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With the impact of population growth and climate 
change, how to create a more sustainable and 
climate-resilient living environment has become 
a key issue in the field of Landscape Architecture. 
M i xe d - u s e ,  h i g h e r  d e n s i t y,  a n d  wa l ka b l e 
neighbourhoods that can manage stormwater, 
enhance ecosystem services, and create recreational 
values are needed for sustainable development 
in the City of Winnipeg. In order to achieve this 
healthier urban environment, the application of 
green infrastructure at the neighbourhood scale 
is an effective way to support and improve the 
relationship between humans and nature.

This practicum is an exploration of the definition 
and typology of neighbourhood-based green 
infrastructure. Solutions and lessons learned 
from the study will be applied to the design area 
for creating a green neighbourhood under the 
Winnipeg context, and with a focus on stormwater 
management. The purpose of the practicum 
is to develop new methods that are guided by 
the principles of neighbourhood-based green 
infrastructure to create attractive neighbourhoods 
that provide both ecological and social benefits.
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The topic of this practicum is to investigate design approaches for 
creating neighbourhood-based green infrastructure

 with a focus on stormwater management 
in the South Point Douglas Waterfront Area
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Population growth and climate change are two 
challenges to human society, as well as the 
ecological balance. The rise in population is the 
main factor that contributes to urban sprawl, and 
an unsustainable land intervention will increase the 
risk caused by climate change.

Winnipeg is a city with extreme variations of 
weather throughout the year. It usually experiences 
short but very warm summers, long and freezing 
winters, and higher precipitation in the summer and 
early fall. The city is subject to heavy rainfall and 
snowmelt events, and there will be a greater chance 
of more intense extreme storms and increased 
precipitation in the future. The population in the 
City of Winnipeg is expected to grow by more 
than 200,000 people by 2040 (City of Winnipeg, 
2016). The city needs to plan and design more 
communities to meet the needs of population 
growth in the next 20 years. Within the Winnipeg 
context, how can we design a sustainable and 
climate-resilient living environment to call home for 
generations?

One of the methods is to look back to the developed 
area in the city rather than continuing the urban 
sprawl. According to the OurWinnipeg Development 
Plan, there are 11 major redevelopment sites in 
the city’s existing communities with the potential 
to activate vitality and enhance sustainability. 
This study will focus on the redevelopment of 
South Point Douglas (SPD). This area is one of the 
oldest neighbourhoods in the City of Winnipeg, 
located at the bend of the Red River and adjacent 
to Downtown. Its unique location and rich history 
provide an unprecedented opportunity to become a 
model for changing Winnipeg.

The waterfront area of South Point Douglas has 
a higher concentration of existing and former 
industrial land, abandoned housing, and vacant 
land than its surrounding area. This practicum 
studies the area to create a sustainable waterfront 
neighbourhood where people live, work, shop, 
learn and play.
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Fig. 1-3: Winnipeg's Sewage-filled River (MacKenzie, 2018) N

N

Syndicate

1.2 Research Background

Issue 01    Combined Sewer Overflow (CSO)

Study Area

South Point Douglas Waterfront Area belongs to 
the Syndicate sewer district where both stormwater 
runoff and sewage are collected by the same 
underground pipes. This kind of sewer system is 
called combined sewer system, and about one-third 
of Winnipeg has combined sewers. The combined 
sewer system is designed to overflow and discharge 
the excess volume of untreated water directly to 
the river when the water volume is greater than its 
capacity, especially during periods of heavy rainfall 
and snowmelts. The overflow is named combined 
sewer overflow (CSO), containing land drainage, 
wastewater and debris (City of Winnipeg, 2019).

Based on the combined sewer overflow annual 
results data from the Water and Waste Department 
of Winnipeg, the average yearly combined sewer 
overflow in Syndicate sewer district from 2013 to 

2018 is 48,200 m3, and the average yearly number 
of overflow days is 23.3 days (Fig. 1-4). 
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Fig. 1-4: Combined Sewer Overflow (CSO) Annual Results in Syndicate 
Sewer District from 2013-2018.

Fig. 1-5: Syndicate Sewer District and Surrounding Overflow Points 
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N

Study Area

Issue 02    Brownfield Sites

The standard Olympic sized long course pool is 
50 meters in length, 25 meters in width, and 2 
meters in depth, the water volume is 2,500 m3.  The 
average yearly overflow from 2013 to 2018 in the 
Syndicate sewer district equals 19.28 Olympic-size 
swimming pools. Moreover, the Syndicate overflow 
point is only one of the 86 overflow points in the 
City of Winnipeg.

The combined sewer overflows bring untreated 
human and industrial waste, toxic fungus and 
bacteria, and stormwater runoff can affect the 
water quality, thus leading to water pollution in the 
receiving rivers and lakes.

S o u t h  Po i n t  D o u g l a s  Wa t e r f r o n t  A r e a  i s 
characterized by brownfield sites that cover 
approximately one-third of the land in the study 
area.

These two brownfield sites are located on both 
sides of the CP railway. The northern one is a former 
industrial land, and the southern one is an existing 
abandoned industrial site. Both of the brownfield 
sites are defined as “contaminated sites”. According 
to the Contaminated Sites Remediation Act (CSRA), 
a contaminated site is contaminated at a level which 
poses a threat to human health or safety or to the 
environment (Government of Manitoba, 2020).

The assessed contaminated land in the waterfront 
area not only cut off the continuity of the green 
space along the waterfront but also directly impacts 
environmental and public health. The brownfield 
sites pose a heavy burden on the urban water 
system. The contamination on site can pollute 
the surrounding waterbody, add more pollutants 
may result from stormwater runoff, affect drinking 
groundwater on the site. From a public health 
perspective, the abandoned area has a higher safety 
risk and could impact the quality of life for the 
surrounding residents.

Fig. 1-6: Brownfield Sites (assessed contaminated) in 
South Point Douglas Redevelopment Site

Railway

SPD Waterfront Area (study area)

SPD Redevelopment Site

Assessed Contaminated Land

Fig. 1-7: Brownfield Sites at the River Bend (City of Winnipeg, 2019)
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Issue 03    Incomplete Community

N

Study Area

Point Douglas can be seen as an incomplete 
community. The CP railway separates the area into 
north and south two different parts. The southern 
part is a major redevelopment area with abandoned 
industrial properties, large areas of vacant land and 
decreasing residential occupation.

A Complete Community is a place that both offers 
and supports a variety of lifestyle choices, providing 
opportunities for people of all ages and abilities to 
live, work, shop, learn and play close to one another 
(City of Winnipeg, 2011a).

For the future redevelopment, what is the role 
of landscape architects in promoting Complete 
Communities and thus enhancing the urban fabric?
Principles of Complete Communities include 
compact  and mixed-use development,  the 
encouragement of active transportation, community 
connectivity, and diversity of housing types. In order 

to create a sustainable and vibrant community, a 
clean and healthy living environment should be 
added as a foundational principle to the Complete 
Communities (Fig. 1-8 ).

 

Clean & Healthy 
Environment

Transit-friendly 
& Encourage 

Active 
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Development

Community 
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Fig. 1-8: "4+1" Elements of Complete Community

Fig. 1-9: Vacant Land and CP Railway in Study Area

Railway

SPD Waterfront Area (study area)

SPD Redevelopment Site

Vacant Land

Fig. 1-8: Fenced Railway at the River Bend
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1.3 Aims, Objectives, and Goals

1.4 Research Framework

Aims

Goals

Objectives

To develop a neighbourhood design approach that 
responds to local and natural conditions.

To clarify what is meant by green infrastructure 
and ecosystem services.

To improve the design of the neighbourhood to 
manage urban stormwater.

To identify the alternative approaches to 
stormwater management based on green 
infrastructure through case studies.

To  p r o p o s e  a n  a l t e r n a t i v e  t o  e x i s t i n g 
neighbourhood design that enhances the 
relationship between human, landscape, and 
environment.

To develop a design that can weather the heavy 
rains and snowmelting events.

To  d e v e l o p  a  m a s t e r  p l a n  f o r  a  g r e e n 
neighbourhood in the Winnipeg context that 
is guided by green infrastructure principles, 
with a specific focus on "green" stormwater 
management.

To examine the examples of "green" water 
management practices, with a focus on the 
community and neighbourhood scale.

To understand the context of the study area 
in Winnipeg, such as current land use, history, 
brownfield sites and drainage pattern.

To propose an a l ternat ive  v is ion for  the 
neighbourhood.

Literature Review
Topic 

Methodology ApplicationIntroduction

Secondary Description

Case Studies

Site Design

Urban water cycle
Green infrastructure; Neighbourhood-
based green infrastructure
Sustainable neighbourhood

Design approaches for  
creating neighbourhood-based 
green infrastructure with a focus 
on stormwater management

Lessons from the case study

Water management 
approaches

Green water management 
neighbourhood designs 

Background Study

Combined sewer outflow
Brownfield sites
Incomplete community

Government documents,  official reports, etc.

 Statement of Purpose 

To create a more attractive 
neighborhood that provides 
ecological and social benefits

Aims Objectives Goals

A master plan 
for a green 
neighbourhood
in the Winnipeg 
context which 
is guided by 
the principles of 
neighbourhood-
based green 
infrastructure 

Issue

Strategy    Neighbourhood-based green infrastructure

Green infrastructure solutions can be applied 
to the South Point Douglas Waterfront Area to 
help deal with three significant issues: combined 
sewer overflow, brownfield sites, and incomplete 
community. 

For combined sewer overflow, green infrastructure 
can manage the stormwater runoff on-site. It can 
slow down and absorb the water, thus reducing the 
burden of the urban sewer system, and decreasing 
the combined sewer overflows.

For brownfield sites, green infrastructure methods, 
such as constructed wetlands, can improve both 
environmental and public health. Constructed 
wetlands are able to break down and remove the 
pollutants of on-site stormwater runoff before it 
goes to the river, thus improving the water quality 
both on and off site. Transforming brownfields into 
greenspaces can provide create outdoor spaces 

and wildlife habitats for human beings and urban 
wildlife.

For the incomplete community, the application of 
green infrastructure at the neighbourhood scale 
can provide a clean and healthy living environment 
for people to live, work, shop, learn and play; 
and for other development to take place. A clean 
and healthy environment is the foundation for 
a complete community. Neighbourhood-based 
green infrastructures, such as rain gardens, green 
streets and parks, can provide ecological, social and 
economic benefits to support urban ecosystem and 
human life.

Therefore, the practicum intends to investigate 
potential design approaches of neighbourhood-
based green infrastructure to create a sustainable 
and vibrant neighbourhood, with a specific focus on 
stormwater management.

Soil

Groundwater

more runoff

less infiltration

Soil

Groundwater

reduced runoff

on-site stormwater 
management

Fig. 1-9: From grey infrastructure to green infrastructure to manage stormwater in a urban waterfront area
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Chapter 02 -- Theory Study
Urban water cycle

Neighbourhood-based green infrastructure
Sustainable neighbourhood
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Assiniboine River joins the Red 
River at the "Forks" in the City of 
Winnipeg, then flows north through 
southern Manitoba and into Lake 
Winnipeg. Lake Winnipeg is drained 
to the northeast by the Nelson 
River into Hudson Bay (Newton, 
2008 and Encyclopaedia Britannica, 
2019).

Lake Winnipeg is a threatened lake. Over-
abundance of nutrients such as phosphorus 
is  the reason for increasing in size and 
frequency toxic blue-green algae blooms 
on Lake Winnipeg. Blue-green algae blooms 
reduce the water quality of the freshwater 
resource, contaminate beaches, and damage 
the important fishing and tourism industries of 
Manitoba (Lake Winnipeg Foundation, 2019).

Under-treated sewage is one of the most 
obvious reasons that can contribute to the 
growth of blue-green algae (CBC, 2019).

The natural water cycle is a continuing process 
of evaporation, condensation, precipitation, and 
surface runoff and groundwater. All water, whether 
flow into rivers or soil, finally goes into the ocean, 
where it evaporates again, and the water cycle 
starts again (Urban green-blue grids, 2019). The 
water cycle in an urban area has some changes 
due to human activities. During the precipitation, 
there is less infiltration of stormwater into the soil, 
causing more surface runoff and low groundwater 
flow.

Urban stormwater runoff includes the rain or 
melting snow which flows over the roofs, streets, 
paved areas, lawns, and parking lots. When the 
water flows across the ground, it gathers dust, oil, 
debris, animal refuse, and toxic substances; it can 
then be drained through engineered collection 
systems and discharged into nearby water bodies 
(American Rivers, 2017; USEPA, 2018a). Stormwater 
runoff is a major cause of water pollution, in the 
City of Winnipeg, it can add 10 million more litres 

of raw sewage every year into the river (CBC, 
2015). Therefore, it is time to encourage on-site 
stormwater management to buffer, delay, infiltrate, 
and purify runoff. 

In Winnipeg, stormwater runoff has historically 
been discharged immediately to the sewer system 
rather than absorbed by the soil. In part this can be 
attributed to the heavy clay soil cover in the city, 
resulting in pooling of water contributing to pest 
problems such as mosquitoes. Combined sewer and 
separate sewer are two types of sewer systems that 
have been adopted by the City of Winnipeg (City of 
Winnipeg, 2011b). 

Combined sewer can be found in older parts of 
the city where stormwater runoff and sewage are 
collected by the same underground pipe. More 
surface runoff means the city’s combined sewer 
system needs to convey more untreated water 
than the system capacity. With the periods of 
heavy precipitation, the combined sewer system 

2.1 Urban Stormwater Runoff

10 million litres/year

Heavy Precipitation

Combined Sewer System

Separate Sewer System

Untreated Stormwater & Sewage

Blue -green Algae in Lake Winnipeg

To Treatment Plant

To Treatment Plant Treatedwater

Overflows

City of Winnipeg

Sewage

Sewage

Stormwater

Stormwater

Water PollutionFig. 2-3: Relationship between stormwater runoff and water pollution

22 times/year
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gets overwhelmed, leading to an overflow of 
untreated water into the river system. According to 
the statistics from the City of Winnipeg, combined 
sewer overflows 22 times during the year on 
average (City of Winnipeg, 2019). 

