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ABSTRACT
APPLYING GREEN INFRASTRUCTURE TO
TREAT ESCHERICHIA COLI POLLUTED STORMWATER RUNOFF AT
BAYFRONT BEACH, HAMILTON, ONTARIO
Cyrille Viola								Advisor:
University of Guelph, 2017						
Professor Sean D. Kelly

In beach environments heavily populated by waterfowl, E.coli from feces can cause major
impairments to beach water. During rainfall events, feces are carried into receiving waters,
which can elevate E.coli concentrations above the regulatory recreation water quality standard.
When waters do not meet the standard, the beach environment becomes unsafe for human
contact and must close to public use.

This research explores green infrastructure as an alternative treatment for E.coli pollution at
the case study site, Bayfront Beach, Ontario. A site inventory, design concepts, and analysis
on suitabilities/capabilities were developed based on data collected through municipal reports
and semi-structured interviews with key informants. The findings in the background research
informed a framework for green infrastructure design. A final design concept implementing the
framework was developed to demonstrate the application of green infrastructure to treat E.coli
polluted runoff. Finally, both the framework and concept was evaluated by the key informants.
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CHAPTER 1 INTRODUCTION
Overview

Ontario municipalities must test recreational water for Escherichia coli (E.coli) once a week
(minimum). The guideline values for E.coli must be less than or equal to 100 organisms per
100mL of water (Environmental Protection Agency, 2006). E.coli is measured because of its
correlation with gastroenteritis diseases, which can be contracted by swimming at beaches.
Since E.coli was highly correlated with disease incidence in freshwater beaches, it was
recommended that the bacteria be measured to assess fecal loading in freshwater systems
(Ishii & Sadowsky, 2008).

Although there are many swimmable beaches in Ontario, beach closure is a concern, and
occurs when E.coli levels are over the recreational water quality standard. Many journal articles
report that a common source of E.coli is waterfowl feces.

Fecal pollution can put humans at risk. Recreational activity in contaminated water, consumption
of shellfish and ingestion of polluted drinking and irrigation water are the most common
infection pathways (Walker, van Duivenboden & Neale, 2015). Contact and ingestion can
lead to contraction of enteric illness and/or viruses, which leads to vomiting, abdominal pain
and nausea (Dreger-Smylie, 2015, How experts measure beach water quality). Rashes, skin
problem, serious diseases such as hepatitis, typhoid fever and gastroenteritis, and infections
in the eyes, nose and ears may occur (Swim Guide, 2016, What is a recreational water quality
standard?).
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In addition to human health problems, there are economic impacts. Is it estimated that the
annual global cost of diseases caused by recreational activity can amount up to $12 billion US
(Walker, van Duivenboden & Neale, 2015). In parts of North America, the economic loss for
posted beach advisories can cost approximately $100,000 US (Converse, R. R., Kinzelman, J.
L., Sams, E. A., Hudgens, E., Dufour, A. P., Ryu, H., Santo-Domingo, J.W., Kelty, C.A., Shanks,
O.C., Siefring, S.D., Haugland, R.A., Wade, T. J., 2012).

In a study by Converse et al. (2012), beach advisories are posted when fecal pollution is above
the regulatory standard. In the study, waterfowl, specifically gulls, were an important source
of fecal contamination of surface waters and beach sand. Water quality exceedances are
commonly reported at beaches with large waterfowl communities (Converse et al., 2012). As
such, during a rainfall, stormwater carries feces onto the beach and contaminates the beach
water, resulting to beach closures (City of Hamilton, 2015).

Various techniques have been applied to address waterfowl populations at beaches of concern.
However, as discussed later in the chapters, the methods have been ineffective. While it
would be difficult to completely keep waterfowl off many beaches, the goal of this research is to
explore alternative solutions that treat and manage E.coli polluted runoff on a beach site, prior to
it entering an associated body of water. As such, water quality could improve, keeping the beach
open for more swimming days to the public.

Research Justification

Following a rainfall event, runoff carries feces containing E.coli, enterococci, clostridia, etc. into
water sources (Environmental Protection Agency, 2006; Dreger-Smylie, 2016, July 18). When
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E.coli concentrations are above Ontario municipal standard for recreational water, beaches
are required to close down to the public, as it is an indication of poor water quality and safety
hazards.

One of the main pollutants causing closures at beaches is waterfowl feces. When a rainfall
event occurs, runoff carries feces onto the beach and surrounding water, increasing the bacteria
level beyond the regulatory recreational water quality standard. To achieve the research goal,
the following objectives will be to:

1. Review the history and background of urban beaches;
2. Identify E.coli sources and runoff flow patterns on site;
3. Collect additional information on a case study beach via interviews with key informants;
4. Conduct an inventory and analysis of the site;
5. Based on literature review, identify suitable technologies that can be applied to the case
study;
6. Illustrate concept options for a site specific beach and conduct an analysis of suitabilities
and capabilities for each option;
7. Create a design framework for green infrastructure implementation;
8. Evaluate the most suitable and capable concept, and green infrastructure design
framework by key informants; and
9. Determine whether green infrastructure is a suitable solution for urban beaches
experiencing above standard E.coli contamination.

3

Research Design

The proposed concept appropriate for the case study site and formulation of green infrastructure
design framework was a product derived from information in the literature review, background
research on the case study site, interviews with key informants, a site visit and SWOT
(strengths, weaknesses, opportunities and constraints) analysis. Prior to developing a final
design concept, several working concepts explored alternative solutions. To identify the most
appropriate concept, an analysis to explore a suitable and capable alternative was conducted
for each concept. Once the appropriate alternative was identified (based on a scoring system),
both the concept and framework were evaluated by key informants.

The research investigated whether green infrastructure is appropriate for the site by comparing
the quantitative results of published journal articles that studied E.coli removal in green
infrastructure. In theory, if proposed green infrastructure is constructed as per the green
infrastructure design framework discussed later on in this thesis, E.coli removal should be
optimal.
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CHAPTER 2 METHODOLOGY
Introduction

The development of research methodology considers literature review to understand
characteristics of urban beach environments, E.coli in beach environments and E.coli removal
using green infrastructure. Once the knowledge and research gaps were understood, the
following methodology as shown in Figure 2.1, was developed.

Case Study Selection

Development of Design
Concept Options and
Analysis

Site Visit

Green Infrastructure
Design Framework
Evaluations by Key
Informants

Key Informant Selections

Refined Concept

Interview Questions and
Procedure

Runoff Volume
Calculations

Inventory & SWOT
Analysis

RESULTS/
DISCUSSION/
RECOMMENDATIONS

Figure 2.1: Methodology diagram
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Case Study Selection

Several urban beaches within the Greater Toronto Area were reviewed. After extensive
research, Bayfront Beach, Hamilton, Ontario was selected as a case study site through the
following criteria:

•

Listed as one of the worst beaches in Ontario for 2015;

•

high beach closure rates and ongoing issues with E.coli;

•

technical reports and data available online;

•

many stakeholders and committees are involved with finding solutions for the beach.
Additionally, as part of the Hamilton Harbour, stakeholders and committees are
dedicated to delisting the Harbour from the Area of Concerns (AOC) list, as designated
by Environment Canada and the United States Environmental Protection Agency; and

•

easily accessible for researcher to conduct a site visit.

Site Visit

On November 4, 2016, a site visit was conducted to perform site observations and collect photo
inventory of the conditions.

Selection of Key Informants

Five professionals were interviewed as key informants to collect primary data. These
professionals were identified within and sourced from published technical reports on
experiments conducted at Bayfront Beach. The authors were contacted for interviews. As
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well, an inquiry was made to the City of Hamilton Landscape Architectural Services to discuss
potential candidates. The City redirected the researcher to appropriate contacts who could
assist in the thesis research.

Each informant has had extensive experience with Bayfront Park and Beach, whether with
site development and management, site testing and written technical reports, executing
actions to delist the site from AOC list, and/or discussion on future initiatives and solutions to
beach closure. The following characteristics of four key informants is described below. The
fifth professional was invited by the Superintendent for Environmental Services at the City of
Hamilton.

Scientist from Environment Canada

•

Tested E.coli loads in Bayfront Beach surface water and sand, and measured water
circulation.

•

Published results from conducted studies on Bayfront Beach in technical reports.

•

Conducted studies on the site since 2011.

•

Involved in a report summarizing the progress in delisting the beach from AOC list.

Superintendent for Environmental Services at the City of Hamilton

•

Tested E.coli loads in Bayfront Beach surface water.

•

Published results from conducted studies on Bayfront Beach in a technical report.

•

Involved in a report summarizing the progress in delisting the beach from AOC list.

•

Sits on the beach management committee.
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Supervisor in the Landscape Architectural Services at the City of Hamilton

•

Involved since early 1990s with the transformation of Bayfront Park from a landfill to a
public park.

•

Involved with evolving the park over the years.

•

Extensive knowledge on the physical problems with the beach.

•

Previously sat on the beach management committee.

Executive Director of Bay Area Restoration Council (BARC)

•

Involved with BARC since 2011.

•

Involved with conducting experiments within the harbour.

•

For 25 years, BARC has been involved with promoting, monitoring and assessing
implementation of the Remedial Action Plan for Hamilton Harbour (BARC, N.D.).

Interview Questions

The purpose of the interviews was to collect further information such as beach trends and
user activities, waterfowl habits and patterns, and green infrastructure implementation and
maintenance, in addition to content available through online resources.

Questions were categorized into topics and assigned to individuals according to their expertise.
The questions were formatted for a 45 minute interview. A pretest was conducted with two
random individuals on December 2, 2016 and December 3, 2016. The pretest involved asking
the individuals questions and receiving their responses in order to record the minimum amount
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of time it would take to go through the interview. The pretest took 6:55 minutes and 7:08 minutes
(19 questions; average of 15 to 30 second response per question), with 39:05 and 38:52
minutes to spare in the suggested interview time.

The intent of assigning topics by expertise was to allow key informants to provide as much
insight and perspective on the topics within the time frame. Prior to the meeting date, the
researcher provided the assigned questions to the individual, as well as the “Master List”
question sheet to allow the interviewee the opportunity to answer other questions they may be
able to speak to. Appendix A shows the set of questions that were asked to the professionals.

Interview Procedure

The interview procedure was semi-structured with open-ended questions. There was flexibility
for the respondent to direct the conversation or discuss other areas, if he or she could not
answer a specific question.

Key informants selected a public location to conduct interviews. Interviews were recorded on an
electronic device and transcribed by the researcher.

Inventory and SWOT Analysis

Data from both the secondary research and interviews with key informants were then compiled
to create a site inventory. The inventory illustrates physical, biological and cultural attributes
of the site. Site inventory assists in the understanding of site characteristics, and the physical,
biological and cultural links to the site and surrounding landscape. The site inventory aims to
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focus on the important attributes in order to be efficient with time, money and resources (LaGro,
2008). Shapefiles were downloaded from the City of Hamilton website and transferred into
AutoCAD to create base maps. Following the site inventory, SWOT analysis highlighted the
potential strengths, weaknesses, opportunities and threats at Bayfront Beach and Park.

Development of Design Concept Options and Analysis

Following SWOT analysis, it was revealed that there are significant challenges and opportunities
on the site. Several design concept options addressed the findings in the SWOT analysis. An
analysis determining a suitable and capable option was conducted for each concept option to
help assess the most appropriate solution that works with the site challenges and constraints.
The suitable and capable analysis assists in determining appropriate proposals for land uses
on a site. The ranking scale for capability and suitability of the proposed design concepts
range from 1 to 3 and were averaged out for a final score: 1 represents low, 2 as medium and
3 as high. A rationale of the scoring for each design concept option is discussed below. As the
analysis identified the appropriate option, a more refined version of the concept was prepared.

Green Infrastructure Design Framework

A design framework that could optimize E.coli removal in green infrastructure was developed by
compiling the key findings and discussion from the literature review investigating E.coli removal
in green infrastructure. The framework was categorized into typology, vegetation and soil.
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The framework was developed to satisfy the following design criteria:

•

Maximize removal of E.coli to improve recreational water quality and meet one of the
AOC delisting criteria of the beach remaining open 80% of the swimming season;

•

Allow for treatment during all four Canadian seasons;

•

Consider environmental conditions and natural processes (i.e., warm/cold temperatures,
UV light and phytoremediation) that will maximize treatment efficiencies; and

•

Configure green infrastructure in a manner that takes advantage of removal mechanisms
(i.e., promote systems with alternating planted and unplanted areas).

Refined Concept

Upon development of the framework, a refined concept was prepared to demonstrate how
the green infrastructure design framework can be integrated at Bayfront Beach. As mentioned
earlier in this chapter, the site experiences high beach closures because E.coli pollution is one
of the main problems. The purpose of the concept is to illustrate how the framework is applied to
reduce E.coli concentrations in storm runoff, in hopes of achieving the acceptable recreational
water quality standard of having passing results over 80% of the time.

Runoff Volume Calculations

Using historical precipitation data from the Government of Canada website and the Short
Duration Rainfall Intensity-Duration-Frequency (IDF) Data graph from Environment Canada,
runoff volumes were calculated using the Rational Method and Modified Rational Method.
Precipitation data was recorded for the swimming season (May to September) from 2012 to
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2016. The data was averaged out per month. Volumes were calculated for specific rainfall
events, and 2 and 100 year storm frequencies. This information demonstrated how much runoff
is required to be treated by proposed green infrastructure at the site.

Evaluations by Key Informants

Both PDF copies of the final design framework and a refined concept option were submitted to
the key informants for voluntary evaluation. Some key informants forwarded the evaluations to
interested colleagues to participate. The evaluations questionnaire was divided into two parts
to evaluate both the proposed concept and framework. Questions were close-ended using a
7 point Likert scale rating system: 1) very good to 7) fail. A neutral (4) option was included,
as not all professionals were able to answer some of the questions. The option for additional
comments was available to evaluators at the end of each category.

The questions were provided in a form and emailed to participants who then electronically
provided their responses. The form contained instructions and a return email address. A
two-week time frame to complete the evaluations was given to the participants. Once the
evaluations were completed, they were returned back to the researcher via email.

The evaluations were voluntary. Not all individuals who were sent a copy of the evaluations
participated. Out of the seven evaluations that were sent out to the key informants and
additional professionals, five were completed and returned.

12

CHAPTER 3 LITERATURE REVIEW
The purpose of this chapter is to understand the beach environment, E.coli survival/decline in
the physical environment, waterfowl impacts within beaches and removal mechanisms involved
in green infrastructure treating E.coli. The chapter is divided into four parts: A) beaches, B)
E.coli and its challenges, C) green infrastructure and D) clay cap.

