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Abstract

This Practicum is about people and water. A pervasive 
and diametric relationship has always flowed between 
the two, but over the past century, this tension has come 
to a boil. Urbanized and industrialized landscapes 
have greatly contributed to the rapid demise of both 
terrestrial and aquatic ecosystems and a needed 
strategy to begin to rectify these misconducts has 
become brazenly essential. 

This design research focuses on finding solutions for 
reducing the detrimental contributions that combined 
sewer system overflows have on the health of urban 
waterways and their respective watersheds at large. 
It is the standpoint of this research that such water 
purifying landscapes can be directly integrated into 
public urban environments and need not be restricted 
and hidden from civic observation. The focus lies 

on utilizing existing green-grey infrastructural 
knowledge to treat combined sewer overflow 
waters and apply it within a proposed Water Works 
Park within a City of Winnipeg neighbourhood. The 
Water Works Park will be presented in the form of a 
hybridized urban space offering both infrastructural 
and ecological services but will also be one that 
promotes ecological attentiveness and the enduring 
value of water treatment. The design presents an 
alternative to contemporary sewer upgrade and 
replacement practices by offering a more ecologically 
oriented option through the thoughtful placement of 
a constructed wetland network. In establishing the 
project within a mature neighbourhood, the project 
strives to recognize its historical urban context and 
compliment the existing local vernacular while serving 
as a tool to foster public education and awareness. 
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WADING IN

The first such project, early in my undergraduate 
work was a self-indulgent investigation that floated 
the idea of creating a self-sustaining brewery on a 
local rooftop. The idea grew to become uber-local, 
with grains to be grown and harvested on the rooftop, 
elaborate trellises cascading over the sides for the 
hops to grow and an integral water collection and 
filtration system needed for the production of the 
beer. Though the project yielded an improbable 
outcome; it blossomed a curiosity into the possibilities 
of manipulating the seemingly latent features of the 
landscape into something more.  

With water comes thirst, and throughout my own 
graduate and undergraduate study, the vast majority 
of my work has explored and developed innovative 
ways of treating storm and wastewater through the 
designed landscape. It was quickly learned that 
water, in all of its forms, underscores the very being of 
landscape and becomes a pervasively inescapable 
tool in the landscape designer’s arsenal. In all of its 
abundance, water has had the power to sculpt, to 
support, and to serenade, but today, is too often taken 
for granted. As the human population continues to 
grow, the mounting stresses on this natural resource 
have increasingly yielded cause for concern. There is a 
need to maintain and preserve the fixtures required for 
water to persist through its natural cycling, not simply 
for human necessity, but also taking into consideration 
the health of the environment and planet as a whole. 
It is this mindset that has driven a continued focus on 
addressing issues associated with the anthropogenic 
effects that humans have had on water, and with an 
auspicious belief, that in moving forward, the profession 
of landscape architecture can contribute to helping 
ameliorate many of them. To follow are a select few 
projects of which the author has been involved with in 
which water has played a dominant role throughout the 
design process. 

STUDIO: Dwelling 2012
INSTRUCTOR: Colin Herperger

An Introduction

“Hooligans Brewhouse”
A fist-shaped trellis covered in hops (Humulus 
lupulus) appears to grasp a gravity-fed cistern and 
water filter, in the guise of an oversized beer stein.

FIGURE 0.1
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A second (group) project explored the treatment of 
water in a more regional context, specifically within 
the agricultural landscape beyond the limits of the 
City of Winnipeg. The site, a transition zone between 
an agricultural drainage channel and Rat River, 
served as a study area to investigate the potential 
of holding water in the landscape as opposed to 
hurriedly flushing it downstream. Drawing inspiration 
from a common straw bail check dam, the group 
exaggerated the concept into a massive traversable 
straw barrier designed to slow the draining waters. 
Behind the barrier, a newly saturated landscape could 

STUDIO: Aquaseum, 2013 
INSTRUCTOR: Dietmar Straub
GROUP: Leighton Janis, Darko Sajdak, Garth Woolison

“Tamarack Tale”

now support a cattail-filled (Typha latifolia) wetland 
and an adjacent tamarack (Larix laricina) forest. An 
integral component of the design brief also called for 
incorporating a series of three constructed lagoons 
for the primary use of naturally treating black water 
from the proposed “Aquaseum”. Through subtle 
manipulation of the existing landscape, the group 
was not only able to create a unique destination, but 
experiment with purifying and applying new uses for 
the formerly wasted water.     

Primary settling pond
Secondary settling pool
Tertiary cattail wetland/lake
Aquaseum
Tamarack forest
Existing riparian forest
Straw-bale dam/ bridge 

1.
2.
3.
4.
5.
6.
7.

A conceptual sketch of a walkable straw-bale damFIGURE 0.2

FIGURE 0.3
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During a year spent in Sweden, a third such design 
studio again found water as a source of inspiration. 
As part of a study to reroute a heavily used regional 
highway through an area designated for scenic 
preservation, the opportunity to tap into an existing 
depression in the landscape became apparent. 
The site, located on the fringe of the small town of 
Rimbo was prone to seasonal flooding and already 
naturally collected agricultural runoff in a low pocket 
of the undulating topography. An industrial laundry 
on the edge on Rimbo was found to be contributing 
excessive amounts of phosphorus-laden water to the 
town’s effluent also known to collect in this area. With 

the long-afflicted eutrophic Baltic Sea only several 
kilometers downstream, a design opportunity again 
presented itself. Given these circumstances, the 
design proposed using the embankment created by 
the new road to help create a series of constructed 
wetlands aimed and successively cleansing water 
as it flowed through the system. Covering some 35 
hectares, the proposed site was expected to become 
a significant habitat for local and migrating birds and 
fowl. This allowed for an added feature, a proposed 
network of trails, boardwalks, and tree-sheltered 
lookouts catering to the Swedish pastime of ‘birding’.  

STUDIO: Road 77, 2015
INSTRUCTORS: Per Berg, Maria Ignatieva
GROUP: Sara Andersson, Isabel Sundström, Garth Woolison
 

The primary treatment pond stimulates algal growth and induces both aerobic and anaerobic activity 

The last in a series of three enhancement ponds clarifies and resembles natural wetland activity

FIGURE 0.4

FIGURE 0.5
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The primary treatment pond stimulates algal growth and induces both aerobic and anaerobic activity 

“Road 77”
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CHAPTER 01    |    LAKE AGASSIZ

Our present landscape in part, embodies a journey of 
water, carved out and shaped over millennia through 
glaciation, movement and melt. During what was 
known as the Late Wisconsinan glaciation period, 
immense glacial ice sheets covered much of Canada 
(Thorleifson, 2003). One such mass, The Laurentide 
Ice Sheet, was at the time, among the largest in the 
world, covering much of what is now the central and 
eastern Canadian territory (Slaymaker and Kovanen, 
2016). At its greatest, the ice is projected to have been 
three to five kilometers thick in northeastern regions 
(Thorleifson, 2003). Nearly 25,000 years ago, when 
the massive ice fields are believed to have begun to 
their final retreat, free-running waters found an escape 
where the topography of the landscape allowed. 
Other waters however, entrapped by ice, sediments 
and the natural landscape, led to the formation 
numerous proglacial lakes (Teller and Clayton, 1983). 
Clayton explains (1983) how the largest such lake 
in the North American continent, Lake Agassiz, is 
believed to have begun to emerge some 12,300 years 

ago. He reveals that retreating ice in the southern Red 
River Basin allowed water to collect, forming early 
stages of the water body. Draining waters from the 
Canadian Prairie Provinces and from North Dakota 
fed the lake, leading to floods and the creation of 
spillways and causing major fluctuations in Lake 
Agassiz’s drainage patterns, size and shape. Through 
a variety of complex processes, the lake took many 
configurations over the course of several thousand 
years, but persisted to expand and advance northward 
(Clayton, 1983).

Over the course of its existence, the waters of Lake 
Agassiz had touched some 950,000 km2, though 
never at once during the same period. At its greatest, 
the Lake itself was believed to have been nearly 
350,000 km2 (Fig. 1.0), which equates to roughly 14 
times the size of present day Lake Winnipeg (Teller 
and Clayton, 1983). Estimates suggest that present-
day Winnipeg would have sat over 200 meters below 
the surface of its waters (Perkins, 2002). Ever-shifting 

Lake Agassiz
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shorelines and accumulation in areas central to the 
lakebed deposited sediments, creating kilometers 
of sandy beaches, evidence of which can still be 
found in the Manitoban landscape today. Between 
7500–9500 years ago, as ice retreated towards 
Hudson’s Bay, the once trapped waters of Lake 
Agassiz began to give way, spilling out to the north 
into what is known as the Tyrrell Sea, a glacial body of 
water that once existed inland over the Hudson Bay 
shoreline (Klassen, 1983). In its wake, Lake Agassiz has 
left lakes Manitoba, Winnipeg and Winnipegosis as 

surviving ancestral remnants of the ancient water 
body (Encyclopedia Britannica, 2017). The Red River 
too, has only recently, relatively speaking, found its 
form as a result of the receding waters. Its current 
path in the landscape was carved in the first 2500 
years following the major drainage of Lake Agassiz 
and is understood to have only shifted slightly in 
its trajectory since. However, the thick clay soils 
characteristic of the Red River Valley are a direct 
result and reminder of the immense deposition 
from the once massive body of rushing water 
(Thorleifson, 2003).

N

0km 500 1000
Estimated extents of Lake Agassiz over the course of its existenceFIGURE 1.0

Hudson’s Bay
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Agricultural land in southern Saskatchewan cradles a 
temporary wetland following a drawn-out spring melt.

Page, 2011). Lake Winnipeg receives, both directly 
and indirectly, waters from four major river systems, 
including the Winnipeg, Saskatchewan, Red and 
Dauphin Rivers (Schindler, Hecky and McCullough, 
2012.). In warmer weather, rivers and other reservoirs in 
the landscape are fed largely by snowmelt runoff and 
rainfall, while in cooler temperatures, by groundwater 
(Lévesque and Page, 2011). 

The landscape of the Lake Winnipeg watershed has 
incurred tremendous change since the arrival of 
European settlers nearly two centuries ago. Since 
the advent of agricultural production in the region, 
innumerable wetlands and marshes, woodlands, and 
riparian areas have been altered or removed in order 
to better suit increased crop and livestock production. 
The severe reduction of these once natural nutrient 
filters and sinks are in turn amplifying runoff entering 
the lake, increasing erosion, as well as endangering 
habitats and restricting natural ecological cycles 
(LWSB, 2006).   

The Lake Winnipeg watershed stretches across 
four Canadian provinces and four American states, 
entertaining a unique set of challenges that require 
managing inter-jurisdictional responsibilities 
(Lévesque and Page, 2011). The Lake Winnipeg 
Stewardship Board (LWSB, 2006) describes the 
immense drainage basin as covering nearly one-
million-square-kilometers. Land use within the basin 
is largely agricultural and is home to numerous urban 
settlements. The basin also includes significant 
reaches of softwood evergreen forest, patches of 
deciduous forest, and plentiful woodland mosaic 
landscapes found interwoven with cropland 
(Lévesque and Page, 2011). Due to the watershed’s 
enormous range, both temperature and precipitation 
vary throughout its basin. Calculations suggest that 
within the total area of the watershed, on average, 
over half of each year is spent in a cool cycle, below 
1.0oC, and less than one half of the year experiences 
temperatures averaging above 100C. Portions of the 
watershed do experience seasonal aridity, though on 
average, there are between 400-600mm of annual 
precipitation throughout the basin (Lévesque and 

The Lake Winnipeg Watershed

FIGURE 1.1
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The Lake Winnipeg Watershed stretches across nearly one million square kilometersFIGURE 1.2
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Many freshwater bodies around the world, including 
Lake Winnipeg, are currently threatened by an over-
enrichment of nutrients. This excess of what is largely 
high concentrations of nitrogen and phosphorus, 
contribute to a process known as eutrophication 
(Selman and Greenhalgh, 2009). Eutrophication causes 
the development of blooms of often toxic blue-green 
algae that can threaten the ecological health of the 
lake and those dependent on its thriving ecosystems, 
including its socio-economic productivity, cultural 
practices and its use as a recreational and tourist 
attraction (LWSB, 2006). Regrettably, in 2013, Lake 
Winnipeg’s declining health earned it the title of 
the world’s most threatened lake of the year (Global 
Nature Fund, 2013). The Manitoba Clean Environment 
Commission (MCEC, 2015) describes that both 
nitrogen and phosphorus are found naturally and 
are required for the growth of most aquatic life, 
although the increased levels of these nutrients in 
Lake Winnipeg have accelerated algal growth in 
recent decades. During decomposition of these algae, 
excessive amounts of oxygen are extracted from the 
water. Without sufficient oxygen in the water, the lake 
struggles to support other aquatic life (MCEC, 2015). In 
extreme cases, hypoxic conditions can lead to mass 
fish kill, and the death of other aquatic organisms 
(Lévesque and Wassenaar, 2011). 

It is highly regarded that many of the more recent 
chemical changes found in Lake Winnipeg can be 

A Threatened Lake

attributed to changes in agricultural practice and 
land use over the past century (Bunting, Leavitt, and 
Wissel, 2011). Selman and Greenhalgh (2009) note 
major contributions also come from urban storm 
and wastewater, industry, and from atmospheric 
deposition wrought on through processes such as 
from the burning of fossil fuels. Over the course of 
European settlement and anthropogenic growth in 
the Lake Winnipeg watershed, many of the natural 
wetlands, marshes and wet prairie regions have been 
aggressively altered and drained in order to convert 
land for residential, urban and agricultural purposes. 
In addition to this, increased agricultural use of 
nitrogen and phosphorus, nutrients commonly found 
in fertilizers and in livestock manure, more easily 
find their way through drainage systems into Lake 
Winnipeg (MCEC, 2015). 

The City of Winnipeg (COW, 2015a) acknowledges 
that larger urban settlements, including itself, as 
well as other small communities are known to make 
contributions of these same harmful nutrients. 
Wastewater treatment facilities are of particular 
concern, as they are often sources that directly 
discharge nutrients into waterways (LWSB, 2006). 
In 2002, Borne, Armstrong and Jones noted that in 
Manitoba alone, there were over 400 wastewater 
treatment facilities and 76 industrial facilities that were 
licensed to release effluent into various waterways 
throughout the Lake Winnipeg watershed.  

CHAPTER 01    |    LAKE WINNIPEG 07



FIGURE 1.3  Thick blooms of blue-green algae on the southern shores of Lake Winnipeg , 2017. 
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Physiography

Manitoba’s Lake Winnipeg is the 
tenth largest freshwater lake 
in the world by surface area, at 
some 24,500 square kilometers. 
On average, water levels only 
reach a depth of twelve meters. It 
is comprised of two main basins, 
one north basin that is significantly 
larger and deeper, and smaller 
south basin (LWSB, 2006). Of the 
284 cubic kilometers of water 
held by the lake, the north basin 
holds approximately 81 percent 
of this water, while the south 
basin holds some 10 percent. The 
remainder of this water is nestled 
in an area known as the narrows, 
a 2.5-kilometer wide stretch that 
connects the two basins (Brunskill., 
Elliot and Campbell, 1980). In terms 
of composition, the two basins 
almost function as two different 
water bodies. Within the two 
basins, the variation in physical 

makeup and in biological activity 
is distinct, in part to do with the 
quality and volume of incoming 
water sources and the hydrological 
flows throughout the lake. When 
measured from the Red River Delta 
in the south to far shores of the 
northern basin, the lake stretches 
over 430 kilometers (LWSB, 2006). 
Because of the enormous weight 
and pressure once created by 
glacial ice covering the land, the 
areas surrounding and including 
Lake Winnipeg are in a continued 
state of slow and uneven rising 
called ‘isostactic rebound’. 
This process is believed to be 
responsible for many changes 
along Lake Winnipeg’s 1760 
kilometers of shoreline (LWSB, 
2006).

CHAPTER 01    |    LAKE WINNIPEG 09
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Socioeconomic Value

Evidence of human contact in regions surrounding 
Lake Winnipeg is believed to have begun somewhere 
between 7000-10,000 years ago as Lake Agassiz 
slowly retreated (Russell, 2000). Early ecological 
succession brought a wealth of grasslands in areas 
southwest of the lake and boreal forests to the east. 
This newly formed landscape drew animals in, and in 
turn, hunters. In time, hunters developed the skills and 
tools needed for fishing, as well practicing early forms 
of aquaculture, where crops of wild rice were grown 
and harvested in shallow waters (Russell, 2000). 

The first permanent European settlers to inhabit the 
shores of Lake Winnipeg were Icelandic immigrants, 
arriving in the late nineteenth century. Early on, the 
lake proved a bountiful supply of freshwater fish for 
both the settlers and indigenous communities. Today, 
the lake continues to serve as an integral industry for 
the province, having established itself as the largest 
freshwater fishing operation in Western Canada 
(LWSB, 2006). As the Lake Winnipeg Stewardship 
Board explains, certain forms of algal growth in the 
Lake can actually benefit fish populations over the 
short term, providing an abundant food source. 
However, fish species become at risk as increased 
nutrient loading and the growth of undesirable blue-
green algae persist, outcompeting other species. 

Without a healthy fish population and with increased 
algae blooms clogging fishing nets, the fishing 
industry has the potential to be put in jeopardy (p.10). 

A number of permanent communities can be found 
along the shores of Lake Winnipeg; among them 
are eleven registered First Nations populations. The 
lake and surrounding areas are integral to these 
communities, providing fishing waters, hunting 
areas, and lands in which to continue traditional 
practices. Many of these communities also draw water 
directly from the lake, nearby tributaries or aquifers, 
highlighting the importance of maintaining healthy 
lake water (LWSB, 2006).