Separated sewer systems are located in the new 
development areas, stormwater runoff and sewage 
are conveyed in different underground pipes. In 
the separated sewer, a separate pipe which carries 
rainfall and snowmelt runoff directly to the local 
waterways (City of Winnipeg, 2019). The untreated 

rainwater and snowmelt water washed from the 
roofs, streets, paved areas, and parking lots may 
carry bacteria, heavy metals, and other pollutants, 
and can pollute the receiving waters. 

As a result, due to low soil infiltration and lack 
of on-site water treatment, urban area results 
in high levels of stormwater runoff. Current 
stormwater management relies heavily on the grey 
infrastructure, with untreated stormwater runoff in 
the sewer systems that can lead to water pollution 
in the lakes and rivers (Fig. 2-4).

Rainfall events can significantly influence the 
volume of combined sewer overflow. The amount 
of rain that falls in the city, the intensity, frequency, 
duration, and location of the rainfall are all critical 
factors to the volume of sewage within an overflow. 
One study of an intense rainfall event in 2015 
shows that 4% of the combined sewer overflow 
was sewage, and 96% was rainfall runoff. The other 
study also indicates that the amount of rainfall or 
snowmelt events greater than 5 mm can cause a 
combined sewer overflow (City of Winnipeg, 2019).

There are 86 CSO overflow points in the city. Point 
Douglas (study area) belongs to the Syndicate sewer 
district, which has frequent overflow events during 
the year. According to the statistical data of the 
number of rainfall events greater than 5 mm from 
2013 to 2018, the overflow days in the Syndicate 
sewer district are closely related to the number of 
rainfall events.

01 Combined Sewer Overflow (CSO) and Rainfall Events

Red River

Assiniboine River
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Year Daily Max. Rainfall 
Accumulation 

(mm)

Date

2019 136.0 Jul. 09
2018 72.6 Jul. 19
2017 38.5 Jul. 11
2016 142.8 Aug. 03
2015 120.8 Aug. 22
2014 83.5 Aug. 21
2013 74.0 Jun. 20
2012 34.2 May. 27
2011 45.0 Sept. 20
2010 107.4 May. 29
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Fig. 2-7: Annual Maximum Daily Rainfall Accumulation in the City of Winnipeg from 2010 to 2019

Year Number of Rainfall 
Events ≥5 mm

Study Area (Syndicate 
Overflow Point) CSO Days

Overflow Point Max 
Number of CSO Days

Overflow Point Min 
Number of CSO Days

2013 13 10 32 2
2014 19 18 55 1
2015 23 34 50 4
2016 28 30 50 0
2017 20 22 44 0
2018 23 26 43 0

Fig. 2-6: Number of rainfall events and CSO days in overflow points

Precipitation in the City of Winnipeg varies from 
season to season and year to year. Large rainfall 
events can occur from May to September. Based 
on the rainfall event accumulation maps of the 
city, daily precipitation in a certain area usually can 
reach torrential rain (50-100 mm/24h) and even 
downpour (100-200 mm/24h). These rainfall events 
put more pressure on the combined sewer system 
than small rainfall events.

From 2010 to 2019, the annual maximum daily 
rainfall accumulation was 142.8 mm in August 2016, 
and the median of 10-year is 78.8 mm. The trend 
of accumulation has increased during the past ten 
years.

City of Winnipeg

02 Daily Rainfall Accumulation 

Point Douglas (study area)

The 10-year statistical data in Point Douglas also 
comes from the city's rainfall event accumulation 
maps. The city generated a map for each rainfall 
event where the average accumulation is greater 
than 3 mm of rainfall over the entire city from 2017 
to 2019; and from 2010 to 2016, the maps are 
generated for each rainfall event where the average 
accumulation is greater than 15 mm of the rainfall 
over the entire city (City of Winnipeg, 2019).

Therefore, through the analysis of annual maximum 
daily rainfall accumulation in Point Douglas from 
2010 to 2019 can help understand the large rainfall 
event accumulation in the area. The maximum 
accumulation in the Point Douglas area was 95.0 
mm in May 2010; the median of 10-year is 42.5 
mm. In Point Douglas, the trend of accumulation is 
"down then up" over the past ten years.
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Year Rainfall Events 
Duration

Number of Rainfall Events 
(ave. accumulation ≥ 15 or ≥ 3 

mm over the entire city)

Point Douglas 
Daily Min.

Accumulation
(mm)

Point Douglas 
Daily Median
Accumulation

(mm)

Point Douglas 
Daily Max.

Accumulation
(mm)

2010 Apr -- Sep 12 ≥ 15 mm 18.0 35.8 95.0
2011 Apr -- Aug 4 ≥ 15 mm 13.0 22.3 25.0
2012 May -- Jun 4 ≥ 15 mm 10.0 11.8 22.0
2013 May -- Aug 7 ≥ 15 mm 1.0 26.0 47.5
2014 Apr -- Aug 12 ≥ 15 mm 5.0 18.0 45.0
2015 May -- Sep 10 ≥ 15 mm 12.0 20.0 60.0
2016 May -- Oct 21 ≥ 15 mm 0.5 14.0 28.0
2017 Jun -- Oct 18 ≥ 3 mm 3.0 6.6 30.0
2018 May -- Sep 23 ≥ 3 mm 1.0 6.3 40.0
2019 Apr -- Oct 30 ≥ 3 mm 0.0 8.1 69.0

Variation trendVariation trend
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The stormwater runoff in a rainfall event can be 
divided into two phases. The first phase is called 
the first flush, which is a major threat to surface 
water quality. The rainfall dissolves the polluting 
gases in the air, such as acid gas, automobile 
exhaust gas, and factory exhaust gas. After landing 
on the ground, the surface runoff can contain a 
large number of pollutants from the roads, parking 

lots, and impermeable hard surfaces. The pollution 
degree of the first flush is high and should be 
treated before discharge.

Further rainfall is the second phrase that the surface 
runoff has a low risk to the nearby waterbody, and 
may require pre-treatment.

The City  of  Winnipeg promotes the use of 
stormwater retention basins as a cost-effective 
alternative to pipe-only drainage systems (City of 
Winnipeg, 2011b). Stormwater retention basins 
usually occur in the low-density residential areas 
and take up a large piece of land with deep water 
for maximum stormwater collection.

A majority of ponds across the City of Winnipeg 
manage stormwater using conventional retention 
ponds (Fig. 2-9). This type of pond is usually found 
in older developments, such as Southdale, Linden 
Woods, Waverley Heights, and Island Lakes. The 
conventional retention ponds have sod side slopes 
and riprap along the shoreline to provide erosion 
protection from fluctuating water levels during the 
different seasons (Lukes, 2016)

2.2 Existing Stormwater Management Ponds

01 Conventional Retention Ponds

02 Naturalized Retention Ponds

The difference between a naturalized retention 
pond and a conventional retention pond is that 
a naturalized pond has vegetation along the 
side slope and shoreline (Fig. 2-10). Naturalized 
retention ponds have planted native vegetation 
above the waterline to intercept excess nutrients 
before they enter waterways. Naturalized retention 
ponds also include installed wet meadows and 
emergent wetland plants below the waterline to 

There is no doubt that naturalized retention ponds 
are more environment-friendly than conventional 
retention ponds. Naturalized retention ponds 
have made significant progress in improving 
surface water quality. However, safety hazards are 
potentially a significant problem associated with 
retention ponds. Kids are warned to stay away from 
the water because of drowning risk. There have also 
been considerations of fencing ponds near schools 
after a Saskatoon boy’s drowning death (News 
Winnipeg, 2017). Ironically, retention ponds are 
usually placed in a peaceful environment, such as in 
the communities, near schools, or around homes, 
but the water in the ponds may be unsafe not only 
for use but also because of the depth. Therefore, 
for future development, can we integrate a more 
natural and safe solution that is applicable for 
Winnipeg to manage the stormwater runoff?

help cleanse incoming waters (Williams, 2016). This 
type of retention ponds is the City standard for new 
residential communities, such as Royalwood, Sage 
Creel, Bridgewater, and South Pointe. 

2.5m

7:1  to 4:1
slope ratio
to NWL

4:1 to 1:1 
slope ratio 

NML

HML

Fig. 2-9: Conventional retention pond

2.5m

7:1  to 4:1
slope ratio
to NWL

variable 
depths

4:1 to 1:1 
slope ratio 

NML

HML

Fig. 2-10: Naturalized retention pond

Title Conventional retention ponds Naturalized retention ponds

Construction cost (16,900m2 HWL; 
9500m2 NWL ;2.35 acres) $647,635 $520,595

Maintenance cost (City of Winni-peg) $10,048 / ha/yr $2,100 / ha/yr

Vegetation buffer NO YES

Water quality LOW MEDIUM

Algal blooms TOXIC NON-TOXIC

Wildlife habitat YES YES

Use of water 
(e.g., drinking, watering) NO NO

Access to water YES NO

Water sport (e.g., swimming, fishing) NO
(except non-motorized boating) NO

03 Comparison of conventional vs. naturalized retention ponds

Fig. 2-11: Comparison of conventional and naturalized retention ponds (Williams, 2016 and City of Winnipeg, 2019).
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Fig. 2-12: A connected network with "cores, corridors and sites"
 (Firehock, 2015)

2.3 Green Infrastructure

The concept of “green infrastructure” can be traced 
back to 160 years ago with the landscape architect 
Frederick Law Olmsted Sr., the designer of New 
York’s Central Park and Boston’s Emerald Necklace 
park system. His works represented the idea of 
linking one park to another, and to surrounding 
residential neighbourhoods to provide people with 
all the beneficial influences of nature (McMahon, 
2000). Green infrastructure is not a brand-new 
concept and strategy in the field of landscape 
architecture. 

Therefore, green infrastructure works as an 
adaptable and dynamic way to deal with different 
scales of landscapes. It is a sustainable and resilient 
landscape strategy, that can occurs before land 
development, that maintains the urban ecosystem 
and supports ecological, economic, cultural and 
social interests. 

Green infrastructure has a close relationship with 
ecosystem services. “Ecosystems are communities 
formed by the interaction between living (plants, 
animals, microbes) and non-living organisms (air, 
water, mineral soil). Human beings are both part 
of ecosystems and benefit from ecosystems in 
many ways. The benefits are known as ecosystem 
services.” (CGIAR, 2019) 

Green infrastructure practices utilize, mimic, or 
maintain natural systems to achieve sustainable 
development, it promotes and creates a series of 
services and benefits for human beings. Ecosystem 
services can be divided into four types. Fig. 2-14 
shows the definition and examples of different 
types of ecosystem services, which are supporting 
services, provisioning services, regulating services 
and cultural services (MPCA, 2018). 

The definitions of green infrastructure have different 
emphasis depending on the different contexts. 
Benedict and McMahon (2002) emphasized the 
ecological and biodiversity components, and 
they viewed green infrastructure as an ecological 
framework for environmental, social, and economic 
sustainability. Green infrastructure is defined as “an 
interconnected network of natural areas and other 
open spaces that conserves natural ecosystem 
values and functions, sustain clean air and water, 
and provides benefits to people and wildlife” 
(Benedict and McMahon, 2002) while recreational 
Greenways and green infrastructure specialists may 
pay more attention to the benefits gained through 
development (Mell, 2010). The Environment 
Pa r t n e rs h i p  ( T E P,  2 0 1 3 )  d e s c r i b e d  g re e n 
infrastructure is “the network of natural spaces and 
corridors that intersperse and connect our cities, 
villages and towns that provide multiple benefits to 
local communities.” Green infrastructure delivers a 
wide range of ecosystem services to human beings, 
such as recreational spaces, water supply, pollution 
control, and flood protection.

The table (Fig. 2-13) lists the definitions of green 
infrastructure from accredited authors and 
organizations from 2005 to 2019. Though these 
definitions vary from authors, organizations, years 
and schools, there are still some identical or similar 
elements that used to constitute the meaning of 
green infrastructure, such as network, green spaces, 
human/community benefits, functions/services.

What is Green Infrastructure?

Relationship of Green Infrastructure to 
Ecosystem Services

Author/Organization Year Definition

 Commission for Architecture  
 & the Built Environment 
 (CABE)

2005
 a linked network of multi-functional green spaces that provides 
 the basis for delivering sustainable development and for any 
 framework that is intended to guide and enable change

 Steiner, F.R. 2006
 the interconnected network of protected land and water 
 supports native species, maintains natural ecological processes, 
 sustains air and quality of life for communities and people

 Benedict, M.A., 
 and McMahon, E.T. 2006

 an interconnected network of natural areas and other open 
 spaces that conserves natural ecosystem values and functions, 
 sustain clean air and water and provides benefits to people and 
 wildlife

 Ahern, J. 2007
 principally structured by a hybrid hydrological/drainage 
 network, complementing and linking relict green areas with 
 built infrastructure that provides ecological functions

 The United States 
 Environmental Protection  
 Agency (USEPA)

2008

 an approach to wet weather management that uses soils 
 and vegetation to utilize, enhance and/or mimic the natural 
 hydrological cycle processes of infiltration, evapotranspiration, 
 and reuse

 Natural England 2009

 a strategically planned and delivered network comprising 
 the broadest range of high-quality green spaces and other 
 environmental features includes established green spaces and 
 new sites and should thread through and surround the built 
 environment and connect the urban area to its wider rural 
 hinterland

 Mell, I.C. 2010

 the resilient landscapes that support ecological, economic and 
 human interests by maintaining the integrity of, and promoting  
 landscape connectivity, while enhancing the quality of life, 
 place and the environment across different landscape 
 boundaries

 The Environment Partnership
 (TEP) 2013

 the network of natural spaces and corridors that intersperse 
 and connect our cities, villages and towns that provide multiple 
 benefits to local communities

 European Commission 2016
 a strategically planned network of natural and semi-natural 
 areas with other environmental features designed and managed 
 to deliver a wide range of ecosystem services

 Green Infrastructure Ontario  
 Coalition (GIO) 2016

 the natural vegetative systems and green technologies that 
 collectively provide society with a multitude of economic, 
 environmental and social benefits

 The United States 
 Environmental Protection  
 Agency (USEPA)

2018  a cost-effective, resilient approach to managing wet weather 
 impacts that provide many community benefits
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Fig. 2-13: Definitions of Green Infrastructure from accredited authors and organizations from 2005 to 2019.