PART A: BEACHES

Typical Beach Anatomy

Figure 3.1 below illustrates a typical beach profile, representing a form that induces waves. A
beach is the narrow portion of the coast affected by wave action. They typically terminate at a
sea cliff, dunes or at boundaries containing vegetation. A portion of the beach will be submerged
below low tide level, which is subject to wave action. This area remains part of the beach (Ritter,
Kochel & Miller, 2006).

Figure 3.1: Typical Beach Profile (MHW – mean high water; MLW – mean low water) (Adapted
from Ritter, Kochel & Miller, 2006, p. 452)
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Embayment Beaches

Embayment beaches can be found along oceanic shorelines and edges of enclosed sea,
lakes and river systems. They typically preserve the shoreline because the headlands act as
a stabilizer of the beach. Embayment beaches come in all different shapes and sizes, ranging
from tens of meters to kilometers. A common feature is the asymmetric shape downdrift or
leeward of a headland. The headland is a curved zone, a gentle transition and/or a relatively
straight tangential segment at the end of the downdrift (Hsu et al., 2010).

Urban Beach Trends and Advantages

The first urban beach was man-made and constructed in 1996 at the Plage de l’Hôtel de
Ville in St. Quentin, France. Shortly after, Europe and North America followed suit. Presently,
urban beaches have become a summer landscape within cities. They mimic natural beaches,
providing views to water and nature within a publicly accessible space in the City (Hickey, 2015).

Although some urban beaches do not allow direct access to water (i.e., because of working
port and safety concerns with the water quality), there are many other benefits and values.
According to an article about an interview with Claude Cormier, one of the landscape architects
behind Sugar Beach and HtO Park in Toronto, urban beaches are popular in the City. Manmade beaches allow users to have the beach experience, while remaining in the city (Grabar,
2012; How sweet it is: interview with Claude Cormier, 2016). At Old Port in Montreal, the
beach environment gives the impression that people are not in the city. It is instead, a place
of relaxation with beach components, while visually connecting people with water (Robertson,
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2012).

Pollution in Freshwater Systems

A significant portion of urban runoff reaches bodies of waters. Non-point pollution such as storm
sewers, combined sewer flows, and urban wet weather are classified as a major impairment
to receiving waters. Numerous bacteria can be found in stormwater, which can come from
domestic pets, urban wildlife, cross connections between storm and sanitary sewers, lack of
sanitation, deficient solid waste collection and disposal, accumulation of sediment in sewers,
rodents, land use and growth of bacteria in nutrient-rich water. The amount of indicator bacteria
is higher in combined sewer overflows (CSO) than in stormwater because CSOs include
sanitary sewage, bacteria contaminations and sewer sediment. As such, they become a primary
source for fecal pollution and pathogens. During precipitation events, pollution discharge
impacts receiving waters (Marsalek & Rockjfort, 2004).

PART B: ESCHERICHIA COLI (E.COLI) AND ITS CHALLENGES

E.coli is a member of the fecal indicator bacteria (FIB) group. It is a rod shape that lives in the
lower intestine of warm blooded animals. Colon material is often released into the environment
and as little as 1 gram of it can contain more than a million E.coli cells. Studies have shown that
E.coli can survive for long periods of time in the environment and may replicate in water, algae,
soils and temperate environments (Ishii & Sadowsky, 2008).

Overall, FIB comes from humans and animals and can be transported into waters.
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Transportation of bacteria in stormwater is affected by land uses, stormwater conveyance
systems and stream modifications. The highest fecal indicator concentrations can be found
within densely urbanized areas (Hathaway, Hunt & Jadlocki, 2009).

Survival in the Environment

Some E.coli strains are able to attach to surfaces by producing a filamentous structure that
extends from the cell surface. From there, they can access roots and leaf structures by
splashing during rainfall events. Some plants can prevent the bacteria from washing off the
plant or be killed off (disinfectants) as the internal plant compartments can protect E.coli (Elsas,
Semenov, Costa & Trevors, 2011).

In open environments E.coli can survive in soil, manure and water, and may migrate between
different habitats. Survival of E.coli populations are not predictable, as studies have observed
survival for days to a year in soil, manure and water. Availability of resources, temperature and
pH can also affect E.coli survival (Elsas et al., 2011).

FIB is present in feces of warm-blooded animals and birds near shorelines. In the coastal
wetlands of southern California, for example, high levels of fecal pollution are a result of
low velocities, in situ proliferation and/or beneficial survival factors in sediments (Evanson &
Ambrose, 2006).

E.Coli Impacts in Beach Environments
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Different conditions will influence the survival or decline of E.coli populations. Several studies
have been conducted to observe E.coli in both fresh and salt water environments. The results
recorded vary across studies, which concluded that survival is unpredictable (Elsas et al., 2011).
For example, it was found that sand is a reservoir of E.coli and that it does not substantially filter
the bacteria. As a result, E.coli survives and multiplies in the soil and sediments of beaches,
impacting the water quality (Davino, Melo & Filho, 2015).

Ge, Whitman, Nevers & Phanikumar (2012) observed that solar radiation decreased E.coli
during the day at nearshore waters. At night, the concentrations increased. When the beach
at 63rd Street, in Chicago was monitored during the summer, the concentrations increased
significantly (3-fold) from the afternoon (2pm) to the morning (7am) at waist and knee deep
levels (Ge et al., 2012).

E.Coli Impacts in Embayment Beach Environments

In the study that looked at mass transport effects of E.coli in an embayment beach at 63rd Street
Beach in Chicago, it was found that E.coli increased overnight at both ankle and waist depths.
At both depths, the vertical profile of E.coli concentrations were uniform in the upper water
column because of turbulent mixing. The solar radiation inactivated most of the bacteria during
the day. High E.coli concentrations in submerged sediment below knee depth most likely came
from early morning deposits from deeper water. E.coli transport onshore is destroyed by wave
action in the morning, which is generally higher in height. As well, bacteria that accumulates at
night is inactivated by UV radiation by the morning and a portion of it is transported by daytime
current circulation (Ge et al., 2012).
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Byappanahalli, Nevers, Whitman, Ge, Shively, Spoljaric, & Przybyla-Kelly (2015) researched
degraded swimming water quality of an embayed beach at Jeorse Park, Chicago. The
researchers found high levels of E.coli and enterococci in bird fecal droppings and trash.
Waterfowl such as gulls were found in areas around the breakwall, which is where contaminants
are retained and released by hydrological processes. The embayed areas trapped FIB, leading
to an accumulation of bacteria at the beach and shoreline. In the absent of water circulation,
fecal pollution is retained and accumulated in water and sand, and then suspended during
rainfall events (Byappanahalli et al., 2015).

Techniques Used to Reduce E.coli on Beaches

Municipalities have applied different beach techniques to mitigate problems with waterfowl
and fecal pollution. Other beaches along the Great Lakes have applied different methods
to decrease FIB densities. These methods include alterations of the embayment structure,
dog harassment (involves dogs harassing waterfowl), gull deterrents, filter barrier to reduce
contaminant loadings, egg oiling, sand filling to reconfigure the beach, installing fish habitats
and growing native plants to deter gulls (Byappanahalli et al., 2015).

PART C: GREEN INFRASTRUCTURE

Green infrastructure mitigates pollution, generates recreation, economic value and urban
structure, and provides scenic and human benefits. Infrastructure is defined as a system of
components connected by a natural network. Natural networks include rivers, streams, lakes,
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and oceans composed of natural infrastructure that supports ecological functions (Austin, 2014).
The following section describes three green infrastructure that was commonly used in studies
that looked at E.coli removal.

Vegetated Filter Strips and Buffers

Vegetated filter strips are widely used on agricultural lands, and is a technique now applied
in urban areas. They are areas with dense vegetation on gentle slopes, treating runoff from
adjacent impervious areas (see Figure 3.2). Vegetated filter strips slow runoff, filter suspended
sediments and associated pollutants, and provide infiltration. Native trees, shrubs and plants are
often used for both functional and aesthetic purposes. Vegetation should stabilize the soil, be
salt tolerant, and withstand both wet and dry conditions (Credit Valley Conservation & Toronto
and Region Conservation Authority, 2010).

Bioretention

Bioretention is a system that contains a sloped grass buffer strip, ponding area with vegetation,
approximately 3 feet deep planting substrate and a 1 foot deep sand layer. When soils are not
appropriate for ground water recharge, a gravel and underdrain piping below the sand can be
included. Mulch can be applied to retain moisture and reduce pollutants. If a drain is absent,
ground water recharges via infiltration. Plants selection should be based on native species,
ability to tolerate water and pollution, and promote biological degradation and predation
(Rusciano & Obropta, 2007). The mechanisms responsive for pollutant removal include
sedimentation, filtration and sorption, plant uptake and biodegradation by soil microorganisms
(Kim, Sung, Li & Chu, 2012). Figures 3.3 and 3.4 show the typical plan view and section of a
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Figure 3.2: An example of a vegetated filter strip shown at section view (Recreated from Credit
Valley Conservation & Toronto and Region Conservation Authority, 2010, p. 4-104)
bioretention system.

Constructed Wetlands

Constructed wetlands include surface or near surface water. Hydrology is slow to allow
sediments to settle out as the water passes. Water quality improvement, nutrient and material
cycling, habitats, passive and active recreation and aesthetics are some of the qualities a
wetland can provide (Davis, 1994).

There are two types of wetlands: 1) subsurface systems, where standing water is not visible
and water flows through a gravel substrate below the vegetation; and 2) surface flow – Standing
water is at the surface (CMHC, N.D., Constructed Wetlands).

After a rainfall event, runoff is retained and treated, until a new storm displaces the existing
runoff (Austin, 2014). Water should enter at one end and into a sedimentation basin. The
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Figure 3.3: An example of a bioretention system shown at plan view (Credit Valley Conservation
& Toronto and Region Conservation Authority, 2010, p. 4-77)

Figure 3.4: Section view showing an example of a bioretention system (Credit Valley
Conservation & Toronto and Region Conservation Authority, 2010, p. 4-77)
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heaviest particles settle at the bottom of the basin, which should be cleaned out after a few
years. Dense vegetation should be planted. Vegetation is kept healthy by the base flow of
ground water. The ground water should be high enough to provide a minimum water level, and
should flow slowly through the wetland in order for plant uptake. The slope should be minimal
(0.5% to 1%) (Austin, 2014). Figure 3.5 illustrates a constructed wetland shown in section.

Table 3.1: Advantages and limitations of wetlands (Davis, 1994, p. 17)

Advantages
•
•
•
•
•
•
•
•
•

Limitations

Cost efficient
Low maintenance and operation costs
Low maintenance and operation
Tolerate fluctuations in flow
Recycle and reuse water
Provide wildlife habitat
Environmentally sensitive approach
Enhance aesthetics
Can be built to fit landscape

•
•
•
•
•

Require a large piece of land
Inconsistent performance than
conventional treatment
Biological components are sensitive
to toxic chemicals
Require a minimum amount of water
to survive
Treatment effectiveness is reduced if
there are flushes of pollutants or water
flow surges

Wetlands can function in cold temperatures. Sedimentation will occur regardless of temperature

Figure 3.5: Constructed wetland section (EPA, 2004, p. 2)
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and unfrozen water. Most reactions take place in the substrate. Microbiological activity and
decomposition create enough heat to keep subsurface layers from freezing. Retention time is
reduced during the winter and spring months due to snow, snow melt, rain and high ground
water Tables. As such, removal rates are higher in the summer (Davis, 1994).

Remediation of E.coli using Green Infrastructure

Vegetated Filter Strips and Buffers

Vegetated filter strips and buffers are commonly used to mitigate animal waste on agricultural
lands. They are widely used because they are inexpensive and can remove more than 90% of
pollutants (Lim, Edwards, Workman, Larson, Dunn, 1998).

At the University of Kentucky, a study was conducted at a site containing silt loam and a stand
of Kentucky-31 tall fescue (Festuca arundinacea Schreb.) established on experimental plots
sloped at 3%. The plots were treated with beef cattle manure. Rainfall simulators were applied
to the plots to generate runoff (Lim et al., 1998, p.1376 to 1377). In the experiment, vegetated
filter strips removed a significant portion of incoming pollutants, containing influent E.coli
concentrations as high as 2 x 107 colony forming units (CFU) per 100 mL (Lim et al., 1998).

A study at Tilamook, Oregon looked at removal efficiencies of fecal coliform bacteria (FCB)
at a vegetated buffer of a pastureland. The experiment consisted of 17 treatment cells 14m
wide and 30m long, which simulated a pasture area. The cells contained different buffer widths
and slopes (3.8% to 7%), and were planted with native plants. The soils were made up of silt
loam and clay (Sullivan, Moore, Thomas, Mallery, Snyder, Wustenberg, K.W., Wustenberg, J.,
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Mackey & Moore, 2007).

The average FCB concentration contained in the manure that was applied to the cells was
approximately 26 x 106 (CFU) per 100 mL of water. On average, more than 99% of rainfall
infiltrated the loamy soils without generating surface or shallow runoff. The vegetated buffer that
ranged from 1 to 25m in size generally reduced FCB concentrations by more than 99% (Sullivan
et al., 2007).

During some storms, cells with larger vegetated buffers or the control (no manure application)
showed higher FCB loads than cells with shorter vegetated buffers. Some reasons for
the variability in FCB concentrations among different vegetated buffer size include run-off
discontinuity because of soil heterogeneity and differences in microtopography, bacteria
contribution to fauna and flow through macropores (Sullivan et al., 2007).

Bioretention

In a study by Rusciano & Obropta (2007), manure was applied to built bioretention columns
planted with Panicum virgatum (switchgrass) (p. 1263). It was found that the columns
consistently reduced bacteria counts and that adsorption and filtration were mechanisms that
likely reduced fecal coliforms (p. 1265). For filtration to occur, the diameter of the suspended
particles must be greater than 0.2 times the diameter of particles making the up porous media.
The sand in the study was 0.3mm to 1.0mm, therefore for filtration to work, the suspended
particles should be greater than 0.6mm (Rusciano & Obropta, 2007).

The presence of macropores or channelling in the media reduced the filtration capacity. Water
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that flowed through the sides of the column were less effectively filtered. Overall, the fecal
coliform reductions were above 90%, which is within the range of what other literature have
reported (Rusciano & Obropta, 2007).

Researchers Kim, Sung, Li & Chu (2012) constructed 5 bioretention units planted with shrubs,
Texas native grass, grass species for highway roadside application, Bermuda grass and a
control (no vegetation) (Kim et al., 2012).

The highest E.coli concentrations reductions occurred in the controls, which were similar to
the results of other studies. The removal efficiencies in the vegetation are as follows: 88% for
shrubs, 76% Bermuda grass, 57% grass species for highway application and 48% for Texas
native grass (Kim et al., 2012).

Sorption was most likely the main mechanism involved in E.coli removals. It was also observed
that higher removals occurred in the units with higher retention times. The longest time occurred
with the control at 141.6 minutes. The hydraulic retention time will vary according to different
rhizosphere environments, soil porosity and preferential paths. In this study, uniform and smaller
soil porosity, and less preferential paths may have caused longer hydraulic retention times (Kim
et al., 2012).

