67 30.06 32.45 34.72

120 23.92 28.04 29.84 31.47 32.35 33.03 16 120 11.96 14.02 14.92 15.73 16.17 16.51

360 30.48 39.99 47.06 56.91 64.94 73.58 16 360 5.08 6.66 7.84 9.49 10.82 12.26

720 35.30 46.76 55.34 67.38 77.23 87.90 16 720 2.94 3.90 4.61 5.61 6.44 7.33

1440 44.13 55.95 63.93 74.21 82.05 90.03 16 1440 1.84 2.33 2.66 3.09 3.42 3.75

Period of Record (yr)

Duration 2 5 10 25 50 100 12 Duration (min) 2 5 10 25 50 100

5 5.08 7.40 8.73 10.17 11.10 11.92 12 5 60.92 88.82 104.73 122.08 133.24 143.08

10 7.48 10.41 11.76 12.95 13.57 14.03 12 10 44.91 62.49 70.54 77.68 81.41 84.19

15 8.86 12.86 14.86 16.78 17.86 18.72 12 15 35.43 51.42 59.44 67.13 71.45 74.87

30 11.93 17.70 20.97 24.48 26.70 28.63 12 30 23.85 35.40 41.94 48.95 53.39 57.25

60 16.07 23.90 28.60 33.97 37.56 40.85 12 60 16.07 23.90 28.60 33.97 37.56 40.85

120 19.08 27.74 33.47 40.67 45.97 51.22 12 120 9.54 13.87 16.73 20.33 22.99 25.61

360 26.90 35.72 41.60 49.06 54.65 60.30 12 360 4.48 5.95 6.93 8.18 9.11 10.05

720 31.86 40.01 44.94 50.78 54.89 58.80 12 720 2.66 3.33 3.75 4.23 4.57 4.90

1440 39.31 47.69 51.51 55.04 56.99 58.52 12 1440 1.64 1.99 2.15 2.29 2.37 2.44

Period of Record (yr)

Duration 2 5 10 25 50 100 16 Duration (min) 2 5 10 25 50 100

5 5.81 7.97 9.62 11.98 13.94 16.09 16 5 69.76 95.68 115.49 143.78 167.31 193.11

10 9.08 12.48 14.98 18.43 21.23 24.23 16 10 54.47 74.85 89.87 110.60 127.40 145.38

15 11.57 15.71 18.65 22.60 25.72 29.00 16 15 46.28 62.82 74.59 90.40 102.90 115.99

30 15.48 21.10 24.72 29.21 32.50 35.72 16 30 30.96 42.19 49.44 58.43 64.99 71.43

60 20.06 27.39 31.91 37.29 41.08 44.69 16 60 20.06 27.39 31.91 37.29 41.08 44.69

120 23.91 31.44 35.95 41.22 44.86 48.30 16 120 11.95 15.72 17.98 20.61 22.43 24.15

360 33.06 42.63 48.14 54.36 58.54 62.38 16 360 5.51 7.10 8.02 9.06 9.76 10.40

720 38.59 50.17 56.89 64.50 69.64 74.38 16 720 3.22 4.18 4.74 5.38 5.80 6.20

1440 45.42 56.01 61.66 67.64 71.45 74.81 16 1440 1.89 2.33 2.57 2.82 2.98 3.12

Period of Record (yr)

Duration 2 5 10 25 50 100 16 Duration (min) 2 5 10 25 50 100

5 5.82 7.98 9.95 13.19 16.23 19.92 16 5 69.80 95.71 119.41 158.23 194.78 239.02

10 8.49 11.75 14.81 19.93 24.84 30.87 16 10 50.93 70.53 88.89 119.58 149.03 185.22

15 11.28 14.77 17.66 22.02 25.85 30.22 16 15 45.14 59.07 70.62 88.10 103.40 120.87

30 15.44 19.09 21.46 24.42 26.61 28.80 16 30 30.87 38.18 42.92 48.84 53.22 57.59

60 18.87 23.30 25.95 29.07 31.26 33.33 16 60 18.87 23.30 25.95 29.07 31.26 33.33

120 21.85 27.40 31.36 36.70 40.92 45.36 16 120 10.92 13.70 15.68 18.35 20.46 22.68

360 29.65 36.65 42.27 50.49 57.46 65.20 16 360 4.94 6.11 7.05 8.41 9.58 10.87

720 32.53 40.39 47.39 58.41 68.34 79.91 16 720 2.71 3.37 3.95 4.87 5.70 6.66

1440 39.56 48.08 55.46 66.75 76.69 88.04 16 1440 1.65 2.00 2.31 2.78 3.20 3.67

Table 1:  Historical Return Period Rainfall Amounts for Niagara Falls for 1998-2015 