North of Winnipeg, Manitoba is highly regarded for its 
abundance of recreational activities. Though dominant 
in the summer; activities also persist into winter 
months. Affectionately known as ‘cottage country’, 
seasonal residences, activities, festivals, campgrounds 
and a handful of national and provincial parks bring 
visitors in droves about the province, stimulating local 
economies (LWSB, 2006). This lifestyle has established 
itself as quintessential for both Manitobans and 
tourists alike, the breadth of which is dependent on 
the accessibility to Lake Winnipeg.

One of many public beaches along 
the shores of Lake Winnipeg

FIGURE 1.5
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Regulation

For decades, Lake Winnipeg has operated as the 
Province’s foremost hydroelectric reserve and 
is among the largest in the world (LWSB, 2006). 
Following major flooding in the spring of 1950 in 
Winnipeg and numerous communities surrounding 
Lake Winnipeg, considerable pressure was put on 
the Provincial and Federal Governments to undertake 
feasibility studies on possible solutions to establish 
some form of control over floodwaters. During this 
time, the demand for electricity was also increasing 
succeeding a development boom following WWII. 
These were primary factors in establishing regulation 
over water levels in Lake Winnipeg (MCEC, 2015). 
Beginning in 1972, construction of a number of 
diversion channels, the Kiskitto Dam, and the Jenpeg 
Generation Station had begun, with both projects 
seeing completion by 1976, therein establishing the 
first controls on the lakes water levels (Manitoba 
Hydro, n.d.). The construction of infrastructure 
used to regulate Lake Winnipeg came with much 
controversy, generating the demand for environmental 
assessments and studies on how local First Nations 
communities might be affected by implementing such 
projects. However, these studies were only released 
as construction neared completion, at the time, 
offering questionable value (MCEC, 2015). The Lake 
Winnipeg Regulation Report (MCEC, 2015, p.23) makes 

note that at this time, environmental sciences were 
still in their infancy, and that by placing barriers along 
the only outlet of the lake, the effects of changing 
the natural cycling of water and biological structures 
would have at the time, not been fully understood. 

Recent studies suggest that in theory, the outflow 
control structures that regulate the levels in Lake 
Winnipeg, over the short term, have the potential 
to contribute to amplified nutrient loads and algal 
growth in the lake (MCEC, 2015). This is due to the 
fact that water is withheld in the basin during warm 
months, allowing lake levels to rise and restricting 
natural outflow in order to store a supply of energy 
for use over winter months when the energy demand 
increases. However, it was concluded that the small 
amount of potential increased nutrient growth is 
negligible as compared to the greater problem of a 
continually growing number of nutrients entering the 
lake. The Manitoba Clean Environment Commission 
(2015) also notes that the water residency time in Lake 
Winnipeg remains largely unaffected by regulation, on 
average cycling waters in a relatively short period of 
time for a lake its size every 3.8 years. 

CHAPTER 01    |    LAKE WINNIPEG 13
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Chronicling the Health 
of Lake Winnipeg

For nearly a century, scientists have been surveying 
the physical, morphological, chemical, and biological 
aspects of Lake Winnipeg. An early study published 
by Alexander Bajkov (1930) was among the first to 
undertake strategic water sampling from various 
locations around the lake, which in part formed a 
baseline for future limnological studies. Decades 
later, throughout much of the 1960’s, testing for the 
effects of pollution in the southern basin of Lake 
Winnipeg were undertaken and conducted under 
the direction of the provincial government (Manitoba 
Water Stewardship, 2006). In 1980, Brunskill, Elliot 
and Campbell released a report which, in part, 
examined the nutrients nitrogen and phosphorus as 
they entered Lake Winnipeg. This study allowed for a 
more definitive estimation of nutrient concentrations 
entering the lake and isolated contributions made 
by individual the major river systems feeding it. The 
study further calculated nitrogen and phosphorus 
percentages and separated human and agricultural 

sources for each system thus providing a more holistic 
image as to the origins of nutrients that were entering 
the lake ecosystem. 

In the wake of the 1997 flooding along the Red 
River, the International Red River Basin Task Force 
(IRRBTF 2000) identifies that attention was directed 
to the effects of increased contaminant levels and 
the threat of nutrient loading into Lake Winnipeg. 
During the peak of the flood, the breadth of the Red 
River stretched some 40 kilometers across, engulfing 
urban, rural and agricultural lands. As a result of 
overland flooding, an insurmountable quantity of 
potential contaminants was believed to have found 
passage downstream and into the south basin of 
Lake Winnipeg. This incident led to a multiple year 
study undertaken by the Department of Oceans and 
Fisheries that in part, sampled concentrations of 
nitrogen and phosphorus and the potential effects 
each had on the chemical and biological makeup of 
the lake (IRRBTF, 2000). 

CHAPTER 01    |    LAKE WINNIPEG 15



A 2002 study by Bourne, Armstrong and Jones again 
examined major river systems flowing into Lake 
Winnipeg and made estimations as to the amounts 
of nitrogen and phosphorus carried by each system. 
Findings revealed that between 1994 and 2001, the 
Red River watershed was by and large the greatest 
contributor of nutrients, with over half of those, 
originating in the United States. Over the course of the 
past century, the volume of water carried by the Red 
River has also greatly increased (MCEC, 2015). 

Though there is a patchwork of available data focused 
on nutrient cycling in Lake Winnipeg, McCullough et 
al. note (2012) that there have been very few studies 
that have covered the entirety of the lake since the 
1960’s. Over the past few decades, newly applied 
methods and technological advances have made 
monitoring algal blooms in the lake more efficient. In 
working to fill in past informational gaps, Kling (1998) 
describes how the analysis of sediment cores taken 
from the lakebed can be used to estimate past algal 

concentration and activity. Watson et al. describe 
(2011) how satellite imagery is now capable of 
effectively tracking the concentrations of algal blooms 
as well as their movement and dissipation. Through 
these and other advances, there is a seemingly 
thoughtful consistency of concern focused on 
addressing these and other emergent issues plaguing 
the health of Lake Winnipeg. 

Warning signs for beach-goers, 2017FIGURE 1.6

16



Chapter Summary

It is with majesty that Lake Winnipeg has so 
conditionally found its place within Manitoba’s backyard 
and with carelessness that it has been allowed to fall 
into sickness. For a body of water that took so many 
thousands of years to come into creation, it has, in 
only a few short centuries, been brought before an 
ultimatum. Through taking control over the natural 
landscape, whether in the name of agriculture, civil 
development, energy production or resource extraction, 

the repercussions of such actions have become 
apparent. Though the situation may be presented with 
a dire tone, the possibility of reconciling our relationship 
with the lake and environment at large still hold hope. 
Many advocacy groups, communities, individuals and 
government leaders continue to grow support and 
funding toward finding innovative solutions to assist in 
Lake Winnipeg’s recovery. 

FIGURE 1.7  Victoria Beach harbour, Lake Winnipeg
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Introduction

Though studies have shown that 
nutrient loading in Lake Winnipeg 
can largely be attributed to 
changes in agricultural practice 
and land use (Bunting, Leavitt, 
and Wissel, 2011), this Practicum 
will address issues tied to 
nutrient loading as a result of 
activities carried out within an 
urban environment. Contributions 
made by urban centres, including 
Winnipeg, are significantly smaller 
than those made at the regional 
agricultural level (Fig. 2.1) (COW, 
2015a). As the city grows and looks 

to improve upon aging structures 
and procedures, there are a 
number of clear infrastructural 
weaknesses where upgrades 
can be made to aide in further 
reductions to nutrient loading 
from city sources. With overflow 
amounts of untreated water 
surpassing five million cubic 
meters in a representative year 
(COW, 2015a), the contributions 
made through combined sewer 
overflow events should not be seen 
as inconsequential. 

Lake Winnipeg
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Canada /USA Border

Red River Watershed
(Sub Assiniboine 
Watershed not shown)
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0 300km
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This Practicum will examine one 
such source: the contributions 
of nutrient loading made by 
Winnipeg’s combined sewer 
system. The following design 
research will challenge the 
standard heavily engineered 
solutions that currently dominate 
combined sewerage upgrades in 
many North American cities. This 
approach will instead introduce 
the use of green infrastructural 
components to treat combined 
sewer wastewater safely, effectively 
and within the public realm. The 
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strategy will work to engage 
people with a component of their 
own waste streams in an effort to 
instigate an ecological discourse, 
as well as offering perspective into 
an otherwise unseen aspect of 
urbanized existence. The resulting 
design will enunciate itself in the 
creation of a Water Works Park; a 
setting in which both people, and 
water can flow together within a 
vibrant urban context. 
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As a precursor to this Practicum, the author undertook 
a comprehensive study learning of the relationship 
between local rivers and the inhabitants of Winnipeg 
and its antedate Red River Colony. The study helped 
to paint a picture of how the perception of the rivers is 
continually shifting as the city continues to grow and 
evolve. In a few short centuries, the image of the river 
has morphed from provider, to destroyer, and from 
waste stream to resource. An excerpt as follows: 

  

A City and its Rivers

A blustery Assiniboine Riverwalk beneath the Main Street BridgeFIGURE 2.2



A blustery Assiniboine Riverwalk beneath the Main Street Bridge
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“Both the Red and Assiniboine Rivers have played an 
integral role in shaping the cultural foundation for life 
in the prairies. Long before European settlers arrived, 
First Nations communities enjoyed the bounty and 
guidance the rivers provided. For colonists, the rivers 
seemed to offer the opportunity for a fresh start and 
a new life, but many underestimated the hardships 
that ultimately would test their character. In early 
years, the waters could at once offer sustenance and 
bring ruin. The River would both create physical and 
cultural divisions separating the Canadian Shield 
and the Plains, as well as the British, French, and 
First Nations societies. Though the rivers supplied 

material needs and provided transport of goods and 
people in summer and winter, they would soon move 
from the foreground of society to the background 
as the Red River Colony Grew into the City of 
Winnipeg. Pollution, development and the ever-
impendent threat of flooding saw the relationship 
with the rivers deteriorate to one of problematic 
control and management. However, a rebirth of 
cultural appreciation celebrating the uniqueness 
and importance of these rivers has resurged, though 
the opportunity to restore better balance between 
humans and the natural environment still exists.”
(Woolison, 2016 p.3)
 



A History Down the Drain
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In the late nineteenth century, as a newly incorporated 
Winnipeg sought civil formality, public services 
including access to potable water and much needed 
sewerage were among top priorities. The first sewer 
line laid in Winnipeg was placed along Main Street 
in 1876, carrying both storm and sanitary waters 
directly to the river (Begg and Nursey, 2000). In the 
early 1930’s, Winnipeg was under the burden of a 
rapidly growing population and record droughts, 
leaving river levels in the city noticeably low. At 
this time, the city’s wastewaters were still directly 
discharged into rivers and the effects of such activity 
became noticeable and concerning to citizens. In 
1937, Winnipeg’s North End Sewage Treatment Plant 
became operational, intercepting wastewater from a 
number of surrounding communities and channeling 
it to the facility for treatment (COW, 1990). For decades 
following, it was common practice in Winnipeg to 
have a combined sewer line for both storm water and 
sanitary wastewaters. In the 1960’s this practice was 
updated, requiring all newly developed areas within 
the city to have separate sewage and storm water 
lines (COW, 2015a). In the 1960’s additional treatment 
was needed to serve the city and the addition of a 
second plant, The West End Water Pollution Control 
Centre was embarked upon. A third plant, the South 
End Water Pollution Control Center, was opened in 
1974 to service the expanding south end of the city. At 
this time, the three plants were able to provide both 

primary and secondary water treatment procedures 
and were among the first cities to do so in North 
America (COW 1990).

Today, the North End Plant still services the greater 
part of the city, with three main interceptor lines 
respectively reaching out to the northwest, northeast, 
and central Winnipeg. As the oldest system in the city, 
it services much of the dated combined sewer system 
in the city’s mature neighbourhoods, mostly through 
gravity fed lines (COW, 2015a). 

Both the West and South Plants take in a small portion 
of the combined sewer loads; though mostly treat 
waters from newer areas that have been equipped 
with separate storm and sewer lines (COW, 2015a). 
Each of the treatment plants receives regular 
upgrades and expansions as needed or as more 
stringent regulations become required. Both the 
North and South End plants disinfect water through 
ultraviolet light, while the West End Plant utilizes large 
settling or polishing ponds to disinfect water before 
discharging it. Both the West and North End Plants 
have nutrient and ammonia removal systems in place, 
but are in stages of planning upgrades to these as 
well. Construction is now underway at the South End 
Plant for its biological nutrient removal technologies 
(COW, 2016a).
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Like many aging North American 
cities, much of Winnipeg 
is still serviced by an aging 
combined sewer system. Many 
of the mature neighbourhoods 
in central Winnipeg operate 
through combined sewers lines 
which when overburdened, can 
release untreated sewage into 
waterways. Though these events 

Combined Sewer System

vary volumetrically and spatially 
across the city, overflows occur 
on an average of 22 times per 
year at each of the 79 outfall 
locations (COW, 2015a). Originally, 
the combined sewer system 
was designed to carry a volume 
of water nearly three times the 
capacity of a dry-weather flow, 
which, at the time, was standard 

A combined sewer overflow along the Assiniboine River during heavy rainfall 

practice for many cities with 
similar infrastructure. However, 
wet-weather flows in combination 
with sewage flows can overload 
diversion weirs (Fig. 2.4) causing 
spillage into rivers. This allowed 
overflow helps to alleviate system 
backup and in parts of the city, and 
can prevent basement flooding 
(COW, 2015a).

FIGURE 2.4
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A combined sewer overflow along the Assiniboine River during heavy rainfall 
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Combined Sewer Outfalls

Within Winnipeg’s combined sewer system, various 
wastewaters within a district are combined and carried 
by a single pipe (COW, 2015a). In this system, sewage 
and grey water from residential, commercial and 
industrial sources are mixed together with surface 
drainage such as rain and snowmelt mixed with 
various debris. During dry weather, weirs or dams near 
the outfall of each district system direct water into 
interceptor sewers (Fig. 2.6). This water is then carried 
either by gravity or by pump through interceptor 
sewers connecting to a main trunk sewer (Fig. 2.5). 
Trunk sewers carry water from multiple districts to 
wastewater treatment facilities where water is treated 
to a minimum standard, and finally released into 
receiving waters. In dry weather, the combined sewer 
system is able to generally deliver all wastewater 
directly to treatment facilities without discharging any 
untreated water into local rivers (COW, 2015a).

During wet weather or periods of snowmelt, land 
drainage systems combine surface water with 
municipal wastewater. When this combined volume of 
water is too great for the interceptor sewer to carry to 
trunk sewers and treatment facilities, water spills over 
top of the weirs, and directly into receiving water (Fig. 
2.7) (COW, 2015a).

In Winnipeg, river levels fluctuate significantly 
throughout the year. In order to ensure river waters 
do not backup into the combined sewer system, a 
flap gate is used to block water from entering through 
the outfall pipe. In instances where water overtops 
weirs while the flap gate is closed, a pump is needed 
to lift and deposit water into the receiving body (Fig. 
2.8). If this system were not in place, water could, 
and occasionally does, backup into local drains and 
basements (COW, 2015a). 
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Each of Winnipeg’s current 43 sewer districts, or 
sewersheds, has one or more outfall locations along city 
riverbanks. In recent decades, some sewersheds have 
been combined with adjacent ones, forming a single 
system, while others have been completely defunct 
through the addition of relief sewers (COW,2015). 

Combined Sewer Outfall Number

Combined Sewer Outfall Location

Combined Sewer District
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#
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The following graph shows 
estimations of combined sewer 
overflows at each of the Winnipeg 
outfalls as determined through 
hydraulic modeling (COW 2015a). 
Because specific overflow data 
for each outfall was not available 
until 2013, hydraulic modeling has 
been used based on the values of 

a representative year; in this case, 
data from 1992 has been used. 
Also used in Winnipeg’s 2002 
CSO study, 1992 represents a year 
with an average amount of rainfall 
as considered over a long-term 
period. The selection of this year 
takes into consideration storm 
size, precipitation intensity, and 

critical events that may contribute 
to CSOs. The use of this method 
is commonplace with a number 
of contemporary North American 
CSO studies. Using data from 
the representative year, values of 
overflow are predicted for each a 
higher-than-average, and a lower-
than-average year (COW 2015a).  

Hydraulic Modeling

CSO Estimations: Hydraulic Modeling FIGURE 2.10
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Combined sewer outfall

#

Representative Year High Average Rainfall (2009)

Representative Year Low Average Rainfall (2013) 

Combined Sewer Outfall Number
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The vast majority of combined 
sewer outfalls tend only to spill 
wastewater during ice-free 
months in Winnipeg and generally 
following a precipitation event, 
although this does vary slightly 
throughout the city (COW, 2016b).



In December of 2015, the City of Winnipeg released 
a CSO Master Plan Preliminary Proposal, which 
evaluates what it sees as the best courses of 
action needed to upgrade and replace the aging 
combined sewer system. The plan reviewed several 
potential options for moving forward, and currently 
recommends capturing 85% of CSO’s as a realistic 
balance to satisfy economic, social and environmental 
factors (COW, 2015a). Currently, Winnipeg is only 
able to treat approximately 78% of its sewage. (COW, 
2015b). Some of the options being considered by the 
city include: sewer separation, increasing the diameter 
of existing conduits and where space is permitted, the 
installation of storage tanks and tunnels (COW, 2015a).  

At this stage, the city has made the move to not 
commit to any forms of green infrastructure as part of 
a greater solution, citing that such technologies have 
not yet been proven effective for Winnipeg. However, 
the CSO Master Plan Preliminary Proposal does 
suggest that green infrastructure may be an option 
for future works, though only for mitigation of water 
before it enters sewers and not as end-of-the-pipe 
solutions (COW, 2015a). Through the Environmental 

The CSO Dilemma

Act License No. 3042, the city must submit a Master 
Plan for CSO control alternatives for December 31, 
2017, and must have work completed by December 31, 
2030 (Environmental Act 3042, 2013)

The primary driver for creating a Master Plan for 
dealing with CSO’s stems largely from the mandatory 
provincial order, Environmental Act no. 3042 (2013). 
However, The City of Winnipeg recognizes a number 
of other key incentives including: public wellbeing, 
aquatic health, aesthetics, public perception and the 
effect of nutrients in waterways (COW, 2015a). 