The Hal Marshal Bioretention Cell (HMBC) is a retrofit best management practice that treats
runoff from an asphalt parking lot. The site is located in the City of Charlotte, North Carolina
(Hunt, Smith, Jadlocki, Hathaway & Eubanks, 2008). After studying the site, E.coli effluent was
71% lower than inflow concentrations. Fourteen out of 19 samples were below state level of
100 CFU/100 mL. Furthermore, other studies have shown that exposure to sunlight and dry
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conditions kill bacteria. However, in this study, removal occurred even though the system was
shaded by dense vegetation, making the results even more promising (Hunt et al., 2008).

Constructed Wetland (CW) Treatments

In the research publications on green infrastructure technologies that remediate E.coli from
water bodies or runoff, constructed wetlands seem to be studied the most. Several researchers
have published data on this topic. However, studies have not thoroughly understood the
treatment process of nutrients, sediments and metals in constructed wetlands (Hathaway, Hunt,
Graves, Bass & Caldwell, 2011). Few published peer reviewed studies discuss the ability to
remove indicator bacteria or performance on indicator bacteria removal in stormwater receiving
wetlands (Hathaway et al., 2009).

It was reported that temperature, exposure to sunlight, predation, sorption and sedimentation
influence sequestration of indicator bacteria in wetlands. However, persistence of indicator
bacteria have been reported, as it may resuspend and be released from the system (Hathaway
et al., 2011).

A CW was studied in Lenoir, North Carolina, USA by Hathaway et al. (2011). The researchers
found that fecal coliform concentrations significantly decreased over the first potion of the
wetlands before remaining constant. The data suggests there is a baseline of fecal coliform
concentration, which may come from waterfowl, resuspension of microbes or persistence of
sediments (Hathaway et al., 2011).

The fecal coliform reductions may have been a result of lower velocities (facilitates
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sedimentation) across the site, the width of the wetlands (average width was largest from sites 1
to 3 at 24m), retention time and reintroduction of fecal coliform (Hathaway et al., 2011).

Several Best Management Practices, including wetlands were studied to determine indicator
bacteria removals. In the study, wetland 1 received stormwater from a 21ha residential
area, contained little vegetation, prolonged periods of high water levels, slow drainage and
waterfowl. Wetland 2 received stormwater from a 6.4ha watershed within a residential area
and school, and had exceptional plant growth. Both wetlands showed greater than 50%
removal of fecal coliform. Wetland 1 was the most proficient at reducing influent concentration,
as it had substantial sun exposure. Wetland 1 demonstrated consistent removal of influent
E.coli concentration. In comparison, wetland 2 did not perform as well because effluent E.coli
concentrations were similar to or higher than the influent concentrations (Hathaway et al., 2009).

At Morgantown, West Virginia, a small wetland mesocosm was constructed at a wastewater
treatment facility. Duplicate mesocosms containing 5 plants/species/unit, were planted with a
combination of cattails (Typha latifolia), rush (Juncus effusus), and bulrush (Scirpus validus),
or without vegetation (control). Over the two-year study, vegetation effectively removed over
99% of various microbial populations. The findings are comparable to other studies. Although
over 99% of fecal coliforms and enterococci were removed, effluent concentrations were still
beyond the USA standard of 200 CFU/100mL. Effluent concentrations were reported at 100,000
CFU/100mL (fecal coliforms) and 5000 CFU/100mL (enterococci). As such, applying a wetland
alone may not achieve final effluent fecal coliform standards in North America, and should be
used in conjunction with other post treatment processes such as chlorine disinfection (Hench,
Bissonnette, Sexston, Coleman, Garbutt & Skousen, 2003).
The non-vegetated system showed identical results of removal for both monitoring years. At

27

year 2, removal rates decline in the vegetated system. Removal performance for the vegetated
wetland in year 2 were no better than the performance of the non-vegetated wetland for both
year. Plant vigor decreased overtime, affecting treatment efficiency (Hench et al., 2003).

Quiñónez-Dìaz, Karpiscak, Ellman, & Gerba (2001) performed a pilot scale experiment in a
dual cell tank to explore pathogen removal of a wetland receiving raw sewage. One cell was
planted with bulrush (Scirpus olneyi) and the other unplanted. Both cells removed 90% of
microorganisms from the surface flow. In was noted that removal of indicator bacteria in the
surface flow was greater in the unplanted cell versus the planted cell. However, the differences
were not significant (Quiñónez-Dìaz et al., 2001).

Bacterial removal in the surface flow of the unplanted cell may have been affected by ultraviolet
light exposure. Quiñónez-Dìaz et al.,(2001) referenced another study that showed the greatest
reduction of indicator bacteria was in a trench planted with alternating sections of gravel and
cattails (Typha orientalis), open water and unplanted gravel, compared to a fully vegetated
trench. The referenced study suggested the combination of sedimentation, natural die-off,
UV radiation and higher temperature in open water contributed to the higher removal rates
(Quiñónez-Dìaz et al., 2001).

Karathanasis, Potter & Coyne (2003) experimented with 12 subsurface flow wetlands treating
domestic wastewater from single family homes located in Jessamine, Fayette, Woodford, and
Boyle counties in Kentucky. The wetlands contained a limestone gravel substrate, cattails
(Typha latifolia L.), fescue (Festuca arundinacea Schreb.), and a polyculture ((yellow flag iris
(Iris pseudacorus L.), canna lilies (Canna x. generalis L.H. Bail.), day lilies (Hemerocallis fulva
L.), hibiscus (Hibiscus moscheutos L.)), soft-stem bulrush (Scirpus validus Vahl.), and mint

28

(Mentha spicata L.)]. Three cells remained unplanted (Karathanasis et al., 2003).

Although there was variability of influent and effluent concentrations across the wetland
treatments, removal efficiencies were similar. However, there were significant differences
during the seasons. The low removal of fecal coliforms in the planted systems during the colder
months (December to May) may be attributed to low metabolic activity and significant reductions
in predator microbes, filtering capacity and reduction of root biomass, which allows microbes
to attach to the surface. The better performance during the cooler months in the unplanted
systems may be due to fecal coliform population decline because of low temperatures or the
larger septic tank volume used for primary treatment. Finally, the smaller gravel size may
provide significant filtering capacity (Karathanasis et al., 2003).

Out of the planted systems, the polyculture wetland performed consistent fecal coliform
removals throughout the year. Diverse species may provide more effective spatial and
temporally division of root zones. The fescue system showed the most variability, which may
likely be due to shallow plant roots and limited biofilm available for adsorption and predator
microbial proliferation (Karathanasis et al., 2003).

In a case study at Wilmington, North Carolina, an 11.5 acre wetland was built in an area that
included parkland, park buildings, picnic areas and trails. The wetland represented 1% of
drainage area, but treated up to 47% of potential run-off. The wetland was designed for 1 inch of
stormwater, and contained and conveyed storms up to the 100 year, 24 hour rainfall. Sixty-three
percent of storm inflow was retained, with an average inflow of 430 m3/hr and outflow of 140 m3/
hr. Pathogenic bacteria was the primary pollutant. The wetland reduced 99% of fecal coliform,
with an outflow of less than 200 CFU/100mL of bacteria (Austin, 2014).
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Sand

Sorption to soil is an important mechanism for bacteria removal. In an experiment that looked at
E.coli sorption and desorption in silt loam and sand, results showed that the total percentage of
E.coli sorbed to silt loam soil was 60.9% to 99.7% compared to sand, which was 0% to 77.2%.
In another study, 93.6% of E.coli attached to clay loam, whereas only 20% attached to sand.
Bacteria solution volume and less organic matter and clay content may have contributed to the
differences in the two studies. Finally, the smallest amount of soil at 1 gram had the largest
amount of E.coli sorbed to soil, versus 20 grams of soil, which had the smallest amount. This
demonstrated that the 20 grams of soil did not reach full saturation with bacteria cells (Mankin,
Wang & Hutchinson, 2007).

Stevik, Aa, Ausland and Hanssen (2004) detailed the factors affecting retention of pathogenic
bacteria in porous media. The factors that were discussed are: straining and filter media,
bacteria size and shape, hydraulic loading, clogging, biofilm, and water flow velocity (Stevik et
al., 2004).

When pore size is smaller than bacteria it blocks movement. Therefore grain and pore size is
important because straining will only occur when the average bacteria cell size is larger than the
size of 5% of grains in the porous material. Fine sand, clay and silt are typically within range of
bacteria cells. The presence of macropores or channels in porous material reduces infiltration
causing substantial bacterial movement (Stevik et al., 2004).

It was found that bacterial transport in porous media was strongly correlated to cell size.
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When bacteria starves, it reduces in size and therefore penetrates deeper into rock and
sandstone pores. For hydraulic loading, high flow rates increase the average water suction in
an unsaturated medium. Bacteria is transported though larger pores, decreasing the effect of
bacterial straining by the porous material. Uniform distribution of wastewater at smaller doses
can reduce negative impacts at higher loading rates (Stevik et al., 2004).

Biomass growth in soil media, or accumulation of solid materials or on the surface of the porous
media can cause clogging. Biofilm buildup may restrict pore size, enhancing the effect of
straining (Stevik et al., 2004).

Extracellular polymer production often accompanies bacteria attachment. Biofilm can physically
alter accessibility of sorption site, reducing contamination, and act as an additional sorbent,
which enhances contaminant adhesion. In higher water flow velocity, a higher percentage of
bacterial cells passes through the porous media (Stevik et al., 2004).

PART D: LOW PERMEABLE CLAY CAP

To isolate solid waste materials at landfill sites, compacted earth barriers used to line the
landfills have been used to cap waste. These caps can function effectively during the active
monitoring and maintenance periods for 30 to 50 years. However, natural physical and biological
processes will eventually cause cap barriers to fail in the long term (over 100 years). Physical
factors that influence the barrier integrity are the natural cycles of temperature and precipitation,
shrink-swell effects from precipitation, freeze thaw (enhance crack and reduce soil stability) and
frost heaving (Suter, Luxmoore & Smith, 1993).

31

Vegetation can help protect a landfill cap from physical forces, as the leaf cover and root zone
reduces rainfall impacts, minimizes soil crusting, and decreases wind and water velocities
(Johnson & Urie, 1985). However, vegetation selection is important as root intrusion can
penetrate into the barriers providing channels for water and vapour movement in and out of the
cap. Roots can also leave depressions, which thins the cap and leaves pools of water where
depressions are located. Finally, roots may enter the waste, transporting or releasing chemicals
aboveground. As such, planting different types of vegetation will require an appropriate soil
depth to account for the various root depths the vegetation could reach after several years
(Suter et al, 1993).

To date, there are several case studies that have implemented a clay cap over a former landfill.
Sites such as Broad Acre Landfill Pueblo, Colorado, Whyco Chromium Landfill Thomaston,
Connecticut and Enoree Landfill Greenville, South Carolina implemented caps in the late 1980s
and early 1990s. At the time when the EPA report was published in 2001, it was reported that all
three sites were functioning effectively (Environmental Protection Agency, 2001). However, there
is lack of information to determine the present status.
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CHAPTER 4 BAYFRONT BEACH, ONTARIO, CANADA
The Hamilton Harbour

Hamilton Harbour is 2,150 ha and located in the City of Hamilton, on the west side of Lake
Ontario. The harbour includes the Cootes Paradise wetland and the watersheds that are drained
by Grindstone Creek, Red Hill Creek and Spencer Creek tributaries, as shown in Figure 4.1.
A sandbar separates the harbour from Lake Ontario (Figure 4.2). The shoreline is 45km long
and is composed of approximately 46% of industrial, 10% of residential and 44% of private,
institutional or public open space land uses (Government of Canada, 2011; BARC, 2012).

Figure 4.1: Hamilton Harbour and Watershed (Bowlby, McCormack & Heaton, 2009, p.2)
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Figure 4.2: Aerial map showing Hamilton Harbour and surrounding context (aerial obtained from
Google Earth)
The harbour is a major shipping centre. It supports one of the largest concentrations of
Canadian heavy industry. It is a recipient of four wastewater treatment plants located in the
Cities of Hamilton and Burlington. The municipal and industrial point sources meet provincial
standards; however, water within the harbour is contained for long periods of time. As a result,
water has poor clarity, low oxygen levels and high nutrient levels caused by soil erosion,
large volumes of treated urban sewage, urban runoff and combined sewer overflows (CSOs)
(Government of Canada, 2011).

The harbour contains two urban beaches: Bayfront Beach and Pier Beach (Figure 4.2). Both
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beaches have experienced high beach closure rates during the operational season (Victoria Day
to Labour Day) due to high levels of E.coli (Government of Canada, 2011).

Area of Concern (AOC)

Canada and the United States formed the 1987 Great Lakes Water Quality Agreement. As per
the agreement, areas within the Great Lakes were identified as having experienced high levels
of environmental harm. A total of 43 areas were classified as an Area of Concern (AOC), 12 of
which are located in Canada (Environment and Climate Change Canada, 2015).

Hamilton Harbour is listed as an AOC, as water quality and environmental health were severely
degraded. The harbour was dominated by the steel and iron industry. As a result, the shoreline
has been impacted by intensive industrial and urban development. Sediments have also been
contaminated by metals, polychlorinated biphenyls (PCBs) and polyaromatic hydrocarbons
(PAHs) from past practices over a century ago (Environment and Climate Change Canada,
2016).

To address the issues with Hamilton Harbour, a Remedial Action Plan (HHRAP) was developed.
Actions have been taken to delist the harbour as an AOC including upgrades to a wastewater
treatment plant, construction of combined sewer overflow tanks, habitat restoration, programs to
return aquatic vegetation to Cootes Paradise Marsh, construction of a shoal for spawning and
islands for colonial waterbird nesting (Environment and Climate Change Canada, 2016).

There are 11 beneficial uses in the harbour that are classified as impaired. Of the 11beneficial
uses, beach closure is listed due to numerous posted advisories. The advisories indicate that
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bacteria levels (E.coli) exceed safe levels for swimming and body contact at Bayfront Beach.
E.coli pollution is primarily from bird feces. Key actions that are remaining include expansion
of bird management and public education programs to maintain cleanliness of beach, and
investigate causes of cyanobacteria blooms (blue-green algae) (Government of Canada, 2011).

Additionally, to delist as an AOC, the harbour beaches, including Bayfront Beach, must meet the
provincial water quality objective (PWQO) of 100 colony forming units (CFU) of E.coli per 100mL
of water over 80% of the bathing season for at least 3 consecutive years (Milne et al., N.D.d.).