Return Period Rainfall Amounts(mm)

Southside Highlift SPS

Return Period Rainfall Intensity (mm/hr)

Return Period Rainfall Intensity (mm/hr)

Niagara Falls WWTP

Return Period Rainfall Amounts(mm) Return Period Rainfall Intensity (mm/hr)

Kalar Road

Return Period Rainfall Amounts(mm)

Return Period Rainfall Amounts(mm)

Garner Road

Niagara Falls WTP

Return Period Rainfall Amounts(mm)

Return Period Rainfall Intensity (mm/hr)

Return Period Rainfall Intensity (mm/hr)
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Updated IDF Curves were developed for each of the five Niagara Falls AES rainfall stations, via the 

following steps: 

1) Annual Maximum Series Development 

a. The quality of the available rain gauge data was reviewed and confirmed.  

b. The recorded maximum rainfall amounts (P) occurring during each IDF curve time 

duration (i.e. 5/10/15/30 minute and 1/2/6/12/24 hour), were calculated for each year 

within the 16 year period of record.  

2) Return Period Frequency Analysis 

c. The annual maximum rainfall amounts (P) occurring within each IDF curve time 

duration were ranked from largest to smallest, and assigned a ranking number (m) from 1 

(largest) to 16 (lowest). 

d. The Return Period and Exceedance Probability describe the recurrence interval of the 

extreme events.  The Exceedance Probability (F) and Return Period (T) for each record 

year were calculated using the following equations: 

 
 

 

Where m = the ranking number; and n = total number of record years, which is 16. 

e. Statistical parameters were calculated for the annual maximum series including: 

• The log value (Y) of each recorded rainfall amount (P):   

• The mean ( ), standard deviation (σ) and skewness (Cs) of the log value (Y). 

• The Frequency Factor (K(T)) for each return period was obtained from Frequency 

Factor Table for the Gamma and Pearson Type III Distributions.   

f. A Log-Pearson Distribution was fitted to the transformed Y(T) value using the equation:  

 

Where K(T) = the frequency factor obtained from Step 2e;  = the mean value of log 

value (Y) calculated from Step 2e; and σ = the standard deviation of log value (Y) 

calculated from Step 2e. 

g. The fitted Log-Pearson distribution was then used to obtain subsequent “parametric” 

rainfall depths and intensities for return period probabilities. 
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3) Fitting the IDF Curves 

h. IDF curve parameters were obtained by plotting rainfall duration versus rainfall intensity 

for each return period interval, and determining the best fitting curves for each return 

period interval, using the following form of equation: 

 

Where I = rainfall intensity;  t = rainfall duration;  and a/b/c are IDF curve parameters.  

i. Various methods were considered for best fitting of the IDF curves, including using the 

least sum of square root difference, or using hydrologic model tools such as 

VisualHYMO and SWMHYMO.  In the end, the least square root difference method was 

selected as the basis for determining the final updated IDF curve parameters, since it 

typically provides the best fit.   

j. The non-linear least square curve fitting for the updated IDF curves was performed using 

a solver function in Microsoft Excel.  The Excel solver function was used to adjust and 

readjust the initial a/b/c values to achieve the least sum of square root difference between 

the observed and calculated rainfall intensity, and the resulting final calculated IDF curve 

parameters for each of the return period intervals were determined, for each of the five 

rainfall stations. 

4.4.4.4. DiscussionDiscussionDiscussionDiscussion    

Table 2 presents the updated IDF curve parameters for the five respective rainfall stations, along with the 

resulting rainfall intensities for each time duration (for 1 to 24 hours) and return period frequency (for 2, 

5, 10, 25, 50 and 100-year storms); and Figures 2a to 2e provide plots of the updated IDF curves for each 

respective station for each return period frequency. 

The updated IDF curve parameters for the Niagara Falls WTP, Southside Highlift SPS, Kalar Road, and 

Garner Road rainfall stations are all fairly similar, but all far different from those for the Niagara Falls 

WWTP station.  Figure 3 compares rainfall depth versus duration for the five stations, as computed by the 

fitted IDF curves for the 100-year return period storm – with the computed rainfall depths for the Niagara 

Falls WWTP station being about twice that of the other four stations.  We believe this is due to the data 

inconsistencies associated with this station (discussed above), including the much higher rainfall amount 

recorded at this station (than the other stations) on August 5, 2003; and as noted above, we would not 

recommend using the updated IDF curve for this station. 



