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Abstract

Milton Quarry, located along the Niagara escarpment, is Ontario’s largest resource for aggre--
gate raw materials such as sand, gravel and limestone and is rapidly coming close to the end
of its life-cycle, which raises questions about the manufactured landscape it will leave behind.
This thesis questions whether these post-industrial landscapes on the Niagara Escarpment be
re-imagined to actively rehabilitate the site through water, while simultaneously provide oppor-
tunities for recreation, education and research? The thesis aims to propose a design strategy
that addresses the prototypical nature of quarry abandonment on the Niagara Escarpment
and uses the site as a case study to create infrastructure for recreation, landscape rehabilitation,

education and research.
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Chapter 1: Introduction

The Niagara Escarpment is part of the 686 UNESCO World Network of biosphere Reserves

(WNBR) spread across 122 countries. Niagara Escarpment, Located in Ontario, is one of Can-

ada’s 18 Biosphere reserves. Designated in 1990, It stretches 725 Kilometers from the foot of
Niagara Falls to the edge of Georgian Bay and Lake Huron.
WNBR has three main functions: Conservation of cultural diversity and biodiversity; human and

economic development; and logistics support through facilitating demonstrations projects envi-

ronmental and sustainable development education; training research and monitoring (Unesco.

org 2017).
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Ecological Value of Niagara Escarpment

Niagara escarpment supports a wide variety of habitats that are home to over 300 species of
birds, 53 types of mammals, 36 species of reptiles and amphibians, 90 types of fish and over
1500 plants (Niagara Escarpment Commission 2019). The Niagara Escarpment is home to
roughly a quarter of Canada’s endangered or threatened species such as the Jefferson Sala-
mander, the Eastern Mississauga Rattlesnake, the vulnerable Southern Flying-squirrel and the
rare Eastern Pipistrelle bat. It contains 50 species of ferns, more than 300 species of birds, 55
mammal species and 34 species of reptiles and amphibians, and more than 1500 species of

vascular plants (Giants Rib Escarpment Education Network 2014).

Danaus plexippus Falco peregrinus Ixobrychus exilis Pseudacris triseriatc

Graptemys geographica Ambystoma Parkesia motacilla
Jeffersonianum

Sample of At risk species of Niagara Escarpment Ecological System (Conservation Halton 2019)



Geological Value

Rock formations of the Niagara Escarpment are as old as 450 million years. Niagara Escarp-
ment is located along the Michigan Basin. Around 450 million years ago this region was a
small ocean with thriving marine life. East of this large water-body, along the edge of North
America was a large mountain range that eroded and weathered by rain, wind and ice. The
eroded material moved towards the Michigan Basin and after settling formed sedimentary

rocks. Layers of Mud turned into red shale while layers of sand turned into sandstone (Giants

Rib Education Network 2014).

As the basin increased in size, it became warmer supporting a variety of animal life. As these
animals died, their bones, containing calcium, fell to the bottom of the ocean floor. Eventually,
all of this calcium was compressed into layers of limestone (Giants Rib Education Network

2014) that form the Niagara Escarpment (Canadian Geoscience Education Network 2018).

As landforms continued to change, the vast water body of the Michigan Basin gradually be-
came shallower. The concentration of salt and magnesium from the ocean water seeped into
the porous limestone and the chemical reaction created dolostone, a hard erosion resistant
rock. Today dolostone forms the cap rock of the Niagara Escarpment (Giants Rib Education

Network 2014). This stone formation is the back bone of the aggregate industry of Ontario.

Aggregate industry has caused a significant Human Impact on the Escarpment environment.

The Escarpment area is the site of the large mineral aggregate industry.

Thesis Question

This thesis therefore questions as the life-cycle of a quarry comes to an end, can these post-in-
dustrial landscapes on the Niagara Escarpment be re imagined to actively rehabilitate their
site through water, while simultaneously provide opportunities for recreation, education and

research?



Formation Approximate Thickness
Amabel 10-40m
Reynales 2-3m

Cabot Head 10-20m

Manitoulin 3-2m
Whirlpool 3-5m
Queenston ~150m

Interpretive look at the type and depth of rock formation of Niagara Escarpment ((Duffrin Aggregates 2012)



Chapter 2: Ontario Aggregate Industry

Ontario’s Aggregate Resources Act defines “aggregates” as gravel, sand, clay, earth, shale,
stone, limestone, dolostone, sandstone, marble, granite, rock or other prescribed material
(Ontario Aggregate Resources Act 1990). Aggregates are used primarily for the construction
and maintenance of numerous types of infrastructure, including highways, bridges and sewer
mains. Aggregates are also used in the manufacturing of products such as pharmaceuticals

and cosmetics.