The CSO Master Plan Preliminary Proposal (COW, 
2015a) notes that actual contributions made by CSO’s 
are significantly smaller in comparison to that of other 
major sources entering Lake Winnipeg. And although 
the proposal deems the consequences of Winnipeg’s 
sewage discharges as only negligibly affecting 
the health of Lake Winnipeg, it does recognize the 
importance of making improvements and reductions 
in nutrient loading wherever possible (COW, 2015a).

Combined sewer outfalls often become visible 
in winter months when water levels drop

FIGURE 2.11
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Water Quality 

Winnipeg’s Red, Assiniboine and Seine Rivers are 
valuable resources for both human and natural use. 
Aquatic life, wildlife, and riparian habitats are all 
dependent on the waters. Because these rivers meet 
and pass through an urban environment, there are 
also a number of anthropocentric uses as well (COW, 
2015a). The greatest value of our watery resources 
often comes in the form of recreation. Winnipeg’s 
rivers are used for a multiplicity of activities, which 
the city separates into two major categories, 
primary, and secondary recreational use. Primary 
use is typically associated with any form of direct 
immersive contact with the water, such as swimming 

or waterskiing. Secondary recreational uses include 
fishing, and boating, where contact with the water 
is limited (COW, 2002). The rivers also hold intrinsic 
value, and maintaining a positive visual aesthetic and 
the perception of cleanliness should be in the best 
interest of both the city and its residents. 

The City of Winnipeg closely monitors the health 
of its waterways, testing the water for a number of 
parameters throughout the year. Since 2013, increased 
attention has been paid to the affects that CSOs have 
on water quality. Of the 79 combined sewer outfall 
locations throughout the city, 30 of them are affixed 

A fisherman cooks and eats his catch at the confluence of the Seine and Red Rivers. FIGURE 2.12
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A fisherman cooks and eats his catch at the confluence of the Seine and Red Rivers. 

with monitoring equipment and test for as many as 
18 parameters during and following CSO events, 
providing a representative sample for the city’s rivers 
(COW, 2015a). Among the most important items the 
city monitors are: dissolved oxygen content, ammonia, 
suspended solids, fecal coliform, E.Coli., total 
phosphorus and total nitrogen (COW 2015a, 2002). 

Manitoba’s Provincial Government has constructed 
a three-tier system for water quality standards, as 
outlined in the Manitoba Water Quality Standards, 
Objectives and Guidelines (2011). As the title 
insinuates, Tier I outlines water quality standards, 

Tier II, water quality objectives, and Tier III, water 
quality guidelines. The City of Winnipeg is required 
to adhere to Tier I standards in accordance with its 
all of its municipal wastewater discharges under this 
Government of Manitoba (GOM, 2011) legislation. 
These values have been determined to be congruent 
with values equivalent of 85% capture and treatment 
of Winnipeg’s wastewater, the same targets as 
outlined in the Winnipeg’s 2030 Combined Sewer 
Overflow Preliminary Proposal (COW, 2015a). 
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So, What’s in the Water?

E.COLI. AMMONIASUSPENDED SOLIDS

Ammonia can be extremely 
harmful to certain aquatic species. 
In Winnipeg’s rivers, ammonia 
concentrations are highest at Water 
Pollution Control Center outfalls, 
and not at combined sewer outfalls 
(COW, 2002). 

Testing for suspended solids can 
be difficult, as results can vary 
greatly even within the same 
day (COW, 2015a). Suspended 
solid levels in Winnipeg’s rivers 
are naturally high, a long-noted 
characteristic of the murky water. 
The levels in rivers test higher 
than recommended guidelines 
suggest, but these levels are 
largely attributed to land drainage 
systems rather than to that of CSO 
contributions (COW, 2002). 

E.coli is a fecal coliform found 
in sewage and is often used as 
an indicator organism to assess 
contamination levels (COW, 
2002). Fecal coliforms are a major 
concern within the rivers, as they 
possess the greatest danger to 
human health. Ecoli levels surge 
during wet weather events, and 
are directly related to combined 
sewer overflows. In spite of this, 
Ecoli only remains a concern 
directly following heavy rain 
events. Bacteria is estimated to 
only survive three to four days 
in open flowing water, and with 
the rapid current of Winnipeg’s 
rivers, it is quickly washed beyond 
the city. Currently, there are no 
documented cases of these 
bacteria reaching Lake Winnipeg 
(COW, 2015a).  

Suspended solidsFIGURE 2.13
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Suspended solids

DISSOLVED OXYGEN TOTAL PHOSPHORUS TOTAL NITROGEN

Dissolved oxygen can have 
adverse effects on fish populations 
and other aquatic life. Generally, 
CSO’s do not affect the dissolved 
oxygen levels found in rivers, 
though in extreme events, tests 
have shown a decrease of 1 mg/l. 
These decreased levels are not 
considered to be of concern for 
aquatic life (COW 2002). 

Under the Manitoba Water 
Quality Standards, Objectives 
and Guidelines (GOM, 2011), total 
phosphorus concentrations in 
effluents must be reduced to 1 
mg/L. Following a seven-month 
study in 2015, data collected from 
four CSO outfall locations yielded 
a range of 0.3 mg/L to 14.5 mg/L 
with no discernible trend toward 
rainfall amounts or location (COW, 
2015a). Though total phosphorus 
concentrations have proven 
highly variable and clearly exceed 
limits, nutrients from CSOs are not 
considered a threat to water quality 
in rivers, though are recognized as 
detrimental to the health of Lake 
Winnipeg (COW, 2015a). In times 
where CSO’s are not occurring, 
total phosphorus concentrations 
are often above the Tier III limits 
in both the Red and Assiniboine 
Rivers even before reaching the 
city (COW, 2015a).  

Under the Manitoba Water 
Quality Standards, Objectives 
and Guidelines (GOM, 2011), total 
nitrogen concentrations must be 
reduced to 15mg/L. Following 
the results of the same seven-
month study as identified above for 
phosphorus, total nitrogen levels 
ranged from 0.9mg/L to 76.3mg/L 
at outfalls during CSO events, again 
with no discernible trend toward 
rainfall amounts or location (COW, 
2015a). In general, the Assiniboine 
has tested as having higher levels 
of nitrogen than that of the Red 
River, though has little to no 
increase as it moves through the 
city, indicating the majority of total 
nitrogen is flowing from beyond 
city limits (COW, 2015a). 
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Since the inception of Winnipeg’s first interceptor sewer 
system and water treatment facility, the city has been 
felicitous at maintaining a relatively high standard in 
terms of its wastewater quality. Though the construction 
of combined sewerage is no longer common practice, 
there is a need to address the aging system already 
in place. Despite having a steep price tag, hard 
infrastructural solutions are without a doubt a major 
component of upgrading the existing system. However, 
these immense subterranean systems operate in much 

the same way as has always been done in Winnipeg, 
and offer little additional value-for-the-tax-dollar to 
the general public. There is an opportunity here and 
now to pivot and explore alternative technologies as 
supplementary solutions through the application of 
green infrastructure. Where correctly implemented, 
green infrastructure cannot only effectively treat 
wastewater, but can also play host to a myriad of other 
benefits that grey infrastructure alone, cannot.  
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Typical sewerage construction in Winnipeg
FIGURE 2.14
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03
Green Infrastructure

The difference between green and grey infrastructure, 
at the surface, is generally seen as one being in 
contrast with the other. Where green infrastructure 
lends itself to being rooted in the natural world and 
its biotic systems, grey infrastructure is generally 
contained within the heavily designed, engineered and 
constructed world. But as Hunagel and Rottle (2014) 
make note, the term ‘green infrastructure’ can be 
complex and not yet overtly definitive, encompassing 
a multiplicity of ideas and used interchangeably 
when discussed among different doctrines. Firehock 
and Walker (2015, p.xi) identify green infrastructure 
as natural assets that ensure vibrant, healthful and 
resilient communities. And while this definition 
grounds itself in more naturalistic landscapes, 
Copas (2013, p.1) expands upon this by incorporating 
those semi-natural or constructed landscapes that 
can provide a multiplicity of objectives, including 
social, economic or environmental benefits that grey 

infrastructure alone, cannot. Green infrastructure 
often draws from the perceived advantages of 
harnessing ecosystem services, many of which 
humankind has developed with alongside and 
are naturally dependent upon. As the Millennium 
Ecosystem Assessment  (MA) describes (2005), 
ecosystems provide four main services: provisions, 
such as: food water and resources, regulation; for 
flooding, and climate, cultural services; whether they 
are recreational, spiritual or educational, as well as 
fundamental supportive services such as nutrient 
cycling. In understanding these benefits, humans 
have gained the ability to reconstruct and manipulate 
these systems as to be advantageous. Though the 
term ‘green infrastructure’ may be relatively new, the 
concept of using or manipulating natural systems 
to enhance human environments is a longstanding 
practice (Hufnagel and Rottle, 2014). 

A GREEN(er) APPROACH
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FIGURE 3.0
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Berlin: Potsdamer Platz water system

Designed by Atelier Dreiseitl, the above constructed wetland 
is a small component of a much larger water retention system 
designed for the capture of rainwater in the core of downtown 
Berlin. Water is collected from the roofs of several neighbouring 
buildings and allowed to settle in three sizable underground 
cisterns. This water is then periodically released through a 
constructed wetland biotope before flowing into the Landwehr 
Canal. The water body helps to lower urban temperatures in the 
summer, clarify water, and contribute to a pleasant public space 
(Dreiseitl and Grau, 2009).



Storm water Management

Many of the most prominent examples of green 
infrastructural design in urban environments focus 
on water. The effects of storm water alone present a 
pervasive management problem for many cites, as 
sealed surfaces prevent natural percolation of water 
into the ground (Natural Resources Defense Council, 
2011). Cities around world take various approaches 
to storm water management, many of which follow 
similar principals. In Canada and the United States, low 
impact development (LID) strategies are commonly 
used as a means of holding water in the landscape, 
rather than collecting and moving it (Hufnagel and 
Rottle, 2014). However, these methods are often used 
as a means to help disperse or detain runoff prior to 

it entering drainage infrastructure. Some examples 
include: bioswales, green roofs, permeable paving 
and storm water planters, all of which can contribute 
to reducing storm water loads (Prince George County, 
1999). There are many values to reducing runoff 
prior to it entering drainage systems, though more 
extensive strategies are needed to address larger 
volumes of water. Constructed wetlands are a form 
of green infrastructure that offer the capacity to hold 
larger volumes of water, and if properly designed, a 
means of treating it as well (Tilley et al., 2014). When 
looking to treat CSO water, storm water is only a partial 
component and with sewage, additional treatment 
strategies are needed. 

Storm water collected from a nearby parking lot is 
dispersed throughout a garden on campus at The 
Swedish University of Agricultural Sciences, Uppsala. 

FIGURE 3.1
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Wetlands & Wastewater

Natural wetlands have been used for centuries as 
a tool to help treat wastewater. As Ogden explains, 
(1999) wetlands are highly productive ecosystems 
that can thrive on the addition of sewage; a mixture, 
essentially comprised of water and fertilizer (p.47). 
To effectively utilize the power of wetland treatment 
for wastewater, the system must be integrated into a 
staged system along with other forms of treatment, 
with wetlands being of but one or more components. 
Ogden goes on to explain that with the proper 
configuration, wetland treatment systems have the 
ability to recycle and remove nutrients such and 
nitrogen and phosphorus, allow for sedimentation, 

contribute to BOD removal, precipitate metals, remove 
pathogens and degrade various toxic compounds 
(1999, p.48).

To ensure a high level of treatment for CSO waters, it 
is necessary to stage treatment through tiered system 
involving primary, secondary and one or more tertiary 
phases. Depending on the type of system used, a 
wetland treatment component is generally suited to a 
secondary, or tertiary stage (Tilley et al., 2014).  

Though green infrastructure can be solely used 
to treat wastewater, it requires larger space and 

FIGURE 3.2     The Brokenhead Wetland Ecological Reserve, Manitoba
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increased residency times that may not be available or 
appropriate in an urban context. Therefore, it is helpful 
to combine grey, or heavily constructed technologies 
to assist those green technologies where space and 
residency time may be limiting factors (Tilley et al., 
2014). In the instance of this Practicum, the required 
infrastructure falls along a spectrum, finding its place 
best described as a hybrid system of green-grey 
infrastructure.
 
Tilley et al. (2014) discuss a myriad of available 
technologies and processes for treating wastewater, 
and each comes with its own pros and cons, and 

Water Treatment Flow Chart

Pre-
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appropriateness within a certain context. The listed 
methods above are those recognized to work either 
individually of as a grouping for treating wastewater at 
the small community, neighbourhood, or even for city 
scale projects. For the final design project, a treatment 
process will be selected using a similar framework 
upon evaluating the context in which the project is to 
be set. 



Water Treatment

The pretreatment of wastewater is an essential 
step in ensuring the rest of the system can function 
to its fullest potential. Because CSO’s contain a 
variety of debris and pollution, any system requires 
the capturing or screening of loose particles such 
as trash, floatables, and larger organic materials. 
When handling larger volumes of wastewater, this is 
generally done through mechanical screening, or by 
allowing water to flow through bar racks. Both of these 
systems require periodic maintenance to uphold 

optimal performance (Tilley et al., 2014).  
Finer sediments that pass through the initial screening 
can clog the system further down the line and need 
to at least be reduced before the water continues 
on its way (Ogden, 1999). For large volumes of water, 
there are a number of interventions that can be used 
to assist with these pretreatment options such as 
sedimentation tanks or anaerobic filters (Tilley et al., 
2014). For water that is exceptionally high in sand or 
grit content, there are alternative technologies such 

Basic Baffle Box sectionFIGURE 3.4

Access hatches

Screen filtration

Sediment chamber
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Skimmer & boom

Flow direction

Sediment
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FREE-WATER SURFACE 
CONSTRUCTED WETLAND 

The free-water surface constructed wetland (FWSCW) 
is one that mimics many of the processes of a natural 
wetland (Fig. 3.5). A thin but variable layer of water 
freely flows from an inlet though a bed of planted 
aquatic vegetation, where UV exposure, natural 
filtration and sedimentation take place. As particulate 
settles into the substrate, plant rhizomes uptake 
nutrients such as nitrogen and phosphorus and 
pathogens begin to decay from exposure (Tilley et al., 
2014).

Free-Water Surface Constructed Wetland FIGURE 3.5

Inlet

Wetland plants

Rhizome network

Plant uptake

Distribution pipe

Berm

Impervious liner

Sludge

Berm

Outlet

Layered rock, gravel & soil

Puncture-resistant liner

as grit chambers that can help reduce such mineral 
particulates. Tilley et al. (2014) identify the horizontal 
flow, aerated, and vortex grit chambers as three of the 
most commonly used technologies.
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HORIZONTAL SUBSURFACE FLOW
CONSTRUCTED WETLAND

The design of a horizontal subsurface flow 
constructed wetland (SFCW) functions by allowing 
water to flow below the surface of a permeable 
particulate (Fig. 3.6). The upper reaches of the wetland 
are planted with various species of aquatic vegetation, 
of whose root and rhizome network contribute 
to aeration within the substrate necessary for the 
continual flow of water (Tilley et al., 2014). Because 
water flows below the surface, contact with pathogens 

Inlet

Wetland plants

Rhizome network

Coarse gravel

Impervious liner

1% slope

Saturated zone

Plant uptake

Outlet

Distribution pipe

Coarse gravel

Fine gravel

Wet well and cover

Effluent outlet
(variable height)

Berm

Puncture-resistant liner

Horizontal Subsurface Flow Constructed WetlandFIGURE 3.6

is minimal and therefore appropriate for public access. 
However, this model of constructed wetland is far less 
effective at removing biological nutrients than the 
free-water surface constructed wetland and is more 
prone to clogging (Tilley et al., 2014).
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Aeration pipe
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Plant uptake

Drainage pipe

Distribution pipes
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Outlet
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Puncture-resistant liner
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Vertical Flow Constructed WetlandFIGURE 3.7VERTICAL FLOW CONSTRUCTED WETLAND

The vertical flow constructed wetland (VFCW) 
works and functions differently than the other two 
systems previously discussed (Fig. 3.7). As the name 
suggests, water flows from top to bottom, and is 
collected in perforated drainage pipes at the base 
of the filtration medium (Tilley et al., 2014). Tilley et 
al. (2014) describe that the first major difference to 
this system is that water intermittently douses the 
constructed wetland several times a day as opposed 
to being allowed to flow freely. Because of this, the 

wetland cells shift between periods of both wet and 
dry conditions, creating a more diverse biological state 
with both aerobic and anaerobic conditions. A variety 
of vegetation can be planted here, with the aim of 
encouraging root growth, which allows for increased 
porosity in the filtration medium (Tilley et al., 2014). 
Another major difference within this system is that high 
microbial activity in the planting medium breaks down 
nutrients, rather than through any significant uptake by 
vegetation (Tilley et al., 2014).
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Case Studies

In Europe, constructed wetlands 
are increasingly being used for the 
treatment of CSO waters (Meyer 
et al., 2013). In North America, 
this design strategy is much less 
common, with only a small number 
of constructed wetlands being 
used specifically for the treatment 
of CSO’s (Levy et al., 2014). 
One of the largest projects to date 
in North America is located in 
Hawkins Creek, Indiana (Levy et 

al., 2014). Designed by Bernardin, 
Lochmueller & Associates Inc. and 
completed in 2012, this wetland 
system captures CSO from a 
community of 12,000 residents. 
Overflow waters are first captured 
in a large storage basin, which 
are then pumped into an eleven-
hectare wetland for treatment 
(Lochmueller Group, 2014). Primary 
treatment begins as water enters 
the nutrient baffle and forebay 

Indiana, USA
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Inflow: From off site storage tank
Nutrient baffle box
Forebay
Free-water surface flow 
constructed wetland
Gravel filter
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Receiving: Hawkins Creek
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pond. A serpentine FWSCW 
planted with a myriad of native 
vegetation serves as the secondary 
treatment step. Finally, water is 
spilled through a gravel filter and 
given post-treatment with UV 
disinfection before flowing into the 
receiving creek (Levy et al., 2014). 
For the township, this constructed 
wetland system has proven itself 
as a cost-saving alternative for 
controlling the CSO problem 
(Lochmueller Group, 2014). 
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Another North American project, 
designed by CH2MHill, is The 
Harbor Brook Wetlands in 
Syracuse, New York. The system is 
a pilot project configured with three 
different wetland types: a free-
water surface, a vertical flow, and a 
third wetland with floating wetland 
cells (Tao et al., 2014). 