History of Bayfront Beach

Bayfront Beach and Park was part of a contaminated in-fill industrial site from mid-1960s to
early 1980s. In 1984, the City expropriated the land and, by 1988, commissioned a study to
identify the extent and type of contamination. The study revealed levels of cadmium, lead and
PCBs on site. In 1992, 20,000 tonnes of contaminated soil was removed, with remnant industrial
waste such as foundry sand, coal, cinders, glass, wood and concrete. By 1993, a low permeable
cap made up of clay was installed over the remaining waste. This method was selected because
the remaining waste did not contain highly organic refuse in the layers or zones, and had low
risk of significant gas generation and explosive concentrations. The 0.6m thick clay cap blocks
contact with industrial waste and water infiltration from the surface. After construction of the cap,
a park system was developed, which included turf grass, bike paving and the beach (Milne et
al., N.D.d.).
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Bayfront Beach

The man-made Bayfront Beach is approximately 120m long, 20m wide and 2,400m2 in area. It
is located on a shallow embayment that is about less than 3m in depth. As shown in Figure 4.3,
two headlands were created in the east and west shore, which would serve as anchor points for
a floating deck and/or chlorine curtain. Armour stone and 1m wide vegetation zones border the
beach (Milne et al., N.D.d.; Milne et al., N.D.b.). Figures 4.9 show photos of the site taken during
the site visit on November 4, 2016.

The turf grass and paved paths slope toward the beach. Geese frequently inhabit the turf areas,
leaving feces on site (Milne et al., N.D.b.).

Activities at Bayfront Beach and Park

In a survey conducted in 2016 by West Harbour Hamilton, results showed that the majority of
users visit the harbour for recreational purposes, followed by visiting with friends, shopping or
dining, water recreation and dog walking.

Waterfowl as a Source of E.coli

Research have shown that waterfowl fecal matter is a likely contributor to E.coli at Bayfront
Beach. Waterfowl such as Canadian geese and ring-billed gulls leave feces on the beach and
park areas, which washes into the water during a rainfall event (City of Hamilton, 2015).

During a sampling period for a study by Edge and Hill (2007), birds were the only significant
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Figure 4.3: Bayfront Beach and Park (aerial obtained from Google Earth)

Figure 4.4: Panoramic view of Bayfront Beach looking towards the harbour
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Figure 4.5: Water quality. Looking towards the

Figure 4.6: Vegetation buffer. Looking towards

south headland from the centre of the beach

the north headland from the pathway

Figure 4.7: Looking east towards the open

Figure 4.8: Feces located along the north

space area from the pathway

beach access ramp

Figure 4.9: Looking towards the water from the northeast corner of the beach
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fecal source found on the beach. Ring billed gulls were present each sampling day. Up to 160
gulls were observed on some days. Canada geese were also frequently observed, with up to
a count of 175 one of the days during the study. High amounts of geese and gull droppings
were found close to the waterline and sometimes directly within the water. Dogs were seen
at Bayfront Park, however fecal droppings were occasionally observed elsewhere in the park
(Edge & Hill, 2007).

Ring billed gulls and geese were the only animals frequently observed. Gulls were observed
standing near the water’s edge or wet sand. Droppings were more frequent at the beginning
of June, which would be a significant source of E.coli. Studies have found that individual gulls
could produce 34 to 62 fecal droppings within 24 hours and gull feces can contain 3.68 x 108
fecal coliforms per gram of feces (Edge and Hill, 2007).

Escherichia coli (E.coli)

High levels of E.coli concentrations have been found at Bayfront Beach. The concentrations
were as high as 177,000 CFU100 mL around ankle deep water (BARC, 2008). Edge and Hill
found that E.coli concentrations peaked to 8750 CFU/100 mL at knee deep water, 425 CFU/100
mL at offshore bay and 162 CFU/100 mL at mid-harbour. The highest concentrations were found
in wet foreshore sand. E.coli ranged from 248 to 114,000 CFU/gram in dry sand (Edge and Hill,
2007).

Environment Canada conducted an experiment in 2012 to determine E.coli levels in nearshore
surface water at Bayfront Beach and in stormwater runoff. Runoff samples were collected during
4 precipitation events and nearshore samples were collected at 5 locations (Milne et al., N.D.b.).
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Table 4.1 and 4.2 summarizes the findings.

Table 4.1: Precipitation Event - Geometric Mean (GM) of E.coli, mean precipitation (mm –
millimetres), estimated volume (L – litres) and estimated total GM E.coli load (Milne et al.,
N.D.b., p. 30)

Date
(year: 2012)

GM E.coli (GM
CFU/100mL)

Precipitation
(mm)

Estimated
volume (L)

Estimated E.coli
load (GM CFU)

July 26

2588

13

223,883

5795

August 9

283

9.1

134,425

380

September 18

62

20

392,311

243

October 29/30

74

53.8

1,237,002

915

Table 4.2 : Geometric Mean (GM) of E.coli in nearshore surface water (Milne et al., N.D.b., p.
31).

Date (year: 2012)

Event type

E.coli (CFU/100mL)

July 26

Wet

-

September 13

Dry

463

September 18

Wet

91

As shown in Table 4.1, the larger the precipitation and volume, less E.coli was found in the
samples. As shown in Table 4.2, there is a higher concentration of E.coli in the dry event (463
CFU/100mL on September 13) than the wet event (91CFU/100mL in September 18).

The high E.coli load on July 26 may be due to the timing of the event, as the previous rainfall
event occurred on June 21 (precipitation was less than 5mm). As such, there was 35 days
between the events. Elevated E.coli levels from July 26 may be the result of accumulated feces
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in the areas adjacent to the beach. The E.coli levels between September 18 and October 29/30
events were below the PWQO. This may be due to less fecal accumulation between rain events.
The researchers noted that the first flush of precipitation was not recorded, which is where the
highest E.coli loads may occur (Milne et al., N.D.b.).

In nearshore water, E.coli was greater in dry events than wet events. This may be due to the
embayment, which has low flow during the summer. During precipitation events, runoff and wind
can temporarily increase flow within the embayment, allowing some exchange between the
inner and outer harbour (Milne et al., N.D.b.).

E.coli in Beach Sand

A beach grooming study was conducted between June and July of 2011, to evaluate E.coli
density. The experiment contained four treatments: control (no grooming), shallow grooming,
medium depth grooming and maximum depth grooming (Milne et al., N.D.c.).

More E.coli was found in moist sand conditions than dry or very dry conditions. Higher E.coli
densities were found in the shallow and maximum depth treatment groups. Overall, E.coli
densities increased in maximum depth grooming. The maximum depth grooming showed
slightly moist to moist sand conditions, indicating that the water table is close to the surface. The
proximity of the water table to the surface may lead to E.coli survival in the sand, which can be
transported into the beach during runoff (Milne et al., N.D.c.).
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Beach Closure

Hamilton Public Health Standards (PHS) conducts routine beach surveillance at least once
a week during the swimming season. PHS monitors the safety of the beach by collecting
water samples and testing for E.coli. High E.coli densities indicate fecal contamination and
the presence of other harmful microorganisms in the water. If the samples are above the
recreational water quality guideline of 100 CFU per 100 mL of water, it represents an increased
risk of infection to swimmers (City of Hamilton, 2015).

Beach monitoring took place from May 19 to September 2015. Out of 109 total swimming days,
the beach was closed for 30 days to E.coli and 55 days to blue-green algae. Therefore, the
beach was closed for a total of 85 days (78% closed), and opened for 24 days (22% open).
In the previous years, Bayfront Beach was opened 35% and closed 65% (104 total swimming
days) in 2014, and opened 32% and closed 68% (103 total swimming days) in 2013 (City of
Hamilton, 2015).

As discussed in the following chapter, key informants confirmed that Bayfront Beach was
permanently closed for the 2016 swimming season until appropriate solutions addressing E.coli
levels are further discussed.

Water Circulation in Embayment Beaches

Embayment beaches can retain contaminants if there are long retention times and minimal
exchange with offshore water. Bayfront Beach was constructed as an embayment. During
rainfall events, stormwater polluted with E.coli intercept beach sand and discharges in the
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nearshore surface (Milne, N.D.a.).

A study at Bayfront Beach was conducted to quantify current velocities in the embayment.
Velocities were generally low on the east side. For 85% of the tested time, velocities were less
than 2.0cm/sec. Predominant currents flowed towards the west. At the mid area, velocities were
less than 2.0cm/sec, 81% of the time. The predominant current direction flowed towards the
west and southwest (Milne, N.D.a.).

Current velocities at Bayfront Beach are very low. The flushing rate may also be low, which
allows E.coli entering the nearshore water during precipitation events to have minimal exchange
with the outer harbour. The frequent geese and gulls on site will also exacerbate E.coli densities
(Milne, N.D.a.).

What has been done?

The City has undergone action steps in hopes of reducing E.coli concentrations on the beach
and within the water. The points below summarize those initiatives:

•

To meet the delisting criteria and make informed decisions of beach management,
committees such as the Hamilton Harbour Beach Management Group (2011) was
formed. Chaired by the City of Hamilton, the Group also includes representatives from
Environment Canada, Hamilton Remedial Action Plan and Bay Area Restoration Council
(BARC) (Milne et al., N.D.d.).

•

The City of Hamilton Public Works constructed 8 CSO holding tanks. Stormwater is
diverted into the tanks and later treated at a treatment plant (Milne et al., N.D.d.).

44

•

Bird deterrent measures (Milne et al., N.D.d.).

•

Vegetation barrier was implemented to deter geese from accessing turf grass (Milne et
al., N.D.d.).

•

Installation of a buoy line across the two headlands to deter geese from landing in the
embayment (Milne et al., N.D.d.).

•

Discussion to install a curtain across the headlands to contain chlorinate water in the
beach (Milne et al., N.D.d.).
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CHAPTER 5 INTERVIEWS WITH KEY INFORMANTS
Semi-structured interviews containing open-ended questions were conducted with key
informants who have extensive knowledge and experience with the case study site, Bayfront
Beach. Key informants included a scientist from Environment Canada, superintendent for
Environmental Services at the City of Hamilton, supervisor in the Landscape Architectural
Services at the City of Hamilton and the Executive Director of Bay Area Restoration Council
(BARC). Some questions could not be answered by some key informants, and as such, key
informants had the flexibility to lead the discussion. The following information collected during
the interview has been summarized by topic.

Site History

The problem is a bigger picture and not just localized. Unless there is a new infrastructure that
can remediate E.coli, the problem is physical and cannot be solved with green infrastructure
alone.

The entire site is covered with a cap and managed, meaning when land is impacted, there is a
plan to manage contaminants. The City has done a combination of things to manage the site:

•

extracted PCBs and lead;

•

delivered extracted material to a waste disposal site;

•

removed, crushed or reused materials with commercial value; and

•

capped materials in a solid state that were a problem to people and water
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The low permeable cap reinforces and discourages water from infiltrating. Shoreline protection
was implemented around the perimeter so that waves could not undermine or erode the land
from the outside.

The City expropriated the land from the previous owner. As such, the current shape is the
in progress work that was stalled because the City acquired the land. The City worked with
environmental consultants and the Ministry of Environment to come up with a remediation plan.
The landform lent itself to become an amphitheatre, allowing the public to watch a stage with
performers or fireworks in the background. Firework events have occurred in the past and music
concerts were held a few times.

The problem with the site is the water flow. High E.coli concentrations and algae are a result
of water not flowing; therefore, concentrations build up. If the bay was diluted with water from
outside the embayment, E.coli concentrations would be lower.

Going back in history, the harbour has been infilled throughout the years, altering its natural
shoreline. The primary drainage source is Cootes Paradise. Hamilton is a split-level city with
two different levels. The upper plateau is the Dundas Valley and the lower city. What is now
Hamilton Harbour was historically Lake Iroquois to Lake Geneva. When the ice age melted,
water from the upper level flowed though, scoured the land and created valleys. Today, all
water courses go to the Niagara Escarpment, and fall over to Dundas Valley and Cootes, to
Desjardins Canal to Hamilton Harbour, and into Lake Ontario.
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Stormwater Movement and Management

Water from Red Hill and Dundas flow towards the lift bridges (Sky Bridge). As water moves
outward, contaminants will spread and become less concentrated. When humans get involved,
they change the landform by altering natural watercourses where water is flushed out and
redirected into sewers. One issue is that in the last 100 years most industrial cities used a
combined system. Under peak storm events, raw sewage would be flushed into the harbour,
which was acceptable because E.coli concentrations would last a few days and then move on.

Site Specific Issues and Investigation of Potential Solutions

Wind pattern is a problem at the harbour. The inner bay is extremely sheltered from winds and
water movement becomes minimal. Over time, modified landform along the shoreline creates
“hidden spots” or crevices, which prevents nature from moving the water. A city presentation
from 2012 showed that the shoreline in the 1950s was open, allowing water to move through.
By 1978, the landforms were modified and dead spots appeared. At Bayfront, the water
becomes trapped. Surface water enters the beach water; however, wave action from the
Hamilton Harbour pushes water back into the embayment. As such, studies on water movement
using mechanical methods should be examined. Some options include:

•

reinstating the opening so water can flow in areas with no water movement;

•

tunnel below the headlands to allow water to move through;

•

create channels through open cuts along the shoreline;

•

install a mechanical pump that creates water movement;

•

relocate beach further north and infill “dead spots”; or
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•

convert the beach into a wetland.

Current methods, such as the buoy line, do not prevent waterfowl from flying over and landing
on the turf. During no-fly periods, geese are able to walk into the beach and turf area. One
solution could be to reduce the manicured area.

Wave Action

The current is very low within the embayment at 2cm/s, compared to the center of the harbour
where the average is 5 to 7cm/s.

Closure at Bayfront Beach

Bayfront Park and Beach is emblematic of environmental restoration that had undergone more
social and political activities than technical activities. Converting the site into one of Hamilton’s
favourite places, having been a previous landfill, is very interesting. Having a beach closed all
the time because of E.coli in the water is something everyone finds unacceptable.

Beach Usage

The park is used by a wide range of residents. It is heavily used and is an exercise destination
because of the looped pathway. The park is occasionally used for special events, such as
fireworks and festivals.

People rarely use the sand area at Bayfront Beach. Most of the time, dog walkers will pass
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through. On very rare occasions, women sun bathe. Some volleyball games take place in the
evenings. At times people will fish or ice fish, sail, surf, row, boat and kayak.

Public Perception of Water Quality at Hamilton Harbour

It has been expressed to the City and consultants that Bayfront Beach has not met the RAP
criteria since the 1990s. It has been pointed out that pre-teens or young teenagers who grew
up in Hamilton in the 1990s were not able to use the beach. At present, those teenagers would
be in their 30s and with children, who are unable to swim at Bayfront. Therefore, upcoming
generations think the harbour is synonymous with the beach – if the beach is dirty, so is the
rest of the harbour. However, the water quality at Bayfront Beach is not indicative of the water
quality for the rest of the harbour, which was proven when BARC tested water samples in the
habour. The water samples collected further out of the harbour contained little or no E.coli,
demonstrating that the problems at Bayfront are localized.