Fig. 2-14: Types of Ecosystem Services (MPCA, 2018).

American Society of Landscape 
Architects (ASLA) 2019

 when nature is harnessed by people to provide critical ser-vices 
 for communities which underpin human and envi-ronmental 
 health and used as an infrastructural system

Types of
Ecosystem Services Definition Examples

Supporting Services
 Basic services needed to  
 support all other ecosystem 
 services 

 · production of organic compounds from CO2
 · nutrient cycling
 · soil formation

Provisioning Services  Products obtained from 
 ecosystems

 · food
 · minerals
 · lumber
 · energy
 · medicines
 · water

Regulating Services
 Ensure the continued  
 availability of other ecosystem 
 services

 · air and water purification
 · waste composition
 · climate regulation
 · pollination or pest control

Cultural Services
 Non-material benefits unique 
 to humans for human well-
 being and development

 · Recreation and aesthetic values
 · scientific development
 · education
 · spiritual enrichment

Green infrastructure provides services for urban 
ecosystems and responds to urban environmental 
and social challenges. Critical services for urban 
ecosystems include urban temperature regulation, 
provision of community food, improving air quality, 
reducing surface water flooding, reducing urban 
watercourse pollution, noise reduction, carbon 
storage, environmental settings and biodiversity, 
and pollination (Wentworth, 2017). 

In an urban area, green infrastructure serves as 
a sustainable approach that can be applied to a 
variety of green space types, including remnants 
of natural areas, farmlands on the fringe, designed 
green spaces, and derelict lands with spontaneous 

vegetations (Pauleit, et al., 2017).

The urban ecosystem is vulnerable, and it is easy to 
be disturbed by natural disasters, such as flooding, 
typhoon, earthquake, and drought. Therefore, green 
infrastructure in the urban landscape scale plays an 
important role in buffering and repairing our living 
environment. The resilience of the urban landscape 
has a deep relationship with ecosystem services, 
it can help maintain and create different types of 
ecosystem services. According to different ecological 
targets, different types of green infrastructure in an 
urban context are able to achieve various services 
and benefits (Fig. 2-15)

Green Infrastructure and Ecosystem Services in Urban Context

Fig. 2-15 : Relationships among targets, types of green infrastructures and ecosystem services in the urban context.

The idea of "green infrastructure" can be applied 
from a broader regional scale to a site-specific scale. 
At a regional scale, such as a city or municipality 
(county),  green infrastructure refers to the 
patchwork of natural areas, open spaces, and 
corridors that provide a wide range of ecosystem 
services (USEPA, 2013). 

This practicum is focused on the neighbourhood 
scale within the urban context. In this situation, 
green infrastructure includes on-site stormwater 
management solutions to reduce the stormwater 
runoff that flows into sewer systems and triggers 
combined sewer overflows. It protects the urban 
water cycle by capturing, slowing, infiltrating, 
or purifying stormwater rather than sending it 
directly into the underground sewer pipes and 

nearby waterways (American Rivers, 2017). Green 
infrastructure is more than dealing with stormwater 
management, it is a life support system occurs 
before development begins, land can be designed 
to make linkages between ecological services and 
community needs (Firehock, 2010). 

From the author’s perspective, the neighbourhood-
based infrastructure can be defined as an on-site 
network that, using soil and vegetation to mimic the 
natural water cycle process and create life support 
system, provides ecological and social benefits for 
sustainable and healthier development in the urban 
communities.

Definition of Neighbourhood-based green infrastructure

Ecological Targets Types of Green Infrastructure Main Ecosystem Services

 · Constructed wetlands
 · Stormwater ponds
 · Rain garden
 · Bioswales

Regulating Services
Cultural Services

 · Wildlife habitat and corridor
 · Constructed wetlands
 · Urban forests
 · Nature reserves
 · Urban agriculture

Supporting Services 
Provisioning Services

 · Urban forests
 · Nature reserves Supporting Services

 · Green streets
 · Parks
 · Green roofs and walls
 · Urban forests

Regulating Services
Cultural Services

 · Parks
 · Green streets
 · Green roofs and walls

Cultural Services

Water management 
and protection

Wildlife and native 
species support

Land protection

Urban heat island 
prevention

Healthy lifestyle and 
recreation promotion
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Constructed Wetland
Constructed wetlands, mimic the functions and 
pattern of natural wetlands, and are tightly 
coupled with the urban water cycle. Wetland 
works as sponges to slow down and absorb excess 
stormwater runoff, and are able to improve the 
water quality and create diverse wildlife habitat 
(ASLA, 2019a and France, R.L., 2003). 

Untreated stormwater often contains solids, 
nitrogen and phosphorus, oxygen-demanding 
substances, metals, petroleum hydrocarbons, 
pathogens, and synthetic organics (USEPA, 1999). 
When the polluted stormwater runoff goes into 
the waterways, these pollutants will degrade water 
quality. Minnesota Stormwater Manual (2018) 
indicates that constructed wetlands effectively 
remove solids, are moderately effective at removing 
nitrogen and phosphorus, and have the ability 
to break down and assimilate hydrocarbons. 
Stormwater wetlands provide sites to store the 
runoff and create habitat for urban wildlife. The 
integration of constructed wetlands into the 
neighbourhood-scale design can be an aesthetically 
pleasing green space that brings health and 
economic benefits.

Urban Forest 
Forest is a land area spanning more than 0.5 ha, 
with a tree canopy coving over 10% of the total land 
area, and trees higher than five meters (Government 
of Canada, 2018). Forest performs a vital function 
of maintaining water flows, reducing peaks and 
potential flooding, but sustaining flow during the 
dry periods. The canopy of the forest can intercept 
the rain falling; the forest floor works like a sponge 
holding and gradually releasing a large amount of 
stormwater (Hough, 1984, p.66). 

The urban forest is defined as “trees, forests, 
greenspace and related abiotic, biotic and cultural 
components in areas extending from the urban core 
to the urban-rural fringe (Tree Canada, 2019)”. The 
urban forest is an effective way to help the water 
movement from the atmosphere to the earth and 
back to the atmosphere (Hough, 1984, p.66). It can 
be integrated into a neighbourhood-scale design 
to help manage the water flow and provide space 
for both humans and wildlife. Heavy snowfalls 
and snowmelt spring flooding can be a big issue 
for winter cities. Forest ground can store some 
of the water, and thawing takes longer under the 
tree canopy, therefore, winter snows can gradually 
release to the streams and rivers in the spring. 

Typology of Neighbourhood-based Green Infrastructure

Forest Leaves
capture rain & snow

sponage that hold 

and release water

Forest Ground

Types of Constructed Wetland
According to the position of the water surface and 
/or the type of vegetation grown, there are three 
main types of constructed wetlands: Free Water 
Surface Constructed Wetland (FWS-CW),   Horizontal 
Subsurface Flow Constructed Wetland (HF-CW), and 
Vertical Flow Constructed Wetland (VF-CW).

FWS-CW is a wetland where the water surface is 
exposed to the atmosphere and direct sunlight. 
Subsurface flow wetlands can be classified as 
horizontal flow (HF) or vertical flow (VF) wetland. 
In an HF-CW, the water flows horizontally through 
the basin, the filter material filters out particles and 
microorganisms degrade the organics; and in a VF-
CW, the water flows vertically down through the 
filter matrix to the bottom of the basin where it is 
collected in a drainage pipe (Tilley, et al., 2014).Fig. 2-16: Green Infrastrcture in Urban Forest

Type FWS-CW HF-CW VF-CW

Direction of Water flow Surface flow Horizontal Vertical

Inputs Effluent;
Stormwater

Effluent;
Blackwater;

Brownwater;
Greywater

Effluent;
Blackwater;

Brownwater;
Greywater

Outputs Effluent;
Biomass

Effluent;
Biomass

Effluent;
Biomass

Pollutant Removal Effect

High removal of BOD and 
suspended solids;

Moderate removal of 
pathogens, nutrients and 

heavy metals

Significant pathogen 
removal;

High reduction of
BOD and suspended soils;

Little nutrient removal

High reduction of
BOD and suspended soils;

Ability to nitrify due to 
good oxygen transfer

Risk of Mosquito 
breeding

High
(standing water) Low Low

Maintenance Requiring Regular Regular Frequent

Fig. 2-17: Comparison of Three Types of Constructed Wetland (Tilley, Ulrich, Lüthi, Reymond, and Zurbrügg, 2014)

Fig. 2-18: Sections of three types of constructed wetland
(Tilley, Ulrich, Lüthi, Reymond, and Zurbrügg, 2014)

Free Water Surface Constructed Wetland (FWS-CW) Horizontal Subsurface Flow Constructed Wetland (HF-CW)

Vertical Flow Constructed Wetland (VF-CW)
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Fig. 2-19: Green Infrastructure in Urban Streets (Global Designing Cities Initiative & National Association of City Transportation Officials, 2016). 

According to USEPA (2008), green streets are 
described as urban transportation right-of-ways 
integrated with green techniques. Roads, as well as 
sidewalk and parking lots, are great opportunities 
for green infrastructure to treat stormwater 
and improve the street aesthetic. Green streets 
design can incorporate different elements, such as 
street trees, sidewalk planters, street-side swales, 
permeable pavement, and bioretention areas.

Rain Gardens and Bioswales 
Rain gardens and bioswales are the smaller systems 
that reduce stormwater runoff and improve 
stormwater quality. Rain gardens can be a part of 
the yard to hold and soak stormwater runoff that 
flows from roofs, driveways or lawns. Rain gardens 
are designed to hold water only during a rainfall 
event, rain gardens can soak 30% more water 
compared to a conventional lawn. Rain gardens will 
drain within 12 to 48 hours, which can prevent the 
breeding of mosquitoes (Groundwater Foundation, 
2019)

Bioswales are linear vegetated, and open channels 
that slow and convey stormwater while removing 
debris and pollutants. They are designed to manage 
specified amounts of water from a large impervious 
areas, such as parking lots and roadways (SSSA, 
2019).

Parks 
Parks are not only open spaces for humans and 
wildlife but also areas that can absorb stormwater 
runoff  and  improve  water  qua l i ty.  Green 
infrastructure can be applied in parks to enhance 
recreation value, create attractive features, improve 
drainage, provide environmental and economic 
benefits, and help educate the public (USEPA, 
2017).

As mentioned above, landscape architect Frederick 
Law Olmsted Sr.’s park system can be viewed as 
the embryo of the green infrastructure theory. 
Green infrastructure emphasizes the role of 
corridors as links between core areas (Firehock, 
2015). Therefore, it is essential to create an 
interconnected network, linking parks, greenways, 
river corridors, and other open spaces together 
rather than isolated parks (APA, 2003).

Green Streets 
In the urban area, roads are a major source of 
increased runoff. With the roads superimposed on 
the area with normally high infiltration, they lose 
their natural capacity of mitigate stormwater runoff 
(Marsh, 1998). The roads divide communities 
and neighbourhoods, contributing to habitat 
fragmentation, which can lead to dwindling wildlife 
populations and reduced biodiversity (ASLA, 
2019b). 

Green Roofs and Walls 
Green roofs, with vegetated surfaces, have the 
ability to deal with stormwater runoff, mitigate 
the urban heat island effect, and regulate a 
building’s internal temperature. They can also 
provide an opportunity for urban food production, 
and increase the biodiversity in the urban area 
(ASLA, 2019c). There are two types of green roofs, 
extensive green roofs and intensive green roofs. An 
extensive green roof is a 5 cm covering of hardy, 
alpine-like groundcover. Studies show that extensive 
roofs will typically capture over 50% of rainfall, and 
reduce runoff from peak flows by more than 75%. 
An intensive green roof looks like a garden, or park 
complete with trees and other vegetation. It needs 
to include an irrigation system that can collect 
stormwater from roof to another source (USEPA, 
2014). 

Green walls can be viewed as vertical green roofs. 
They provide most of the benefits of green roofs, 
but also add decorative effects to the facade of a 
building.