This project works on a much 
smaller scale than the Hawkins 
Creek Project, taking up less than a 
hectare in area. Primary treatment 
begins as water is drawn in from 
the combined sewer system. Grit 

New York, USA
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FIGURE 3.9
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and floatables are removed using 
a type of vortex chamber called a 
swirl concentrator (Tao et al., 2014). 
This type of grey infrastructure 
is able to separate water and 
particulate without power, by 
harnessing centrifugal forces as 
the water flows through it (Hydro 
International, 2017). Being a pilot 
project, the flow can be directed 
through the different wetland cells 
in alternate configurations. For this 
project, no post-treatment takes 
place before the water is released 
into the receiving creek (Tao et al., 
2014).
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First operable in 2012, the 
constructed wetlands in Glora 
Maggiore, Italy are primarily 
designed in following with the 
concept of treating the first flush 
during a storm event (Meyer et 
al., 2013). The first flush concept 
theorizes that storm water is more 
polluted in the initial stages of 
precipitation than it is in later stages 
of a prolonged event, suggesting 
that the majority of detritus from 
roads and other sealed surfaces is 
washed into drainage infrastructure 
early on (Masi et al., 2017). It 
should be noted that this theory 
has drawn criticism, and pollutant 
load estimates in first flush waters 
can be calculated with varying 
methods yielding varied pollutant 

concentrations and wide-ranging 
conclusions (Delectic, 1997). 

The primary stages of treatment 
in the Glora Maggiore system 
first remove grit and coarse 
solids, before waters enter a 
sedimentation tank (Meyer et 
al., 2013). The first flush waters 
are then spread over four VFCW 
cells for secondary treatment, 
which then drain into a FWSCW 
constructed wetland for tertiary 
treatment before flowing back 
into the receiving Olona River 
(Masi et al., 2017). What makes this 
Italian system unique is that the 
FWSCW is designed to assist in 
treating water flows that exceed 
the capability of the VFCW. The 
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Inflow: From off site storage 
tank & grit removal
[x4] Vertical flow constructed 
wetland
Free-water surface flow 
constructed wetland
Receiving: Olona River

N

0m 200

Glora Maggiore, Italy
FIGURE 3.10
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Glora Maggiore, Italy

system can be bypassed once the 
first flush has entered the VFCW, 
and the secondary flush can be 
diverted directly to the FWSCW 
for partial treatment. The FWSCW 
wetland is designed as such that 
its size can expand to handle more 
water when needed. In doing this, 
the need for latent storage for 
major storm events is eliminated 
(Masi et al., 2017). Additional design 
considerations for this site include 
encouraging local environmental 
restoration by planting an array 
of native vegetation, as well as 
merging recreational features 
to help make linkages to the 
surrounding urban area (Masi et al., 
2017). 
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Constructed in 1998, this very 
straightforward system was 
constructed on the shores of Lake 
Utterslev, a shallow water body in a 
densely populated neighbourhood 
in Copenhagen (Brix, 2003). Prior 
to the 1970’s the Lake received 
treated and partially treated storm 
and wastewater causing the lake 
to become highly eutrophicated 
(Gervin and Brix, 2001). This system 
is designed to treat all storm water 
following the first flush, (the first 
flush being stored and treated 
elsewhere) and in times of dry 
weather, it draws in surrounding 
lake water for treatment (Brix 
2003). The system is comprised of 

a large, circular VFCW cell, below 
the water level of the adjacent lake. 
Enclosed by an earthen berm and 
cased in a synthetic liner, the bed 
is fully planted with a Phragmites 
australis monoculture. Upon 
flowing vertically through the layers 
of filtration medium, water is then 
pumped back into lake (Gervin 
and Brix, 2001). As the system is 
intermittently doused, periods 
of wet and dry allow for intervals 
of increased oxidization. As Lake 
Utterslev has both recreational 
value and a considerable diversity 
of wildlife, the constructed wetland 
has been unobtrusively positioned 
within an existing reed bed along 
the lake’s shore (Brix, 2003). 

Copenhagen, Denmark

Inflow: From CSO second flush & 
Lake Utterslev
Vertical flow constructed wetland
Receiving: Lake Utterslev
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frost line would also need to be deactivated for the 
same reason. Another important consideration within 
the context of Manitoba’s climate would be that of 
structural support. Where any portion of the design 
calls for a secure concrete component, measures 
must be taken to ensure adequate stabilization, and 
where necessary, its foundation must reach below 
the frost line to avoid heaving, shifting and potential 
damage.  

With Winnipeg sitting at a higher latitude than many 
of the studied precedents, it becomes important to 
note that plant selections will require sufficient cold 
hardiness, requiring a differing palette of species that 
can be used within the Water Works Park constructed 
wetlands. Common reed, or Phragmites autralis, while 
cold hardy, is a species often chosen as a dominant 
wetland selection for constructed wetlands. For 
example, the Danish precedent, on Lake Utterslev, 
uses a monoculture in its design (Gervin and Brix, 
2001). However, in Manitoba, lineages of this species 
are considered to be highly invasive and may not be 
suitable to use in a local design. Species such as soft 
stem bulrush (Scirpus validus) and broad leaf cattail 
(Typha latifolia) would provide ample winter hardiness 
and provide positive attributes through their stem and 
root structures yielding a similar desired effect. Werker 
et al. (2002) note that constructed wetlands are not 
instant solutions and can take years to establish, 
requiring consistent monitoring and manipulation to 
achieve desired performance standards. This process 
is something that requires attention in all seasons, 
because even though biological activity is significantly 
reduced in winter months, such as when plants enter 
dormancy, (Werker et al., 2002), plant uptake is but 
only one aspect of any treatment system. 

The precedents studied above offer much insight 
into the basic techniques needed for the treatment 
of combined sewer overflow wastewaters but in the 
context of Winnipeg, further constraints are present. A 
variable climate that can reach from 400C above and 
down to 400C below zero warrants additional design 
deliberation beyond what the studied precedents may 
be equipped to offer. 

In Manitoba, many of the constructed wetlands in 
place operate throughout the duration of the year and 
are more focused on regular wastewater treatment 
rather than occasional combined sewer overflow 
occurrences. Having to remain at least partially 
functional throughout the year, these systems are 
often equipped with larger and deeper lagoons that 
can continue to accept incoming water in sub zero 
temperatures and hold it until the biological activity 
increases in warmer months (AECOM, 2016). In the 
case of most Winnipeg outfalls, combined sewer 
overflows occur almost entirely within ice-free months 
(COW, 2016b). In considering the case of the proposed 
Water Works Park, this will insist that mechanical 
systems such as pumps remain offline during 
prolonged subzero temperatures. In preparation for 
this, all drainage and irrigation lines would need to be 
completely flushed of water to ensure pipes do not 
freeze and burst during winter months. An example of 
a seasonally deactivated constructed wetland exists 
in Grand Marais, Manitoba, a dominantly summer 
community. Pumps are shut off for the winter and 
a small tank collects what little wastewater does 
accumulate and holds it until spring for treatment 
(AECOM, 2016). In addition to draining the constructed 
wetland infrastructure, any incoming pipes to the 
proposed Water Works Park that do not sit below the 

Winnipeg Winters & The 
Canadian Climate

A treatment lagoon in Stonewall Manitoba at 
Oak Hammock Marsh Interpretive Centre, actively 
receives wastewater throughout the year.  

FIGURE 3.12
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Chapter Summary

Armed with a brief understanding of the technologies 
available for creating constructed wetlands capable 
of treating CSO waters, the next step is to assess how 
such systems can be incorporated into Winnipeg’s 
urban landscape in the form of a Water Works Park. 
In aiming to hybridize the necessary green and grey 
infrastructural components with features that contribute 
to a versatile public space, the stage becomes set for 
approaching a design challenge. While some of the 
previously mentioned precedents do in fact attempt 
to incorporate public amenities such as trails and 
educational programing, the cohesion between the 
human experience and the infrastructural systems 
often seem to exist as separate mechanisms. In moving 
forward with the Water Works Park, there is opportunity 
to apply a greater focus on creating an anthropocentric 
experience between people and water through design.

Because the proposed Water Works Park is best 
applied in close proximity to an existing CSO outfall 
in order to avoid any excessive pumping, a number of 
considerations must be taken into account. Firstly, a 
substantial plot of riverside area is necessary for the 
sizeable wetlands and park space needed. Secondly, 
such a location must have an approachable amount 
of treatable effluent in order to sustain such a project. 
Thirdly, an ideal site would have a strong connection 
to existing neighbourhoods, amenities and public 
networks. Following a personal bike-led sewer tour 
of Winnipeg’s combined sewer outfalls and through 
examining city records for sewer overflow data, it was 
determined that the neighbourhood of Point Douglas 
housed the required and desirable features to develop 
such a project.  

FIGURE 3.13 Sewer tour
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POINT DOUGLAS
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Located just north of Downtown 
Winnipeg, the Point Douglas 
peninsula is largely serviced by a 
single sewershed, identified by the 
City of Winnipeg Water and Waste 
Department (2016) as the Syndicate 
sewer district. This combined sewer 
system’s water currently flows 
toward a single outfall location, 
where it is either pumped to the 
North End WPCC for treatment, or 
spilled into the Red River during 
heavier storm events. 
The sewershed serves as 

Point Douglas

Winnipeg: Combined Sewer DistrictFIGURE 4.0

drainage for over 100 hectares, 
though its boundaries do not 
align with the city’s municipal 
districts. The majority of the 
sewershed is contained within the 
North and South Point Douglas 
neighbourhoods, with a small 
western section stretching into the 
William White, and Lord Selkirk 
districts. In comparison to other 
locations within Winnipeg, this 
site has been chosen, as it has 
not only an approachable amount 
of combined sewer effluent able 

to be treated (Fig. 4.3), but also 
a wealth of underutilized space 
adjacent to the river. With the City 
of Winnipeg (2011d) looking to 
reimagine and develop parts of 
the neighbourhood in upcoming 
years, there is an opportunity to 
incorporate a design intervention 
that contributes to naturally 
treating CSO waters while adding 
to the much-needed public space 
and river access in the area.  
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Winnipeg: Combined Sewer District
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CSO Estimations: Hydraulic Modeling - Syndicate sewershed FIGURE 4.3
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The above data again shows 
annual CSO estimations as based 
on hydraulic modeling and values 
determined using a representative 
year (See Fig. 2.10 for full 
description of method). While the 
syndicate sewershed is nowhere 

near the most problematic 
outfall in the city in terms of 
volumetric discharge, it still can 
spill the equivalent of nearly 
thirty Olympic sized swimming 
pools of untreated water in a year 
with higher than average rainfall 

(Microwiki, 2013). A single storm 
event can cause anywhere from 
only a few cubic meters of overflow 
to in extreme cases, greater than 
10,000 cubic meters within this 
specific sewershed (COW, 2015a). 

Syndicate Sewershed
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SYNDICATE 
SEWERSHED

Combined sewer outfall

#
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Syndicate Sewershed surface permeabilityFIGURE 4.4

Runoff Sources

The Syndicate sewershed is largely 
comprised of heavily sealed 
surfaces. With a high percentage 
of land use being dominated 
by industry and transportation 
infrastructure, this sewershed 
has a disproportionate amount 
of permeable ground surface as 
compared to many other parts 
of the city. Many of the areas 
considered to be parks and 

open space are located along 
the rivers edge, where increased 
slope may see runoff as diverting 
directly towards the river and 
not necessarily into drainage 
infrastructure. With the majority 
of the remaining site having a 
slope of less than two percent 
(with the exception of the central 
rail embankment), much of the 
surface water during storm 

events inevitably flows into the 
combined sewer system. Figure 
4.5 demonstrates how varied levels 
of permeability directly relate 
to the amount of surface runoff, 
evapotranspiration and ground 
water recharge. 
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The roots of Point Douglas are deeply entwined 
within Winnipeg’s history and its antecedent Red 
River Colony. The Manitoba Historical Society (MHS, 
2017a) explains that the name Point Douglas can 
be traced back to the founding father of the Red 
River Colony, Thomas Douglas, better known as 
Lord Selkirk. It was near this location where Fort 
Douglas would have stood from 1812-1826 until it was 
destroyed by flooding (MHS, 2017a). In the early years 
of the city, Point Douglas once housed many of the 
community’s former elite, nestled into a tautly wound 
peninsula formed by the Red River. The dynamic 
of the neighbourhood was significantly upset with 
the long sought-after arrival of the Canadian Pacific 

Rail Line (MHS, 2017b). Operational by 1881, the rail 
line forged the creation of Winnipeg’s first bridge, 
crossing over the Red River from the east essentially 
bisecting Point Douglas as it moved westward (Dafoe, 
1998). The advent of the railway increased the ease 
in which immigrants found passage to the city, many 
landing at the Canadian Pacific passenger terminal 
in Point Douglas. The neighbourhood soon became 
industrialized as a product of its proximity to the rail 
line, an optimal situation for newly arrived citizens in 
need of work. This influx of people and industry soon 
led to the creation of small residential communities 
to house workers, a pattern that still survives in the 
layout of present day Winnipeg (MHS, 2017b).

Brief History

FIGURE 4.7

Present-day rail bridge crossing the Red River into Point Douglas
One of many empty lots in South Point Douglas
Industrial Remnants
Surviving architecture of a once thriving railside industry

FIGURE 4.7
FIGURE 4.8
FIGURE 4.9
FIGURE 4.10
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FIGURE 4.8

FIGURE 4.10

FIGURE 4.9
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Today, Point Douglas hangs in somewhat of a limbo, 
a palimpsest of vacant industry and gradually 
deteriorating turn of the century homes. Still divided 
by the active rail line, North and South Point Douglas 
have struggled to maintain a steady population over 
the past several decades. Census data shows that 
combined, the two neighbourhoods are home to just 
over 40,000 residents. In decades past, the number 
of people residing in the neighbourhoods dropped off 
steeply, nearly in half, and only recently has begun to 
rebound (COW, 2011a, COW, 2011b).     

As compared to other parts of Winnipeg, Point 
Douglas has a higher than average number of First 
Nations residents and visible minorities. Over 43% 
of residents in South Point Douglas alone identify in 
being fully or partially of First Nations origin (COW, 
2011b). The second most abundant visible minority 
population in both neighbourhoods is overwhelmingly 
Filipino (COW, 2011a, City of Winnipeg, 2011b).     
 
There are fewer families living in these 
neighbourhoods as compared to the citywide average. 

Families that do reside in the neighbourhoods have 
a significantly disproportionate percentage of single-
parent households, more so within South Point 
Douglas than North (COW, 2011a, COW, 2011b).     
 
Both residential portions of each neighbourhood are 
dominantly comprised of single-detached houses, 
with the vast majority of them being built prior to 1960. 
The number of these houses in need of major repair 
is double that of the citywide average (COW, 2011a, 
COW, 2011b).     

The average household incomes of both North and 
South Point Douglas are well below the citywide 
average, with South Point Douglas earning only about 
half of what the average household in Winnipeg earns 
(COW, 2011a, COW, 2011b).     

Present Day

The Ellis Duplex (1907) Boyle Street, south Point Douglas 

FIGURE 4.11   Industrial Ironworks on Maple Street North, North Point Douglas

FIGURE 4.12
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Theme Map LayersFIGURE 4.13
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In order to gain further understanding of the various 
layers that structure contemporary Point Douglas, a 
thorough mapping study was undertaken to dissect 
and analyze the composition of the neighbourhood. 
The study included both looking at the physical 
makeup of the landscape, as well as many of the 
imposed layers such as zoning and infrastructure, 

as well as taking into account some of the city’s own 
plans for future development. Careful attention was 
given to not isolate the peninsula as a single entity, 
but to also include surrounding connections to the 
neighbourhood such as to the downtown and across 
the Red River. 
     

Dissecting Point Douglas
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The above map provides a 
topographical impression of how 
the river has helped to shape the 
Point Douglas landscape. The 
contours shown indicate only the 
immediate area surrounding the 
river, and do not reach fully inland. 
On the south side of the peninsula, 
steep banks, up to heights of four 
meters or more have formed as a 
result of being on the cutting edge 

of the river as it moves northward. 
The effects of persistent erosion 
can be seen along this riverbank. 
On the tip of north side of the 
peninsula, it is evident that there 
is a more gradual slope towards 
the river, which allows for some 
inundation during periods of high 
water. The same is true southward 
across the river in Whittier, and 
Lagimodière-Gaboury Parks, where 

the Seine River passes through and 
meets the Red. A berm through 
the center of the Point Douglas 
peninsula is also evident and 
indicates where the elevated rail 
bed rises before crossing the Red 
River to the east. 
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The dominant portion of tree cover 
in Point Douglas comes mainly 
from the established street trees 
in residential areas. The majority of 
street trees species are American 
elm (Ulmus americana) with a 
mixture of green and black ash 
(Fraxinus pennsylvanica, Fraxinus 
nigra). There are also noticeable 
amounts of Siberian elm (Ulmus 
pumila), boxelder (Acer negundo), 
and various linden (Tilia) species.  
A narrow belt of riparian vegetation 

VEGETATION AND GREEN SPACE

lines the banks of Point Douglas 
but is notably restricted as 
compared to the flourishing banks 
in Whittier Park across the river. 
Here, the dominant species 
are boxelder (Acer negundo), 
cottonwood (Populus deltoides) 
American elm (Ulmus americana), a 
few solitary groups of white willow 
(Salix alba), showy mountain ash, 
(Sorbus decora) and Siberian elm 
(Ulmus pumila).