2 5 10 25 50 100 2 5 10 25 50 100 2 5 10 25 50 100

a 618 939 1296 2189 3886 8640 a 528 792 976 1214 1408 1587 a 558 688 763 877 999 1128

b 7.8 9.0 11.0 16.2 24.0 37.6 b 8.8 9.1 8.9 8.1 7.6 6.9 b 8.5 6.7 5.4 4.0 3.4 2.8

c 0.78 0.79 0.81 0.85 0.91 0.99 c 0.77 0.80 0.81 0.83 0.84 0.85 c 0.80 0.80 0.80 0.79 0.79 0.79

2 5 10 25 50 100 2 5 10 25 50 100 2 5 10 25 50 100

5 83.9 116.3 138.1 163.9 181.8 210.8 5 69.2 95.7 114.9 143.6 166.6 192.4 5 69.0 95.2 117.6 153.5 184.3 220.7

10 64.8 91.3 110.9 137.0 157.3 188.9 10 54.5 75.1 89.5 109.8 125.7 142.7 10 53.6 71.5 86.0 108.1 127.2 148.9

15 53.4 75.9 93.3 118.1 138.9 171.1 15 45.4 62.3 73.9 89.7 101.9 114.4 15 44.2 57.9 68.7 84.8 98.9 114.6

30 35.9 51.7 64.6 84.6 103.3 133.4 30 31.1 42.4 49.7 59.2 66.3 73.4 30 29.7 38.0 44.2 53.5 61.6 70.5

60 22.7 32.9 41.5 55.4 69.1 92.7 60 20.0 26.9 31.2 36.6 40.5 44.2 60 18.7 23.5 27.1 32.4 37.0 42.1

120 13.8 20.1 25.3 33.8 42.3 57.7 120 12.3 16.3 18.8 21.6 23.7 25.6 120 11.3 14.0 16.1 19.1 21.8 24.7

360 6.1 8.7 10.9 14.3 17.4 23.1 360 5.5 7.0 8.0 9.0 9.7 10.4 360 4.8 6.0 6.9 8.1 9.2 10.5

720 3.5 5.1 6.3 8.1 9.5 12.2 720 3.2 4.1 4.6 5.1 5.5 5.8 720 2.8 3.4 4.0 4.7 5.4 6.0

1440 2.1 3.0 3.6 4.5 5.1 6.3 1440 1.9 2.4 2.6 2.9 3.1 3.2 1440 1.6 2.0 2.3 2.7 3.1 3.5

2 5 10 25 50 100 2 5 10 25 50 100

a 648 1049 1244 1563 1611 1663 a 300 510 592 642 641 637

b 10.1 13.3 14.2 16.5 16.0 16.1 b 4.2 4.8 4.3 3.4 2.5 1.8

c 0.82 0.85 0.86 0.87 0.85 0.84 c 0.71 0.76 0.76 0.75 0.74 0.73

2 5 10 25 50 100 2 5 10 25 50 100

5 70.9 88.3 99.2 109.7 119.5 127.0 5 61.3 90.5 108.5 129.3 144.4 157.9

10 56.1 71.9 81.4 91.5 99.5 106.1 10 45.0 66.3 78.2 91.0 99.0 105.8

15 46.8 61.0 69.3 78.8 85.7 91.6 15 36.2 53.1 62.3 71.7 77.2 81.8

30 32.0 42.4 48.6 56.2 61.1 65.7 30 24.0 34.7 40.2 45.7 48.8 51.4

60 20.3 27.1 31.2 36.5 39.8 43.0 60 15.3 21.6 24.9 28.2 30.1 31.7

120 12.2 16.3 18.8 22.1 24.2 26.4 120 9.5 13.2 15.1 17.1 18.3 19.4

360 5.2 6.8 7.8 9.2 10.2 11.2 360 4.4 5.8 6.7 7.6 8.2 8.8

720 3.0 3.8 4.4 5.1 5.7 6.3 720 2.7 3.5 3.9 4.5 4.9 5.3

1440 1.7 2.1 2.4 2.8 3.2 3.6 1440 1.7 2.1 2.3 2.7 3.0 3.2

Niagara Falls WTP

IDF Curve Parameters

(t in min)

Intensity (mm/hr)

Southside Highlift SPS

IDF Curve Parameters

(t in min)

Intensity (mm/hr)

Garner Road

Curve Parameters

(t in min)

Intensity (mm/hr)

IDF Curve Parameters

(t in min)

    Kalar Road

Intensity (mm/hr)

Niagara Falls WWTP

Intensity (mm/hr)

Curve Parameters

(t in min)

Table 2:  Updated IDF Curve Parameters and Design Rainfall Volumes for the City of Niagara Falls