Extensive Green Roof

Plants
Growing Media

Filter Fleece Drainage Layer
Insulation Layer

Supporting Structure
Waterproof Membrane

Intensive Green Roof

Vegetation
Grasses;
Herbs;

Flowering and herbaceous plants

Trees;
Shrubs;
Grasses

System Build-up 
Height (mm) 60-200 150-400;

on underground garages > 1000
Weight
(kg/m2) 60-150 180-500

Costs Low High
Maintenance Low High

Use Ecological protection layer Park-like garden

Fig. 2-20: Comparison of Extensive Green Roof and Intensive Green Roof (Bruderman and Sangkakool, 2017; Raji, Tenpierik and van den 
Dobbelsteen, 2015)
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Benefits of Neighbourhood-based Green Infrastructure

Category Environmental 
Benefit

Social
Benefit

Economic
 Benefit

Benefit

Habitat and Biodiversity
Urban biodiversity 
enhancement
native plant species provide 
habitats for birds, insects, and 
other species
Habitat connectivity
p a r ks  a n d  u r b a n  fo re st , 
help to faci l itate wildl i fe 
m o v e m e n t  a n d  c o n n e c t 
wildlife populations between 
habitats

Neighbourhoods and
Communities Economy
Local economic improvement
green infrastructure can 
reduce the cost of urban 
i n f ra st r u c t u re ,  p ro m o te 
local economic growth, and 
c reate  const ruct ion  and 
maintenance jobs
Green jobs
a s  d e m a n d  f o r  g r e e n 
infrastructure skills increases, 
a range of new training and 
cert i f icat ion programs is 
emerging
Property values
using green infrastructure in 
construction and increasing 
vegetation and tree cover 
can increase property values, 
benefiting both developers 
and homeowners.
Lifespan of infrastructure
green infrastructure can 
help lengthen the lifespan 
of  grey infrastructure by 
complementing catch basins 
and drainage pipes
Water systems
green infrastructure creates 
a new network to slow the 
rate of runoff and manage 
t h e  o n - s i te  s to r mwate r, 
which can help lower the 
cost of managing erosion in 
waterways

Recreation and Outdoor 
Activity
Creating recreation space
vegetations increase publicly 
available recreation areas
Encourage outdoor activity
green  cover  encourages 
outdoor activity,  such as 
walking, jogging, cycling, and 
other sports

Health Effects
Air quality improvement
v e g e t a t i o n s  i m p r o v e 
a i r  q u a l i t y  a n d  r e d u c e 
greenhouse gases, especially 
those vegetations with large 
leave surface areas and high 
transpiration rates
Physical health 
more green space encourage  
outdoor physical activity, 
r e d u c i n g  o b e s i t y  a n d 
preventing associated chronic 
diseases
Mental health
more green space can also 
help people keep mental 
health, reduce anxiety and 
depression

Water Quality and 
Quantity
Water quality
by  re d u c i n g  t h e  l o a d  o f 
p o l l u t a n t s  c a r r i e d  w i t h 
sto r mwate r  r u n o ff  f ro m 
impermeable surfaces
Flow management
retaining runoff in landscape 
areas and slowing the rate of 
flow from the catchment area
Water supply
r e u s e  s t o r m w a t e r  f o r 
i r r i g a t i o n ;  r e c h a r g e 
groundwater through water 
infiltrating into the soil

Air Quality 
Urban cooling 
trees and green infrastructure 
provide significant reductions 
in urban temperatures
Particulate pollution removal
green infrastructure features 
c a n  r e d u c e  p a r t i c u l a t e 
pollution by absorbing and 
filtering particulate matter

• • • 

• 
• 

• 

Fig. 2-21: Benefits of Neighbourhood-based Green Infrastructure (EPA, 2019 and Global designing cities initiative and National association of 
city transportation officials, 2016)

Category Environmentally 
Sustainable Neighbourhood

Socially
Sustainable Neighbourhood

Economically
 Sustainable Neighbourhood

Function

Strategy

2.4 Sustainable Neighbourhood

According to the study of "Sustainability Toolkit" from ASLA (2020), a sustainable neighbourhood is a 
meso-scale between sustainable cities & communities and sustainable landscapes and green buildings. 
Environmental, economic, and social are three components that contribute to sustainability in the 
neighbourhoods. 

U t i l i z i n g  l o w  i m p a c t 
development strategies.

Planning mixed-use, mixed-
i n co m e  re d e ve l o p m e nt 
projects next to  existing 
transportation hubs. 

I n c r e a s i n g  w a l k a b i l i t y 
a n d  b i ke a b i l i t y  w i t h i n 
neighborhoods by using 
c o m p l e t e  ( a n d  g r e e n ) 
streets.

I n c o r p o r a t i n g  b e s t 
p r a c t i c e  m o d e l s ,  l i k e 
L E E D - N e i g h b o u r h o o d 
D eve l o p m e nt  ( N D )  i nto 
n e i g h b o u r h o o d  z o n i n g 
a n d  o t h e r  r e g u l a t o r y 
frameworks.

I n c o r p o r a t i n g 
neighbourhood financing 
m o d e l s ,  w h i c h  i n c l u d e 
g o v e r n m e n t  f u n d i n g 
m e c h a n i s m s  a s  w e l l  a s 
private partnerships.

Integrating disconnected or 
inaccessible transportation 
s y s t e m s  i n t o  a  s i n g l e 
networked system.

Creating parks, trails, and 
other green spaces  that 
enable adults and children to 
be active.

Preserving and building upon 
local cultural and community 
assets, including historic 
landscapes and buildings, 
p a r k s ,  m u s e u m s ,  a n d 
botanical gardens.

to create vibrant community 
and street life 

connected, affordable, and 
responsive to residents' 
social and health needs  

to create a virtuous cycle of 
economic development

• • 

• 

• 

• 

• 

• 

• 

Creating mixed-use, mixed-
income developments.

• 

C o n s t r u c t i n g  c o m p l e t e 
(and green) streets  that 
e n co u ra ge  wa l k i n g  a n d 
bicycling. 

• 

Reducing urban heat island 
effects by providing ample 
urban tree canopy and green 
or cool roof coverage.

• 

Maximizing local  energy 
e f f i c i e n c y  a n d  w a t e r 
conservation approaches. 

• 

Providing sufficient green 
space for recreation.

• 

Fig. 2-22: Sustainable Neighbourhood from Environmental, Social, and Economic Perspectives (ASLA, 2020)
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Low Impact Development, such as bioretention 
faci l it ies,  permeable pavement, is  to mimic 
natural processes that result in the infiltration and 
evaporation or use of stormwater in order to protect 
water quality and associated aquatic habitat (USEPA, 
2018a).

The urban heat island effect can cause cities and 
towns to be much warmer than the surrounding 
countryside. Closely packed buildings, paved 
surfaces, releases from furnaces, air-conditioners, 
and vehicles are all factors leading to urban heat 
islands. (Climate Atlas of Canada, 2020).

Planting large trees to provide shade, can reduce 
cooling costs of buildings in the summer, and 
growing a windbreak of trees and shrubs near the 
building can prevent heat loss during cold winter 
months. This well-placed vegetation can save up to 
25% of the energy a typical household uses (Energy 
Saver, 2020a).

Water conservation approaches can be associated 
with green infrastructure to collect, treat, and reuse 
stormwater for irrigation. Selecting and placing 
plants appropriately, improving soil conditions, 
and maintaining the vegetation periodically all 
contribute to water conservation (Energy Saver, 
2020b). 

Transportation hubs, such as airport, train station, 
rapid transit station, bus stop, used by a large 
number of people.  Planning mixed-use and 
mixed-income redevelopments next to existing 
transportation hubs can contribute to walkable 
neighbourhoods by reducing the use of private 
cars, and improving social interaction within the 
neighbourhood.

Mixed-use development is a type of pedestrian-
friendly development that can provide people with 
multiple uses including residential, commercial, 
retail, employment, and industrial uses in close 
proximity, reducing energy transportation costs 
(MRSC, 2020). 

Mixed-income development refers to provide 
different housing types to accommodate residents 
with a range of income levels, especially to provide 
better-quality housing for low-income families 
(Joseph, Chaskin, and Webber, 2007). 

Complete streets are streets designed and operated 
to enable safe access for all users, including 
pedestrians, bicyclists, motorists, and public 
transportation users (NOACA, 2013). Complete 
streets make it easy to cross the street, walk to 
shops, bicycle to work, and allow buses to run on 
time (Smart Growth America, 2020).

Green streets are streets that incorporate green 
infrastructures, such as street trees, sidewalk 
planters, street-side swales, permeable pavement, 
and bioretention areas to manage stormwater 
runoff and improve street aesthetics (EPA, 2008).

Definition of Key Terms

Low Impact Development (LID) Urban Heat Island Effect

Energy Efficiency 

Water Conservation

Transportation Hub

Mixed-use Development

Mixed-income Development

Complete Streets

Green Streets

Fig. 2-23: Diagram of a Sustainable Neighbourhood 

Green Space
School

Public
Transport

Industrial

Green Street

Public 
Services

Housing
Diversity

Commercial 
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Chapter 03 -- Case Study
Chapter 3 is an introduction and examination of case studies that 
are relevant to green water management approaches and green 
infrastructure designs. The types of projects include urban parks, 
open spaces, urban streets, and neighbourhoods. The case studies 
aim to explore how different types of green infrastructure are 
developed to the site, and with a special focus on stormwater 
management. 

The choice of design projects focuses on sustainable redevelopment 
at the community and neighbourhood scale to achieve ecological, 
cultural, and economic benefits. These case studies provide 
inspiration and lessons for the design proposal in chapter 4.
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This project transformed an abandoned brownfield into a downtown central park and lined northern and 
southern halves of Birmingham, Alabama. The design of the park emerged from the influence and attraction 
of the railroad, allowing people to be physically at the level of the trains. In addition, the park provided 
outdoor community space for different people and activities, and promoted a sustainable and healthy 
landscape design for the city centre (Alabama ASLA, 2011; LeBleu, Bowen and Garrett, 2016).

3.1 Railroad Park, Alabama, United States
Type of Urban Strategy: Green infrastructure
Type of Project: Park / Open space
Former Land Use: Brownfield 
Climate Zone: Humid subtropical
Size: 7.7 ha
Date Designed/planned: 2006
Designer: Tom Leader Studio, Macknally Land Design
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Fig. 3-1:  Site Plan of Railroad Park (LeBleu, Bowen and Garrett, 2016 and TLS landscape architecture, 2017)

Ecological Targets & Design Elements

The park is located at the lowest point of the downtown watershed, therefore, 
a chain of water features (wetland, lake, rain curtain, ponds, and streams) were 
created to manage the stormwater on site.

Water Management
&

Protection

Wildlife & Native 
Species Support

Healthy Lifestyle & 
Recreation Promotion

Fig. 3-2:  Ecological Targets & Design Elements of Railroad Park (ASLA, 2011; LeBleu, Bowen and Garrett, 2016; WLA, 2011)
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The lake (irrigation reservoir) is fed 
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good quality recycled industrial water

The water then runs through lakes to a long 
system of streams and ponds for bio-filtering 
before it is pumped to a large wetland

Water is filtered through a wetland before 
continuing into the lake and stream system
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Fig. 3-3: Water system of Railroad Park

• 

• 

• 

• 

• 

• 

• 

• 

the system of streams and ponds provides bio-filtration capacity for over 1.5 million 
gallons of water and provides emergency flood storage for surrounding watershed

more than 500 trees and 20 different species, and 75 species of shrubs, perennials, 
and vines were planted in the park

two kids play areas were introduced, a Rail Trail, outdoor gym equipment, 
skateboard and trick bikes areas were built for people of different ages
a 4,000-seat amphitheatre provides space for outdoor movie screenings, concerts 
and performances
The Birmingham History Panel is built to express the impact of trains and the steel 
industry in the formation of Birmingham

the wetland filters the water through wetland plants to improve the water quality 
for irrigation, the park takes advantage of a large irrigation reservoir to irrigate the 
lawns rather than potable supplies
large water body helps cool the urban breezes in the summer

the number of bird species observed on the site has increased from 10 to 35
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Fig. 3-4:  stormwater management in Railroad Park (TLS landscape architecture, 2017)
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Social and Economic Benefits

Lessons Learned

The applicability to the South Point Douglas Waterfront Area

Fig. 3-5:  Social elements in Railroad Park

• 

• 

• 

• 

• 

the park can attract more than 600,000 visitors annually, and it is commonly known as “Birmingham’s living 
room”, it helps unify the northern and southern parts of the city, and has become the most racially-integrated 
and heavily-used space in the city

the site is completed with a large perimeter loop with a series of smaller loops, the continuous circulation 
not only solves the elevation problems of the site but also supports fitness activities 
(LeBleu, Bowen and Garrett, 2016)

all historical brick, granite cobble, and granite curbs on the site were reclaimed and reused in the 
construction of the park 
the park catalyzed $324.5 million in public and private investment in the area 
(LeBleu, Bowen and Garrett, 2016)

elevate the pathway to allow people to at the same level as the trains to break the visual barrier caused by 
railways

Queens Plaza, located at the end of the Queensboro Bridge, acts as the gateway to Long Island City from 
Manhattan, New York. The Queens Plaza Redevelopment plan looked to transform grey infrastructure 
consisting of three subway lines, two elevated routes, and parking lots into green infrastructure, making 
room for people, plants and water among the layers of the traffic network. The project spans the length of 
eight city blocks, including a green corridor and a park (Dutch Kills Green). Through introducing bikeways 
and creating open space, the design improves traffic circulation as well as the outdoor environment (Thoren 
and Louw, 2013).

3.2 Queens Plaza, New York, United States
Type of Urban Strategy: Green Infrastructure
Type of Project: Open Space / Streetscape
Former Land Use: Greyfield
Climate Zone: Humid Continental
Size: 5.3 ha
Date Designed/planned: 2003
Designer: WRT Margie Ruddick Landscape (MRL)

Before

After

Fig. 3-6:  Site Plan of Dutch Kills Green (Thoren and Louw, 2013)
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Fig. 3-7: Ecological Targets & Design Elements of Dutch Kills Green (Thoren and Louw, 2013; New York City Department of Design and 
Construction and the Design Trust for Public Space, 2005)

 2023.43m2

Water Retention 
Planting Strips 

Permeable Paver 

Constructed Wetland

the interlocking and modular 
permeable pavers transport 
surface runoff to the infiltration 
area

the green street is consist of a 
series of water retention planting 
strips to infiltrate stormwater

the constructed wetland works as 
a storage to collect the stormwater 
from surface and subsurface

Fig. 3-8:  Water system of Queens Plaza

• 

• 

• 

• 

• 

• 

• 

• 

prevents combined sewer overflow through on-site stormwater management,  
including a system of local water retention planting strips, constructed wetland,  
interlocking and modular permeable pavers
decreases over 20.2 million gallons of stormwater from entering into the city's 
combined sewer system annually
reduces 786,500 gallons of water for irrigation every year through adapting native 
plant species

native and adapted trees, shrubs, and grasses were selected to reference the soil 
and climatic conditions 
adds 174 new trees on-site and adjacent to the site, which can store 4,698 lbs of 
carbon and sequester 1,079 lbs of carbon per year

creates open space with benches for seating and gathering, the vegetation on-site 
can reduce average ambient noise by 23% 

promotes a bike path system and improving pedestrian's walking experience 
through reusing 803 tons of concrete for median "No-Go" barriers that direct and 
protect cyclists and pedestrians

increases 6038.70 m2 of planting, including 63 native plant species

STORAGE

INFILTRATION

Fig. 3-9:  stormwater management in Queens Plaza (Wild by design, 2016)
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Social and Economic Benefits

Lessons Learned

(Thoren and Louw, 2013)

The applicability to the South Point Douglas Waterfront Area

Fig. 3-10:  Social elements in Queens Plaza

• 

• 

• 

• 
• 
• 

• 

the stormwater management in an urban public area must be a system that maintains separation of 
stormwater from other infrastructures, such as sewer, electric, gas, and telephone utilities. 

through the stormwater management, avoiding a projected $3.4 million in future capital cost to construct a 
larger combined sewer overflow tunnel

the infiltration area of the stormwater runoff should not impact buried infrastructures like subway tunnels.

attracting an average of 125 people per day in summer
the safety improvements help reduce pedestrian and cyclist fatalities
provides an estimated $20,000 to $37,000 in net annual benefits to the City, which includes reduced energy 
consumption, improvements to air quality, carbon storage, and increases in surrounding property value 
(Thoren and Louw, 2013)

the reuse of on-site concrete can be an effective way that resulted in a more sustainable and aesthetically 
pleasing project

• water retention planting strips are used on the street to collect and infiltrate stormwater runoff

3.3 Corktown Common, Ontario, Canada

Corktown Common is a neighbourhood park located adjacent to the Don River. It is built as part of the 
redevelopment of the West Don Lands by Waterfront Toronto. The design transformed an industrial 
brownfield site into an open green space that not only works as a large earthen berm, that protects 
against a 500-year flood, but also provides a safe condition for the new development of the park, as 
well as surrounding residential and commercial neighbourhoods. Corktown Common integrated flood-
control infrastructure into the design, and programmed the park with diverse features, such as urban 
prairies, marsh, playground, splash pad, fireplace, and picnic area (City of Toronto, 2019; Shelley, Wolff and 
Hunchuck, 2016).