Due to the industrial nature of the 
neighbourhood, the remaining 
portion of Point Douglas is largely 
devoid of any significant tree cover, 
though small stands of trees and 
ruderal vegetation exist scattered 
throughout vacant properties and 
along rail lines.  

Whittier Park Lagimodiere
-Gaboury Park

Ernie 
O’Dowda  Park
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Land in Point Douglas has long 
been used for various types of 
industrial manufacturing, a pattern, 
which can be observed as being in 
proximity to the rail line bisecting 
the peninsula. Pockets of residential 
streets are located nearby, with a 
small scattering of park space and 
various commercial activities. In 
recent decades, there is evidence 
that the downtown has begun to 
look northward for expansion and 
redevelopment as the relevance of 

industrial activity in Point Douglas 
diminishes (City of Winnipeg, 
2011d). There have been efforts 
south of Point Douglas along the 
Red River to reclaim riverside space 
for public use, with projects along 
Waterfront Drive, such as Stephen 
Juba (southwest of map extent) 
and Fort Douglas Park. Across the 
river in St. Boniface, Tache Avenue 
has seen a shift from industrial 
manufacturing to residential 
development, which has reserved a 

large portion of publicly accessible 
riverbank open to the public within 
Parc Joseph Royal (southwest of 
map extent). In following with this 
pattern of riverside redevelopment, 
Point Douglas stands as a next 
logical candidate to continue in this 
fashion and further connect with 
existing riverside public networks.    

Waterfront Drive & Fort Douglas Park

CITY OF WINNIPEG ZONING
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Figure Ground & Heritage BuildingsFIGURE 4.17
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The City of Winnipeg has identified 
over 500 properties that have been 
classified as historical buildings. 
As one of Winnipeg’s most 
mature neighbourhoods, Point 

Douglas is home to a number of 
these architectural gems. Turn 
of the century houses, hotels, 
churches and industrial buildings 
are scattered throughout the 

area. Though theses buildings 
have been identified as having 
historical significance by the city, 
the majority of them have no official 
protection, with only their presence 

FIGURE GROUND
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Infrastructure & AmenitiesFIGURE 4.18

Point Douglas is central and 
well connected to Winnipeg’s 
core, though for many, it exists 
more as a thoroughfare than a 
destination. The recent upgrades 
to the Disraeli Freeway (2012) 
thread motorists up and over 
much of Point Douglas detaching  
passersby from what lies below. 
Largely segregated by the river, 
the niche industries, characteristic 

poverty, and geographic isolation 
do little to draw visitors in. 
Though improvements to active 
transportation are beginning 
to appear in and around the 
area, much of the infrastructure 
remains relatively disparate 
and unconnected with exterior 
networks.  

being monitored (COW, 2009). In 
observing the building footprints, 
the finer texture of residential 
neighbourhoods in the north are 
clearly delineated in contrast to the 
larger industrial core to the south. 
Few of the former industrial tenants 
such as the cement works, flour 
mills, foundries, and warehouses 
remain operational today (COW, 
2009). 

INFRASTRUCTURE
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Winnipeg Transit Master PlanFIGURE 4.19

The City of Winnipeg’s most 
recent future planning report, 
Our Winnipeg (2011c), outlines a 
number of key areas throughout 
the city that are slated for major 
redevelopment in the coming 
years. The largely industrial 
neighbourhood of South Point 
Douglas is among these key 
areas. The redevelopment of the 

neighbourhood is closely tied 
to future plans for upgrading 
Winnipeg’s public transit system. 
The city’s goal is to work with a 
transit oriented design strategy, 
integrating both public transit and 
active transportation networks into 
new and existing urban fabric. 
Plans call to run a rapid transit 
corridor across the Red River to the 

east to serve constituents in that 
area of the city, though it’s specified 
location is not yet determined. The 
Winnipeg Transit Master Plan (COW 
2011d) identifies that replacing 
the aging Louise Bridge in Point 
Douglas with a wider multi-modal 
crossing is being considered as a 
potential option.   

TRANSIT PLANNING
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In 2014, The Forks Renewal 
Corporation and the City of 
Winnipeg developed a long-
term visionary plan entitled Go to 
the Waterfront, which looked at 
opportunities to encourage the 
growth of public infrastructure 
along the city’s rivers. It advocates 

for a citywide network of trails, 
parks, scenic drives, crossings 
and vistas that connect 
neighbourhoods and celebrate 
Winnipeg’s iconic nature as a river 
city. The above map highlights a 
few key features from the plan. 
Go to the Waterfront operates at 

this stage only as a conceptual 
plan, though it is supported by the 
city. In July 2017, parts of this plan 
have moved forward, with a small 
section of the Forks Trail phase one 
officially opening and connecting 
South Point Douglas to the 
Downtown along the Red River. 
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Through a detailed study and 
numerous site explorations of the 
Point Douglas neighbourhood 
and the surrounding context, a 
handful of potential sites in which 
to explore a design intervention 
have been identified. A first step 
in this decision-making process 
looks at finding a large enough 
space within Point Douglas where 
in the Water Works Park’s required 
constructed wetlands are to be 
located. Ideally, this space would 

benefit from being located within 
close proximity to the waters edge.     

The mapping study also revealed 
a number of what became 
self-imposed constraints and 
design parameters that look to 
utilize existing features, keep 
the integrity of the natur al 
and built characteristics of the 
neighbourhood, as well as taking 
into consideration potential future 
strategies.

1. Working with natural topography 
and utilize gravity-guided drainage 
wherever possible

2. Maintaining and/or adding to 
existing Riparian corridor and urban 
tree canopy 

3. Not impeding upon existing 
residential neighbourhoods/
historical buildings

4. Creating space that contributes 
to the vitality of the neighbourhood, 
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Vacant city 
owned parcel

Gateway 
Industries
property

Buchanan 
Marine  Boat 
LaunchVacant city 

owned parcel

Gateway Industries

Potential Sites within the Point Douglas Sewershed
FIGURE 4.22

and that may act as catalyst for 
stimulating improvement 

5. Not impeding upon existing flows 
of traffic, goods and people

6. Contributing to increased public 
river accessibility and better-
connecting the existing active 
transportation network 

7. Acknowledging the City of 
Winnipeg’s future development 
vision for South Point Douglas 

As a result, five Point Douglas 
locations (Fig. 4.20) are being 
considered as either individual 
locations, or as working together 
as a potential network of sites 
woven into the fabric of the 
neighbourhood. Two of the 
locations are currently vacant land 
owned by the City of Winnipeg 
along Higgins Avenue. The third 
location is a combination of a small 
parkland and public boat launch, 
which borders on the industrial 
manufacturing company, Gateway 

Industries. Bisected by a Canadian 
Pacific rail line, The Gateway 
Industries property accounts for 
the majority of the property on the 
Point Douglas peninsula. Though 
still active in some manufacturing, 
the property has been heavily 
damaged by fire, with reports of 
some fifteen fires occurring over 
the past two decades. (CBC News, 
2011). As a result, much of the land 
is vacant, or in disrepair.
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Precipitation [mm]

1 Square = Approximately [1mm]  precipitation

Combined Sewer Overflow Volume [m3]

1 Square = Approximately [200m3] overflow

With water and water treatment being the central 
features of the proposed Water Works Park, it is 
necessary to understand the various incoming 
volumes of CSO waters as well as the patterns and 
associative local factors that contribute to them. 
Armed with more specific numbers, it then becomes 
possible to estimate the size and spatial footprint 
required for the constructed wetlands within the 
Water Works Park. A common folly in implementing 
constructed wetlands is the tendency to over-design, 
creating too large of a system to reconcile uncertainty 
in the effectiveness of biological treatment (Werker 
et al., 2002). However, such a system needs to be 
able to handle both high and low volumes of water. 
In the case of the Point Douglas, recent recorded 
data shows this fluctuation can range from just a few 
cubic meters, to greater than thirteen thousand cubic 
meters such as was seen in one extreme event in 
August of 2014 (COW2016a). It should be noted that 
data for specific overflow estimations at individual 

outfalls has only been available since 2013 when the 
monitoring program began (COW, 2016b) and as the 
only available data; this will be used to estimate a 
maximum treatable volume of water for the proposed 
design. If the proposed Water Works Park is to 
compete with the City of Winnipeg’s target of 85% 
combined sewer capture by 2030 (COW, 2015a), then 
it must have the ability to minimally capture and treat 
that same target for the greatest recorded overflow 
to date. With this in mind, the Water Works will be 
designed to treat at least twelve thousand cubic 
meters (> 90%) of wastewater in a single event through 
a multi-staged process that will be further described 
in figure 4.24.  

By comparing local rainfall data in downtown 
Winnipeg (Government of Canada, 2017) with 
information on sewer overflow data in Point Douglas 
(COW, 2016b), it became apparent that there is a 
very close correlation between the amount of wet 

FIGURE 4.23   2015: Point Douglas CSO’s and Precipitation Events in Downtown Winnipeg
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weather events and the occurrence and volume of 
sewer overflows. The above diagram (Fig. 5.7) shows 
this correlation over the course of a full calendar 
year in 2015. The same data available from the City 
of Winnipeg (2016b) also reveals that the majority of 
overflows within the Point Douglas sewershed occur 
within ice-free months, with the most extreme events 
largely isolated within the summer. This study aimed 
to investigate whether or not major combined sewer 
overflows were a result of other district activities 
such as from industrial manufacturing within the 
sewershed. It should be noted that a number of 
variables may cause other inconsistencies in this 
rudimentary comparison, including the duration of 
precipitation events, the intensity in which they are 
delivered, existing methods of surface drainage and 
infiltration rates throughout the neighbourhood’s 
ground plane.  

The design of the Water Works Park will incorporate 
a combination of both grey and green infrastructural 
components to effectively treat incoming wastewater. 
When designing with constructed wetland systems, 
each must be carefully created with a certain capacity 
and allow for variable water levels in order to operate 
and treat effluent effectively. While specific volumes 
for each system used within the Water Works Park 
will be outlined further in figure 4.24, the depths of 
the three constructed wetland types studied earlier in 
this document all need water levels to be half a meter 
or less in depth in order to function properly and 
support vegetative structure. In some cases, certain 
constructed wetland models even require periods 
where they are allowed to completely dry out (Tilley et 
al., 2014). When dealing with large volumes of shallow 
water, the space needed for these treatment wetlands 
can become quite expansive and will account for a 
large portion of land use in the proposed Water Works 
Park.  
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The configuration of the proposed system draws 
components from each of the precedents studied 
earlier, with adjustments made to suit effluent 
requirements in the Point Douglas sewershed. In order 
to service a volume of water up to twelve thousand 
cubic meters, the design is managed under two 
governing principals:

 1. The first suggests that in times where the park’s 
treatment system is in need of more water than 
available from combined sewer overflow alone, such 
as for the periodic irrigation of vegetation, that water 
will be pumped directly from the river to assist. This 
is a similar method as seen in the Danish precedent 
studied earlier with the constructed wetland on Lake 
Utterslev, Copenhagen. Though this method is not 
expected to have a significant effect on improving the 
quality of water from the Red River, it will contribute 
in preserving the functionality of the constructed 
wetlands within the Water Works Park during any 
prolonged absence of rainfall. 

2. The second principal borrows the model for the 
first and second flush concept as seen in the Italian 
constructed wetland precedent in Glora Maggiore. 
This allows the total area needed for treating water 
to effectively be cut in half. The Water Works Park is 
designed to fully treat six thousand cubic meters of 
water, which covers the vast majority of wet-weather 
events in Point Douglas. This is the same volume for 
which the proposed forebay is designed to hold (Fig. 
4.24). During extreme wet-weather events, a first flush 
of more heavily contaminated combined sewer water 
will be directed as usual for full treatment through 
the Water Works Park. This includes a residency time 
to allow for sedimentation with a minimum of two to 
four hours in the forebay before being intermittently 
pumped and distributed over the adjacent vertical 
flow wetlands (Tilley et al., 2014). In this secondary 
system, volumetric capacity is less of a concern, 
as there is no stable water level and an effective 
treatment process calls for periodic irrigation, which 
can be undertaken up to ten times a day if necessary 

FIGURE 4.24   Proposed schematic plan showing the treatment components and flow pattern
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to draw down the forebay (Tilley et al., 2014). The 
second flush of water, considered to contain fewer 
pollutants, will undergo preliminary treatment (Fig. 
4.24), but is designed to then bypass primary and 
secondary treatment and move directly to the free-
water surface constructed wetlands. The free-water 
surface constructed wetlands are also able to support 
a volume of up to six thousand cubic meters of water, 
though can potentially treat more as water flows freely 
through the system. The treatment is not as thorough, 
but is still expected to be effective for the estimated 
lower levels of contaminants in such rare events. 

With these guiding principles in mind, the above 
schematic diagram outlines the proposed water 
treatment process (Fig. 4.24). As is done in a number 
of the examples studied, water is pretreated and 
pumped from a source offsite, in this case, the 
existing Point Douglas outfall. The pretreatment 
steps include preliminary screening and the removal 
of larger loose debris through a baffle box, which 

removes garbage, branches, and heavy particulate 
found in combined sewer effluent. Following this, the 
water moves through a swirl separator, which is an 
engineered component that uses centripetal force 
and gravity to pull additional particulate from water. 
These systems are generally relatively small sections 
of grey infrastructure and are considered to be 
appropriate for both the volume, and type of proposed 
water treatment. To ensure optimal performance, 
both pretreatment systems do require periodic 
maintenance and cleaning (Tilley et al., 2014). The 
design calls for both combined sewer overflow, and 
supplementary irrigation water to be pretreated before 
being pumped to the proposed park site. While data 
does exist as to the effectiveness of each component 
of the above system, results are still highly variable 
in terms of specific contaminant reduction, and are 
dependant on a wide variety of factors. To estimate the 
direct effectiveness of this specific configuration may 
be presumptuous at this level of design, though its 
modeling is well grounded and cites proven research 
in the field.  
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Currently, the combined sewer system that services 
the Syndicate sewershed directs its flow to the 
North End Water Pollution Control Center. During dry 
weather, sewage is pumped through the district trunk 
sewer westward, where it combines with the main 
interceptor sewer and continues northward to the 
treatment facility some five kilometers away. The main 
interceptor sewer is fed by a number of individual 
trunk sewers from different sewersheds throughout 
the area. During wet weather, the flow volume of 
the existing trunk sewer often reaches capacity, and 
diluted storm and wastewater spill directly into the 
Red River at the outfall location. As a solution to this, 

the forthcoming design strategy suggests that this 
water instead be pumped 500 meters eastward, 
and treated on site through a staged treatment 
process. The two preliminary treatment steps (Fig. 
5.8), like a number of the precedents studied earlier, 
are specified as being closer to the existing outfall, 
and not directly located on the proposed site. The 
proposed site broadly consists of three properties, two 
owned by Gateway Industries on the north and south 
sides of the rail line. The south side of the rail line is a 
semi-active manufacturing company with a number 
of fire-damaged buildings and structures in disrepair, 
while the north contains no permanent structures, but 

Site Proposal
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Syndicate Sewershed Outfall Location

FIGURE 4.26

FIGURE 4.27
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houses a myriad of scrap metal and various industrial 
debris. A third city-owned park in the northwest 
functions as a small public park and boat launch. As 
a grouping, the three spaces provide ample area in 
which to incorporate the designed public space and 
required water treatment infrastructure.

N

The Buchanan Boat Launch in early spring
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05
With the potential spaces within Point Douglas 
identified, three conceptual design iterations were 
explored as to how the Water Works Park may take 
shape. These early overarching concepts incorporated 
the greater part of the Point Douglas landscape often 
including a network of several potential locations. The 
eventual selected site becomes narrowed down to the 
above noted sites within these parameters. 

The framework for the three design iterations was 
loosely thought of as reflecting various periods in the 
site’s history. The first explored a near geomorphologic 
timeframe, looking to mimic patterns of river 
morphology (Figs. 5.0 & 5.1). The second imagined 
what the site might have looked like prior to or in the 
early stages of colonial settlement in what could be 
considered a heritage landscape (Figs. 5.2 & 5.3). The 
third, and most recent iteration looked to the industrial 

Conceptual Design

DESIGN
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nature of the site and neighbourhood, and played 
with the idea of incorporating a Water Works Park into 
some of the existing structures and features of the 
landscape. These three conceptual iterations were 
presented in a public forum as part of an intermediate 
Practicum presentation in June of 2017. The feedback 
received from this discussion laid a conceptual 
foundation that would help to guide the planning and 
design for the final proposed space. 

CHAPTER 05    |  CONCEPTUAL DESIGN

The first iteration is inspired by some of the 
characteristics of river morphology as can be seen 
in a flat prairie landscape (Figs. 5.0 & 5.1,). Patterns of 
erosion and deposition create a series of tiers as the 
river is imagined to have shifted course. Contained 

A SHIFTING RIVER



A series of linear wetlands and walkways snake along imagined former shorelines of a shifting river

Exploring characteristics of meandering  river morphology

FIGURE 5.0

FIGURE 5.1
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along these abstracted former 
shores, a network of water and 
walkways snake between, dropping 
down to the rivers edge. In drawing 
inspiration from meandering river 
behavior, the idea of replicating a 
chute formation cutting through 
Point Douglas was also explored. 
While the concept provided an 
interesting overall form, the time 
period in which the design draws 
inspiration from jumbles the 
context into which the proposed 
Water Works Park is to assimilate. 
This discontinuity ultimately led 
to this design approach not being 
explored further.  