Figure 2a:  Updated IDF Curves for Niagara Falls WWTP Rainfall Station 
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Figure 2b:  Updated IDF Curves for Niagara Falls WTP Rainfall Station 
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Figure 2c:  Updated IDF Curves for Southside Highlift SPS Rainfall Station 
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Figure 2d:  Updated IDF Curves for Kalar Road Rainfall Station 
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Figure 2e:  Updated IDF Curves for Garner Road Rainfall Station 
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Figure 3:  Comparison of Updated IDF Curves for City of Niagara Falls 
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Table 3 presents a comparison of the updated IDF curves (and resulting design rainfall volumes) with the 

IDF curves developed previously by Falcone-Smith, for each of the five rainfall stations.  With the 

exception of the updated IDF curve for the Niagara Falls WWTP station (which we believe to be 

somewhat unreliable as discussed above), the updated IDF curves generate rainfall volumes and 

intensities that are slightly lower than those generated by the previous IDF curves, confirming the 

findings of our Climate Change Analysis, which were discussed in a separate Tech Memo (HMM, 2015).  

This analysis found little evidence of increased annual rainfall volume in Niagara Falls in recent years.  

Average annual rainfall volumes for the past 15 years (2000 to 2014) were actually 5.5% lower than the 

long term average, and significantly lower (by 12.6%) than the average annual rainfalls in the 1970’s, 

80’s and 90’s; and the frequency of the larger rainfall events (> 25 mm) that cause most of the SWM and 

CSO problems were all significantly lower than the long term average (by 15-25%).   

Based on the above findings, we would suggest one of the following approaches for storm sewer design 

in the City of Niagara Falls: 

1) Continue to use the 1989 IDF curves developed by Falcone-Smith for continued conservatism; 

2) Use the updated IDF curve from the Kalar Road climate station, which is based on more recent 

rainfall data; or 

3) Apply some sort of increase to one of the above sets of IDF curves to provide a safety factor in 

the design of future stormwater infrastructure (and upgrades) to account for possible future 

climate change impacts.   

One approach to option 3) would be to apply the rainfall increases predicted by the SWMM-CAT climate 

change tool, as discussed in the Tech Memo discussed above  (HMM, 2015), and summarized here again 

for convenience. 

Figures 4 and 5 show the projected changes in monthly rainfall in Niagara Falls in the near (2020 to 2049) 

and far (2045 to 2074) term respectively, expressed as a percentage change from historical values for each 

month of the year.  For the median climate change scenario, the projected average annual increase in 

rainfall volume is 2.6% for the near term, and 4.8% for the far term.  For the 7-month period defined by 

MOECC Procedure F-5-5 (where CSOs are of greatest concern), the projected average annual increase in 

rainfall volume is only 0.7% for the near term, and 1.2% for the far term.  Such rainfall increases would 

not be expected to have a very significant impact on future stormwater runoff volumes, or the size and 

cost of associated stormwater and CSO management measures.   

Figures 6 and 7 show the projected changes in the highest 24-hour design storm rainfall volume in 

Niagara Falls in the near (2020 to 2049) and far (2045 to 2074) term respectively, expressed as a 
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Figure 4:  Near Term (2020-2045) Rainfall Projection for Niagara Falls 



Figure 5:  Far Term (2045-2074) Rainfall Projection for Niagara Falls 



Figure 6:  Near Term (2020-2045) 24-Hour Design Storm Projection for Niagara Falls 



Figure 7:  Far Term (2045-2074) 24-Hour Design Storm Projection for Niagara Falls 
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percentage change from historical values for each design storm return period.  For the median climate 

change scenario, the projected increase in the 24-hour design storm rainfall volume ranges from 

approximately 3.6% for the 5-year storm to 2.1% for the 100-year storm for the near term, and from 

approximately 6.5% for the 5-year storm to 3.8% for the 100-year storm in the far term.  It is also worth 

noting that the percentage increase in the 24-hour design storm rainfall volume (and the impact of future 

climate change) decreases quite significantly as the return period increases (at least for the median and 

warm-wet climate change scenarios).   Again, such rainfall increases would not be expected to have a 

significant impact on future wet weather flow volumes, or the size and cost of associated stormwater and 

CSO management measures.   

5.5.5.5. Next StepsNext StepsNext StepsNext Steps    

The next step will be conduct a climate change sensitivity analysis using the new trunk storm and 

combined sewer hydraulic model developed for the MDPUS.  This would comprise running simulations 

for one of the current set of design storms (for evaluation and sizing of SWM and basement flooding 

control measures) and the average year (for evaluation and sizing of CSO control measures) – to create 

the baseline case; re-running the simulations for one of the climate change options discussed in HMM 

(2015) - e.g. applying the design storm rainfall increases predicted by SWMM-CAT, or applying 5%, 

10% and 15% increases in the design storm and average year rainfall;  and finally analyzing the results of 

the simulations to estimate the potential impact on the size and cost of the various SWM and CSO and 

basement flooding control measures proposed by the Niagara Falls MDPUS.  