Type of Urban Strategy: Green Infrastructure
Type of Project: Park / Open Space
Former Land Use: Brownfield
Climate Zone: Humid Continental
Size: 7.3 ha
Date Designed/planned: 2006
Designer: Michael Van Valkenburgh Associates, Inc.

Before

After

Fig. 3-11:  Site Plan of Corktown Common (Hogan, 2016 and Shelley, Wolff and Hunchuck, 2016)
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Fig. 3-12: Ecological Targets & Design Elements of Corktown Common (City of Toronto, 2019; Shelley, Wolff and Hunchuck, 2016; Mueller De 
Celis, et al., 2018)

City Supply

City Supply

2257.54m2

Constructed Marsh

UV Facility

UV

150,000-gallon
Storage Tank

Irrigation

Fig. 3-13:  Water system of Corktown Common

UV facility treats water collected 
from a splash pad and stormwater 
runoff for reuse

U V- t r e a t e d  w a t e r 
is  transported to a 
constructed marsh for 
flushing and aeration

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

retains all annual rainfall on-site, which equivalent to 1.15 million gallons of water 
per year
saves nearly 1,246,400 gallons of water for irrigation annually through on-site 
stormwater management
the on-site UV facility treats an average of 140,000 gallons of water collected from 
a splash pad and stormwater runoff per week, which can remove eight types of 
bacteria and several viruses, including E.coil
an extensive subsoil drainage system, is located under the site to collect infiltrated 
stormwater and irrigation water, conveying 1,683,000 gallons per year to 
constructed marsh

according to the different needs of different plants in the site planting plan, the 
planting areas use more than 35,000m3 of horticultural soil that represents 11 
different soil types
there are 30 species of trees, 33 species of shrubs, 41 species of groundcover, and 
13 species of aquatic plants on the site to create diverse planting palette
provides habitat for 13 endangered bird species

provides green open space to the surrounding residents and visitors

provides trails down and a bike path linking to the Don River Valley trail system

facilities like playground areas, splash pad, fireplace, permanent barbeque, and 
large picnic tables provide opportunities for children and adults of all ages to enjoy 
the organized outdoor activities

Social and Economic Benefits

Lessons Learned

The applicability to the South Point Douglas Waterfront Area

Fig. 3-14:  Social elements in Corktown Common

• 

• 
• 

• 

• 

• 

the maintenance of the plant species is related to the levels of biodiversity on-site, the designers must ensure 
the park's caretakers are familiar with the different species planted in the park, and know which plants to 
weed and which to keep

serves as a neighbourhood amenity, provides outdoor space to people of all ages
catalyzes public and private investments in the redevelopment sites, and increases property values in this 
area
the treated stormwater is stored in a 150,000-gallon cistern under the central lawn, which is used for 
irrigation to save costs
the nine panels on the pavilion roof supplement the park's electricity needs with 1.6 KW of power for the 
lighting of the pavilion, washrooms, staff office, utility room, kitchenette, and UV filters

a variety of facilities in the park provide year-round outdoor activities for children and adults, including a 
pavilion with a fireplace designed to provide shelter and warmth in the coldest months

• 
• 

using underground storage tank to store treated water for irrigation
programme varieties facilities for people of different ages during different seasons, such as a splash pad in 
the summer, and a fireplace in the winter

(Shelley, Wolff and Hunchuck, 2016)
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Fig. 3-15:  Stormwater Management in Corktown Common (Betts, 2016)
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3.5 Dockside Green, British Columbia, Canada

Dockside Green is a mixed-use residential and commercial redevelopment transformed from a former 
brownfield site used by light industry, into a vibrant and sustainable urban neighbourhood. It is located 
in the heart of Victoria and adjacent to the Upper Harbour and downtown. Dockside Green is the first 
community in Canada to achieve LEED v4 Platinum certification for Neighbourhood Development.  Dockside 
Green is served by green infrastructure, including an on-site wastewater treatment plant and greywater 
recycling system, a district energy facility that generates heat for the whole community, and integrated 
greenspaces and wildlife habitat into the site. The project created a successful prototype for green 
neighbourhoods development under the urban brownfield context (CaGBC, 2019 and PWL partnership, 
2020).

Type of Urban Strategy: Green Infrastructure
Type of Project: Multi-unit Residential
Former Land Use: Brownfield
Climate Zone: sub-Mediterranean
Size: 6.1 ha
Date Designed/planned: 2004 (this project is still under construction)
Designer: Derek Lee, PWL Partnership Landscape Architects (Principal Landscape Architect)

Before

After

Fig.3-16: Site Plan of Dockside Green (Perkins + Will Architects, 2006 and PWL Partnership, 2017)

Ecological Targets & Design Elements
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Fig. 3-17: Ecological Targets & Design Elements of Dockside Green (Farr, 2011 and City of Victoria, 2016)
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Stormwater runoff is managed 
through a naturalized creek 
and pond system

Stormwater runoff is collected 
from the green roof and off 
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a series of ponds
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• 

• 

• 

• 

• 

• 

• 

• 

treats 100% of sewage on-site, and reuses the treated water for toilets and 
landscape irrigation

central greenway with a system of naturalized creeks and ponds provide a strip of 
habitat for urban wildlife
native plant species are used across the site, including waterfront walkway, 
pedestrian pathway and green space

connects pedestrian and cyclist route with a popular regional trail that reaches the 
city centre
a waterfront walkway is created with native plants to bring people to enjoy the 
views

65% less potable water usage than traditional developments through using high 
performance water fixtures and appliances
stormwater is collected from the roofs and off the grounds into deep underground 
pools and released into a series of terraced ponds with wetland plants and large 
granite boulders
total water savings for the development are estimated at 70 million gallons, 
produced by on-site waste treatment facility and stormwater management, and 
water-saving fixtures in buildings

Fig. 3-18:  Water system of Dockside Green
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Fig. 3-19:  Stormwater Management in Dockside Green (Lee, 2017)
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Social and Economic Benefits

Lessons Learned

The applicability to the South Point Douglas Waterfront Area

Fig. 3-20:  Social elements in Dockside Green

• 

• 

• 

• 
• 

• 

• 

• 

the use of green technology and system thinking in the integrated design can lead to a sustainable 
community, and offset any increased development costs (Ling, Thomas and Hamilton, 2007)

provides 11% of affordable housing and senior assisted-living facilities

encourage residents of Dockside Green to interact with neighbours and actively enjoy the waterfront scenery

energy savings for each building will be 45-55% less than the Canadian Model Building Code
catalyzes regional and local development, brings new investment into the community, and increases the 
value of land
walkable neighbourhoods with several mixed-use hubs provide access to office space, retailers and 
restaurants

the greenway path should have a minimum 2.5m in width, and must be constructed of a durable material 
that provides safe passage for pedestrians and wheelchairs and also limits stormwater runoff (City of Victoria, 
2016)
extensive green roofs should be separated from human traffic to protect the integrity of the soil and plants; 
intensive green roofs should ensure soil makeup and depths are great enough to plant large tree species, and  
permit people access to the rooftops (City of Victoria, 2016)

• create a higher density and walkable neighbourhood with mixed-use hubs to provide needs for daily life

3.4 Zidell Yards District-Scale Green Infrastructure Scenarios, 
       Oregon, United States

The Zidell Yards is a 13.35 ha industrial site adjacent to downtown Portland and the Willamette River. It is 
also a site selected as one of five pilot eco-districts in Portland, Oregon. This project is about developing 
scenarios for the application of green infrastructure within a district scale to manage stormwater and provide 
creative brownfield remediation solutions. Three scenarios were integrated to successfully implement green 
infrastructure onto the site. These scenarios are Diffuse + Embedded; Clustered + Distinct; and Central + 
Focused. Each scenario is used to plan solution and strategies to meet different project goals (USEPA, 2012).

Type of Urban Strategy: Green Infrastructure
Type of Project: Urban Neighbourhood
Former Land Use: Brownfield
Climate Zone: Between Mediterranean and Temperate maritime
Size:  13.35 ha
Date Designed/planned: 2012 
Designer: Jeff Boggess, Claire Maulhardt, and Brett Milligan, GreenWorks, P.C.

Fig. 3-21: Site Plan of Zidell Yards (USEPA, 2012)

Before After

(Farr, 2008)
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The Diffuse + Embedded scenario is an evenly distributed 
network that includes green roofs, permeable paving, 
and small-scale vegetated facilities. The stormwater 
collection and infiltration system relies on a series of 
small-scale vegetated facilities to mimic native wetlands. 
The basins are linked through an interconnected network 
of v-channels, bioswales and trench grates. This network 
conveys treated stormwater to overflow locations. 
Stormwater can be absorbed quickly by these small-
scale basins during small storm events. The network can 
foster many secondary distributed benefits, such as rich 
pockets of vegetation, storage and reuse of stormwater 
for buildings (ASLA,2014).

The Clustered + Distinct scenario consists of centralized 
and distributed systems to manage stormwater at a 
neighbourhood scale. The site can be divided into several 
groups of buildings, thus creating a distinct management 
area. This management method relies on stormwater 
planters to collect, infiltrate and treat runoff from 
impervious areas. Overflow is conveyed by a network of 
surface conveyance channels to a constructed wetland 
complex, and finally discharged to the Willamette River.

The Central + Focused scenario manages stormwater 
through a network of open channels and large centralized 
district-scale facilities. The stormwater facilities are 
large geometric stormwater planters integrated with 
surrounding plazas. The site can be seen as three 
individual parts to deal with stormwater. The water is first 
collected by green roofs and pavements, then treated 
by the large integrated facilities, and finally conveyed to 
a series of constructed weirs to discharge runoff to the 
river.

Scenario 1: Diffuse + Embedded

Scenario 2: Clustered + Distinct

Scenario 3: Central + Focused

Ecological Targets & Design Elements

Water Management
&

Protection

Wildlife & Native 
Species Support

Healthy Lifestyle & 
Recreation Promotion

Green Roof
4.2 ha (covers 90% of 
the rooftops) 

1.4 ha (covers 90% of 
the plazas) 

0.8 ha of 15cm deep small-scale 
vegetation area Subsurface flow

Covered channel

Surface flow

Scenario 1: Diffuse + Embedded

Permeable Paver Vegetated Facility

Infiltration 
Basin

Fig. 3-23: Ecological Targets & Design Elements of Zidell Yards (ASLA, 2014 and USEPA, 2012)

• 

• 

• 

• 

• 

• 

• 

manages stormwater runoff on the surface, all three scenarios rely on a network of 
surface conveyance channels and infiltration facilities to manage stormwater and 
convey larger flows to the river via an overland discharge system
a district-scale system of green infrastructure that integrated green roofs, green 
streets, or flow-through planters in the site design to manage stormwater and 
provide multiple benefits

using a soil cap to ensure the remaining contaminated soil is buried deep 
underground that does not pose a risk to both humans and wildlife
attracts and increases pollinator and wildlife species to the site

provides clean water and air to improve livability and health

the remediation of the brownfield enhances the water quality in the river and 
improves fish and wildlife habitat in and beside the water

greenway, plaza space, and sitting area on the site encourage residents and visitors 
to walk and spend more time outside

Fig. 3-22: Site Analysis of Three Scenarios (USEPA, 2012)
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Green Roof

Green Roof

2.9 ha (covers 25% of 
the rooftops) 

2.7 ha (covers 50% of 
the rooftops) 

0.15 ha (covers 10% of 
the plazas) 

0.95 ha (covers 25% of 
the plazas) 

0.6 ha of 60cm deep geometric 
stormwater planters

0.8 ha of 30cm deep 
stormwater planters

Scenario 3: Central + Focused

Scenario 2: Clustered + Distinct

Permeable Paver 

Permeable Paver 

Vegetated Facility

Vegetated Facility

Naturalized 
Detention Beds

Detention Beds 
with Artificial 
Control Structure

Subsurface flow

Subsurface flow

Covered channel

Covered channel

Surface flow

Surface flow

The applicability to the South Point Douglas Waterfront Area

Lessons Learned

Diffuse + Embedded Scenario
This concept works as a performance-based approach that applies evenly distributed networks, including 
green roofs, pervious paving, and multiple small-scale vegetated facilities to collect, convey, treat, storage and 
reuse stormwater. The network ensures each future building fitted into the pattern of the green infrastructure 
system, and allow maximum stormwater infiltration in a specific brownfield condition (ASLA,2014).

Clustered + Distinct Scenario
This scenario manages stormwater at the neighbourhood scale to provide flexibility for developing smaller, 
neighbourhood, and subdistrict stormwater networks. This model is suitable for long-term land development , 
which can reduce initial capital investment while achieving the efficiency of stormwater management.