Incorporating various wetland formations into potential sites

Drawing inspiration from a natural wetland habitat

A second iteration looks to a more 
organic form for inspiration, one that 
may have resembled the histroical 
landscape prior to excessive human 
intervention (Figs. 5.2 & 5.3). Early 
descriptions from colonial settlers 
describe shifting seasonal wetlands 
and overland flooding, with a myriad 
of small streams draining from 
the land back into the river. (Ross, 
1865). This idea also parallels a 
long-standing idea of developing 
a Point Douglas Heritage Park. This 
design concept presented itself as 
being relatively commonplace in 
comparison to its other two partners, 
offering very little in terms of creating 
a new and exciting urban character 
or an overall enticing form for a 
contemporary Water Works Park.

HERITAGE LANDSCAPE

FIGURE 5.2

FIGURE 5.3
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Industrial water treatment processes

Merging former industrial structures with wetlands and walkways

The third iteration considers the 
industrial nature of water treatment.  
In this concept, wetlands were 
reduced to smaller, contained 
industrial processes, as may 
be seen through staged water 
treatment (Figs. 5.4 & 5.5). This 
design attempts to reinvigorate 
vacant structures and bring a 
new green industry to the former 
manufacturing sites in Point 
Douglas. With this most recent 
history still largely prevalent on site, 
it is this iteration that became the 
desired template in which to move 
forward with further design. 

INDUSTRIAL/ POSTINDUSTRIAL 

FIGURE 5.4

FIGURE 5.5
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The adjacent map (Fig. 5.6) outlines many of the 
dominant features that exist on the site currently. 
Though humans presently underutilize much of the 
proposed landscape, a number of important features 
still exist and a number of elements hold the potential 
for reuse or reinterpretation with in the proposed 
Water Works Park. The design strategy moving 
forward will be one of minimal intervention; working to 
preserve much of the established vegetation, reusing 
and reintegrating number of industrial structures and 
elements, and creating a new spatial and operative 
context for the site. 

Site Inventory

6

3

Beginning in the northwest corner, east of Higgins 
Avenue, there is a public boat launch for small 
watercraft and a parking lot. This entrance also 
includes access to an on-ramp used to service the 
Canadian Pacific Rail line, which bisects the peninsula 
along a raised bed. Perhaps the greatest natural 
amenity onsite, is the wealth of established trees. The 
proposal for this area will redesign the entry point 
to the Water Works Park and rethink how one might 
approach the river while maintaining the necessary 
access point for the rail corridor. A cottonwood grove 
and boxelder-dominant river bottom forest both add 
unique characteristics to the site and will be preserved 
to the greatest extent possible as the design phase 
begins. Along the rail line, it appears to be a mixture 
of wild and planted trees, including boxelder (Acer 
negundo), Siberian elm (Ulmus pumila) and a solitary 
white willow (Salix alba). A low understory covers 
much of the rail embankment creating a natural 
deterrent for wayward park-goers. 

North Side
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Existing site featuresFIGURE 5.6



Stand of cottonwood trees (Populus deltoides) with dogwood (Cornus) understory
Privately owned open space
Passing under the Canadian Pacific rail bridge 
Predominantly boxelder (Acer negundo) riverbottom forest
Industrial remnants
Paved surfaces cover much of the southern portion of the site
Only a fraction of piled detritus on site 

FIGURE 5.7
FIGURE 5.8
FIGURE 5.9
FIGURE 5.10
FIGURE 5.11
FIGURE 5.12
FIGURE 5.13
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CHAPTER 05    |  SITE INVENTORY 93



4. 6.

5. 7.

94

The former industrial site to the south of the rail line 
houses three large buildings, with a forth building now 
largely demolished as a result of a major fire in recent 
years. The foundation for this building appears to be 
intact, with the surrounding and lower quadrant of the 
property sealed largely in concrete. The design for 
this portion of the site will look to reuse some of the 
standing features, as well as reimagining the industrial 
character and taking a layered approach when adding 
new design elements. As a measure to control any 
contaminants that may exist near to the surface of 

South Side

the site as a result of past industrial activity, much of 
the concretized surface will remain, helping to seal off 
further contamination and forgo major excavation and 
soil remediation at this time. The riverbank furthest to 
the south currently contains a narrow strip of trees and 
irregular spindly vegetation that cling to the outskirts 
of a failing chain-link fence and steeply cut riverbank. 
Here, a design strategy will involve bolstering this 
edge by planting trees and creating controlled areas 
of pedestrian access that allow for views to the scenic 
park space directly across the Red River. 



Working within the self-imposed constraints of 
applying minimal intervention throughout the site, 
the next major consideration governing the design 
for the Water Works Park became integrating the 
water volumes and creating flow patterns for the 
constructed wetlands. These sizable interventions 
required early incorporation, as they would indeed 
dominate many of the larger spatial formations and 
surface area. To the south, the constructed wetlands 
took on more rigid footprints in keeping with the 
industrial character. Initially, the north side seemingly 
solicited for a more anamorphous wetland outline, 
finding shape by filling in space between the existing 
natural features and working with the gradual slope of 
the site. However, it became apparent that in creating 

Exploring Versions

this dichotomy, the two spaces lost a sense of singular 
cohesion, furthered by the separation generated by 
the raised rail bed. Creating a connection between the 
two sides for both people and for water fostered an 
ongoing challenge. 

Massing out wetland components Considering pre-treatment steps & 
rail crossing connections

The following pages show an ongoing series of 
originally 1:1000 plan drawings sketched out over a 
base map on trace paper. The order in which they 
appear may not be linear. Often, portions of the designs 
were explored through perspective sketches, sections, 
elevations etc. in parallel with the shown plans.   

FIGURES  5.14
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 Flow pattern experimentation Wetland form iterations

Refining circulation to work with existing topography Exploring effects of varied water volumes
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Trying to find balance in form Raindrop inspired surface wetlands 

Early on, there was an attempt to configure the flow 
patterns of water and people to be placed in parallel 
with one and other, allowing visitors to the Water 
Works Park to see and experience the consecutive 
stages of water treament. The water bodies initially 
were placed in such a way that a minimum amount 
of pumping infrastructure would be needed, working 
with existing topography and gravity as much as 
possible. In the end, the distances required for even 
a gradual slope warranted significant changes in 
elevation, and only portions of the design would allow 

for gravity fed drainage. The immense size of the 
proposed site proved challenging and with such large 
volumes, the spaces became somewhat supersized 
in relation to the human scale. The adjacent iterations 
aborted the naturalistic forms experimented with to 
the north and worked at creating a complimentary 
dialect with the hard-lined reliefs present in the south. 
Creating an elongated flow path for the free-water 
surface constructed wetland offered a thought-
provoking design challenge, worked through by 
testing an array of possibilities. 
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Finding necessary volumes in available space Elongating flow paths

Calculating slope & flow A serpentine sewage wetland...
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It is these sketches in succession that grasped at two 
key ideas that would ground all further iterations of 
the proposed Water Works Park design. These ideas 
were first approached following one of many insightful 
design conversations with members of the Practicum 
committee. The first, was defining appropriate forms 
for the three major water bodies: the forebay, the 
vertical flow constructed wetland and the free-
water surface constructed wetland. Earlier sketches 
danced around similar fragmentary ideas, but it was 

decided that the forebay and vertical flow constructed 
wetland should both sit directly over the footprints of 
the previous buildings on site. This decision was not 
only a nod to preserving a part of the site’s heritage, 
but moreover a pragmatic one, in that the existing 
subterranean structure could assist in handling the 
extensive weight load wrought on by the proposed 
wetlands. It also was thought that this may also be 
of benefit in being so close to the already failing 
riverbank. This strategy also mirrors design intents 
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to minimalize intervention on the site by reusing 
existing features, reducing energy consumption and 
waste during the construction phase and avoiding 
contaminated soil disturbance beneath the sealed 
concrete surfaces. These moves would allow for 
an overall reduction in costs in order to remain 
competitive with the city’s alternatively proposed grey 
infrastructural solutions. The form of the free-water 
surface constructed wetland to the north was revisited 
once more and borrows its long rectangular footprint 

from its surroundings, namely things such as the 
nearby bridges and the rail embankment. The second 
foundational idea reiterated this long axial form once 
again, in the mark of two bold strokes across the site. 
These slashes across the landscape not only helped 
to tie the two disparate halves together, but also 
helped to complete the cyclical nature of the Water 
Works Park’s conceptual and physical objectives. 
These patterns would be only subtly shifted from here 
on in. 
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With the water infrastructure largely in place, the 
remainder of the Water Works Park design was now 
able to flourish. To help define the border and entry 
points to the park, strong rows of evenly spaced trees 
were used to clearly delineate the transition between 
the Water Works Park and surrounding community. 
The parking area was broken up into smaller lots in 
order to incorporate shade producing trees. Within 
the former industrial side of the Water Works Park, 

areas not sealed with concrete were planted with 
trees in order to help reinforce root networks along 
the riverbank to reduce the instances of persistent 
erosion. Species already found on site were used 
to maintain a consistency within the existing plant 
community. Several iterations of orchard planting 
were tested, but always in balance with one and 
other, with one planted on the northern side of the 
rail embankment along the west axis, the other to 
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the south along the eastern access. A decision was 
made to perforate parts of the existing concrete and 
regain a lost connection with at portions of the soil 
below. From the initial stages, as seen in the earliest 
rendering (Fig. 5.4), there was a desire to integrate 
the skeletal framework of existing buildings on site 
into the design. These iterations begin to imagine 
what the newly exposed but enclosed spaces may 
offer to the site whether they become gardens, 

greenhouses, multipurpose spaces or operational 
facilities for the site. Creating accessible points to the 
river was also one of the primary goals and in using 
the two axial pathways; four breakout points became 
easily integrated into the design. In considering the 
natural contour of the riverbank it was logical to create 
perched catwalks over the steep banks to the south, 
and bring visitors down to the water’s edge beneath 
the riparian canopy to the north.
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In hand drawing a series of alternative versions of the 
Water Works Park, components of the design could 
be pinned up and weighted against one and other in 
an open dialogue and facilitated the refinement of 
more problematic areas in a clear and comparative 
manner. In a few cases, specific areas were targeted 
and quickly tested at a closer scale or in section 
to ensure the desired results were being achieved. 

Paths, walkways and hard-surfaced areas were 
stretched, squeezed and pinched in order to find the 
ideal resulting form. Deliberate versions were tested, 
experimenting with various tree species, considering 
individual growth habits, tree sizes, spacing and 
foliage types but in following a similar layouts in 
terms of shape and pattern allowed for subtle, but 
important variations on the same spaces. A consistent 
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palette of materials and surfaces was developed 
throughout the Water Works Park, drawing inspiration 
from the rigid concrete and steel found within the 
former industrial site and intentionally creating interplay 
with a contrasting softer vegetative anatomy and the 
course of flowing water. By converging the unilateral 
movements of people and water, a momentary linkage 
between the two is made, capturing the essence and 

purpose of the Water Works Park. While each line 
and shape was traced out again and again and again, 
alongside this hand drawn process, a digital plan and 
three-dimensional digital model were also produced 
to assist in executing some of the spatial design 
decisions made at the human scale. While somewhat 
laborious, the three-dimensional model became an 
invaluable tool in supporting the work. 
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Through the eyes of a designer, it can be difficult 
to assess when a project has reached its optimal 
form at each stage in the design process, as this can 
be a highly subjective perception. But objectively, 
with the water infrastructure meeting its proposed 
requirements and soundly in place, and the spatial 
design thoroughly and selectively considered, 
this drawing became the template for the most 
complete version of the Water Works Park. With 
many of the major decisions solidified and design 
problems thoroughly thought through, producing 
the accompanying representative drawings and 
renderings would become the following steps. With 
each new drawing produced, smaller problems 
would arise and need thoughtful attention, but would 
ultimately result in very minor changes to the overall 
site plan. 

106



Sutherland Ave.

Higgins A
ve

.

1

3

4

5

6

7

8

10

11

9

A

A

B

CHAPTER 05    |  DESIGN 107



4

Red River

0m 100

N

2

Point Douglas: Water Works Park

Louise Lookout 
Riparian Retreat
Bulrush Boulevard
Scenic Spillway
Water Table
Parking

1.
2.
3.
4.
5.
6.

7.
8.
9.
10.
11.

FIGURE 5.15

B

The proposed Water Works Park project in Point 
Douglas looks to reimagine what a contemporary 
urban park can offer to a city and its residents in 
an established but evolving neighbourhood just 
north of downtown Winnipeg. For the Point Douglas 
neighbourhood, the addition of a quality public space 
preserves a vital connection to the city’s watery 
arteries for residents and helps to slow the systematic 
privatization and riverside development so prevalent 
in the city today. Through design, this project also 
initiates an important conversation by addressing the 
pressing environmental issue brought on by combined 
sewer overflows that plague not only Winnipeg, but 
many aging North American cities. By integrating a 
water treatment system directly into the fabric of the 
Water Works Park design, it helps to reveal a waste 
stream that otherwise goes unnoticed, buried beneath 
our city streets. It is important to present an alternative 
perspective as to how water can be treated in cities. 
By illuminating the waste contributions made by a 
single neighbourhood and presenting the capacity in 
which it takes to treat such a volume of wastewater, 
it will perhaps render a rethinking of how cities can 
design public spaces to better accommodate the 
movement of water. As a multifaceted space, the 
Water Works Park project supplies a multiplicity of 
services: it provides recreational and leisure space for 
people, creates and preserves new and existing urban 
ecologies, and it acknowledges its own diminishing 
industrial past through the formation of a reinterpreted 
industrial water treatment process.. 

Precipitating Change
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Section AA: Western North-South Axis

Section BB: Eastern North-South Axis

FIGURE 5.16

FIGURE 5.17
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Proposed Design LayersFIGURE 5.18

Water Treatment Infrastructure

Proposed Site Map

Planted Trees

Circulating People

Modified Structures
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The Proposed Water Works Park in Point Douglas, WinnipegFIGURE 5.19

Welcome to the Water Works Park: where visitors 
are fully encouraged but by no means required to go 
with the flow. A self-guided journey through the Water 
Works Park will educate visitors as to the step-by-step 
treatment process that Point Douglas’s combined 
sewer wastewater undergoes from beginning, to 
end of pipe. With a focus on integrated green-grey 
technologies, the Water Works Park boasts three 
major water bodies: some vegetated, some not, 
but each contributing their own important role, and 
displaying their own unique characteristics. Covering 
some 10 hectares, there are many places off the 
beaten path to be discovered as well, leaving the 
experience up to the individual. 

An Aquatic Usher

The design strategy for this project works to integrate 
and compliment the strong existing features of the 
site including the industrial character to the south 
of the current rail line, and the robust riparian areas 
and stands of trees to the north. As water is drawn in 
from the current combined sewer outfall off site to the 
northwest, it moves counter clockwise through various 
constructed wetlands for treatment until it is finally 
released back into the receiving Red River. In following 
with that pattern, visitors are encouraged to move 
through the Water Works Park in a similar fashion, 
guided by a configuration of extended axial pathways. 
At the heart of the site, a sheltered hub offers basic 
amenities, and an escape from the rain for those who 
venture to experience the treatment process in full-
effect.  
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Water Infrastructure

Pre-treated water arrives in the park via a conduit 
which emerges from the ground through the entry 
plaza dubbed the water table. Water is pumped 
through the pipe and underneath the rail line on its 
way to the forebay to the south. 

Next, the water rests in the large shallow, 6000m3 

sedimentation forebay where it is allowed to sit 
while gravity further settles out particulate and UV 
exposure helps to break down pathogens. Depending 
on the incoming flow rate and volume of water, the 
sedimentation forebay can clear water in as quickly as 
two to four hours, or for further reduction, can sit for 
up to 48 hours (Tilley et al., 2014). 

Once settled, the water is then intermittently pumped 
overhead to the three cells of vertical flow constructed 
wetlands. The vertical flow constructed wetland 
functions somewhat differently from others, as it does 
not have a permanent water level, but rather is a large 
planted bed that is intermittently doused with water 

through a regulating irrigation system. As the water 
percolates downward through a filtrating substrate of 
planting medium, clean washed stone and sand to a 
drainage pipe at the base, plants uptake water and 
nutrients. The water moves downward through the 
planting medium, drawing in air through channels in 
the soil made by the rooting plants as it falls. Because 
of these alternating wet and dry conditions, the 
wetland makes use of both aerobic and anaerobic 
bacteria to break down the pollutants in the water and 
fosters the production of beneficial microorganisms 
(Tilley et al., 2014). The maintenance for this system 
would require it be completely drained in winter 
months to ensure irrigation and drainage lines not 
freeze, expand and damage pipe networks. Access to 
the drainage network for cleaning and draining occurs 
through air intake pipes that dually assit the drainage 
of the constructed wetland. 

As water drains through the base of the vertical flow 
wetland, it moves through a gravity fed drainage 
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Typical flow pattern

High volume flow pattern:
First & second flush

Drought irrigation

FIGURE 5.21

STEP 01:    Filling the forebay

STEP 03:    Free-water surface flow 
constructed wetland

STEP 02:    Vertical flow constructed wetland

STEP 04:    Release to receiving water

FIGURE 5.22 FIGURE 5.23
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As water enters the forebay, it 
passes up through a perforated 
steel sheet, like an overflowing 
sewer grate, animating the water 
depending on the incoming 
pressure. As the basin fills, the 
water becomes a reflective 
pool, mirroring the inactive 
industrial tanks and towers in the 
background. The elevated forebay 
footpath draws guests out across 
the water, and south toward 
the Seine Station Point lookout 
perched over the Red River. 