Operational Model

Aggregate operations are strategically located near major transportation networks and the
industry operates on a close-to-market business model (Ontario Ministry of Natural Resources
2010), therefore they are always situated near the urban areas, that they service. What's even
more interesting is that a majority of quarrying occurs within the ecological areas of the Ni-
agara escarpment and Oak ridge’s morainethat forms part of the hinterlands surrounding the

project known as the Ontario Greenbelt (Toronto Environmental Alliance 2009, 4).

Quarries in GTA

A more interesting pattern can be seen through GTA where aggregate quarries are situated
along the edge of the escarpment, in close proximity to adjoining urban areas and almost ad-
jacent to conservation lands. The Escarpment’s natural features, include watercourses, hiking
trails, and ski hills account for many of Ontario’s outdoor recreational opportunities. Hiking,
caving, skiing, mountain biking and kayaking are a few of the tourism and recreational oppor-

tunities in this landscape (Niagara Escarpment Commission 2012).

Growing Population

Toronto's relationship with aggregates can be analyzed through its unprecedented economic
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growth and pro-immigration reform. Emerging as the fastest growing Canadian city has at-
tracted many immigrants from all over the world to settle in the adjoining city’s, which is now
known as the Greater Toronto Area (GTA). GTA is one of the fastest growing areas of North
America. GTA today consists of 6.4 million and by 2041 it will be home to almost 10 million
people (Ontario Ministry of Finance 2017). To seftle a population of this magnitude planning
for infrastructure, transportation and housing is imperative and aggregate will continue to be
extracted in order to cope with this growth. At this rate the region will require over 2 billion
tonnes of aggregate over that period (Ontario Stone and Gravel Association 2015, 7). Niag-
ara Escarpment passes through the region of GTA that will see the most population settlement

than any other part of GTA (Ontario Ministry of Finance 2017).

Quarrying in GTA

The Geological value of the Niagara Escarpment enables the intensive urbanization of the
GTA with the aggregate needed to expand. The following maps take a closure look at the Ni-

agara Escarpment weaving across the GTA landscape.
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Regional Ecology » -

& } : Duffrin Milton Quarry

0 2 4 8 16 20
e Km 7\
4 rvation Forests ‘Watershed

Niogara Escarpment Urban Areas ‘hQuumes
Map highlighting rich ecology of the Niagara Escarpment passing through GTA and the network
of quarries that interrupt the natural areas (base map from ArcGIS 2018 and location of quarries
data from Government of Ontario 2018)
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Map highlighting trail system of Niagoro\Escarpment passing through GTA and examples of
trail fragmentation (base map from ArcGIS 2018; Satellite images data from Google 2019; trail
system data from Bruce Tail Conservancy 2019)
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Map highlighting existing network of recreation in the Niagara Escarpment section of GTA (base

map from ArcGIS 2018 and Google 2019)
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Criticism of Extraction

The extraction of aggregate resources in Ontario often becomes controversial for the damage it
causes to natural landscapes and the impacts it causes in local communities as 40% of the Ni-
agara Escarpment Landscape is covered with forrest and wetlands (David Suzuki Foundation
2008, 24). Pits and quarries remove natural vegetation, top soil and subsoil, leading to loss
of animal wildlife, biodiversity and aquatic systems. Aggregate extraction can have negative
effects on water quality and quantity, natural heritage features, and endangered species and
can adversely impact nearby residents and those who enjoy recreation and tourism (Toronto
Environmental Alliance 2009, 4). Adjacent communities and adjacent ecosystems are affected

by noise, dust and vibration (Binstock and Carter-Whitney 2011).

Quarry Life-cycle

A typical pattern can be observed when aggregate operations begin, land begins to clear
out, and eventually they renew their licenses and expand operations on productive land. At
the end of this cycle the quarry’s ecological and economic value is diminished, leaving a scar

within the landscape.

As quarrying operations are dependent upon the aggregate reserves of a particular site, there -
fore there is very minimal infrastructure deployed on site. As the quarrying approaches the end
of its life-cycle the infrastructure is dismantled and redeployed on a new site for extraction. The
only built infrastructure that exists on site are enclosures for machinery that process and screen

the rocks.