Central + Focused Scenario
In this scenario, water would be most visible during all types of stormwater events. The network using large 
sizes of vegetated facilities combined with plaza spaces provide and enhance visual, recreational, and habitat 
values.

Social and Economic Benefits

• increases the attractiveness and marketability of the site for economic development
• reduce the cost of drain pipes under the contaminated soil by using the surface conveyance
• brings new investment into the site and increases the productivity of the land

• 

• 

• 

• 

a district-scale system of green infrastructure can become a fundamental organizing element of the site by 
influencing development patterns, views, and circulation corridor

connects the site with surrounding neighbourhoods through a new pedestrian bridge, light-rail line and stop, 
and an expansion of the Portland Streetcar

(USEPA, 2012)

after the excavation and disposal of the upland contaminated soils, soil cap and gravel cap were placed on 
the remaining upland area of the riverbank to eliminate health and safety hazards

if the remaining contaminants on the site are considered as non-mobile and do not pose a risk to 
groundwater, it is safe to let the stormwater infiltration on the site

• 
• different sizes and forms of the vegetated facility is a useful reference for the application

provides three types of model of integrating green infrastructure in a district-scale waterfront neighbourhood

Fig. 3-24: Stormwater Management of Three Scenarios (USEPA, 2012)

Chapter 03 -- Case Study



6160

3.6 Summary

Constructed Wetland
Constructed Marsh

Stream & Pond
  Creek & Pond

Lake 
(irrigation reservoir)

Water Retention 
Planting Strips 

Permeable Paver UV Facility

UV

Wastewater Treatment Plant
(WWTP)

Green Roof

Vegetated Facility

Project Name Size
(ha)

Former 
Land Use

Typology 
of Green 

Infrastructure
Design Elements Stormwater 

Management

Railroad Park 7.7 Brownfield Park
Constructed wetland

Lake (irrigation reservior)
Stream and pond

Collect|Filter|Reuse

Queens Plaza 5.3 Greyfield Green street
Water retention planting strips

Permeable paver
Constructed wetland

Guide|Infiltrate|Storage

Corktown 
Common 7.3 Brownfield Park Constructed marsh

UV facility Treat|Storage|Reuse

Dockside 
Green 6.1 Brownfield

Green roof
Green street
(greenway)

Green roof
Creek and pond

Wastewater Treatment Plant
Collect|Treat|Reuse

Zidell Yards 
Green 

Infrastructure 
Scenarios

13.35 Brownfield Green roof
Green street

Green roof
Permeable paver
Vegetated facility

Convey|Infiltrate|Retain

Fig. 2-25: Key information of each case study

WWTP

Regulating Services

Supporting Services

Cultural Services Provisioning Services 

Stormwater Cycle

Constructed Wetland
Constructed Marsh

Constructed Wetland
Constructed Marsh

Stream & Pond
  Creek & Pond

Lake 
(irrigation reservoir)

Water Retention 
Planting Strips 

Permeable Paver 

UV Facility

UV

Wastewater Treatment Plant
(WWTP)

Green Roof

Vegetated Facility

Storage Tank

Design Elements of Green Infrastructure in the Case Study

WWTP

Park

Green Roof

Non-landscape
Elemet

Green Street
(greenway)

Under the urban context, especially at the community/neighbourhood scale, parks and green streets are 
two main types of green infrastructure. According to different design purposes, a variety of design elements 
can be incorporated into the projects. The combinations and applications of the design elements in each 
case study provide examples for us to understand how the network of stormwater treatment works, and 
what ecological, social, and economic benefits can be achieved.

Stream & Pond
  Creek & Pond

Chapter 03 -- Case Study



6362

Chapter 04 -- Design Proposal

Part 1 -- Site Inventory and Analysis
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4.1 Site Location

South Point Douglas Waterfront Area is the study area of this practicum. It is a part of the South Point Douglas 
Redevelopment Site located at the bend of the Red River, and belongs to the Syndicate sewer district.

In the following part, there will be a series of analysis from the Point Douglas to South Point Douglas 
Waterfront Area.

Study Area

N

South Point Douglas Waterfront Area
(study area)

Syndicate Sewer District 

Fig. 4-1: Context Map

South Point Douglas Redevelopment Site

South Point Douglas 
Waterfront Area

(study area)

Syndicate Sewer District + South Point Douglas Redevelopment Site

Histroy

Land use

Zoning

Sewer System

Overview

Location

Brownfield Sites

SWOT Transit
Housing

Hydrology Analysis

Soil Erosion
Greenspace
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4.2 Site Analysis

Overview of South Point Douglas Waterfront Area

Red           River

Red           River

Abandoned Industrial Site
(brownfield site)

Residential Area 
with Vacent LandA Large Area of 

Vacent Land

A Large Area of 
Vacent Land

A Large Area of 
Vacent Land

Recreational Area

Railway

A Large Area of 
Vacent Land (brownfield site)

Residential Area

Waterfront 
Parkway

Commercial & 
Recreational Area

Fig. 4-2: Aerial Photo of Study Area (City of Winnipeg, 2019)
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Early 1800s

Before 1800s

Before 1880s

1880s

Point Douglas is defined by a 
bend in the Red River. Scottish 
settlers first established an 
agricultural colony on this land.

The Hudson Bay Company established the Selkirk 
Colony at Fort Douglas in the Point Douglas area. The 
Fort was the headquarters of the governor of Selkirk 
until it was moved to Lower Fort Garry.

Point Douglas had been a desirable 
residential area for Winnipeg's growing 
wealthy classes. I t  was home for 
business owners and entrepreneurs like 
James Ashdown.

The Canadian Pacific Railway laid down tracks between 
Higgins and Sutherland Avenues, separating Point Douglas 
into north and south. The north side remained mostly 
residential, while the southern part shifted from residential to 
industrial.

Timelinks of Point Douglas

1909

1890s

1950s

The proximity to railway facilities 
made Point Douglas become one of 
the most important industrial areas 
in Winnipeg. A variety of enterprises 
from farm implements manufactures 
and paint mixers to flour mills and 
ironworks.

Two streets in Point Douglas were established 
as Winnipeg's Red-Light District, further 
reducing the desirability of the neighbourhood 
and accelerating the decay of the area.

Most of Point Douglas was designated 
for heavy industry, despite many people 
still lived there. However, due to the 
changes in transportation technologies 
and economic shifts, the business started 
moving out of the Point Douglas, leaving 
empty, and many were knocked down.

Many lifeless streets with poor housing conditions and 
brownfields. A low population and building density make the 
area like a "Death Corner" in the city.

The southern part of 
the Point Douglas is 
an almost wasteland 
in Winnipeg. I t  has 
been suffering from 
contaminated soi ls, 
abandoned factories, 
and barrier caused by 
railways. 

2000s

2019
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Fig. 4-3: Zoning Map, Point Douglas
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Manufacturing Light From the Zoning Map above, it is obvious that in Point 
Douglas, the area north to the CP Railway is primarily zoned 
as residential (R2), with parks and recreation (PR1) along 
the neighbourhood's periphery, and commercial (C1 and 
C2) located beside main streets. The southern area is zoned 
industrial (M1 and M2) in the east and downtown multiple 
sector (M) in the west, and a small part of the riverbank 
sector (R).

The majority of South Point Douglas Waterfront Area is 
zoned as Industrial lands (M1 and M2). Only a small part 
located close to the downtown area is zoned as Downtown 
Multiple Sector (M).
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South Point Douglas Waterfront Area
(study area)

The land in Point Douglas is used for different purposes, 
most of the residential lots are concentrated on the northern 
area, and the southern area has a large portion of industrial 
development.

The land uses in the South Point Douglas Waterfront Area 
are varied, including industrial, vacant land, greenspace, 
residential, parking lots, commercial, and social services. 
Industrial use is dominant, including industrial warehouses 
and miscellaneous industrial activities. There are two large 
areas of vacant land and several small pieces of vacant land 
in the residential use area. Greenspace is located in the part 
of the periphery, and there is little commercial development 
in the waterfront area.

Fig. 4-4: Overall Land Use Map, Point Douglas
0 100 200 300 mN

Industrial

Services (social, government)
Institution (school, religious)

South Point Douglas Waterfront Area
(study area)

Parking Lot
Commercial (store, hotel, clinic, etc.)

Greenspace
Residential

Vacant
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Aboriginal Organizations

Aboriginal Organizations

Aboriginal Organizations

Businesses

Businesses

Businesses

Artists

Artists

Artists

Residents

Residents

Residents

Strengths

Weaknesses

Threats

SWOT Analysis from Human Perspective, South Point Douglas 
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• 
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• 
• 
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• 

• 

• 

• 

• 

• • 

• 

• 

• 
• 
• 
• 

• 

• 

• 

• 

• 

• 
Our Place (a hub of aboriginal activity) views of the river

mix of industrial and residential
affordable

view of the river and downtown
proximity to downtown

lack and loss of amenities/businesses

noise pollution

truck route

good view of green space across the  
river

fencing of train tracks 
(poor north-south pedestrian access)

smells from nearby industries along  
Archibald

current zoning is too restrictive 
(encourage mixed development)

current land regulations 
(inappropriate zoning)

more and more vacant properties that  
are not being properly cared for

not be allowed to have meaningful  
input and rezoning

failed to get the permission for a 
business improvement zone (BIZ) 

unable to require the development of 
derelict/vacant properties

lack of critical mass of businesses and 
  residents (few people on the streets)

diversity of people

affordable and accessible
views of the river and waterfront drive
parking is available
truck route

Derelict buildings and slum housing

riverbank stability

reputation of the area

city's lack of respect for the area

erosion of the riverbank

accessible to downtown, to the river, 
and all parts of the city

Fig. 4-5: Perspectives of Stakeholders in the South Point Douglas (Bridgman Collaborative Architecture and McKay Finnigan & Associates, 2008).

Aboriginal Organizations

Businesses

improve stability of the riverbanks

n e e d  a  t u n n e l  u n d e r  t h e  C P 
railways to link South and North 
Point Douglas for pedestrian

d eve l o p  d e r e l i c t  a n d  v a ca nt 
properties

create pedestrian and bike access 
to and along the Red River

e n c o u r a g e  a  m i x e d - u s e 
neighbourhood

n e e d  m o r e  n e i g h b o u r h o o d 
amenities, such as stores and parks

amend existing land regulations 
and zoning

Artists

Residents
Opportunities

Fig. 4-6: Strategy Analysis of South Point Douglas from Human Perspective
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WO Strategy

WT Strategy

SO Strategy

ST Strategy
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• • 

• 

• • 

• 

• 

• 

more green space

remove derelict buildings

develop a facility for events

riverbank retained its natural state

mixed-use development

mixed-income housing

mixed-income housing

more amenities

retain older buildings

more green space particularly along 
the riverbank and at the Point

stabilize riverbank and a clean river

bike path developed all along the 
Point

diversity of housing (condos and 
affordable housing)

establishment of neighbourhood-
based organizations

become a special place with unique 
architecture

a new community centre with a 
swimming pool

extend the RiverWalk to provide 
better access to downtown

more smaller businesses and offices 
on Main Street

better quality streetscaping and 
road right-of-ways
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0 125 250 500 mNSWOT Analysis from Ecological Perspective,
South Point Douglas Waterfront Area

Strengths

Weaknesses

• 

• 

• 

• 

• 
• 

• 

existing waterfront green space to support 
ecosystem services

existing contaminated sites that pose a threat to  
the soil and water

existing riparian vegetation to prevent soil 
erosion

lack of linear corridor to connect existing green 
space 
riverbank erosion
lack of biodiversity

existing vegetation on both sides of the railway 
to reduce noise pollution

Threats

Opportunity

take advantages of existing riparian 
vegetation to create a buffer belt 
along the waterfront  

enhance the ecosystem services on 
both sides of the railways

improve the biodiversity by setting 
up a green network

through brownfield redevelopment 
to  build a continuous waterfront 
corridor

application of neighbourhood-
based green infrastructure  to 
deal  with on-s i te  stormwater 
management 

SW

WO Strategy

WT Strategy

SO Strategy

ST Strategy

O

T

• 

• 

• 

• 

• 

• 

• 
• 
• 

• 

combined sewer overflows carry untreated 
water into the Red River
on-site stormwater runs through contaminated 
soil, parking lots and streets into the Red River

manage on-site stormwater in the waterfront 
area

surrounding industrial land use may impact the 
waterfront area

connect existing green spaces to create a green 
waterfront corridor

a complete landscape patch is separated by CP 
Railways

protect the riverbank and improve biodiversity
change the streetscape of Higgins Ave.
break the barrier caused by railway

transform brownfield sites to urban green spaces 

Fig. 4-8: Strategy Analysis of South Point Douglas from Ecological Perspective

Fig. 4-7: 
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Brownfield Site Map, 
South Point Douglas Waterfront Area

Assessed Contaminated

Impacted

Areas of Potential Concern

"Assessed Contaminated Site" is a site that is contaminated 
at a level that poses a threat to human health or safety 
or to the environment and that has been designated 
as a contaminated site under the Contaminated Sites 
Remediation Act (CSRA).
"Potential Concern Site" is a site where contaminants are 
present in concentrations above background levels, but 
which does not pose a threat to human health or safety, or 
the environment.
"Impacted Site" means a site that is contaminated at a 
level that does not currently pose a threat to human health 
or safety or to the environment, but that may pose such a 
threat in the future.
(Government of Manitoba, 2016) 

In the waterfront area of South Point Douglas, there are 
two properties have been assessed as "contaminated", one 
site has been assessed as "impacted", and eleven properties 
should be considered as "potential concern" by Manitoba 
Conservation. Also, many properties located around the 
study area have been designated "potential concern" and 
"impacted" due to their previous usage (City of Winnipeg, 
2008).

2 Higgins Ave.

1 Higgins 
Ave.

100 
Higgins Ave.

South Point Douglas Waterfront Area
(study area)

Fig. 4-9: 

Assessed Contaminated Site

Fig. 4-10: Aerial Photography of Assessed 
                Contaminated Site

1 Higgins Ave. 

2 Higgins Ave. 

Site Name: Point Douglas Yacht Club (former) 
Zoning: M1 (manufacturing light)
Land Use: Industrial Vacant
Site Area: 16,794 m2

Attribution: assessed contaminated
Mian Pollutants: petroleum hydrocarbons
Measures: 

 

In the following sections, there will be an introduction 
of three types of brownfields in the South Point 
Douglas Waterfront Area.