Importance of Beaches

Beaches have been around for a long time. Hamilton is used to having beaches whether they
are artificial or not. There is also an equity issue, as not everyone can access a car and drive to
Long Point or build a swimming pool in their backyard. Having places to swim is important from
a social equity point of view. A survey was administered to the public in September 2016. The
results showed that most people wanted to swim. Beyond that, not much information exists on
beach usage trends in Hamilton. Without such information, it is difficult to predict whether in the
absent of poor water quality or not, what the public demand for this beach is, or what the human
use pattern would be like if the beach was clean.
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Waterfowl and Fecal Matter

Less turf grass and an increase in physical and visual site barriers to beach and grass areas
should be provided to reduce waterfowl populations at Bayfront Beach. An existing vegetation
barrier was implemented to block views of the grass area from waterfowl. As well, the barrier
was intended to act as a bioswale. There has been discussion on expanding the barrier by
adding another row of vegetation or wood chips.

In previous years, a buoy line was installed from headland to headland to prevent waterfowl
from entering the embayment. However, since the beach was closed in 2016, the line was not
installed. The buoy line has not always been successful because geese can fly above the lines
and into the site, and the armour stone around the headlands are almost submerged, allowing
waterfowl to swim across.

The use of hawk kites helped control waterfowl populations. The kites hover in the sky, but have
to be moved to different locations. Major issues with this technique are theft and vandalism.

In 2005 the City implemented bird exclusion methods consisting of buoy lines, fences and gates,
and vegetation. There is also an egg oiling program where eggs are oiled from Cootes Paradise
to all around the harbour. From April to October, a dog harassment method is implemented on
the beach 7 days a week, which involves dogs running though the beach to scare off waterfowl.
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Techniques to reduce waterfowl and fecal matter

In the future, City staff will allow the grass to grow longer around Bayfront Beach, which will
deter waterfowl from the turf areas because it obstructs views of potential predators and
prevents access (Cornell University, N.D.). As done at Pier 4 beach, additional sand was
going to be added to Bayfront. Further to the experiments that was conducted in the beach,
sand was wet most of the time because ground water is close to the surface. At a minimum and
closer to the waterline, the water table is approximately 10cm from the bottom of the sand. As
it gets further into the backshore (refer to Figure 3.1 of Chapter 3 Literature Review), the depth
increases.

The pathway is being swept three times a week by a street sweeper.

Feasibility of Exploring Alternative Solutions

Options to address the issues at site are viable. It is important to be conscientious of any
proposal and how well or efficiently it will solve problems, its cost and whether the public will
accept change. With any proposal, the suitability and capability should be evaluated, as well as
feasibility, and political and environmental impacts.

Some ideas to think about when exploring different solutions are:

•

to look at political, cost and environmental impacts of any idea;

•

criteria development to make the appropriate decisions; and

•

how well received ideas will be to the public and government bodies.
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Potential for Green Infrastructure

Permanent structures are limited because the City expropriated the land and spent millions of
dollars to construct a clay cap. Implementing green infrastructure will be challenging because
there is only a maximum of 15.25cm (6”) of growth medium or topsoil. Any excavation will have
to be executed with caution. The cells may be expanded, however vegetation and trees cannot
be enhanced on the sloped area because the site is intended to be used as an amphitheatre,
therefore views must be maintained towards the headlands where a floating stage could be
installed. If additional shrubs were to be planted, they must be low in height.

Effects of Green Infrastructure on Waterfowl

Green infrastructure may not increase waterfowl, except for cormorants. Cormorants prefer
trees for roosting. However, other wildlife such as foxes and raccoons will control the population.

Maintenance

The existing shrubs and grass are the only elements being maintained. Maintenance and cost
are dependent on the type of green infrastructure, and will need to be considered.

Altering the Low Permeable Cap

It is possible to investigate the alteration of the clay cap that is currently on the site. However,
given that it is a bold proposal, the impacts (political, environmental, social, etc.) must be
carefully evaluated. As well, other government agencies will need to be involved as applications
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to alter, permits and approvals are required. Finally, any proposal to alter the cap must be
thoroughly justified to the public.

The site is managed, which means the procedure has to be done according to the protocols.
Everything from the materials, fence location, workers, equipment, remediation, construction
work, excavation, etc. must be monitored and executed as per protocols.

Other Considerations

Part of the challenge with integrating green infrastructure and retrofitting is revisiting efforts on
what has already been done at this site. Installing the clay cap and transforming the site into
one of Hamilton residents’ favourite places took great effort. When there is discussion about
implementing different techniques to address the problems at Bayfront Beach, such as green
infrastructure, people hear about the integrity of the cap being compromised. Before pursing an
idea to alter the cap and on something that may or may not work, it must be thoroughly thought
out and planned.

There may be resistance against the idea of green infrastructure because of the unknown
factor. Once the cap is disturbed, the material becomes exposed, and the integrity of the park
is compromised. The cap is the reason there is a beach at Bayfront. If there is discussion on
implementing green infrastructure, it is important to understand the costs, success rate and
comparable results that have worked elsewhere.

Another concern is the characterization of E.coli. If E.coli affecting this site is sourced from 66%
waterfowl and 34% human, and if the 66% waterfowl is eliminated, beach closure may continue
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to occur because of “other waste” that enters the site.

Green infrastructure techniques are well understood. However, there are some important
lessons in existing case studies, such as the importance of getting buy-in from facility personnel
(staff, custodian, landscaper, people looking after the grounds, etc.) and making sure they
appreciate and understand why these changes are being made.

Environmental restoration, and the social, political and technical aspects must be considered.
Many things can be done; however, competing priorities due to social and political restraints
may limit financial resources. It is all compromise and what people can live with. There is no
technical answer to those things.
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CHAPTER 6 INVENTORY AND SWOT ANALYSIS
The inventory documents the relevant physical, biological and cultural attributes of the site. Site
inventory assists in the understanding of site characteristics, and the physical, biological and
cultural links to the site and surrounding landscape. The site inventory aims to focus on the
important attributes in order to be efficient with time, money and resources (LaGro, 2008). A
SWOT analysis assessed the potential strengths, weaknesses, opportunities and threats related
to applying green infrastructure to address E.coli issues on site.

Inventory

Physical Attributes

Figure 6.1 illustrates physical attributes, including slope contours, surficial water flow direction
on site, the extent of the low permeable clay cap, current direction and velocities, and the
existing and past shoreline formation. Topographically, the park site is generally flat in its center
and slopes downward approximately 6% to 12.5% towards the harbour at its periphery. As a
result, precipitation intercepting the site will flow towards the harbour. Between the headlands,
the predominant current direction is towards the west and southwest direction. Current velocities
are very low and are on average, 2cm/sec. As shown in Figure 6.1 the shoreline from the year
1900 has been significantly altered.

56

100

80.0

81.0

82.0

81.0

82
.0

81.0

57
77.0

78.0

.0

80

79.0

81.0

82
.0

.0

.0

80

77.0

200 metres

.0

79

.0

79
80

.0

78

HAMILTON
HARBOUR

76.0

RAILWAYS

.0

78

.0

82

BAYFRONT PARK
BOUNDARY

.0

77

.0

76

BO

Figure 6.1: Physical attributes
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Biological Attributes

Figure 6.4 highlights the biological attributes on site, including the beach areas, vegetation
barriers and turf areas adjacent to the beach. During a site visit on November 4, 2016, a photo
inventory showed the amount of feces found on site. The extent of feces is illustrated in the
Figures 6.2 and 6.3. Beyond the beach boundary, Figure 6.4 identifies vegetation, which are
predominately trees located within the clay cap.

The extent of an environmentally significant area (ESA) has been illustrated. As per the
Hamilton 2016 Urban Official Plan, ESAs are can be located within Open Space land uses.
Policies related to Open Spaces aim to maintain its function as an area for recreation,
conservation and management, and other open space uses. Furthermore, policies in the
Secondary Plan applicable to the subject site ensures that future development within the ESA
protects its integrity and qualities (City of Hamilton Official Plan, 2016).

Figure 6.2: Feces on asphalt

Figure 6.3: Feces on sand
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Cultural Attributes

Figure 6.5 illustrates the cultural context, which includes historical, legal, aesthetic and other
socially significant attributes (LaGro, 2008).

Overall, Bayfront Park is designated as a Park/Open Space land use. Adjacent land uses
include Residential and Marine Recreation. Bayfront Park consists of an internal active
transportation path in the form of a looped system that connects to other paths/trails such as
the designated bike and active transportation paths located outside of the park. As a result,
Hamilton residents can easily access Bayfront Park. The red arrows show important views
that are to be maintained. These views look out into and beyond the harbour. Lastly, servicing
(sewer outfall, combined sewer flow, storm sever flow, sanitary sewer flow and a watermain) is
located southeast of the park, near park entrances and the parking lot.
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SWOT Analysis

Strengths

Although the water adjacent to the beach contains high concentrations of E.coli, concentrations
beyond the beach area, as shown in Figure 6.6, are safe for human contact. This provides
the opportunity to explore relocation of the existing beach or filling the beach area further out
towards areas where water is safe for swimming.

There are optimal views towards the harbour, Lake Ontario and the City of Burlington. As
mentioned earlier in this chapter and as shown in Figure 6.6, important views are to be
maintained and protected.

The site is easily accessible by active transportation methods and vehicles via Harbour Front
Drive. Existing active transportation pathways within the site connect to open space areas and
parks along the shoreline, beyond Bayfront Park.

The topography of the site allows for natural drainage. The center of the park, which is open
space and turf covered is relatively flat, while the outer edge of the park slopes downwards to
allow precipitation runoff to flow into the harbour.

The central portion of the park is well balanced with open turf space and partial canopy cover
from existing trees. Users have plenty of space to engage in physical activities and can access
shade and areas with cooler temperatures during the summer. Other important things to note
about the site is that Bayfront Beach is highly used by local residents and is considered a
favourite location for residents to visit.
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Weaknesses

As shown inf Figure 6.7, the shoreline alteration from the year 1900 to its current formation has
resulted in areas where beneficial water circulation has been reduced. The lack of wave action
creates challenges with water mixing in certain areas. E.coli becomes stagnant in the water.
As more feces wash into the beach water, E.coli concentrations will result in unsafe swimming
conditions for humans.

The beach and park includes large open space areas that attract waterfowl. These areas
include beach and turfed areas. The more waterfowl inhabit the areas, more feces will be
deposited on site. From the site visit, a photo inventory showed a significant amount of feces in
the beach, pathway and turf areas.

From the key informant interviews, the intent of the vegetation barrier is to block views from
waterfowl. However, waterfowl are still able to fly over the barrier and land within open beach
and turf areas.

As noted earlier in this chapter, existing stormwater facilities are located southwest of the site,
near the parking lot. However, there is no connection from the existing stormwater facilities
to the park and beach areas. The absent of these facilities mean that there is minimal or no
treatment of runoff within the beach and park, after a rainfall event.

64

100

X
X

.0

78

X

79.0

X

X

80.0

X

X

X

.0

79

81.0

82.0

81.0

82
.0

81.0

65
77.0

78.0

.0

80
79.0

81.0

82
.0

.0

.0

80

77.0

200 metres

X

X

.00

X

78
77.0
0

.0

79
80

.0

78

HAMILTON
HARBOUR

76.0

RAILWAYS

X

X

.0

82

BAYFRONT PARK
BOUNDARY

.0

77

.0

76

X

VEGETATION BARRIER FAILS TO
KEEP WATERFOWL FROM
ENTERING AREAS

LACK OF SWM FACILITIES THAT
CONNECT TO EXISTING FACILITIES

E.COLI FOUND IN SAND

FECAL MATTER FOUND ON USABLE
RECREATIONAL SPACES

LARGE AREAS FOR WATERFOWL
TO INHABIT

LOW CURRENT VELOCITIES

POOR WATER CIRCULATION

BAYFRONT BEACH

LEGEND

BOU

Figure 6.7: Weaknesses
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Opportunities

Figure 6.8 identified areas in the harbour that are acceptable for human contact. As such, there
are opportunities to relocate the beach in areas where users can safely come in contact with
water.

Wildlife habitat and ecology can be further increased in areas along the shoreline. In certain
locations where users cannot access the water, enhanced aquatic plant life may be established
around the edges, diversifying living organisms and species.

The area shown in purple in Figure 6.8 could be redesigned in a multi-functional manner. It
would serve as a passive area, include diverse plant species, expand existing vegetation
barriers to act as stormwater treatment, block views to certain areas that attract waterfowl and
enhance aesthetic appeal. As well, there are opportunities for the redesign to complement the
views that are to be protected on site.

Finally, grading opportunities are available for the purposes of slowing down precipitation runoff
velocities and potentially treating water before it enters the harbour.
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Figure 6.8: Opportunities
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Threats

The bay water immediately adjacent to the beach consistently traps pollutants including feces
around the shoreline and headlands. As pollutant concentration builds up, users are exposed
to health risks, which affects their safety. The trapped areas are largely due to the beach’s
formation and shoreline alteration. Crevices where water becomes trapped and low current
velocities prevent turbulent mixing. The lack of wave action decreases opportunities for pollutant
concentrations in this area to move outwards, away and be diluted.

Bayfront Beach was a former land fill site. To address the remnant waste, the City constructed a
low permeable clay cap to cover the site. The cap was put in place to manage the contaminants
and discourage water from infiltrating this waste. As shown in A-A1 cross section of Figure 6.9,
the typical site situation includes the remnant waste, a 600mm clay cap and 150mm to 200mm
topsoil.

Any alterations considered for the site would be subject to public scrutiny and potential
resistance. Sensitive remediation protocols and procedures are necessary for the site. For
example, vegetation selection must carefully be considered as root penetration into the cap is to
be avoided.
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Conclusion

Despite the significant challenges presented by the clay cap and waterfowl populations,
there are a combination of opportunities that can work around these challenges. Proposals
for alternate solutions will require appropriate design that takes into account the relationship
between the landform/clay cap, turf/vegetation, beach and water interfaces. The interfaces are
connected and, as polluted runoff moves into these areas, there will be negative impacts, which
influence opportunities for users to interact within the different environments.
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CHAPTER 7 DESIGN
Design concept options were developed to address the findings of the SWOT analysis. Three
major design alternatives were developed after review of the SWOT analysis:
•

Concept A: Fill a portion of the park in order to move the existing beach further out into the
harbour.

•

Concept B: Relocate the beach to another existing area on site.

•

Variations of Concept C: alter the clay cap (Option C3 provides an alternative – fill work to
avoid clay cap intrusion).