As noted above, there is little evidence of increased annual rainfall volume in Niagara Falls in recent 

years.  Average annual rainfall volumes for the past 15 years (2000 to 2014) were actually 5.5% lower 

than the long term average, and significantly lower (by 12.6%) than the average annual rainfalls in the 

1970’s, 80’s and 90’s; and the frequency of the larger rainfall events (> 25 mm) that cause most of the 

SWM and CSO problems were all significantly lower than the long term average (by 15-25%).  So it is 

not a given that rainfall will increase much in the future, and even the 5% rainfall increase scenario may 

be overly conservative when considering potential climate change impacts. 
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APPENDIX D  
PUBLIC INFORMATION CENTRE  



Welcome to the

City of Niagara Falls

Master Drainage Plan Update Study 
(MDPUS)

Public Information Centre #1

View displays and discuss the study with project staff
Feel free to ask questions and fill out a comment sheet
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Purpose of this Study

Study Purpose
The City of Niagara Falls has initiated a Master Plan (Approach 1) Municipal Class 
Environmental Assessment (EA) to address issues relating to:

lDrainage system infrastructure,
lDegraded water quality conditions in streams, rivers,
lDegraded aquatic habitat in streams, rivers, and
lErosion within existing urban areas.

The objective is to provide a strategic plan, drainage policies and a capital 
strategy in order to define ongoing capital, operation and maintenance, and the 
long term growth and sustainability of the City’s drainage system infrastructure.

The study is being planned under the requirements set out in the Municipal  Class 
Environmental Assessment (MCEA) document dated October 2000, amended in 
2011. The MCEA process provides members of the public and interest groups to 
provide input at the key stages of the study.

2



Objective of Tonight’s Meeting

lProvide background on the study,

lSummarize existing conditions within the study area,

lPresent a list of alternatives that address existing issues,

lOutline the next steps in the study process, and

lReceive your feedback and answer your questions.

3



Municipal Class Environmental Assessment Process

This study is being undertaken as a Master Plan (Approach 1) project under the 
Municipal Class Environmental Assessment (EA) process. The flow chart illustrates the 
key steps to be undertaken as part of the EA process.

Background data collection and 
interpretation

Define project 
problems/opportunities

Determination of existing 
conditions

Develop list of alternatives and 
evaluation criteria

Evaluate alternatives and identify 
recommended solutions

Select preferred solution

Produce EA Report and file for 
30-day review period

Public Information 
Centre #1

We are here

4



Study Area

The study area covers the 
urban and rural parts of the 
City, which expands over an 
area of 212 km2. The urban 
area, where the majority of 
the effort will be spent, 
covers around 60 km2 of the 
total area. A number of 
streams and rivers of varying 
size are located within the 
study area. These include 
the Welland River, Lyons 
Creek and Thompsons 
Creek.
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Study Background

The City of Niagara Falls has completed several previous studies relating to 
drainage issues, infrastructure and water quality. These include:

lCity of Niagara Falls Master Drainage Plan (1981)
lRural Area Drainage Study (1987)
lNiagara Falls Pollution Control Plan (2008)

This study will incorporate the findings from previous studies and ultimately 
develop an integrated plan for urban and rural environments in order to:

lBetter understand potential issues,
lDefine existing conditions,
l Identify and evaluate alternative solutions, and
lDevelop an implementation plan.

6



Existing Conditions – Stormwater Infrastructure

The objectives of the stormwater 
infrastructure component of the 
study is to:

lDevelop a storm trunk 
sewer network model,
l Identify and assess the 

existing stormwater 
management ponds, and
lDevelop a stormwater 

management program to 
address deficiencies

The accompanying figure 
illustrates the location of existing 
storm sewers (600mm or larger) 
that were included in the 
assessment as well as the 
stormwater management 
facilities.
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Existing Conditions – Stormwater Infrastructure

The accompanying figure 
illustrates the general location 
where basement or surface 
flooding has occurred since 
2000. Also shown is a 
summary as to whether the 
flooding is attributable to 
issues in the sanitary, 
combined or storm sewer 
system. This study will 
primarily address flooding 
related to a lack of capacity in 
the storm sewer system 
(including stormwater ponds). 

8
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Existing Conditions – Stormwater Infrastructure

The accompanying figure 
illustrates the “level of service”, 
or storm sewer capacity, 
currently provided by each of 
the 5,000 existing storm 
sewers which are 600mm or 
larger. Sewers with a 2 year 
capacity suggests that, on 
average, the capacity of the 
sewer will be exceeded every 2 
years.
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Existing Conditions – Water Quality

Objectives
The objective of the water quality component of the 
study is to:

l Review existing data to determine the 
relative health of watercourses

l Provide direction as to where, and what type, 
of alternative solutions might be beneficial in 
improving deteriorated conditions.