Site Name: Gateway Industries
Zoning: M2 (manufacturing general)
Land Use: Industrial Miscellaneous
Site Area: 38,244 m2

Former Manufacturing: cleaning compounds 
                                            agricultural chemicals
Attribution: assessed contaminated
Mian Pollutants: hydrocarbons
Measures: 

Year 2016

Year 2018

1 Higgins Ave.

2 Higgins Ave.

In 1998, soils impacted by petroleum 
hydrocarbons were excavated and 
removed from site

In future development, this site can be 
turned into an urban park with forested 
land and grassland, and using topography 
to build resilient landscape 

This area has a low risk of flooding, and 
low impact on human health, the future 
design can take advantage of industrial 
heritage to create a unique place

In 1993, a 4545 litre underground storage 
tank was removed

the site is not designated contaminated, 
but the soil remaining on-site contains 
residual contaminants may be of concern 
in the future (City of Winnipeg, 2008)

t h e  p o te nt i a l  fo r  s i g n i f i ca nt  s o i l 
contamination and negative impact to 
human health is low (City of Winnipeg, 
2008)
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Back Lane Tree

Other Vegetation in Study Area

Boulevard Tree

Park TreeThe vegetation in the South Point Douglas Waterfront Area 
is concentrated in the residential areas, riparian areas, and 
both sides of the railway.

There are nearly no boulevard trees on Higgins Avenue,  
which is a major road in the waterfront area that connects 
the neighbourhood with the surrounding area. The 
streetscape of the waterfront area should be changed 
to provide a better outdoor walking experience for the 
pedestrian.

The riparian edge of the study area has vegetative 
biodiversity, which provides significant opportunity to 
create continuous green space along the waterfront. 

South Point Douglas Waterfront Area
(study area)

Green Space

Green Space, 
South Point Douglas Waterfront Area

0 125 250 500 mN
Fig. 4-13: 
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Impacted Site

Potential Concern Site

100 Higgins Ave. 

Properties in Grace St.

Zoning: M2 (manufacturing general)
Land Use: Industrial Vehicle Service
Site Area: 5,038 m2

Attribution: impacted
Measures: 

Zoning: M2 (manufacturing general)
Land Use: Industrial residential and vacant
Site Area: 4648.5 m2

Attribution: area of potential concern
Reason:

100 Higgins Ave.

2 Higgins Ave.

In 1995, underground storage tanks 
and  92 m3 of contaminated soil were 
removed from the site (City of Winnipeg, 
2008)
t h i s  s i t e  c a n  b e  c o n c l u d e d  a s  a 
low impact area and already been 
redeveloped as a services facility for 
container lorries

all the properties are located next to the 
assessed contaminated site (2 Higgins 
Ave.)
Since the 2 Higgins Ave. has a low risk on 
significant soil contamination, therefore, 
this area is safe for future residential or 
other development
Keep the good condition houses and 
create a complete and mixed-income 
residential area 

Fig. 4-11: Aerial Photography of 
Potential Concern Site 

        

Fig. 4-12: Aerial Photography of Impacted Site
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The South Point Douglas waterfront area is facing an issue 
of riverbank erosion. Many factors can lead to riverbank 
erosion, including meander formation, soil properties, 
flooding, vegetation, groundwater condition, and so on.

The process on a meander bend of the Red River causes 
concave bank erosion and convex bank deposition. The 
concave bank is generally weak and leads to failure-
controlled slope movements (City of Winnipeg, 2020).

Winnipeg's riverbanks consist of a combination of lacustrine 
clay-rich soils and deposition of layered clays, silts, and 
sands (City of Winnipeg, 2020). The soil in Point Douglas is 
vertisolic soil. This order of soil is heavy textured soil (greater 
than 60% clay) with limited shrink-swell characteristics 
(Canadian Society of Soil Science,2020). Due to the low 
infiltration rate when wet and relatively high erodibility, 
soil erosion is a major problem for vertisolic soil. The soil is 
susceptible to high-intensity rain when little crop or residue 
cover is available (Freebairn, Loch and Silburn, 1996). 

Riverbank Erosion, 
South Point Douglas Waterfront Area

Erosion Bank

Deposition Bank

Collapsed Tree Location

Direction of Water Flow

Moreover, a lot of collapsed trees can be found along the 
waterfront, how to make efforts to save trees and improve 
the stability of the riverbank should be under consideration.

Fig. 4-14: 

Fig. 4-16: Aerial Photography of Collapsed Trees at River Bank (City of Winnipeg, 2019)

Fig. 4-15: Collapsed Trees at Waterfront
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Housing & Building Map, 
South Point Douglas Waterfront Area

Good Housing

Poor Housing

Building for Rent/Sale

Land Limit

Fair Housing

Entertainment/Recreational Building

Commercial Building

Industrial Building

Derelict Building

The diversity of building types, sizes and purposes is a 
unique characteristic in the South Point Douglas waterfront 
area. The building types can be generally categorized as 
housing and non-housing building. Two big blocks of the 
residential area are mixed in with the industrial land use of 
the waterfront area. 

Based on the housing condition analysis from the city 
(City of Winnipeg, 2008) and field trip observations, 
existing dwelling units can be classified into good housing 
(27.6%), fair housing (27.6%), and poor housing (44.8%). 
The non-housing buildings include commercial buildings, 
entertainment/recreational buildings, and industrial 
buildings. 

Poor housing and derelict buildings are big challenges to the 
redevelopment of the waterfront area. The new proposal 
for housing should complement the surrounding conditions 
and respond to population growth in the future. For the 
derelict industrial buildings, the industrial memory and 
heritage should be taken into consideration.

Fig. 4-17: 

Fig. 4-21: 
Aerial Photography of Industrial Heritages
(City of Winnipeg, 2019)

Fig. 4-18: 
Abandoned Residential

Fig. 4-19: 
Abandoned Residential with Collapsed Tree

Fig. 4-20: 
Abandoned Industrial
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Traffic Map, 
South Point Douglas Waterfront Area

Bus Stops

North Winnipeg Parkway

Road

Trail

Pedestrian Bridge

Disraeli Freeway

CP Railways

South Point Douglas Waterfront Area
(study area)

From the transit map above, there are different types of 
roads in the network, including railway, freeway, road, trail, 
bridge, and parkway.

However, compared to the surrounding area, the road 
network in South Point Douglas Waterfront Area is 
discontinuous, and lacks connection. 

The reason for the highly fragmented road system is because 
of the vacant land, railways, and fenced brownfields. 

According to the investigation of traffic and pedestrian 
patterns of South Point Douglas, this area has a high 
percentage of  res idents  whose pr imary  mode of 
transportation is walking (City of Winnipeg, 2008). 
Therefore, it is essential to connect the parkway along the 
waterfront and break the barrier caused by the railway, 
which can provide people a walkable waterfront.

Sewer System Map, 
South Point Douglas Waterfront Area

Interceptor

Sewer Main

Private Connection

Force Main

Outfall

Sewer Frame and Cover

This map illustrates the underground sewer networks, and 
the location of the sewer frame and cover in the Point 
Douglas area. There is a lack of stormwater management 
in the east end due to the current land use. However, the 
north side is where the site can carry large amount of 
surface runoff to the river directly. 

The Point Douglas area still using the combined sewer 
system which is designed to collect both land drainage 
(rainwater and snowmelt) and wastewater (sewage from 
homes and businesses) in the same pipe (City of Winnipeg, 
2019).  

Separating land drainage lines and wastewater lines is 
a long-term solution to deal with the combined sewer 
overflow caused by rainfall events greater than 5 mm. The 
future scenario for the South Point Douglas waterfront area 
is to integrate green infrastructure into the drainage system 
to manage stormwater in a more sustainable way.

Syndicate

Fig. 4-22: Fig. 4-23: 
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Red                    River

0 200m10050N

223.00 

Contour Line

227.00

231.00 

224.00

228.00 

232.00 

225.00 

229.00 

233.00

226.00 

230.00 

234.00 
235.00

CP Railways

Fig. 4-24: Contour Line of South Point Douglas Waterfront Area
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237.0mm

222.8 mm

02 Topography 

According to the elevation analysis, the railway 
in Point Douglas which divided the river bend 
into north and south two parts is the highest 
point in the Point Douglas area, with an elevation 
of 232.30m. Except for the shoreline area, the 
southern part is almost flat with small elevation 
differences; the northern part has a bigger 
elevation difference, the elevation gradually 
becomes lower when close to the shoreline 
area.

Some small areas with relatively low elevation 
should be given more attention when managing 
the on-site stormwater because surface runoff 
can be easily retained in these low points if 
there is no drainage infrastructure. On the other 
hand, the design can take advantage of certain 
low points to create water retention areas 
or ponds as green infrastructure to manage 
stormwater.

+

+227.00

227.00
+

+229.25

+228.27

+226.50

+227.50

+223.50

+228.34

+232.30

+223.50

+230.50

+228.92

+230.36

+228.86
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Hydrology Analysis, South Point Douglas Waterfront Area
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01 Direction of Surface Runoff

Understanding the direction of surface runoff 
in the South Point Douglas waterfront area is 
essential to managing the stormwater runoff.

Contour lines were used, setting 299.50m as 
a reference line, and locating the high points 
on the site to analyze the direction of surface 
runoff. Basically, some part of the surface runoff 
goes to the surrounding water body directly, 
such as in the northern part of the river bend 
(north side of the railway), and in the area along 
the shoreline. Stormwater flows in the other 
parts of the site are mainly collected through 
the city combined sewer system by using 
underground pipes.

In order to better manage stormwater on-site, 
the future design aims to create a new process 
system to collect and treat stormwater instead 
of using the existing combined sewer system, 
and also to decrease the volume of water goes 
to the river directly.

Overall direction of 
surface runoff in each block 

Overall direction of 
surface runoff in each street Fig. 4-26: Topography Analysis of South Point Douglas Waterfront Area

Fig. 4-25: 
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Normal Summer Level    223.74 m

+223.74
+222.83

2017 Flood Peak    227.71 m

+227.75
+222.83

2009 Flood Peak    228.66 m 
(Using Expanded Red River Floodway)

+228.50
+222.83

+223.74

232.30
222.83+

+

+228.66

232.30
222.83

+
+

+227.71

232.30
222.83+

+

The normal summer level is 223.74 m, and the normal 
winter ice level is 221.76 m. There is little influence 
on the bend of Red River in Point Douglas with the 
normal water/ice level.

The 2009 spring flood crest on the Red River was 
the second-highest recorded since 1852 at most 
points in Manitoba (Government of Manitoba, 2009). 
Construction on the Red River Floodway Expansion 
Project began in 2005, and in the spring of 2009, 
the floodway project achieved its main purpose to 
provide the city of 1-in-700 year flood (Government 
of Manitoba, 2014). Therefore, the water level of the 
2009 flood peak is important data for reference in 
future design.

The 2017 flood peak level is the latest spring flood 
water level data from the city. The application of 
expanded Red River Floodway from 2009 enhance the 
existing flood protection and save more communities 
across Manitoba.

Red River Water Level
(Measured at James Ave.)

Geodetic Metric 
(m)

Normal Summer Level 223.74
Normal Winter Ice Level 221.76

2017 Flood Peak 227.71
2016 Flood Peak 227.28
2014 Flood Peak 227.62
2011 Flood Peak 228.09
2009 Flood Peak 228.66
2006 Flood Peak 227.99
2005 Flood Peak 227.89
1997 Flood Peak 229.23

03 Red River Flooding

Normal Summer Level

Waterbody

Study Area

2009 Flood Peak Level

2017 Flood Peak Level

"Spring flooding" is a long-term problem for the 
City of Winnipeg. The map shows three typical 
water levels (normal summer level, 2017 flood 
peak level, and 2009 flood peak level) in the 
Point Douglas waterfront area.

The northern part of the river bend is severely 
affected by seasonal flooding. During a flood 
peak, nearly 30% of the land in the northern 
river bend is covered by the water; and in the 
flood like 2009, only one-third of the land is 
above the water.

Vegetation along the shoreline is threatened by 
the high water level and soil erosion caused by 
the flooding. The death of the trees, especially 
big trees will cause more serious riverbank 
erosion.

Therefore, a resilient waterfront with proper 
plant species selection is needed in the Point 
Douglas to deal with the problem of flooding.

Fig. 4-28: Historical data of Red River Water Level

Fig. 4-29: 

Fig. 4-27: 

Fig. 4-30: 

Fig. 4-31: 
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4.3 Site Proposal

Future Planning Map, 
South Point Douglas Waterfront Area

Parks and Recreation

Mixed-use

Riverbank Corridor 

Existing Riverbank Trail

Green Street

Future Riverbank Trail

The redevelopment orientation for the South Point 
Douglas waterfront area is to create a mixed-use, higher 
density, and walkable neighbourhood with the ability 
to collect and treat stormwater runoff, thus providing 
ecosystem services to benefit the neighbourhood 
environmentally, socially, and economically. 

The framework for the future waterfront area consists 
of four parts: parks and recreation zone, mixed-use 
zone, and riverbank corridor zone, with green street 
and riverbank trail.

A green infrastructure strategy integrates into the 
future redevelopment in order to provide a more 
sustainable environment which can deal with the 
combined sewer outflow, improve air and water quality, 
promote a healthy lifestyle, and enhance biodiversity in 
the waterfront area.

Part 2 -- Site Proposal & Design Fig. 4-32: 
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Mixed-use Zone

Commercial

Residential
(house)

Industrial Manufacturing & Heritage

Institutional

Residential
(apartment)

Go sightseeing Shopping

Playing
Working

Living

Current Land-use

Mixed-use Zone 

Potential Residential Land

Increase higher-density  residential 
development, and retain existing good 
condition housing to create a mixed-
income neighbourhood.
Renovation of abandoned industrial 
heritage buildings for other uses, such as 
offices, lofts, museums.
Create a mixed-use zone where people of 
different ages can live, work, play, shop, 
and go sightseeing.