FIGURE  5.24
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channel. This channel flows toward an oversized 
culvert, where water is allowed to flow beneath the 
feet of park visitors as they move northward under 
the rail line and towards the free-water surface flow 
constructed wetlands. It is this type of wetland that 
is particularly useful in removing nutrients such and 
phosphorus and nitrogen as well as one that best 
mimics that of a natural wetland ecosystem (Tilley 
et al., 2014). The free-water surface flow constructed 
wetland is designed to have varied water depths, 
allowing it to support an assortment of aquatic 
and semi-aquatic vegetation. Planted material 
filters out smaller particles and encourages natural 
sedimentation of solids and nutrients, which are 
then taken up by the plants. Natural exposure to UV 
radiation further breaks down remaining pathogens 
(Tilley et al., 2014). Finally, water is released back into 
the receiving Red River, through a series of small 

cascading steps completing the typical treatment 
process.

In extreme storm events, where the forebay is filled 
to capacity and an incoming flow still exists, water is 
then directed by way of the bypass pipe directly to 
the free-water surface flow constructed wetland cells 
for partial treatment (Fig. 5.22). In periods of drought, 
water can also be drawn in from the river using the 
same infrastructure in order to periodically irrigate 
the wetland or to maintain a water level in the forebay 
(Fig 5.23). It is to be expected that the forebay would 
require periodic cleaning throughout each season 
and following major storm events in order to ensure 
sanitary conditions, and eliminate the occurrence 
of unfavourable odours. This process would involve 
removing accumulated sludge from the base of the 
tank.  
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FIGURE 5.34

Steel mesh 
walkway

Groomed lawn

Existing 
cottonwood 
stand

Existing riverbottom 
forest

Planted willows
(Salix alba)

Constructed 
wetland cell 
bordered with cast-
in-place concrete

Cascading spill-
over & lock

Concrete ledge

“Design by 
maintenance” 
pathway

Existing 
vegetation

117

FIGURE  5.25 Free-water surface flow 
constructed wetland
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FIGURE 5.26

3m Ø corrugated steel pedestrian culvert Steel mesh walkway
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Section EE: Free-water Surface Flow Constructed Wetland Inlet
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Drainage channel 1%

The free-water surface flow wetland is divided into 
three individual ten-meter wide horizontal chambers. 
Each is set slightly lower than the previous one in 
keeping with the existing grade, allowing gravity 
to feed a natural cascade. A lock between each 
wetland can be lowered to fully drain standing water 
if required and in areas where flowing water mixes 
between cells, portions of open water have been 
left free of vegetation. Each of the three wetlands 
are sculpted with varying heights to accommodate 
a variety of both emergent, and submergent plant 

species working beneath a maximum water depth of 
40cm. In the lowest and final cell, more water-tolerant 
plants have been considered in the rare incidence 
that spring inundation spills over from the river. The 
dominant species for each level have been chosen 
both for their resilience within each aquatic condition, 
or in cases, with a preference toward flowering 
species to enhance the colour palette within the 
park. At the highest reaches within the wetland and 
sitting above the water level is swamp milkweed 
(Asclepias incarnata). The United States Department 

Free-water Surface Flow 
Constructed Wetlands 
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Soft stem bulrush  (Scirpus validus)Cast-in-place concrete 
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Broad leaf cattail  
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of Agriculture (USDA) notes that this native, pink 
flowering forb’s natural habitat lies predominantly 
in heavily saturated soils (2018a). Found in the 
adjacent moist soils, and on occasion, in standing 
water, are blue flag iris (Iris versicolor), another plant 
native to Manitoba. This forb showcases violet blue 
flowers blooming in early summer (USDA, 2018b). 
In the lower reaches of the saturated zone are both 
soft stem bulrushes (Scirpus validus) and broadleaf 
cattails (Typha latifolia). It is harder-stemmed aquatic 
perennials like these that help to further filter out silt 

and sediment. Each wetland channel is designed 
in such a way as to create a varying flow path for 
the water, which aids in purifying the flowing water 
(Tilley et al., 2014). The plant communities formed in 
each wetlands cell would be comprised of dozens of 
species and only a few dominant selections are given 
here. As constructed systems, both the free-water 
surface flow constructed wetland and the vertical 
flow constructed wetland would require periodic and 
ongoing maintenance and water sampling in order 
to ensure optimal ecological health and purification 
performance. 

0m 5
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The Basswood (Tilia americana) 
shaded parking lot welcomes 
guests to the ‘water table’ plaza. 
Upon passing beneath a few 
ornamental crabapple trees, The 
water infrastructure can be seen 
emerging from beneath the plaza. 
An introductory sign informs visitors 
to the park’s features and layout, 
To the right of the sign, the option 
of a staircase or ramp brings 
park-goers up and safely across 
the CP rail line, and on towards the 
forebay to the south.    

FIGURE  5.27
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A Fluid Dynamic

The Water Works Park design concentrates on both 
the movement of water and of people, with the two 
interfaces coinciding just inside the entrance of the 
park. The formal entrance, marked by a pathway 
beneath a canopy of Basswood trees (Tilia americana) 
draws visitors through the parking lot to an enclosed 
plaza dubbed “the water table”. Here, an informative 
sign welcomes park-goers, revealing the directive of 
the designed space and then allowing them to then 
venture out upon their own accord. Behind the sign, 

the water infrastructure is introduced, a large steel 
pipe emerging from between two concrete masses 
and a slit in the ground plane. To follow this pipe leads 
visitors over the rail line and back down toward the 
forebay, which sits above the footprint of a former 
industrial building. A hovering catwalk carries people 
across the water tank and past two additional, informal 
entrances from the neighbouring residential area. The 
entire west edge of the park is marked with evenly 
spaced avenues of Basswood Trees (Tilia americana). 



Parking

Formal entrance “Riparian retreat”

“Seine station point”

“Whittier walkout”

“Louise lookout”

“Water-table” entry plaza

Informal entrance

Informal
(rear) 
entrance

Circulating PeopleFIGURE 5.28

Moving to the east, a newly poured concrete walkway 
contrasts the existing aged concrete surfacing and 
guides visitors around the vertical flow constructed 
wetland, planted chiefly with a sea of cattails (Typha 
latifolia). Planted trees bordering the river’s edge 
add to existing species found on site, including elm 
(Ulmus), boxelder (Acer negundo), and mountain ash 
(Sorbus decora). A turn to the north around the wetland 
reveals a concrete orchard of spring snow crabapple 
trees (Malus baccata ‘Spring Snow’). This orchard has 
permeated the existing concrete slab, slowly regaining 
the lost connection to the soil that lies beneath. A 
central semi-covered structure complex, housing 

basic amenities, adaptable multi-use spaces and an 
enclosed garden have been carved from the existing 
industrial buildings. In this core of the site, visitors can 
find relief from the elements or explore between the 
two water bodies amidst a forest of remaining tanks, 
cooling towers and industrial remnants. Continuing on 
the original axial pathway, a culvert draws water from 
beneath the vertical flow wetland, an on below the 
rail line through a culvert and toward the final water 
treatment stage. As water flows, people are welcomed 
into the conduit as well, guided along a steel mesh 
bridge and surrounded by the echoes of trickling 
water as they move. Emerging back into the light from 
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beneath the overhead railroad, one finds themselves 
in a distinctly different environ. Nestled amongst the 
trees, jagged concrete cuts break open the landscape 
framing the zigzagged jumble of free-water surface 
flow constructed wetlands. The pathway follows, 
leading people along the “bulrush boulevard”, but also 
offers detours down to the river and to small concrete 
lookouts suspended over the edge of the contained 
marsh. In the final stretches of the journey, visitors 
are guided to the final outfall, a riffled spillway that 
cascades down adjacent to a series of descending 
terraces. In the shadow of the Louise Bridge, a short 
distance up the primary axial pathway returns park-

goers to the “water table”, completing the circuit. A 
myriad of self-guided spaces entice exploration off 
the beaten path, including cantilevered lookouts 
along the steep south riverbank, a curious underpass 
beneath the steel beam rail bridge and a waterside 
dock nestled in the riparian forest to the southeast. As 
with many riverside parks in Winnipeg, it is expected 
that an informal trail grow beneath the trees over time, 
making connections with existing trail systems south 
of the site.  

From the height of the rail bed, visitors can see the 
reemerging water pipe from beneath the embankment and 
out over the forebay along the first axial pathway. To the 
right, a colonnade of basswood (Tilia americana) mark the 
west edge of the park. To the left, one of three repurposed 
former industrial buildings, containing an enclosed, open 
air garden dubbed the “Air-cade”. 

FIGURE  5.29
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FIGURE  5.30

Along the eastern north-south axis, visitors stroll between 
the vertical flow wetlands cells to the left and the 
concrete orchard to the right. A snaggle-toothed enclave 
cuts into the wetland, breaking slightly away from the 
otherwise uniform footprint. Surface drainage mixes with 
the gravity fed drain from below the adjacent wetland 
and carries on toward the traversable culvert beneath 
the raised rail embankment.   
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FIGURE  5.31
A detour from the main circulatory pathway brings park-
goers to a unique lookout overhanging the Red River. The 
Seine station point teeters over the steeply cut bank and 
frames the confluence of the two rivers and a second rail 
bridge in Lagimodière-Gaboury Park directly across the 
water. The lookout is in keeping with the industrialized 
materiality; including steel mesh walkway and machine-
cut weathering steel railing panels. 
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1

FIGURE  5.32

CHAPTER 05    |  DESIGN

Air-cadia

An ‘air-cade’ is reimagined in place 
of some former industrial buildings 

Building 1:  Air-cade open-air garden
Building 2:  Indoor amenities
Building 3:  Multifunctional space

1.
2.
3.

Roof removed: steel 
trusses to remain

Portions of wall removed

Portions of wall removed 
with added fenestration 
and doors

Small grassy incline 
with tall grasses backed 
by tall grasses and 
perennials on rear slope

At the core of the proposed site are the structures that 
once housed the industrial manufacturing operations 
of Gateway Industries. The vision strips the buildings 
to their steel and cinder block skeletons, repurposing 
them with new spatial formations. Perforations in the 
skin and the removal of the two roofs begin to blur the 
distinction between enclosure and exposure. Building 
one imagines a long, linear garden space beneath 
the stayed steel trusses backed by a colonnade of 
basswood trees, mirroring the structural posts of 
the buildings frame. The space would be equipped 
with various moveable seating areas and low grassy 
slope would offer a “green” place to reflect and enjoy 
a break in the midst of the industrial heart of the site. 
Building two would offer an indoor space: catering to 
basic amenities such as washrooms, small vendors 
and perhaps a café. Building three has been left as a 
multifunctional space: offering a location for popup 
events, a stage, community garden, a market, or even 
a skating rink in winter months. 
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2

3

Roof removed: steel 
trusses to remain

Portions of wall removed

Loading doors converted 
to pedestrian doors

Washrooms / storage / utilities

Vendors

Open seating area

Roof and trusses to remain

Colonnade of Basswoods 
(Tilia americana)

Skylights added
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FIGURE  5.33
Skating beneath the newly opened steel truss work is just 
one example of this multi-use space can be activated. 
Behind, a winter orchard of spring snow crabapple trees 
(Malus baccata ‘Spring Snow’) line the former industrial 
landscape. 
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From conception to conclusion, the difficulties that 
presented themselves throughout this process 
revealed many of the barriers and challenges 
associated when considering using green 
infrastructural technologies. When dealing with 
natural systems, the variables and uncertainties are 
evident. It can be easy to understand why hard and 
fast, steel and concrete solutions are often preferable 
from a risk and budgetary standpoint. However, 
while constructed wetlands are not an answer for 
the majority of urban sewer outfall locations, it is 
important to consider, and where knowledge gaps 
exist, test innovative solutions for treating storm 
and wastewater in cities. The cost of gutting and 
replacing entire sewerage networks neighbourhood 
by neighbourhood is hugely expensive, time-

consuming and inconvenient for many of those 
involved. In numerous instances, including many of 
the precedents examined in this research, constructed 
wetlands can often be built and operated at a 
fraction of the cost of heavily engineered options. 
In long-established and densely populated areas, 
this approach is not always the most feasible or 
appropriate option, but for Point Douglas, the 
conditions aligned as such that realizing a project of 
this kind is entirely attainable. The Water Works Park 
project not only repurposes a prominent riverside 
property and in doing so contributes to the vitality 
of the Point Douglas neighbourhood, but also helps 
to reestablish a lost social connection to the river 
that was once an essential component of the city’s 
lifeblood. 

Concluding Thoughts
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This type of project can reinterpret how cities 
approach the construction of their own urban fabric. 
The existing delineations between park and utility, 
residential and industrial and what is to be public 
or private can become blurred, not for the sake of 
confusion, but rather for advancement. The Water 
Works Park is one that looks to serve the city of 
the twenty-first-century, offering more than simply 
a pleasant “green” escape within an urban setting. 
The design takes on a multi-layered approach, 
incorporating both infrastructural and ecological 
services and presents it within an open forum that 
demands public engagement. This hybridization of 
park and performative infrastructure works as an 
educational tool and helps to bring an ecological 
self-awareness to a city and its residents and is 

perhaps the next logical step in spatial design within 
ever-densifying urban arrangements as urban 
environments progress into the future.

It is clear a single treatment wetland at a single outfall 
location is by no means the solution for alleviating 
the mounting nutrient ills affecting Lake Winnipeg. It 
can be difficult for the individual to imagine ones own 
contribution to capacious ecological issues but in 
publicly illuminating ones own localized waste stream, 
somehow an understanding of the scope of the 
problem becomes somewhat more comprehendible. 
It is the hope that beginning a conversation and 
by instilling some self-awareness that both cities 
and residents begin taking on increased ecological 
accountability through new and innovative strategies.
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ERSI, DeLorme Publishing Company, CIA World Factbook: 
World Countries; Ersi, TomTom: North American State Province 
Boundaries [Computer files] Georeferenced data layers: 
Fick, S. and Canadian Geographic. 2015. The Lake Winnipeg 
Watershed. Scale not given. [online] Available at: < https://www.
canadiangeographic.ca/article/lake-winnipeg-watershed-then-
and-now> [Accessed 17 March 2017]; Government of Canada; 
Natural Resources Canada; Earth Sciences Sector; The Atlas 
of Canada. 2005. Red River Drainage Basin. Scale not given. 
[online] Available at: <http://geogratis.gc.ca/api/en/nrcan-
rncan/ess-sst/8ccfef8e-8493-5701-96d7-95f5a16bdfd6.html> 
[Accessed 12 April 2017] University of Manitoba, MB: Generated 
by Garth Woolison, April 13 2017. Using: ArcGIS 10.4.1 for Desktop 
Advanced [GIS]. Redlands, CA: Ersi, 2015.  

Figure 1.3 
Woolison, K., 2017. Algae on lake Winnipeg. 
[photograph] (Victoria Beach, Manitoba).

Figure 1.4
Map adapted by author from: 

Lake Winnipeg: GSC_North_American_1983_CSRS [map]. Scale 
1:1,000,000. Data Layer: Government of Canada; Natural 
Resources Canada; Earth Sciences Sector: Lakes and rivers in 
Canada – CanVec – Hydro Features [Computer Files]. University 
of Manitoba, MB: Generated by Garth Woolison, April 12, 2017. 
Using: ArcGIS 10.4.1 for Desktop Advanced [GIS]. Redlands, CA: 
Ersi, 2015.  

Figure 1.5
Woolison, G., 2016. Patricia beach. 
[photograph] (Victoria Beach, Manitoba).

Figure 1.6
Woolison, G., 2017. Algae advisory. 
[photograph] (Victoria Beach, Manitoba).

Figure 1.7
Woolison, G., 2016. Victoria beach harbour. 
[photograph] (Victoria Beach, Manitoba).
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Figure 2.0 (Lake Winnipeg Watershed)
Map adapted by author from: 

Lake Winnipeg Watershed: NAD_1983_CSRS_Canada_Atlas_
Lambert [map]. Scale 1:7,000,000. Data layers: CIA World 
Factbook: World Countries; Ersi, TomTom: North American State 
Province Boundaries [Computer files] Georeferenced data 
layers: Government of Canada; Natural Resources Canada; Earth 
Sciences Sector; The Atlas of Canada. 2005. Red River Drainage 
Basin. Scale not given. [online] Available at: <http://geogratis.
gc.ca/api/en/nrcan-rncan/ess-sst/8ccfef8e-8493-5701-
96d7-95f5a16bdfd6.html> [Accessed 12 April 2017] University of 
Manitoba, MB: Generated by Garth Woolison, April 13 2017. Using: 
ArcGIS 10.4.1 for Desktop Advanced [GIS]. Redlands, CA: Ersi, 
2015.  

Figure 2.1  (Lake Winnipeg: Sources of Nutrient Loading) 
Image created by author with information from:

City of Winnipeg, 2002. City of Winnipeg water and waste 
department: combined sewer overflow management study: 
final report [pdf]. Available at: < http://www.winnipeg.ca/
waterandwaste/pdfs/sewage/publications/CSOMgmtStudy/
final-report.pdf> [Accessed 10 February 2017]

Figure 2.2
Woolison, G., 2017. Assiniboine Riverwalk
[photograph] (Winnipeg, Manitoba).

Figure 2.3 (Winnipeg Water Pollution Control Districts)
Map Adapted by author from: 

City of Winnipeg, 2015. Collection System Interceptor Map. 
No scale. In: City of Winnipeg’s 2015. CSO master plan 
preliminary proposal: environment act license no. 3042 clause 
11. Water and Waste Department: [pdf] Winnipeg: City of 
Winnipeg. Available at: <http://www.gov.mb.ca/sd//eal/
registries/3205.1citywpgcso/eap.pdf>  [Accessed: 2 February 
2017]

Figure 2.4
Woolison, G., 2017. Combined sewer overflow.
[photograph] (Winnipeg, Manitoba).

Figure 2.5 (Combined Sewer Districts)
Map Adapted by author from: 

City of Winnipeg Water and Waste Department, 2016. CSO 
sampling and outfall location, Not to a defined scale. Available 
at: <http://www.winnipeg.ca/waterandwaste/sewage/
annualresults/default.stm#location> [Accessed: 10 October 
2016].