Methodology
Background reports were reviewed and data was 
compiled and summarized (NPCA Watershed Report 
Cards, NPCA Water Quality Reports). 

Findings
The accompanying figure summarizes the general 
condition of each subwatershed within the City, 
according to the background information compiled.  
The Final Grade is based on three indicators 
(phosphorus, bacteria and benthics) and scored as 
shown below. 

Surface water quality grades for the City watersheds 
range from C to F with the majority of watersheds 
scoring D.  Overall, the poorest water quality scores 
were in the Niagara-on-the-Lake watersheds, Two Mile 
Creek and Four Mile Creek.
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Existing Conditions – Stream Erosion

Objectives
The objectives of the stream erosion component of the 
study are to:

l Characterize the existing condition of urban 
streams with respect to erosion potential, and

l Provide direction as to where, and what type, 
of alternative solutions might be beneficial in 
restoring degraded conditions.

Methodology
Aquafor Beech Limited staff walked watercourses that 
receive outflow from storm water infrastructure within 
the urbanized areas in the City.  The extent of the creek 
walks is shown in the map opposite.  During the walks, 
assessment tools were used to determine the dominant 
processes at work in the watercourse (e.g. widening, 
deepening) and to assess the stability of the 
watercourses.  As well, any erosion or maintenance 
issues identified in the field were documented.

Findings
Most watercourses assessed were currently found to be 
within the expected range of variance for a “stable” 
channel.  Two exceptions were tributaries on Shriner’s 
Creek which exhibited signs of adjustment to 
urbanization.  Overall, the most common process found 
to be at work within the urban watercourse was 
widening.
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Existing Conditions – Stream Erosion
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Existing Conditions – Aquatic Resources

Objectives
The objective of the fisheries component of the study is to:

l Characterize the existing condition of 
watercourses (Type 1, 2 or 3), and

l Provide direction as to where, and what type, of 
alternative solutions might be beneficial in 
improving aquatic habitat conditions.

Methodology
Background reports were reviewed and data was compiled 
and summarized. 

Findings
Fish habitat types are shown on the accompanying figure as 
critical habitat (Type 1), important habitat (Type 2), and 
marginal habitat (Type 3).  See abbreviated definitions below.  
As illustrated, the main channel of Bayers Creek, Usshers
Creek, Tee Creek, Hunters Drain and Grassy Brook have 
been classified as Type 1 habitat.  The majority of Lyons 
Creek has been classified as Type 1 with the exception of 
some of the upper tributaries, which have been classified as 
Type 2 habitat. 

Type 1-
Critical

• Sensitive fish species and/or habitats present
• High quality fish habitat
• High degree of protection required

Type 2-
Important

• Watercourse is important to the fish community
• Ideal for enhancement or restoration
• Sensitive species may or may not be present.

Type 3-
Marginal

• Common species may or may not be present
• No sensitive species or specialized habitats are present
• These should not be considered for fish habitat

compensation (Type 2 should be the focus)
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Existing Conditions – Terrestrial Resources
Objectives
The objective of the terrestrial resources component of the study is 
to:

l Review existing data to summarize natural heritage 
features), and

l Provide direction as to where, and what type, of 
alternative solutions might be beneficial in improving 
deteriorated conditions

Methodology
Background reports were reviewed and data was compiled and 
summarized. 

Findings
The City of Niagara Falls is covered by a wealth of natural heritage 
features, especially within the South Niagara Falls subwatershed.  
Natural heritage features are:

l Lyon’s Creek Provincially Significant Wetland and 
Lyon’s Creek Floodplain Wetland ANSI

l Thompsons Creek Wetland PSW and Warren Creek 
Wetland Complex ANSI

l Dufferin Islands – Queen Victoria Park, Niagara Gorge
l Garner Road Woods

The accompanying figure summarizes the general forest condition 
of each subwatershed within the City.  Final Grade is based on 
three indicators (forest cover, forest interior, and riparian zone 
forested) and scored as shown below.