Untouched Ecology Establishing Quarry Expanding Quarry Abandoned Quarry

100% ) ) 100% 25% 25% 10% 100% 0% 0%

Ecology & Economic Ecology & Economic Ecology & Economic Ecology & Economic
Recreation Activity Recreation Activity Recreation Activity Recreation Activity

Interpretive diagram showing the systematic decline of Niagara Escarpment landscape and ecology as quarries establish operations. As aggregate re-
sources are finite, when quarries are exhausted the operators dismantle infrastructure, leaving a manufactured landscape behind.
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Chapter 3: Quarry Rehabilitation

Quarry rehabilitation is required by law in Ontario (LaGro 200, 5), (Ontario Aggregate Re-
sources Act 1990), however progressive rehabilitation efforts are falling short and the current
rate of aggregate site rehabilitation occurring in Ontario is not enough to moderate adverse
environmental and social impacts (Port 2013). Although the province has continued to do a lot
of work on capturing rehabilitation data, more work is still needed on data retention and long

term monitoring of rehabilitated areas (Port 2013, 33)

Approaches to Quarry Rehabilitation

There are three drivers for rehabilitation: economy, biodiversity and a hybrid. Economic reha-
bilitation is not conducive to ecological performance, therefore a rehabilitation strategy with a
balanced economic and ecological objective can be deployed with results similar to complete

bio-diversity focused rehabilitation (Corry, Lafortezza, and Brown 2010).

Ecological Rehabilitation

Water logging parts of the quarry is encouraged to increase spatial heterogeneity and, con-
sequently, biodiversity (Yanina, Oksana, Ivan, Vyacheslav, Alina, Evgenij, Dmitrij, Andrej,
Kseniya, Ekatering, Elizaveta, and Aleksej 2016) Impacted aggregate exiraction sites, that are
common in Southern Ontario, can easily be rehabilitated to wetlands (Duval, Waddington,
and Branfireun 2010) Cultural acceptability of rehabilitation, through a survey conducted in
southern Ontario, also suggests that it should not fragment forests, compromise water quality,

or increase the appearance of “sprawl”(Corry, Lafortezza, and Brown 2010).

Economic Rehabilitation

As a function of UNESCO Biosphere Reserve, the Niagara escarpment needs to demonstrate

fostering of economic and human development that is environmentally sustainable and facili-
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tate environmental and sustainable development education, training research and monitoring.

Architectural Program Inherent in Hybrid Rehabilitation Strategy

The process of rehabilitation allows for architectural program to take shape. Considering high
biological value, it is necessary to take measures to improve the infrastructure to benefit peo-
ple’s learning of the rehabilitation and conservation process. Programmed to facilitate lectures,
eco-clubs, master classes, open-door days for excursion for events organized to attract local
library, museums, teachers, and students (Yanina, Oksana, Ivan, Vyacheslav, Alina, Evgenij,

Dmitrij, Andrej, Kseniya, Ekatering, Elizaveta, and Aleksej 2016).

As experts, such as biologists and ecologists, representatives of public organizations begin
work on rehabilitation, this will start to attract eco-tourists to the areq, increasing its attractive -
ness, and thus have a positive impact on the socioeconomic development of the region. As
the Bruce trail is reconnected with the quarries it can be expected that quite a large number of
eco-tourists would visit these interventions and would therefore require a suitable place stay

during their travel through the escarpment.
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Chapter 4: Design

Proposed Intervention Site

The site selected to test this intervention is the discontinued section of the Duffrin Quarry located
along the edge of the escarpment, roughly 5 KM North of the town of Milton in Halton region
and bordering the 401 highway. The quarry has been active since the 1960’s expanding over
several decades on to conservation lands displacing habitats, disrupting ecology and interfer-
ing with the water table. As the quarry operations come to a closure, all non-built infrastructure

is dismantled. The concrete footings of the screen-house are the only remains of its past life.