Each concept complements the strengths and takes advantages of the opportunities that
were found on site, such as views and natural drainage towards the harbour. Additionally,
the concepts work around threats and improve on site weaknesses, where appropriate. For
concepts that alter the clay cap, it is noted that alterations are possible (as discussed in the
interviews with key informants) and subject to remediation protocols and procedures to ensure
contaminants are handled with high caution.

Determining a Capable and Suitable Concept

Suitability/capability is a diagnostic process, identifying the opportunities and constraints for
land use (Lagro, 2008). Capability looks at the physical constraints of the site. Not all sites are
developable because of significant off-site impacts or externalities that impose on economic
and social costs. Suitability looks at the comparability of a proposed land use with the social,
regulatory and environmental context of the site. It determines the appropriateness of a specific
land use (Lagro, 2008).
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The contextual, physical and biological factors were considered for suitability/capability. Aerial
photos, parcel boundary, utility maps, topographic maps and site photos were used to evaluate
the concepts. For each design concept, a quantitative rating scale with 3 classes was applied:
1 represents low, 2 as medium and 3 as high. Scoring was based on information provided from
background research and interviews with key informants.

Design Concept A) Fill a Portion of the Park

Concept A (Figure 7.1) involves filling out the northwesterly portion of the park and relocating
the beach further out into the harbour where water quality is acceptable for human contact.

POTENTIAL LOCATION OF
GREEN INFRASTRUCTURE
(BEYOND CLAY CAP
EXTENT)

BURLINGTON BAY

HAMILTON
HARBOUR

BAYFRONT PARK
BOUNDARY

BAYFRONT BEACH

BETTER WATER
CIRCULATION
0
79.0
79

FILL IN AREA TO
ACCOMMODATE
NEW BEACH
LOCATION WHERE
E.COLI
CONCENTRATIONS
ARE ACCEPTABLE

81

80

.00

.0

82
.00

79
.00
0
82..0
82

80
.0
.0

EXTENT OF CLAY CAP

79

.00

78
77.0
0

EXISTING PATHWAY 81.0
0
7..0
77
7

79.0

0
78.0
7

82.0
POTENTIAL
PROPOSED
PATHWAY CONNECTIONS

0
6.0
76.
76

0
81.0

POTENTIAL PROPOSED
PATHWAY CONNECTIONS

8 .0
80

EXTENT OF
REGRADING
WORK

.00

0
.0
1.0
81

78.0

PROPOSED AREA FOR
PUBLIC LANDSCAPE
REDESIGN
0
1.0
81

80
8
0..0
0

0
.0
1
1.0
81
8

78

7799.0
0

0
2.0
82

POTENTIAL
LOCATION OF
GREEN
INFRASTRUCTURE
(BEYOND CLAY CAP
EXTENT)

81..0

.00

82

82
.0

.0

.
.0
81

80

.0

80

.00

79.0
7 .0
78

78
.00

77

.00

BAY STREET

77
7.0
0

.0
79

BAYFRONT PARK
BOUNDARY

76
.00

HAR

RAILWAYS

R FR

BOU

50

100

RIVE

D
ONT

0 10 20

200 metres

Figure 7.1: Concept A - Fill a portion of the park
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Table 7.1A: Suitability/capability score for Concept A

No.

Colour
Code as
shown on
Figure 7.1

Description

Capability

Suitability

1

Fill in area to accommodate new beach
location where E.coli concentrations are
acceptable

3

1

2

3

3

3

Proposed area for public landscape
redesign
Potential locations of green infrastructure

3

3

4

Extent of re-grading work

3

1

5

Potential proposed pathway connections

3

3

Average 3

2.2

Table 7.1B Suitability/capability justification of scoring for Concept A

No.

1

Colour
Code as
shown on
Figure 7.1

Capability Justification

•

Filling in the northwest
portion can be
accomplished

Suitability Justification

•
•
•
•
•
•
•
•
•
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Costly to fill in the area
Extensive work involved
Re-grading is required and should
consider how it will avoid negative
impacts to the existing clay cap
After completion, unsure whether
beach use will increase or decrease
Parking will be located further away
and will be difficult for users to carry
items from vehicle to beach
Careful design consideration
required to determine how
waterfowl population will decrease
Water circulation and velocity is
improved by filling in “crevices”
Larger beach area is provided
E.coli concentrations are acceptable
further out into the harbour

2

•

Area can be redesigned
without affecting integrity
of clay cap

•
•
•
•
•

3

•
•

4

•
•

5

•

Soil amendment required
to allow growth of
vegetation
Vegetation can be
selected based on site
conditions

•

Fill can be imported to
accommodate grading.
Grading can work with
existing contours without
altering the clay cap.

•
•

New pathways can easily
be accommodated within
new work limit

•
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•
•
•

•

Opportunities to create passive and/
or active areas that provide great
views towards the harbour
Program the area to accommodate
a variety of activities that cater to
different groups and demographics
Transitional space between turf
area and beach
Opportunities to design the site as
the main focal point of the park
Immediate access to the area via
existing pathways
Minimize negative impacts by
selecting appropriate vegetation
(i.e., avoid invasive species)
Located at low points of the site
Can help block views of turf areas
from waterfowl
Located beyond clay cap extent and
therefore no risk of compromising
cap integrity
Costly to fill in the area
Extensive work involved - there may
be site challenges, as new grading
will have to work with existing
grading and clay cap
Re-grading can slow down
stormwater runoff so green
infrastructure can effectively treat
water
Easily connects with existing
pathways

Design Concept B) Relocate Existing Beach

Concept B (Figure 7.2) involves converting the existing beach into a wetland and relocating the
beach on either end of the tips located on the northeast portion of the park.
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Figure 7.2: Concept B - relocate existing beach
Table 7.2A: Suitability/capability score for Concept B

No.

Colour
Code as
shown on
Figure 7.2

Description

Capability

Suitability

1

Potential relocation of beach

3

3

2

3

3

3

Proposed area for public landscape
redesign
Potential locations of green infrastructure

3

3

4

Convert existing beach into wetland

3

3
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5

Extent of re-grading work

3

2

6

Potential proposed pathway connections

3

3

7

Opportunities to create public access to
wetland
Vegetation barrier to block views from
waterfowl

2

2

3

1

8

Average 2.9

2.5

Table 7.2B: Suitability/capability justification of scoring for Concept B

No.

1

Colour Code
as shown on
Figure 7.2

Capability Justification

•
•
•

Suitability Justification

Site can be altered to
•
accommodate beach
Construction of relocated •
beach is possible.
Fill will need to be
imported to regrade the
•
relocated beach
•
•

2

•

Paving material can
be constructed without
compromising integrity
of clay cap. There is a
6” clearance between at
grade and cap surface.
Grading can be altered
and fill can be imported
to accommodate any
proposed paving.
Planting may also be
implemented without
altering the cap.
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•
•
•
•

•

After completion, unsure whether
beach use will increase or decrease
Parking is located further away and
will be difficult for users to carry
items from vehicle to beach
Careful design consideration
required to determine how
waterfowl population will decrease
E.coli concentrations are acceptable
further out into the harbour
The larger the beach, the more
opportunities for waterfowl
residency - planting methods
to deter waterfowl should be
considered
Opportunities to create passive and/
or active areas that provide great
views towards the harbour
Program the area to accommodate
a variety of activities that cater to
different groups and demographics
Transitional space between turf
area and beach
Opportunities to design the site as
the primary active area of the park
that offers different recreational
activities
Immediate access to the area via
existing pathways

3

•
Green
infrastructure

4

•

•
Wetland

Soil amendment
required to allow growth
of vegetation
Vegetation can be
selected based on
site conditions and
constraints

•
•

Suitable vegetation can
be planted within area

•

•
•

•
•
•
•
•
•
5

•
•

Fill can be imported to
accommodate grading.
Grading can work with
existing contours without
altering the clay cap.

•
•

•

No alteration to clay cap
Minimize negative impacts by
selecting appropriate vegetation
(i.e., avoid invasive species)
Located at low points of the site
Strategically design in a manner
that can deter waterfowl
Carefully design and select
vegetation to ensure views towards
harbour are not blocked from the
park (as per secondary plan and
master plan initiatives)
Has been discussed by government
bodies and stakeholders
May be used for educational
purposes
Increase wildlife and aquatic
habitats
Can treat stormwater runoff
Act as a focal point of park
Prevent waterfowl from residing to
adjacent asphalt and turf areas
Costly to fill in the area
Extensive work involved - there may
be site challenges, as new grading
will have to work with existing
grading and clay cap
Re-grading can slow down
stormwater runoff so green
infrastructure can effectively treat
water

6

•

New pathways can
easily be accommodated
within new work limit

•

Easily connects with existing
pathways

7

•

A floating structure that
serves as a walkway
through the wetland can
be constructed

•

User safety and visibility issues are
a concern
Potential safety concerns must be
addressed

Appropriate vegetation
can be planted on the
site

•

8

•
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•

•

Size and location may not be
appropriate
Large areas are still exposed to
waterfowl (i.e., proposed relocated
beach)

Design Concept C1) Keep Beach at Existing Location and Apply Vegetated Filter Strips

Concept C1 (Figure 7.3) proposes minimal interventions. It maintains the current beach location
and proposes some re-grading work and vegetated filter strips to remediate E.coli polluted
runoff.
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Figure 7.3: Concept C1 - Keep beach at existing location and apply vegetated filter strips
Table 7.3A: Suitability/capability score for Concept C1

No.

Colour
Code as
shown on
Figure 7.3

Description

Capability

Suitability

1

Keep beach at current location

3

3

2

Potential locations of green infrastructure

3

2

3

Extent of re-grading work

3

3

78

4

Enhance existing vegetation barrier and
expand into a second row

3

5

Drainage structure to release treated
2
stormwater
Average 2.8

3
1
2.4

Table 7.3B: Suitability/capability rationale of scoring for Concept C1

No.

Colour Code
as shown on
Figure 7.3

Capability Justification

Suitability Justification

1

•

Existing

•

Existing

2

•

Soil amendment
required to allow growth
of vegetation
Vegetation can be
selected based on
site conditions and
constraints

•

Grasses and sedums may not be
as affective in remediation as larger
vegetation (i.e., shrubs)
Reduces turf areas and planting
taller grasses which deters
waterfowl such as Canadian geese
Accommodate sedums and grasses
with shallow roots to avoid root
intrusion into clay cap

•

•
•

3

•

Slight re-grading
modification to slow
down runoff and
accommodate sedums
and grasses

•
•

Filling work mainly involved
Small portion of area proposed for
filling

4

•

Vegetation barrier
already in place

•

Has been discussed by government
bodies and stakeholders
Adding to existing vegetation barrier

Potential alteration to
clay cap, which will
require remediation
protocol and procedures
to ensure contaminated
waste remains contained

•

5

•

•

79

•

Required to release treated
stormwater run-off into harbour
Placement may affect grading,
which may require intrusion into the
clay cap to accommodate drainage
structure

Design Concept C2 (Excavate and Alter Clay Cap) and C3 (Fill and Regrade): Keep Beach
at Existing Location and Construct Multi-System Green Infrastructure

Concepts C2 and C3 (Figure 7.4) can accommodate the proposal by either fully altering the clay
cap or filling in the area to avoid cap alterations. The concepts allow for a multi-step treatment
system. Both options require extensive work and higher costs.
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Figure 7.4: Concept C2 (excavate and alter clay cap) and C3 (fill and regrade): Keep beach at
existing location and construct a multi-system green infrastructure
Table 7.4A: Suitability/capability scores for Concept C2 and C3
No.

1

Colour
Code as
shown on
Figure 7.4

Description

Capability

Suitability

Keep beach at current location

3

3

80

2 (C2)

Potential locations of green infrastructure

1

2

2 (C3)

Potential locations of green infrastructure

1

2

3 (C2)

Extent of re-grading work

1

1

3 (C3)

Extent of re-grading work

3

2

4 (C2)

Drainage structure to release treated
stormwater

1

1

4 (C3)

Drainage structure to release treated
stormwater

1

2

5

Potential locations of green infrastructure

3

3

Option C2 (excavate and alter cap) Average 1.8

2.0

Option C3 (fill and regrade) Average 2.2

2.4

Table 7.4B: Suitability/capability rationale of scores for Concept C2 and C3
No.

Colour Code
as shown on
Figure 7.4

Capability Justification

Suitability Justification

1

•

Existing

•

Existing

2
(C2)

•

Extensive excavation
to accommodate green
infrastructure
Clay cap will be altered,
which will require
remediation protocol
and procedures to
ensure contaminated
waste remains
contained
Costly

•
•
•

Clay cap will be altered
Located at low points of the site
Strategically design in a manner
that can deter waterfowl
Can help block views of turf areas
from waterfowl
Can be designed to an appropriate
size to efficiently treat stormwater
Potential political challenges related
to clay cap

•

•
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•
•
•

2
(C3)

•
•

Import fill and regrade
on top of existing
surface
Costly

•
•
•
•
•

3
(C2)

3
(C3)

•

•
•
•

4
(C2)

•

•
4
(C3)

•

•

Minimize negative impacts by
selecting appropriate vegetation
(i.e., avoid invasive species)
Located at low points of the site
Strategically design in a manner
that can deter waterfowl
Can help block views of turf areas
from waterfowl
Can be designed to an appropriate
size to efficiently treat stormwater

Extensive excavation
to accommodate green
infrastructure. Clay cap
will be altered, which
will require remediation
protocol and procedures
to ensure contaminated
waste remains
contained
Costly
Import fill and regrade
on top of existing
surface
Costly

•

Extensive excavation
to accommodate green
infrastructure. Clay cap
will be altered, which
will require remediation
protocol and procedures
to ensure contaminated
waste remains
contained
Costly

•
•

Required to release treated
stormwater runoff into harbour
Clay cap intrusion

Although site can be
filled, placement may
affect grading, which
may require intrusion
into cap
Costly

•

Potential clay cap intrusion
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•

•

•

Clay cap will be altered to
accommodate excavation depth for
green infrastructure
Potential political challenges related
to clay cap

Carefully consider relationship
between new and existing grade,
and site conditions such as
vegetation
May have to fill the majority of site
to account for existing site features
and conditions

Soil amendment
required to allow growth
of vegetation
Vegetation can be
selected based on
site conditions and
constraints

•

5

•

User reservation about swimming
around a wetland
Minimize negative impacts by
selecting appropriate vegetation
(i.e., avoid invasive species)
Located at low points of the site
Strategically design in a manner
that can deter waterfowl
Located beyond clay cap extent,
therefore excavation can occur
without compromising cap integrity

•
•
•
•
•

Design Concept C4) Reduce Size of Existing Beach

Concept C4 (Figure 7.5) maintains the current beach location but proposes a smaller beach
area. Similar to C2 and C3, C4 allows for a multi-step treatment system.
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Figure 7.5: Concept C4 - reduce size of existing beach
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Table 7.5A: Suitability/capability score for Concept C4

No.