Surface water quality grades for the watersheds range from B to F 
with the majority of watersheds scoring C or D.  Overall, the best 
forest score was Bayer Creek. 
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Alternative Solutions

15

Stormwater is initially directed to a perforated 
pipe system located under the road. Excess flows 
are then directed to a conventional storm sewer



Recommendations – Stream Erosion

Shriner’s Creek Tributary 1
• SCT1-1: Maintenance site at culvert 

for Montrose Road with ailing 
gabion basket weir and perched 
storm outfall on downstream side

• General maintenance required to 
replace grate on storm sewer

Shriner’s Creek Tributary 3
• General maintenance  required to 

remove accumulated organic debris 
on storm sewer inlet grate at 
downstream end of reach

Beaverdams Creek Tributary 1
• BC-1: Headwalls at Kalar Road are in 

poor repair and ponded water to the 
north of the SWMF access road 
suggests a grading issue

Warren Creek Tributary 1
• WC-1: Perched culvert and failing 

gabion basket wing walls at 
Westport Drive

• WC-2: Gully formation on left bank 
upstream of Westport Drive

Warrant Creek Tributary 2
• General maintenance required to 

remove debris on upstream side of 
culvert for berm east of Fairfield 
Place

Welland River Tributary 1
• WRT-1: Maintenance site with 

perched storm sewer outfall and 
failing rip rap

Welland River Tributary 2
• WRT-2: Maintenance site at culvert 

for Chippawa Parkway where 
concrete lining is undermined and 
gabion basket treatments are failing

Pells Creek
• Landowner on the north-west side 

of the creek at Chippawa Parkway 
has altered the creek through bank 
hardening and constructed 
weirs. This may impact floodlines.

Recommendations
• Undertake maintenance works noted above
• Explore opportunities to increase riparian buffers on 

watercourses
• Deliver a City-wide educational campaign on yard waste 

management
• Undertake regular inspection of sediment and erosion 

control measures on work sites throughout the City
• Monitor conditions in Hunters Drain as development 

continues

Findings of Field Assessments
The following erosion or maintenance sites were identified during 
the creek walks.
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Recommended Solution: Area 8

Flooding in this area is a result 
of flows during extreme rainfall 
events exceeding the capacity 
of the existing sewers. The 
recommended solution 
includes:

óImproving capacity of outlet 
channel downstream of 
existing stormwater pond;

óMonitoring within existing 
stormwater pond to confirm 
performance; and

óReplacement of 400m of storm 
sewers with larger sewers to 
provide more capacity.

Existing Pond DDP_001

Pond Outlet

Low Point
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Recommended Solution: Area 9

Flooding in this area is a result of 
flows during extreme rainfall 
events exceeding the capacity of 
the pond and the existing sewers. 
The recommended solution 
includes:

óReconstruction of existing 
stormwater management ponds 
to provide additional capacity;

óReplacement of 480m of storm 
sewers with larger sewers to 
provide more capacity; and

óConstruction of off-line storage in 
the Booth St. and Orchard Grove 
Parkway.

18
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Recommended Solution: Areas 19 & 20

Flooding in this area is a result 
of flows during extreme rainfall 
events exceeding the capacity 
of the existing sewers. The 
recommended solution 
includes:

óInstallation of 4,000m of new 
storm sewer to provide 
additional capacity (Carlton 
Ave, Ash St, Monroe St, 
Symmes St, Dawlish Ave, 
Pinegrove Ave and Orchard 
Ave).
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Recommended Solution: Area 21

Flooding in this area is a result 
of flows during extreme rainfall 
events exceeding the capacity 
of the existing sewers. The 
recommended solution includes:

óReplacement of 320m of storm 
sewers with larger sewers to 
provide more capacity; and

20
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Recommended Solution: Area 23

Flooding in this area is a result 
of flows during extreme rainfall 
events exceeding the capacity 
of the existing sewers. The 
recommended solution 
includes:

óInstallation of 600m of new 
storm sewer and open 
channel to provide additional 
capacity (Gunning Dr, Welland 
St, Main St and Bridgewater 
St).

21

Gunning Dr facing southeastWelland St facing southeast Gunning Dr facing northwestBond St facing northwest



Next Steps

After this Public Information Centre the study team will consider verbal and 
written comments in order to refine the project problems and opportunities 
as well as the recommended solutions.

For more information on this project, or to submit your comments or 
feedback, and, to be placed on our mailing list, please contact:

Kent Schachowskoj, Infrastructure and Asset Manager
Municipal Works

City of Niagara Falls
4310 Queen Street

Niagara Falls, ON  L2E 6X5
Phone: (905) 356-7521 Ext. 4336

Fax: (289) 296-0048
kschachowskoj@niagarafalls.ca

22
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City of Niagara Falls Master Drainage Plan Update Study – 
Public Information Centre #1 

 
 

As part of this Environmental Assessment study, we would like your thoughts and 
suggestions on the following: 
 

 
1. Please identify your street address   __________________  Postal Code:  _________ 
 
2. During rainstorms, does water run over-land from the road onto your property, causing surface flooding 

problems?    YES           NO 
 
3. Have you experienced any basement flooding problems on the property? 
  YES – continue to Question 4 
  NO – skip to Question 13 
 
4. How many times have you experienced basement flooding? _________ 
 
Please identify the date (month/year) of each basement flooding incident and the depth of water in the basement. 
   