Map showing the proposed site in proximity to urban area and transportation network (base map
from Google 2019)
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Conservation Forest
Proposed Site

Trail System

Escarpment edge

Map showing the site and Niagara Escarpment ridge (base map from Google Maps 2018)

Trail

Conservation . Segment
Forrest Contaminated

Reservoir
|

Escarpment Edge

Quarry Bed Milton

346m
325m
300m
275m
250m

225m
211 m

Section showing the quarries landscape and the drastic Escarpment elevation (data from Google Earth
2018)



Left Column: Photos 1 - 3 showing the quarry landscape (CRH Canada 2017); Photo 4 screen house
Right Column: Interpretive diagrams showing various phases of quarry expansion.
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Sketch of the quarry just before all |nfrostructure is dismantled and the operations seize.
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Design Intent

The project emerges from recognizing these various systems, and the prototypical effects of
quarrying. The design principles for the project are to design a building that engages with the
contaminated water reserves on site, freat the water and use it for recreational purposes and at
the end of the water’s life-cycle, safely reintroduce it back to the watershed. The project aims to
rehabilitate the landscape that was destroyed by aggressive industrial operation. The project
intends to design a facility where active research and education can bring about an awareness
of local ecology and natural systems, in this high growth region of GTA. Finally, the project aims

to utilize the materials that are a product of the quarrying process.

Design Inspiration - Borden Park Pool

The Borden Park Natural Swimming Pool is the first chemical-free public outdoor pool to be
builtin Canada. The seasonal pavilion and landscaped pool precinct is designed for a capac-
ity of 400 swimmers. At the NSP, the challenge of water quality control, essential to any public
bathing facility, is compounded by the scale and the technical demands required to achieve an
environmentally healthy and natural filiration process. The swimming program includes a chil-
dren’s pool, a deep pool, on—deck outdoor showers, a sandy beach, picnic areas, and spaces

for other pool related recreational activities (gh3 Architects 2014).

View from the Hydro-Botanic R;g_enerahon;onds on the pool deck (gh3
Architects 2014)
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Water filtration and treatment at this facility is achieved by the means of a natural process. The
water is filtered through a raised gravel bed and is followed by hydro-botanic regeneration by
the means of sand and stone subversive pond which includes plant materials and microorgan-

isms. This is an unsterilized, chemical- and disinfectantfree filtering system (gh3 2013)

~ o =

e i g

View of the busy swimming pool and deck
(gh3 Architects 2014)

Access

As the quarries are well connected through the transportation system, the vehicular traffic can
access the quarries through the original access road that transported aggregate away from
the quarry. Visitors can park their vehicles outside the quarry. The access road form this point
becomes a pedestrian only path that winds through the quarry gap unveiling the project at the
end of the procession. The hikers that are on the trail can access the quarry though the stairs
that are cut into the edge of the quarry. As they descend the 35 meter quarry edge they are

reminded of the aggressive scale of the quarrying and vastness of the room that is created as

a result of the quarrying process.



Roads

Site Plan, showing building in context and access road leading up to the building from the parking area.

*, " Conservation Forests ; Watershed Trail ﬂ
. Niagara Escarpment



Sequence 1: Parking area

Sequence 2: Approach to the Quarry
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Sequence 3: Through the escarpment gap
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Sequence 4: Threshold into the project through the remains of the
screen house.

Design Strategy and Program

The remains of the quarry’s former life begin to inform the grid of the project (20’ x20’). As the
quarry creates rooms in is this vast landscape, buildings begin to take shape near the edge of
the manufactured cliffs. The ground level of the project is comprised of the public program of

recreation and related activities, the pool deck, change rooms and showers, and cafe.

The stairs follow the grid and lead up to the research and education wing. This semi-public
part of the building is designed to accommodate educational outreach, info-sessions about
the quarry and the rehabilitation efforts through the constructed wetlands. The labs and office
spaces are more restricted for public use but are designed with large glazing on the north side
and skylights above so that the users can be reminded of the vastness of this landscape and

the sky.

Raising of the second floor creates some shade for the swimmers and encourages unrestricted

views to all parts of the quarry.



Programmatic drawing showing different parts of the project inhabited by different audiences.
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Floor Plan of the pool deck level (bottom) and Research and Education wing (top)
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.

Looking towards the hydro-botanic regeneration ponds and to the vast quarried landscape beyond.
The raised research and education wing allows unrestricted views to all parts of the quarry and pro-
vides a shaded area for the bathers.

b
%
B e N
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Lab area with open north glazing and skylight enabling users to experience the vastness of the land-
scape.
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Rendering of the pool deck and change rooms beyond. The research wing is on the left and the remains of the former quarry on the right.
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Bird's eye view from the south west showing the relationship of the building to the constructed wetlands and the quarried landscape.
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Water Handling

As water is the key component that gives the project its basis , there are different ways in which

different types of water is handled to complement the program.