Colour
Code as
shown on
Figure 7.5

Description

Capability

Suitability

1

Convert to smaller beach

3

2

2

Proposed area for public landscape
redesign

2

1

3

Sedums and tall grasses

3

2

4

Wetlands

3

3

5

Extent of re-grading work

2

2

Average 2.6

2.0

Table 7.5B: Suitability/capability rationale of scoring for Concept C4

No.
1

Colour Code
as shown on
Figure 7.5

Capability Justification
•

Existing

Suitability Justification
•
•
•
•
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Existing
Beach access is still provided
Demand for a larger beach space
may be requested by residents
User reservations about swimming
near wetland

•

2

Potential for some
alteration to clay cap,
which will require
remediation protocol and
procedures to ensure
contaminated waste
remains contained

•
•
•
•
•
•
•

•
•

3

•

•

4
Wetland

Soil amendment
required to allow growth
of vegetation
Vegetation can be
selected based on
site conditions and
constraints

•

Suitable vegetation can
be planted within area

•

•
•

•
•
•
•
•

5

•

Area can be filled

•
•
•
•
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Clay cap may be altered
Costly to fill in the area
Extensive work
Opportunities to create passive and/
or active areas that provide great
views towards the harbour
Program the area to accommodate
a variety of activities that cater to
different groups and demographics
Transitional space between turf
area and beach
Opportunities to design the site as
the primary active area of the park
that offers different recreational
activities
Immediate access to the area via
existing pathways
Grasses and sedums may not
be as affective in remediation as
larger vegetation (i.e., shrubs)
Less turf areas and taller grasses
planted to deter waterfowl
Accommodate sedums and
grasses with shallow roots to avoid
root intrusion into clay cap
Idea has been discussed
by government bodies and
stakeholders
May be used for educational
purposes
Increase wildlife and aquatic
habitats
Can treat stormwater runoff
Act as a focal point of park
Prevent waterfowl from residing to
adjacent asphalt and turf areas
Costly to fill in the area
There may be site challenges, as
new grading will have to work with
existing grading and clay cap
Extensive work involved with filling
Re-grading can be done in a
manner that slows down stormwater
runoff and drain appropriately within
the redesigned public area

Summary of Capability and Suitability Averages

Table 7.6: Summary of capability and summary averages

Design Option

Average Capability

Average Suitability

A

3

2.2

B

		2.9

2.5

C1

2.8

2.4

C2

1.8

2.0

C3

2.2

2.4

C4

2.6

2.0

Summary: A Capable and Suitable Design Concept

Although Concept A received a full score of 3 (high) for capability (scoring was based on
information on the research and interviews with key informants), suitability scored the lowest
at 2.2 compared to all other concepts. Additionally, the larger space that will be created may
continue to attract waterfowl, thereby continuing to contribute to fecal pollution. From a user
perspective, the new beach location may serve as an inconvenience, as it is located further from
the parking lot.

Concept C1 also scored well. A small portion of the area is proposed for grading and cap
alterations. However, the amount of space proposed for green infrastructure may be ineffective
in treating E.coli polluted runoff. As well, the area continues to be exposed to waterfowl and
therefore fecal pollution may continue to be an issue.

The suitable and capable design option determined for the site is Concept B. The beach can
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be relocated in areas of the park where water quality is acceptable. In comparison to Concept
A, the re-grading work for the beach so users can directly access the water, would not be as
extensive or costly in Concept B.

Green infrastructure systems, including vegetated buffer strips, bioretention systems and a
constructed wetland are proposed in the areas beyond the clay cap and therefore will not
require alterations.

Although the proposed public landscape redesign encroaches into the clay cap, intrusion can be
avoided. If paving is proposed, there is a 15.24cm (6”) clearance between the at-grade and clay
cap surfaces. Typical paving requires 15.24cm (6”) for excavation. However, the area provides
opportunities to fill and regrade to install a new pedestrian walkway, rather than excavating
towards the cap.

Converting the existing beach into a wetland has been discussed by the City, associated
Government departments and stakeholders. The wetland can increase biodiversity, become a
central feature of the park and treat runoff before releasing into the harbour. If a walkway feature
that allows users to explore the wetland is proposed, safety design measures are required.

The proposed extent of re-grading work is over a large area; however, re-grading can be
selective or can be done in areas where it is appropriate/necessary.

One area of concern is the ability to block the proposed beach area from waterfowl using
tall grasses, perennials and shrubs. The existing vegetation barrier is currently ineffective in
blocking views to the turf areas. As such, there is no certainty that the proposed vegetation
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barrier will be effective.

Finally, public consultation, political consideration, and cost and construction details are required
to determine whether Concept B is a viable option.
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CHAPTER 8 GREEN INFRASTRUCTURE DESIGN
FRAMEWORK, DISCUSSIONS AND EVALUATIONS BY KEY
INFORMANTS
The green infrastructure design framework proposed in this chapter is a synthesis of the
findings and discussions of the studies in the literature review that examined removal
efficiencies of E.coli or fecal coliform in receiving green infrastructure technologies. Working with
the suitable and capable design concept determined in the previous chapter, a refined concept
plan illustrates how the design framework can be accommodated at Bayfront Beach. The green
infrastructure design framework and refined Concept B were evaluated and commented on by
professionals.

Green Infrastructure Design Framework

The green infrastructure framework discusses guidelines that should be implemented during
the design and construction of green infrastructure systems. The framework provides design
characteristics that may optimize removal efficiencies of E.coli.

Vegetated Filter Strips (VFS)

•

Maintain high and consistent infiltration rates.

•

Systems should consider intervals of planted and unplanted sections. In a study by Beck
et al. (2013), non-vegetated plots contained lower FIB concentrations (Beck et al., 2013).

•

Minimize the potential for concentrated flow paths, as their presence can reduce the
ability for vegetation to bind to FIB and intercept runoff (Beck et al., 2013).
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•

Flow paths should be uniform.

•

Systems should be designed to allow for low velocities and sheet flow dominated
situations (Beck et al., 2013).

•

Provide gentle slopes ranging from 2.5% to 7.8%. These slopes were used in the
studies.

Bioretention Systems

•

Limit preferential flow paths through the substrate because filtration becomes less
effective. In a study by Rusciano & Obropta (2007), preferential flow was observed in
thicker roots. Plants with a variety of root sizes included in a green infrastructure system
may decrease preferential flows versus a system where all roots are uniformly large
(Rusciano & Obropta, 2007).

•

Higher infiltration rates and hydraulic retention times increase bacteria removal
efficiencies. Studies have reported infiltration rates of 25mm/hr to 250mm/hr, and a
hydraulic retention time within 72 hours.

•

It was reported that filtration occurs when the diameter of suspended particles is larger
than 0.2 times the diameter of particles in the porous media (Rusciano & Obropta, 2007).
Diameter of porous media should be dependent on the suspended particles.

•

Consider intervals of planted and unplanted sections. The study by Kim et al. (2012)
observed longer retention times and higher E.coli removal in the unplanted units (Kim et
al.,2012).

•

Maintain uniform and smaller soil porosity in the unplanted sections.

•

Optimize sun exposure as bacteria survival decreases when exposed to ultraviolet light.
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Constructed Wetlands

•

Consider 2 to 5.5 days of retention times.

•

Promote sedimentation and allow ample exposure to removal mechanisms. In a study by
Hathaway et al. (2011), the further the distance from the wetland inlet, microbes become
exposed to treatment mechanisms such as filtration and predations for a longer period
(Hathaway et al., 2011).

•

Systems should be extensively vegetated. Plant roots should promote filtration and
microbial attachment (Karim et al., 2004).

•

Allow UV light exposure where appropriate.

•

Design with alternating sections of gravel or pea gravel with plants, open water and
unplanted gravel. One study found that alternating sections showed greater removal
efficiencies than completely vegetated systems (Quiñónez-Dìaz et al., 2001). During the
winter, removal efficiencies are higher in unplanted systems (Karim et al., 2004).

•

During the summer or warmer seasons, polyculture systems should be incorporated.

•

Water should flow through the systems evenly and slowly in order for plants to come in
contact with runoff (Austin, 2014).

Soil Type

•

Most experiments used silt-loam and sand soil, as E.coli was capable of sorbing to the
media and provided good drainage.

•

Sand should be incorporated in the porous media as the main filter (Austin, 2007).

•

Allowing opportunities for the sand to dry between storms can reduce pathogenic
bacteria (Austin, 2007).
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Illustration of Design Framework in Proposed Concept B

Figures 8.1 and 8.2 demonstrates how the green infrastructure design framework can be
accommodated at Bayfront Beach. The Concept integrates vegetated filter strips, bioretention
systems and constructed wetlands.

The proposed wetland is extensively vegetated and can accommodate a variety of appropriate
plant species that have varying root sizes to promote filtration. As recommended by the
framework, the wetland includes a section of unplanted (gravel) and planted areas, and open
water. Additionally, the space has been designed to allow full exposure to UV light.

To intercept runoff before entering the passive area and wetland, and the relocated beach, a
system of bioretention and vegetated filter strips are proposed. Both systems can contain a
variety of plant species and have full exposure to UV light. Finally, the site can be regraded to
accommodate gentle slopes ranging from 2.5% to 7.8%, which will slow runoff velocities and
capture more water for treatment.

Further design considerations to optimize the removal efficiencies of E.coli on site:
•

High retention times and infiltration rates

•

Minimize the potential for concentrated and/or preferential flow paths

•

Uniform flow paths

•

Use of silt-loam and sand soil

In summary, the areas for proposed green infrastructure are indicated in Table 8.1.

92

93
100 metres

Figure 8.1: Refined concept B

50

78.0

0 10 20

APPROXIMATE LOCATION
OF EXISTING CLAY CAP
EXTENT

APPROXIMATE LOCATION
OF EXISTING CONTOURS

BIORETENTION
APPROXIMATE AREA: 383 SQ.M (A)

ARMOUR STONE

BIORETENTION (UNPLANTED AND
PLANTED SECTIONS
APPROXIMATE AREA: 2007 SQ.M (F)

PASSIVE AREA

ACTIVE AREA
(PLAYGROUND,BEACH
SPORTS, ETC.)

APPROXIMATE LOCATION
OF EXISTING CLAY CAP
EXTENT

APPROXIMATE LOCATION
OF EXISTING CONTOURS

ENHANCED PLANTING AREA TO
INTERCEPT RUNOFF

PEA GRAVEL/GRAVEL BED
(PART OF WETLAND
TREATMENT)

EXISTING VEGETATION ENHANCED
(BIORETENTION)
APPROXIMATE AREA: 359 SQ.M (E)
80.0

EXISTING VEGETATION
ENHANCED

TALL GRASS
PLANTING
BUFFER

81.0

82

TALL GRASS PLANTING
BUFFER

78.0

WETLAND
(OPEN WATER, UNPLANTED AND
PLANTED SECTIONS)
APPROXIMATE AREA: 8872 SQ.M (B)

BIORETENTION OR VEGETATED
BUFFER STRIP (UNPLANTED AND
PLANTED SECTIONS
APPROXIMATE AREA: 682 SQ.M (D)
.0

BOARDWALK WITH
HANDRAILS

BIORETENTION OR VEGETATED
BUFFER STRIP (UNPLANTED AND
PLANTED SECTIONS
APPROXIMATE AREA: 372 SQ.M (C)

ARMOUR STONE

RELOCATED BEACH

TALL GRASS
PLANTING BUFFER

79

82
.0

82.0

79.0

78.0

77.0

79.0
80.0

50

78.0

100 metres

B

A

A

B

C

A

D

E

A

B

A
E

E

E

A

A

B

E

A

D
C

OTHER GREEN INFRASTRUCTURE DESIGN
FRAMEWORK TO CONSIDER:
- HIGH RETENTION TIMES AND INFILTRATION RATES
- MINIMIZE PREFERENTIAL AND CONCENTRATED
FLOW PATHS
- UNIFORM FLOW PATHS
- USE OF SILT-LOAM AND SAND SOIL
- UNIFORM AND SMALLER SOIL POROSITY FOR
UNPLANTED AREAS

A

B

A
B

81.0

79.0
80.0

Figure 8.2: Green infrastructure design framework demonstration

0 10 20

C)
D)
E)

PLANTED AREAS - POLYCULTURE VEGETATION
UNPLANTED AREAS
GENTLE SLOPES
UV LIGHT EXPOSURE
GRAVEL OR PEA GRAVEL
GRAVEL WITH POLYCULTURE VEGETATION
OPEN WATER

82

94
78.0

A)
B)

A

A
B

79
.0

82
.0

82.0

80.0

79.0

78.0

77.0

Table 8.1: Areas (m2) and length (m) of proposed green infrastructure technologies shown in
Concept B. Average lengths are calculated in the direction of receiving runoff.

Lettered location

Type of Green Infrastructure

Area in m2 and average
length in m

A

Bioretention

383 m2 and 47.11m

B

Wetland

8,872 m2 and 61.92m

C

Bioretention or vegetated buffer strip

372 m2 and 5.58m

D

Bioretention or vegetated buffer strip

682 m2 and 10.55m

E

Bioretention

359 m2 and 7.17m

F

Bioretention

2,007 m2 and 15.47m

Potential Runoff Volumes

The approximate drainage area for Concept B was measured as 26,994.45 m2. Using the
drainage area measured in AutoCAD and the average rainfall for the Hamilton area obtained
from Environment Canada, runoff volumes were calculated using the Rationale Method and
Modified Rational Method. The Rationale Method determines the runoff volumes for a specific
rainfall event, while the Modified Rationale Method determines the total runoff volume that can
occur over a period of time. Tables 8.2 and 8.3 summarize the volume calculations.
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Table 8.2: Average immediate runoff volumes (m3) from 2012 to 2016 for the highest
precipitation event recorded in that month and total monthly precipitation. Values obtained from
Government of Canada (2016) - Daily Data Report for May to September (2012 to 2016).