  Month/Year  Water Depth (in/cm)    Month/Year  Water Depth (in/cm) 

1. _______________________________ 4. _____________________________  
2. _______________________________ 5. _____________________________  
3. _______________________________ 6. _____________________________  

 
5. Did you report the basement flooding incidence(s) to the City or Region?        YES         NO 
 
6. Did the water entering your basement appear to be coming from any of the following?  
Check all that apply  FLOOR DRAIN TOILET/SINK         WALLS        WINDOW/DOOR 
 
7. Did the water entering the basement have an odour?  YES         NO 
 
8.  If there was an odour, what did it smell like:     SEWAGE           DIRT/MUD             OIL/GREASE  
 
9. How did the water appear? CLEAR           DIRTY        
 
10.  Do you have a sump pump installed in your basement?        YES        NO  DON’T KNOW 
       If yes, where does the pumped water discharge to?         GROUND        SEWER   DON’T KNOW 
 
11.  Do you have any back-water valves installed on your drains?  YES        NO       DON’T KNOW 

A back-water valve is a device installed on your drain that allows the one-way flow of 
sewage out of the home, while blocking sewage from backing-up from the street sewer.  
 
 
Backwater Valve 
 
 
 



   

12.  During rainstorms, have you noticed water coming out of catch basins or sewer manhole lids?            
      YES         NO        
 If yes, where/which intersections: 
 ___________________________ 
 ___________________________ 
 ___________________________ 
 ___________________________ 

 
 
 

13.  What are your environmental interests or concerns regarding the environmental quality of the streams and 
rivers located within the City of Niagara Falls? 

 
_____________________________________________________ 
_____________________________________________________ 
_____________________________________________________ 
_____________________________________________________ 
_____________________________________________________ 
_____________________________________________________ 
_____________________________________________________ 

 
14.  Please indicate which of the measures you would be willing to implement on your property. Please see 

accompanying page for examples of each measure. 
 

Private Property Willingness to Implement 
Roof Downspout 

Disconnection    Yes   No 

Rain Barrel    Yes   No 

Soakaway Pit   Yes   No 

Pervious Driveway   Yes   No 

Landscaping/Bioretention    Yes   No 

Tree Planting    Yes   No 

Naturalized Front Yard    Yes   No 

 
 
 
 
 



1. Roof Downspout Disconnection 

5. Landscaping/Bioretention

3. Soakaway Pit2. Rain Barrel

4. Pervious Driveway

7. Naturalized Front Yard



   

 
15.   For any of the homeowner source control measures you would NOT be willing to implement, 

please check off one or more reasons why: 
 

 
    

16. Do you have any comments regarding the proposed source control, conveyance control, end-of-
pipe control and stream restoration measures that are presented? 
 
_____________________________________________________ 
_____________________________________________________ 
_____________________________________________________ 
_____________________________________________________ 
_____________________________________________________ 
_____________________________________________________ 
_____________________________________________________ 
_____________________________________________________ 
_____________________________________________________ 
_____________________________________________________ 
 

17. Do you have any additional comments that you would like to make? 
_____________________________________________________ 
_____________________________________________________ 
_____________________________________________________ 

Homeowner 
Source Control 

Measure 

Lack 
of 

Time 

Lack of 
Space 

Lack of 
Information 

Lack 
of 

Help 

Potential 
Negative 
Effects 

Money Other 

Roof Downspout 
Disconnection               

Rain Barrel               

Soakaway Pit               

Pervious 
Driveway               

Landscaping/ 
Bioretention               

Tree Planting               
Naturalized Front 

Yard               



   

_____________________________________________________ 

Please mail your response and comments by April 30, 2016 
to: 
 

Kent Schachowskoj, P.Eng. 
Infrastructure and Asset Manager 
Municipal Works 
City of Niagara Falls,   
4310 Queen Street 
Niagara Falls, ON L2E 6X5 
 
or fax to: 289-296-0048 
 
 
Please provide us with your contact information. 

 
 

Your Name (Optional) 
 

Postal Code 

Address 
 
 
Home Telephone                                                           Other Telephone/Fax/E-Mail 
 
 

The personal information on this form is collected under authority of Section 11 of the Municipal Act, 2001, and will be used 
to inform you of any future meetings, to respond to your comments/concerns if necessary and to maintain a record of 
attendance at the Public Information Centre. Questions about the collection of this personal information should be directed 
to: Mr. Kent Schachowskoj, Infrastructure and Asset Manager, Municipal Works by phone (905-356-7521 ext. 4336) or by 
mail to the above address. 

 
  
 
  Thank you for participating in this consultation. 
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