• 

• 

• 

Industrial

Services

Parking Lot
Commercial 

Greenspace
Residential Vacant

Green Street & Riverbank Corridor

Stormwater
Runoff

Stormwater
Runoff

Stormwater
Runoff

Bioswale

Bioretention Facility

Bioretention 
Facility

Red River

Elevated Pathway

Stormwater Diversion

Untreated Water Conveyed 
by Underground Pipe

Higgins Ave.

Waterfront Parkway

Green Street & Riverbank Corridor

Reconstruct the Higgins Avenue into a green street. 

Establish a stormwater drainage system to manage on-site surface runoff.

Connect the existing waterfront parkway with park and recreation zone to create a complete and 
continuous riverbank corridor.

• 

• 

• 

Fig. 4-33: Vision of Green Street & Riverbank Corridor Fig. 4-34: Vision of Mixed-use Zone
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4.4 Water System

Combined Sewer Keep the combined 
sewer for wastewater

Integrate green infrastructure 
into new system

Establish a new storm 
sewer system 

Stormwater Pipe

Combined Sewer

Stormwater Main

Vegetated Facility

New Stormwater Pipe

Sewage Pipe

Stormwater Pipe (disabled)

01 Separation and Integration

The first step of on-site stormwater management 
is through establishing a new storm sewer system 
to replace the existing stormwater pipes to collect 
surface runoff.

Green stormwater infrastructure is integrated 
into the new storm sewer system which can store 
and infiltrate stormwater runoff, and enhance 
ecosystem services.

Current Land-use

Parks and Recreation Zone

Storage
Tank

Pretreatment

Biological 
filtration

Stormwater
Runoff

Industrial 
Heritage

Grocery & Market  

Constructed 
Wetland

Forest & 
Grassland

Red River

Plaza

Skating Rink
(Winter)

Bioretention
Facility

Vegetable
Garden

Stormwater
Runoff

Stormwater
Runoff

First Flush

Further stormwater
Discharge to Red River

Irrigation Water Conveyed 
by Underground Pipe

Untreated Water Conveyed 
by Underground Pipe

Transform existing vacant land and abandoned industrial land into public green space.
Serve as a neighbourhood/community centre and stormwater treatment place.
Keep valuable industrial heritage and incorporate industrial style into the design.

Parks and Recreation Zone

• 

• 
• 

Industrial
Greenspace Vacant

Stormwater 
Interceptor

Fig. 4-35: Vision of Parks and Recreation Zone
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Before

After

When meeting with a 100-year flood, such as the flood of 1999, nearly half of the 
northern area in the river bend is covered with water.

When a flood bank is set at the riverbank, it can not only provide a safe place during 
severe floods but also cap on-site contaminated soil.

03 Protection and Prevention

Seasonal flooding is a big issue for the northern 
part of the site. In order to save and protect the 
water from entering the site, a flood bank is 
designed at the riverbank. The top of the flood 
bank is designed as 230.00m. At this height, it can 
protect most of the site from serious floods, such 
as the flood of 1997, which was the most severe 
flood in Winnipeg since 1852.

The flood bank also serves the function of 
processing on-site contaminated soil and landfill 
waste. Through soil capping, it can prevent people 
and wildlife from coming in contact with potential 
contaminants on the site. 

A pathway is created at the top of the flood bank 
that allows people to access the site when there is 
a higher water level.

230.00

230.00

Railway

Railway Flood Bank

229.23 (1997 flood peak)

229.23 (1997 flood peak)

232.00

232.00
229.50

230.00 +

+
+

+

+

+

+

cotaminated soil

clean soil

geomembrane

drainage
pipe

sand & gravel
drainage layer

vegetative layer

pathway

geomembrane

Fig. 4-40: Flood bank with capping

Fig. 4-37: First Flush

Fig. 4-39: Protection and Prevention

Fig. 4-38: Stormwater Diversion

+

02 Stormwater Diversion

The "first flush" of stormwater refers to the 
cleaning of contaminants from the exposed work 
area. The first flush is generally limited to runoff 
from impervious surfaces and sites with pervious 
surfaces (SA Water, 2017). During this phase, 
the initial surface runoff carries high levels of 
pollutants, such as NO3+NO2, nitrogen, phosphate, 
copper, lead, fecal coliform, into stormwater main. 

Traditionally, the first flush is stored by the 
stormwater interceptor, and discharged to sewage 
sewer. However, this measure can lead to the first 
flush combined sewer overflow, especially during 
the heavy rainfall events.

The design aims to establish an independent 
stormwater sewer system that can separate from 
the existing combined sewer system. Therefore, 
the first flush will go through the on-site treatment 
process.First flush of stormwater

The first flush is collected by the 
stormwater interceptor, this polluted 
w a t e r  w i l l  b e  c o n v e y e d  t o  t h e 
underground treatment facility, and 
stored for reuse.

After the first flush is drained, the 
further rainfall will enter into the 
stormwater interceptor, then flow to a 
biological filtration device, and finally 
discharged to the Red River.

First flush

Rainfall

Pollutants (chemicals)

Stormwater main

Further rainfall

Discharge to 
waterbody

Biological 
filtration

Stormwater interceptor

Stormwater interceptor
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New proposed buildings are installed with rainwater 
harvesting systems to collect stormwater, especially 
the first flush water. 

Sidewalks, waterfront trails, and a majority of the 
paved surfaces in the design area are covered by 
permeable pavers to infiltrate the on-site surface 
runoff.

Soft surfaces, such as bioretention areas and water 
retention planting strips, are designed to hold and 
infiltrate surface runoff on the site. A constructed 
wetland serves as a secondary stormwater treatment 
facility to improve water quality, and treated water is 
conveyed to different water features by underground 
pipes.  

The stormwater management of the waterfront area consists of two parts, surface 
runoff management and storm sewer system. 

Surface runoff management refers to the roof surface, hard surface and soft surface 
on the site, by installing rainwater harvesting system into the new buildings and 
integrating green infrastructure into the hard and soft surfaces, the site can collect, 
infiltrate, and retain stormwater runoff, thus enhancing regional ecosystem services.

The storm sewer system replaces the existing combined sewer to collect stormwater. 
This system also includes the underground pretreatment facility and storage tank to 
manage the first flush of the rainfall events on the site.  

Storage

Stormwater Main

Stormwater Main

(17 ha)

Water goes to the River

Water goes to the Storm Main 

04 Neighbourhood-based Green Infrastructure Application

Soft Surface

Catchment Area

Hard Surface

Roof Structure

Storage Tank

Stormwater Pretreatment 

Constructed Wetland

Water Retention 
Planting Strips 

Bioretention Area          Pond

Permeable Paver 

Rainwater Harvesting

2600 m3

Fig. 4-41: Neighbourhood-based Green Infrastructure Application
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Reuse of Treated Water

*DIAGRAM

Pond Grocery & RestaurantLawn

Effluent Outlet Water Recharge Irrigation Toilet Flushing

Water Features

Outfall

Separate
Storm Sewer

2600 m3

Storage Tank

Stormwater 
Pretreatment 

Lawn

Water Wall

Pond

Grocery & Restaurant

Dry Fountain

Constructed
Wetland

Dry Fountain/
Water Wall

05 Collection and Distribution

The diagrams show the catchment area and 
proposed drainage water recycling system in 
the South Point Douglas Waterfront Area. It 
is an independent system that includes the 
underground pretreatment facility and a storage 
tank to manage the first flush of the stormwater.

EPA recommends the first flush tank capacity 
should contain runoff volume from a 10 mm 
rainfall event when pollutants are easily mobilized 
such as dust or sediments and 15 mm rainfall 
if less mobile pollutants such as oil and grease 
are present, but this might vary at individual 
sites (SA Water, 2017). Considering the site is 
an old industrial area with brownfield land, the 
design uses 15 mm rainfall accumulation as 
the tank capacity. Therefore, the volume of the 
underground storage tank is about 2600m3.

During a rainfall event, the surface runoff will 
experience four processing stages, which are 
stormwater collection and diversion, preliminary 
treatment, secondary treatment, and reuse of the 
treated water (Fig. 4-42).

Stormwater Collection & Diversion Preliminary Treatment Secondary Treatment

0.1%

Vegetated FacilityRoof Structure

Permeable 
Paver

HF Constructed WetlandPlaza

Regulating 
Tank

Filter Storage 
Tank

Pump

Stormwater 
Interceptor

Discharge

Catchment Area (17 ha)

Water goes to the River

Water goes to the Storm Main 

Fig. 4-42: Stormwater-related Features and Facilities

Fig. 4-43: Collection and Distribution
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Stormwater Collection

Bioretention Area

Treated Water Distribution

Catchment Area (17 ha)

Water goes to the River

Water goes to the Storm Main 

Stormwater Main

Outfall

Pipes convey First Flush

Underground Pretreatment

Underground Storage

Surface Secondary Treatment
(Constructed Wetland)

Interceptor

Drainage and Reuse Plan of SPD Waterfront Area

During the collection-distribution process, 
stormwater which lands on hard surfaces, such 
as industrial and commercial sites, will collect 
rubbish, silt, oil, and toxic chemicals. The water 
retention areas along the streets and in the 
parking lots serve as the first filter to remove 
pollutants, and they can also reduce peak runoff 
rates through holding and infiltrating surface 
runoff. 

After entering into the storm sewer system, 
interceptors are designed to separate the first 
flush of the rainfall events before it reaches the 
main-line pipes. The first flush is conveyed to the 
underground pretreatment facility, then stored 
before being sent to the constructed wetland for 
further water treatment.

Fig. 4-44: Drainage and Reuse Plan
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RED         RIVER       (Normal Summer Water Level)

The site plan is mainly focused on the proposed parks and recreation 
zone of the South Point Douglas waterfront area. This area includes 
the north and south side of the railways in use.

Site Plan of SPD Waterfront Area
(in Normal Summer Level: 223.74m)

Parks and Recreation

Green Street

Future Riverbank Trail

Potential Residential Land

Fig. 4-45: Site Plan of SPD Waterfront Area in Normal Summer Water Level
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RED         RIVER       (Flood of 1997, WL: 229.23 m)

Site Plan of SPD Waterfront Area
(in 100-year Flood Level: 229.23m)

The site works as a water-resilient infrastructure to protect 
the site from seasonal floods through creating a flood bank at 
the northern waterfront bank.

In the southern part, the waterfront pathway is designed to 
connect the green open space with the existing waterfront 
parkway. In the flooding season, pedestrians and cyclists can 
still use the waterfront pathway to access different places. 

The elevated pathway, extended from the commercial 
building next to the railway, establishes a connection between 
the northern and southern parts of the green space.

Fig. 4-46: Site Plan of SPD Waterfront Area in 100-year Flood Level
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Higgins Ave.

01

01

01

01
01

03

03

0 25 50 100 MN

Φ10CM PIPE

VEGETATION
ATRIUM GRATE 

20CM WATER RETENTION LAYER

50CM AMENDED SOIL LAYER

10CM SAND LAYER

30CM CRUSHED GRAVEL LAYER

Water Retention 
Planting Strips 

01
02
03

Apartment (4-6 stories)
Apartment (12-15 stories)
New Houses

02

02

02

01
01

01

03

03

Green Streets in SPD Waterfront Area

Fig. 4-48: Site Plan of Green Streets in SPD Waterfront Area

Fig. 4-47: Section Drawing of Water Retention Planting Strip
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Green streets are important types of neighbourhood-based 
green infrastructure. The design uses water retention planting 
strips, permeable sidewalks, and street trees to collect and 
infiltrate surface runoff.
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Fig. 4-49: Existing Streetscape of  Higgins Ave.
                  (Google Earth, 2020)
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New Residential Building

Old Factory to be Kept
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Fig. 4-50: Perspective of Higgins Ave.
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Fig. 4-51: Site Plan of Southern Waterfront Area
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Interceptor

Stormwater Main
First Flush Pipe

Pre-
treatment

2600m3 Storage Tank

Constructed Wetland

Rainwater Harvesting

Axonometric Section A-A'

Constructed wetland

Industrial heritages

(abandoned railway tracks & chimneys)

Residential area

Interceptor

Outfall

Bioretention Area

Bioretention Area

Permeable Paver 

A

A'

Red River
Lawn area with waterfront pathway

Dry fountain plaza with bioretention area

Fig. 4-52: 
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Axonometric Section B-B'

Constructed Wetland

Bioretention Area

Surface Runoff

Red River

Riparian vegetation

Bioretention area

Horizontal subsurface flow constructed wetland

Path

B

B'

Industrial Heritages

Stormwater Main

First Flush Pipe

Surface Runoff
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Fig. 4-53: 
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Fig. 4-54: 
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Industrial Heritages

Fig. 4-55: Perspective of Constructed Wetland Area
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Fig. 4-56: Grading Plan of Southern Waterfront Area
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Fig. 4-57: 
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Fig. 4-58: Perspective of  East End Connection
(in normal summer water level of Red River)
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(in 100-year flooding water level of Red River)
Fig. 4-59: Perspective of  East End Connection
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Fig. 4-60: Site Plan of Northern Waterfront Area
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Fig. 4-63: Perspective of Dock & Boat Launch Area
(in normal summer water level of Red River)
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(in 100-year flooding water level of Red River)

Fig. 4-64: Perspective of Dock & Boat Launch Area
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Fig. 5-1: A Continuous Green Corridor Along Red River

Re d e v e l o p m e n t  o f  t h e  S o u t h  Po i n t 
Waterfront Area forming a Continuous Green 
Corridor along the Red River to support and 
enhance the urban ecosystem services.
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Urban stormwater management is not a competition 
between green infrastructure and grey infrastructure. 
The best  stormwater  management is  a lways 
taking the site and its surrounding area into first 
consideration. The management should be based on 
the climate and hydrogeological conditions, through 
the combination of a green and grey infrastructure to 
create environmental, social, and economic benefits. 

Fig. 5-2: Relationship between Green Infrastructure and Grey Infrastructure
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