City of Winnipeg, 2015. Combined district conveyance type – 
gravity or pumped. No scale. In: City of Winnipeg’s 2015. CSO 
master plan preliminary proposal: environment act license no. 
3042 clause 11. Water and Waste Department: [pdf] Winnipeg: 
City of Winnipeg. Available at: <http://www.gov.mb.ca/sd//eal/
registries/3205.1citywpgcso/eap.pdf> [Accessed: 2 February 
2017]

Figures 2.6 through 2.8 (CSO sections) 
Image adapted by author from: 

City of Winnipeg, 2017. Combined Sewer overflows. [online]. 
Winnipeg: Water and Waste Department. Available at: 
<http://www.winnipeg.ca/waterandwaste/sewage/
combinedSewerOverflow.stm>
[Accessed 12 September 2016].

Government of Manitoba, 2004. Supplementary filing of the 
proposed floodway expansion project: Section 11.0 city of Winnipeg 
flood protection infrastructure. [pdf]. Winnipeg: Manitoba 
Conservation. Available at: <http://www.gov.mb.ca/sd/eal/
registries/4967floodway/supp/> [Accessed 12 September 2016].

Figures 2.9  (CSO Outfalls) 
Map adapted by author from: 

Base map: edited by author: 

Map digitally provided through the University of Manitoba GIS 
Libraries, 2016. City of Winnipeg, no scale. 

Additional Information:
City of Winnipeg Water and Waste Department, 2016. CSO 
sampling and outfall locations. Available at: <http://www.
winnipeg.ca/waterandwaste/sewage/annualresults/default.
stm#location> [Accessed: 10 October 2016].

City of Winnipeg Water and Waste Department, 2003. 
Environmental Impact Statement for the Continued Operation and 
Future Development of the City of Winnipeg Wastewater Collection 
and Treatment System: Combined Sewer Overflow Management 
Study. Winnipeg 23 February 2003. Winnipeg: The City of 
Winnipeg: Water and Waste Department. Available at: <http://
www.gov.mb.ca/sd/eal/registries/4864wpgww/> [Accessed: 
20 January 2017].

Figure 2.10 (CSO City wide Graph)
Compiled and graphed by author with information from:

City of Winnipeg, 2015c. CSO master plan preliminary proposal: 
environment act license no. 3042 clause 11. Water and Waste 
Department: City of Winnipeg. Available at: <http://www.gov.
mb.ca/conservation//eal/registries/3205.1citywpgcso/ea 
p.pdf> [Accessed: 10 October 2016].
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Figure 2.11
Woolison, G., 2016. Clogged outfall.
[photograph] (Winnipeg, Manitoba).

Figure 2.12
Woolison, G., 2016. Mouth of the Seine River.
[photograph] (Winnipeg, Manitoba).

Figure 2.13
Woolison, G., 2016. Suspended solids. 
[photograph] (Winnipeg, Manitoba).

Figure 2.14
Woolison, G., 2017. Sewerage construction.
[photograph] (Winnipeg, Manitoba).

Figure 3.0
Woolison, G., 2014. Potsdamer Platz.
[2 photographs] (Berlin, Germany).

Figure 3.1
Woolison, G., 2015. Storm water garden.
[photograph] (Uppsala, Sweden).

Figure 3.2
Woolison, G., 2017. Brokenhead wetland ecological reserve.
[photograph] (Manitoba).

Figure 3.3 (Water treatment flow chart)
Compiled by author with information from:

Tilley, E., Ulrich, L., Lüthi, C., Reymond, P., Zurbrügg, C., 2014. 
Compendium of sanitation systems and technologies. 2nd ed. 
Duebendorf, Switzerland: Swiss Federal Institute of Aquatic 
Science and Technology (Eawag).

Figure 3.4 (Baffle box)
Image created by author with information from:

Smith, D., 2010. A new approach to evaluate pollutant removal 
by storm-water treatment devices. Journal Of Environmental 
Engineering.  136(4) pp.371-380

Suntree Technologies Inc. n.d.  [image online] Nutrient separating 
baffle box. Available at: <http://www.suntreetech.com/nutrient-
separating-baffle-box.html> [Accessed 27 July 2017]

Figure 3.5 (Free-water surface constructed wetland)
Image created by author with information from:

Tilley, E., Ulrich, L., Lüthi, C., Reymond, P., Zurbrügg, C., 2014. 
Compendium of sanitation systems and technologies. 2nd ed. 
Duebendorf, Switzerland: Swiss Federal Institute of Aquatic 
Science and Technology (Eawag).

Figure 3.6 (Horizontal subsurface flow constructed wetland)
Image created by author with information from:

Tilley, E., Ulrich, L., Lüthi, C., Reymond, P., Zurbrügg, C., 2014. 
Compendium of sanitation systems and technologies. 2nd ed. 
Duebendorf, Switzerland: Swiss Federal Institute of Aquatic 
Science and Technology (Eawag).

Figure 3.7 (Vertical flow constructed wetland)
Image created by author with information from:

Tilley, E., Ulrich, L., Lüthi, C., Reymond, P., Zurbrügg, C., 2014. 
Compendium of sanitation systems and technologies. 2nd ed. 
Duebendorf, Switzerland: Swiss Federal Institute of Aquatic 
Science and Technology (Eawag).

Figure 3.8 (Hawkins Creek, Indiana)
Map adapted by author from: 

Base map: edited by author: 
Google Earth Pro 7.1.5.1557, 2015. Hawkins Creek, Indiana 
38°39’12.83”N, 87°11’48.72”W, elevation 750m.

Additional Information:
Levy, Z., Smardon, R., Bays, J., Meyer, D. 2014. A point source 
of a different color: identifying a gap in United States regulatory 
policy for “green” CSO treatment using constructed wetlands. 
Sustainability (6) pp. 2392-2412. 

Lochmueller Group, 2014.  Constructed Wetlands For CSO 
Treatment. [online] Available at: < http://lochgroup.com/project/
constructed-wetlands-for-cso-treatment/> [Accessed 10 
February 2017].

Tao, M., Bays, J., Meyer, D., Smardon, C., Levy, Z. 2014. 
Constructed wetlands for treatment of combined sewer overflow 
in the US: a review of design challenges and application status. 
Water. (6) pp.3362-3385.

Figure 3.9 (Syracuse, New York)
Map adapted by author from: 

Base map: edited by author: 
Google Earth Pro 7.1.5.1557, 2015. Syracuse, New York 43° 
2’10.08”N, 76°10’57.26”W, elevation 750m.

Additional Information:
Levy, Z., Smardon, R., Bays, J., Meyer, D. 2014. A point source of 
a different color: identifying a gap in United States regulatory 
policy for “green” CSO treatment using constructed wetlands. 
Sustainability (6) pp.2392-2412. 
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Tao, M., Bays, J., Meyer, D., Smardon, C., Levy, Z. 2014. 
Constructed wetlands for treatment of combined sewer 
overflow in the US: a review of design challenges and 
application status. Water. (6) pp.3362-3385.

Figure 3.10 (Glora Maggiore, Italy)
Map adapted by author from: 

Base map: edited by author: 
Google Earth Pro 7.1.5.1557, 2015. Glora Maggiore, Italy 43° 
2’10.08”N,  8°53’11.24”E, elevation 750m.

Additional Information:
Masi, F., Rizzo, A., Bresciani, R., Conte, G., 2017. Constructed 
wetlands for combined sewer overflow treatment: ecosystem 
services at Gorla Maggiore, Italy. Ecological Engineering. (98) 
pp427-438. 

Meyer, D., Molle, P., Esser, D., Troesch, S., Masi, F., Ditter, U. 
2013. Constructed wetlands for combined sewer overflow 
treatment—comparison of German, French and Italian 
approaches. Sustainability (5) pp.1-12.

Figure 3.11 (Copenhagen, Denmark)
Map adapted by author from: 

Base map: edited by author: 
Google Earth Pro 7.1.5.1557, 2015. Copenhagen, Denmark 
55°42’54.60”N,  12°30’4.99”E, elevation 750m

Additional Information:
Brix, H., 2003. Danish experiences with wastewater treatment 
in constructed wetlands. In: Dias V, Vymazal J (eds) The use of 
aquatic macrophytes for wastewater treatment in constructed 
wetlands. ICN/INAG, Lisbon, pp. 327–361.

Gervin, L., Brix, H., 2001. Removal of nutrients from combined 
sewer overflows and lake water in a vertical-flow constructed 
wetland system. Water Science & Technology (44) pp.171-176.

Figure 3.12
Woolison, G., 2017. Winter lagoon.
[photograph] (Stonewall, Manitoba).

Figure 3.13
Map adapted by author from: 

City of Winnipeg Water and Waste Department, 2016. CSO 
sampling and outfall location, Not to a defined scale. Available 
at: <http://www.winnipeg.ca/waterandwaste/sewage/
annualresults/default.stm#location> [Accessed: 10 October 
2016].

Figure 4.0
Map adapted by author from: 

Base map: edited by author: 
Map digitally provided through the University of Manitoba GIS 
Libraries, 2016. City of Winnipeg, no scale. 

Additional Information:
City of Winnipeg Water and Waste Department, 2016. CSO 
sampling and outfall location, Not to a defined scale. Available 
at: <http://www.winnipeg.ca/waterandwaste/sewage/
annualresults/default.stm#location> [Accessed: 10 October 
2016].

Figure 4.1
Map adapted by author from: 

Base map: edited by author:
Map digitally provided through the University of Manitoba GIS 
Libraries 2016. Point Douglas, Winnipeg, no scale.

Additional Information:
City of WInnipeg, 2016. Winnipeg neighbourhoods, 2016. Not 
to a defined scale. Available at: < http://www.winnipeg.ca/
ppd/pdf_files/WinnipegNeighbourhoodsMap.pdf, http://www.
winnipeg.ca/ppd/pdf_files/WinnipegNeighbourhoodsMap.pdf> 
[Accessed: 6 February 2017].

City of Winnipeg Water and Waste Department, 2016. CSO 
sampling and outfall location, Not to a defined scale. Available 
at: <http://www.winnipeg.ca/waterandwaste/sewage/
annualresults/default.stm#location> [Accessed: 10 October 
2016].

Figure 4.2
Woolison, G., 2017. Syndicate sewershed outfall.
[photograph] (Winnipeg, Manitoba).

Figure 4.3 (CSO City wide Graph)
Compiled and graphed by author with information from:

City of Winnipeg, 2015c. CSO master plan preliminary proposal: 
environment act license no. 3042 clause 11. Water and Waste 
Department: City of Winnipeg. Available at: <http://www.gov.
mb.ca/conservation//eal/registries/3205.1citywpgcso/ea 
p.pdf> [Accessed: 10 October 2016].

Figure 4.4 (Syndicate Sewershed surface permeability)
Map adapted by author from: 

Base map: edited by author:
Map digitally provided through the University of Manitoba GIS 
Libraries 2016. Point Douglas, Winnipeg, no scale.
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Additional Information:
City of Winnipeg 2017. Property map/ aerial photography. Not to 
a defined scale. [online] Available at: <http://www.winnipeg.ca/
ppd/maps_aerial.stm> [Accessed: 10 October 2016].

City of Winnipeg Water and Waste Department, 2016. CSO 
sampling and outfall location. Not to a defined scale. [online] 
Available at:  <http://www.winnipeg.ca/waterandwaste/
sewage/annualresults/default.stm#location> [Accessed: 10 
October 2016].

Mihelicic, J., Zimmerman, J., 2014. Environmental engineering: 
fundamentals sustainability, design. 2nd ed. Hoboken: John Wiley 
& Sons.

Figure 4.5  (Land use & runoff)
Image created by author with information from:

Mihelicic, J., Zimmerman, J., 2014. Environmental engineering: 
fundamentals sustainability, design. 2nd ed. Hoboken: John Wiley 
& Sons.

Figure 4.6 
Calculated with information from figures 4.4 & 4.5. See individual 
figures for sources.

Figure 4.7
Woolison, G., 2017. Canadian Pacific train bridge.
[photograph] (Winnipeg, Manitoba).

Figure 4.8
Woolison, G., 2017. Gateway Industries.
[photograph] (Winnipeg, Manitoba).

Figure 4.9
Woolison, G., 2017. Waterfront Drive.
[photograph] (Winnipeg, Manitoba).

Figure 4.10
Woolison, G., 2017. Higgins Avenue.
[photograph] (Winnipeg, Manitoba).
Figure 4.11
Woolison, G., 2017. Maple Street North.
[photograph] (Winnipeg, Manitoba).

Figure 4.12
Woolison, G., 2017. Boyle Street.
[photograph] (Winnipeg, Manitoba).

Figure 4.13 
This figure is a combination of figures 4.1 & 4.11-4.17. See 
individual figures for sources. 

Figure 4.14 (Riverbank elevations & recent flood levels)
Map adapted by author from: 

Base map: edited by author: 
Map digitally provided through the University of Manitoba GIS 
Libraries, 2016. City of Winnipeg, no scale.

Additional Information:
City of Winnipeg, 2017. River levels at Winnipeg, Manitoba. 
Available at: < http://www.winnipeg.ca/publicworks/pwddata/
riverlevels/> [Accessed: 12 November 2016].

City of Winnipeg Water and Waste Department, 2016. CSO 
sampling and outfall location. Not to a defined scale. [online] 
Available at:  <http://www.winnipeg.ca/waterandwaste/
sewage/annualresults/default.stm#location> [Accessed: 10 
October 2016].

Figure 4.15 (Vegetation & green space)
Map adapted by author from: 

Base map: edited by author: 
Map digitally provided through the University of Manitoba GIS 
Libraries, 2016. City of Winnipeg, no scale.

Additional Information:
City of Winnipeg 2017. Natural areas of Winnipeg. Not to a 
defined scale. [online] Available at: <http://www.winnipeg.ca/
publicworks/maps/naturalareas.asp> [Accessed: 10 August 
2017].

City of Winnipeg 2017. Property map/ aerial photography. Not to 
a defined scale. [online] Available at: <http://www.winnipeg.ca/
ppd/maps_aerial.stm> [Accessed: 10 October 2016].

City of Winnipeg Water and Waste Department, 2016. CSO 
sampling and outfall location. Not to a defined scale. [online] 
Available at:  <http://www.winnipeg.ca/waterandwaste/
sewage/annualresults/default.stm#location> [Accessed: 10 
October 2016].

Figure 4.16 (City of Winnipeg zoning)
Map adapted by author from: 

Base map: edited by author: 
Map digitally provided through the University of Manitoba GIS 
Libraries, 2016. City of Winnipeg, no scale.

Additional Information:
City of Winnipeg 2017. Property map/ aerial photography. Not to 
a defined scale. [online] Available at: <http://www.winnipeg.ca/
ppd/maps_aerial.stm> [Accessed: 10 October 2016].

City of Winnipeg Water and Waste Department, 2016. CSO 
sampling and outfall location. Not to a defined scale. [online] 
Available at: <http://www.winnipeg.ca/waterandwaste/sewage/
annualresults/default.stm#location> [Accessed: 10 October 
2016].
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Figure 4.17 (Figure ground & heritage buildings)
Map adapted by author from: 

Base map: edited by author: 
Map digitally provided through the University of Manitoba GIS 
Libraries, 2016. City of Winnipeg, no scale.

Additional Information:
City of Winnipeg Water and Waste Department, 2016. CSO 
sampling and outfall location. Not to a defined scale. [online] 
Available at:  <http://www.winnipeg.ca/waterandwaste/
sewage/annualresults/default.stm#location> [Accessed: 10 
October 2016].
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September 2016].
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Not to a defined scale. [online] Available at: < http://www.
heritagewinnipeg.com/historicsites/> [Accessed: 22 August 
2017].

Figure 4.18 (Infrastructure & amenities)
Map adapted by author from: 

Base map: edited by author: 
Map digitally provided through the University of Manitoba GIS 
Libraries, 2016. City of Winnipeg, no scale.

Additional Information:
City of Winnipeg Water and Waste Department, 2016. CSO 
sampling and outfall location. Not to a defined scale. [online] 
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2016].
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Google Earth Pro 7.1.5.1557, 2015. Point Douglas, Winnipeg. 
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Winnipeg Transit. Available at: <http://winnipegtransit.com/
assets/1604/2016_Route_Map_with_Transitway.pdf>
[Accessed 10 December 2016].  

Figure 4.19 (Winnipeg transit master plan)
Map adapted by author from: 

Base map: edited by author: 
Map digitally provided through the University of Manitoba GIS 
Libraries, 2016. City of Winnipeg, no scale.

Additional Information:
City of Winnipeg Water and Waste Department, 2016. CSO 
sampling and outfall location. Not to a defined scale. [online] 
Available at: <http://www.winnipeg.ca/waterandwaste/sewage/
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2016].
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[Accessed 10 December 2016].  
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Figure 4.20 (Prospective future development)
Map adapted by author from: 

Base map: edited by author: 
Map digitally provided through the University of Manitoba GIS 
Libraries, 2016. City of Winnipeg, no scale.

Additional Information:
City of Winnipeg Water and Waste Department, 2016. CSO 
sampling and outfall location. Not to a defined scale. [online] 
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2016].
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Winnipeg: The Forks & The City of Winnipeg, pp.62-63. Available 
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Figure 4.21
Map adapted by author from: 

Base map: edited by author: 
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Additional Information:
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a defined scale. [online] Available at: <http://www.winnipeg.ca/
ppd/maps_aerial.stm> [Accessed: 10 October 2016].
City of Winnipeg Water and Waste Department, 2016. CSO 
sampling and outfall location. Not to a defined scale. [online] 
Available at: <http://www.winnipeg.ca/waterandwaste/sewage/
annualresults/default.stm#location> [Accessed: 10 October 
2016].

City of Winnipeg 2011. Map 1: context map. [map]. Not to a 
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Figure 4.22 (Potential sites)
Map adapted by author from: 

Map digitally provided through the University of Manitoba GIS 
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