Water Extraction from the Contaminated Reservoir

Water is extracted from the quarry thorough a pump and is transported to the project via a
channel cut into quarry surface, celebrating the movement of water. This contaminated water
is first filtered through a gravel bed to remove any large particles. Next the water is pumped
to the roofs of the buildings in order to aerate it. The water meanders through the coffered roof
system, eventually making its way back to the ground catchment system to be led into the hydro
botanic regeneration ponds. The hydro-botanic regeneration or Phytoremediation is the direct
use of living green plants for in sity, or in place, removal, degradation, or containment of con-
taminants in soils, sludges, sediments, surface water and groundwater (unep.org 2018). After
this process is complete the water is ready to be pumped into the program to activate the pool,

change-rooms and bathrooms and to be used in the cafe.

1. Water intake from the reservoir. '\‘\.\\ g

2. Filtration through gravel bed. \:\'\.\\ =" |
3. Water aerated through roof. 4 \\\\\

4. Aerated water catchment. 4 .

5. Hydro-botanic regeneration pond. % -

6. Treated water supply to building. o Aete:

Water extraction and treatment cycle
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Grey Water Collection and Treatment

Grey water from the project is collected and directed back into the gravel bed where the above

cycle is repeated to reintroduce water back into the program.

1. Grey water collection. - ~ ™~ -
2. Repeat water treatment cycle -
above o

Grey water capture and treatment cycle

Black Water Discharge

Black water is collected and discharged into the bioswales that extend form the project on to
the landscape. Water is guided into constructed wetlands from where the it slowly penetrates

into the watershed, replenishing what the aggregate mining subtracted from the water table.

1. Black water segregation S .
2. Segregated water collected in T~
septic tanks >N

3. Discharged to  constructed

wetlands 1

am W

Black water segregation and discharge cycle
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Constructed Wetlands
Constructed wetlands have increasingly been recognized for the benefits that they provide for
wastewater or contaminant treatment. Constructed wetlands offer several benefits for resto-

ration of ecology and are fairly inexpensive to build (France 2003, 17).

The varied water depths in wetlands allows for the development of emergent, submerged,
and floating vegetation, which in turn attracts a wide variety of animals for spawning, nesting,
breeding, feeding, predator refuge and nursery rearing purposes (France 2003, 20). Not only
that, but studies have shown that over a third of all rare and endangered species are either
direct residents of wetlands themselves or are closely dependent on wetlands for a variety of
essential purposes (France 2003, 21). The constructed wetlands that are part of the project
are designed to quickly become habitats for native and endangered species of the Niagara

Escarpment.

Bird's eye view from the south west showing the constructed wetland in relationship
to the building.



Long section showing building enclosure and its interaction with the pool deck and the rehabilitated landscape beyond. The detailed section on the follow-
ing pages shows a closer view of the interior of the research laboratory and the pool deck below.
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A closer view of rehabilitated landscape that are combining conservation with recreation, education and research, enabling the Quarry Pool to perform
the functions of the UNESCO Biosphere.
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A closer view of the inhabited laboratory space and the pool deck below combining the recreation program with the research and education wing. The
black water septic tanks are ghosted in (bottom left).
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Materiality

The project is intentionally designed in concrete as it uses all the materials that are a product
of the aggregate process. Poured-in-place concrete columns support the coffered slabs that
form the roof and floors. The coffered roof become roofs ponds and slow the flow of water on
the roof, allowing it more time to aerate. At certain moments the roof is punctured to install a
skylights. To minimize southern exposure on the second floor, concrete louvers are added to

minimize solar gain.
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Chapter 5: Conclusion

The Niagara Escarpment region is a treasure for the residents of Southern Ontario. The inev-
itable increase in population and subsequent demand for aggregate is threatening this rich
landscape. As discussed earlier that the system of quarries is prototypical and since aggre-
gate resources are plentiful within the GTA region of Niagara Escarpment, more quarries will
establish. It is therefore proposed that using the design principles of rehabilitation and using
prototypical conditions of these site, quarries can be naturally rehabilitated, they can rejuve-
nate the economy and provide opportunities for research and education to ensure that future

generations of this region can continue to benefit from this ecological treasure.

Niagara Escarpment needs to meet the mandate for UNESCO Biosphere reserve by perform-
ing the functions of Conservation, Economic and Human development and Research and Ed-
ucation. Through these interventions along the Niagara Escarpment, another hybrid system
can evolve to coexist with the existing regional systems to ensure the continuity of the Niagara

Escarpment region and its ecological benefits.



Diagram of system of conservation.

Architectural
Intervention

5% 25%

Ecology & Economic
Recreation Activity

Water Treatment
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