IMMEDIATE MONTHLY PRECIPITATION
EVENTS (Average between 2012 to 2016)
MAY

JUNE

JULY

Storm
Duration
(minutes)

Average
total runoff
volumes
(m3) for
highest
recorded
precipitation

Average
total runoff
volumes
( m3 )
for total
recorded
precipitation

Average
total runoff
volumes
(m3) for
highest
recorded
precipitation

Average
total runoff
volumes
(m3) for total
recorded
precipitation

Average
total runoff
volumes (m3)
for highest
recorded
precipitation

Average
total runoff
volumes
(m3) for total
recorded
precipitation

5

498.6

1013.0

519.4

1408.8

533.0

1215.6

9.1

907.4

1843.7

945.3

2564.0

970.0

2212.5

10

997.2

2026.1

1038.7

2817.6

1066.0

2431.3

12

1196.6

2431.3

1246.5

3381.1

1279.2

2917.6

14.2

1416.0

2877.0

1475.0

4001.0

1513.7

3452.4

14.4

1436.0

2917.6

1495.8

4057.4

1535.0

3501.1

15
25.5

1495.7
2542.6

3039.1
5166.5

1558.1
2648.8

4226.4
7184.9

1598.9
2718.3

3647.0
6199.8

30

2991.5

6078.2

3116.2

8452.8

3197.9

7293.0

IMMEDIATE MONTHLY PRECIPITATION EVENTS
(Average between 2012 to 2016)
AUGUST
Storm
Duration
(minutes)

Average
total runoff
volumes (m3)
for highest
recorded
precipitation

SEPTEMBER
Average
total runoff
volumes
(m3) for total
recorded
precipitation

Average
total runoff
volumes (m3)
for highest
recorded
precipitation

Average
total runoff
volumes
(m3) for total
recorded
precipitation

5

409.4

1025.5

496.0

1438.3

9.1
10
12
14.2
14.4
15
25.5
30

745.1
818.7
982.5
1162.6
1179.0
1228.1
2087.8
2456.2

1866.4
2051.0
2461.2
2912.5
2953.5
3076.5
5230.1
6153.1

902.6
991.9
1190.2
1408.5
1428.3
1487.8
2529.3
2975.6

2617.7
2876.6
3451.9
4084.7
4142.3
4314.9
7335.3
8629.7
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Using the historical data, the highest recorded precipitation event recorded each month was
averaged out over the last five years (2012-2016). Using the averages, runoff volume was
calculated to determine the maximum amount of volume that can occur on site for storm
durations between 5 to 30 minutes. The method provided information on how much average
runoff requires treatment by green infrastructure.

The same method for runoff volume calculation was applied for the total precipitation that
occurred in the month over 2012 to 2016. This method provided the average total volume of
runoff that could potentially occur over the entire month.

The rationale for calculating volumes from 5 to 30 minutes is based on the assumption that
runoff will intercept feces and carry it into the green infrastructure during the first 30 minutes
of rainfall. As such, green infrastructure must accommodate the volumes listed in Table 8.2.
For example, green infrastructure will have to treat volumes as low as 409m3 (August –highest
precipitation recorded in that month) and 1,013m3 (September - total recorded precipitation),
and as high as 3,198m3 (July – highest precipitation recorded that month) and 8,630m3
(September –total recorded precipitation).

Using the historical data and the Short Duration Rainfall Intensity-Duration-Frequency (IDF)
Data graph from Environment Canada, the Modified Rational Method formula was used
to calculate long-term precipitation events for storms 5 to 30 minutes long, and at return
frequencies of 2 and 100 years.
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Table 8.3 runoff volumes (m3) that will occur for storm durations between 5 to 30 minutes, for 2
year and 100 year storm frequencies

LONG TERM MONTHLY PRECIPITATION EVENTS
Storm Duration
(minutes)
5

Average total runoff volumes
(m3) 2 years
16497.01

Average total runoff volumes (m3) 100
years
147446.83

9.1

49939.34

133284.06

10

37960.81

101014.28

12

54285.12

154623.60

14.2

57918.96

155328.12

14.4

59802.62

156180.96

15

55947.18

142458.09

25.5

69969.96

184380.30

30

73418.40

189108.00

Proposed green infrastructure must be designed to accommodate 2 and 100 year storms. As
shown in Table 8.3, green infrastructure must be able to accommodate runoff volumes as low as
16,497m3 (2 year) and 147,447m3 (100 year), and as high as 73,418m3 (2 year) and 189,108m3
(100 year).

Discussion: Comparison of Concept B to Existing Green Infrastructure

Vegetated Filter Strips

The proposed vegetated buffer strips as shown in Table 8.1 are as follows:
•

Area C - Bioretention or vegetated filter strip - 372 m2 (area) and 5.58m (length)

•

Area D - Bioretention or vegetated filter strip - 682 m2 (area) and 10.55m (length)
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The highest reported E.coli concentration at Bayfront Beach was 177,000 CFU/100mL.

The study by Sullivan et al. (2007) reported a treatment area of 420m2 per plot (17 plots in
total) with vegetation buffers between 1 to 25m long. Incoming fecal coliform was as high as
26,000,000 CFU/100mL (approximately 147 times greater than concentrations at Bayfront
Beach). The amount of rainfall received by each cell was greater than 1000L (Sullivan et al.,
2007).

Sullivan et al. (2007) reported that the vegetated buffer from 1 to 25m long generally reduced
the median fecal coliform bacteria to more than 99%, however up to 90% of the effluent
samples in the treatment were above the guidelines for recreational water quality criteria of 200
CFU/100mL (Sullivan et al., 2007).

In the study by Beck et al. (2013), experimental plots were 10m2. The rate of rainfall was 51mm/
hr for 25 minutes for each plot (Beck et al., 2013).

Table 8.4 summarizes the influent and effluent E.coli concentrations according to the plant
material used in the study by Beck et al.
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Table 8.4: E.coli concentrations reported for each vegetation within the experimental plot at
influent, 5m and 10m. Concentrations are reported as Most Probable Numbers (MPN) per
100mL of water (Beck et al., 2013, p. 1412).

Vegetation

Initial E.coli
concentration
(MPN/100mL)

Mean E.coli
concentration at 5m
(MPN/100mL)

Mean E.coli
concentration at 10m
(MPN/100mL)

Giant cane
(Arundinaria
gigantean)

2,620

14,730

14,390

Orchardgrass
(Dactylis glomerata
L.)

2,090

17,360

16,050

Kentucky Bluegrass
(Poa pratensis)

1,840

16,450

16,690

Non-vegetated

1,890

7,000

10,260

The increase of E.coli concentration through the plots may have been a result of concentrated
flow paths, and was reported along the metal plot edge barriers (Beck et al., 2013).

The combined areas proposed for the vegetated filter strips in Concept B is equal to 1,414m2,
which is 3.4 and 141.4 times the treatment areas reported by Sullivan et al. (2007) and Beck et
al. (2013), respectively. With regard to E.coli concentrations, E.coli in Sullivan et al. (2007) study
was 147 times greater than what was reported at Bayfront Beach.

Overall, there is high probability that in combination with other proposed green infrastructure
systems in Concept B and designed appropriately as per the proposed green infrastructure
design framework, influent concentrations flowing through the site can be effectively treated by
VFS. VFS can achieve removal efficiencies as high as what has been reported by Sullivan et
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al. (2007), which is over 99% removal. Given that the proposed areas are 3.4 times the plots
used in Sullivan et al. experiment, E.coli removal efficiencies have the potential to be below the
Ontario recreational water quality standard.

Although E.coli concentrations reported in the study by Beck et al., increased over the plot
length, concentrated flow paths reported at the metal plot edge barriers were the likely
cause. Proposed Concept B, does not contain any barriers or divisions that would result in
concentrated flow paths. Design considerations such as slopes that facilitate even sheet flow
and vegetation selection will have to be considered to minimize the chances of concentrated
flow paths.

Bioretention Systems

The proposed bioretention systems as shown in Table 8.1 are as follows:
•

Area A – Bioretention - 383 m2 (area) and 47.11m (length)

•

Area C – Bioretention - 372 m2 (area) and 5.58m (length)

•

Area D - Bioretention - 682 m2 (area) and 10.55m (length)

•

Area E - Bioretention - 359 m2 (area) and 7.17m (length)

•

Area F - Bioretention - 2,007 m2 (area) and 15.47m (length)

Rusciano et al. (2007) constructed 152mm diameter bioretention columns that were 1524mm
in depth. The bioretention represented approximately 5% of the drainage area. The range of
E.coli influent was 120 to 4,300,000 CFU/100mL. Manure water was delivered at 77mL/min for
2 hours, representing a 318mm rainfall event over 2 hours (Rusciano et al., 2007).
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Fecal coliform reductions were above 90% (Rusciano et al., 2007, p. 1267). For example, the
highest fecal coliform influent concentration reported was 23,000,000 CFU/100mL. The leachate
was 200,000 CFU/100mL, resulting in 99.2% removal rate (Rusciano et al., 2007). However,
the leachate in many of the simulations were above the guidelines for recreational water quality
criteria of 200 CFU/100mL.

The higher concentrations found in the leachate may have been a result of preferential flow
reducing the filtration capacity. Preferential flow occurred along the sides of the bioretention
column (Rusciano et al., 2007).

Kim et al. (2012) experimented with five units each 3.24m2 in area. Each plot was planted with
shrubs, Texas native grasses, grass species for highway roadside application, Bermudagrass
(C. dactylon) and a control. Influent E.coli concentrations were between 100 to 1000
CFU/100mL (Karim et al., 2007).

The removal efficiencies for E.coli per planted units are as follows:
•

Shrubs 88%

•

Texas native grasses 48%

•

Grass species for highway roadside application 57%

•

Bermudagrass (C. dactylon) 76%

•

Control 97%
(Kim et al., 2012)

The combined areas proposed for bioretention systems in Concept B equal to 2749 m2 (if areas
C and D were vegetated buffer strips) or 3803m2 (if areas A,C,D,E, and F were all bioretention
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systems). Respectively, these areas can represent 10.2% or 14% of the drainage area, which is
about 2 or 3 times the drainage area reported in the study by Rusciano et al. (2007) compared
to Kim et al. (2012), the proposed areas are 848 or 1174 (respectively) times greater.

E.coli concentrations were as high as 4,300,000 CFU/100mL (Rusciano et al., 2007) and
1000 CFU/100mL (Kim et al.). The concentration in the study by Rusciano et al. (2007) is
approximately 4 times the highest reported concentration at Bayfront Beach. However, E.coli
concentrations at Bayfront Beach are 177 times what was reported in the study by Kim et al.
(2012).

Overall, comparing the proposed bioretention areas and the E.coli concentration at Bayfront
Beach with the two studies, there is high probability that, in combination with other proposed
green infrastructure systems in Concept B and designed appropriately as per the framework,
influent concentrations flowing through the site can be effectively treated with bioretention
systems. Bioretention systems can achieve removal efficiencies as high as 99.2%. Since the
proposed bioretention systems alone represent over 10% of the drainage area, and bioretention
areas are substantially larger than reported studies, E.coli removal efficiencies have the
potential to be below the Ontario recreational water quality standard.

Although E.coli effluent concentrations reported in the study by Rusciano et al. (2007), were
above the U.S. recreational water quality standard, higher concentrations in the effluent may
have been a result of preferential flow, which was reported along the sides of the bioretention
column (Rusciano et al., 2007). Proposed Concept B, does not contain any barriers or divisions
that would result in concentrated flow paths. Design considerations such as slopes that facilitate
even sheet flow will have to be considered to minimize the chances of concentrated flow paths.
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Some of the vegetation used in the Kim et al. (2012) experiment performed poorly when it came
to E.coli removal. The different performance demonstrated by the plant species may attribute
to various root sizes, rhizome environments, soil porosity and preferential paths. Kim et al.
reported higher removal rates in units with higher retention times (Kim et al., 2012).

Concept B proposes alternating unplanted and planted areas. Unplanted areas will facilitate
longer retention times and maximize exposure to UV light, while planted areas will allow
filtration, phytoremediation and other associated removal mechanisms. Careful design
consideration should account for plant selection with roots that limit preferential flow, regrading that facilitates even sheet flow, and soil porosity. These considerations can optimize
the chances for effluent at Bayfront Beach to be below the Ontario recreational water quality
standard.

Constructed Wetlands

Hathaway et al. (2007) studied 0.9ha (9,000m2) wetland in Lenoir, North Carolina. The average
fecal coliform concentration at the inlet was 7,980 CFU/100mL. Base flow concentrations of
fecal coliform were lower than the storm flow concentrations. For base flow, inlet concentrations
were 1,857 CFU/100mL and outlet was 1,029 CFU/100mL. During storm flow, fecal coliform
concentrations at the inlet was 7,980 CFU/100mL and 1,931 CFU/100mL at the outlet. The
researchers noted that a nearby municipal wastewater conveyance may influence outlet
concentrations. Overall fecal coliform reductions were at 76% between inlet and outlet.

During the study fecal coliform decreased from inlet to the second sampling point. From there,
concentrations remained constant. This suggested a baseline concentration due to the presence
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of waterfowl on site, resuspension of microbes, or persistence in sediment (Hathaway et al.,
2007) .

The pilot scale study by Quiñónez-Dìaz et al. (2001) planted one tank 27.3m2 in size with
bulrush (Scirpus olneyi) and the other unplanted. Table 8.5 summarizes the fecal coliform
concentrations at six sampling site and removal percentages (Quiñónez-Dìaz et al., 2007).

Table 8.5: Average fecal coliform (FC) concentrations (CFU/100mL) and removals from raw
wastewater at the sampling sites (Quiñónez-Dìaz et al., 2011)

FC
concentrations

1
influent

2
effluent
from
settling
tanks

3
surface
effluent
from
bulrush

4
surface
effluent
from bare
sand

5
subsurface
effluent
from
bulrush

6
subsurface
effluent
from bare
sand

7.5x107

3.6x107

6.0x106

3.7x106

2.7x103

1.8x104

52.1%

91.1%

94.8%

99.99%

99.9%

Removal rates

Table 8.5 generally shows a decrease of fecal coliforms throughout the sampling site; however,
there is a slight increase in concentration from sampling sites 5 to 6. The researchers note that
exposure to UV light, higher temperatures and longer retention times can increase removal rate
(Quiñónez-Dìaz et al., 2011).

Karathanasis et al. (2003) studied twelve subsurface flow wetlands in Jessamine, Fayette,
Woodford, and Boyle Counties in the Inner Bluegrass region of Kentucky. Wetland cells were
planted with either cattails (Typha latifolia L.), fescue (Festuca arundinacea Schreb.), polyculture
((yellow flag iris (Iris pseudacorus L.), canna lilies (Canna x. generalis L.H. Bail.), day lilies
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(Hemerocallis fulva L.), hibiscus (Hibiscus moscheutos L.), soft-stem bulrush (Scirpus validus
Vahl.), and mint (Mentha spicata L.)), or left unplanted (Karathanasis et al., 2003).

Table 8.6 summarizes the influent and effluent fecal coliform concentrations for each wetland
unit during the study.

Table 8.6: Influent, effluent and removal efficiencies of fecal coliform for each wetland unit
(Karathanasis et al., 2003)

Wetlands

Influent (CFU/100mL)

Effluent
(CFU/100mL)

Removal Efficiencies
(%)

Cattail

90,400

4,600

95

Polyculture

36,400

1,100

97

Fescue

32,900

1,000

97

Unplanted

48,000

2,700

94

Vegetative units had better removal performances during the warmer months, while the
unplanted system performed better during the colder months. Lower removals during the winter
may be a result of lower metabolic activity and reductions in predator microbes. Root biomass
reduction during winter may also cause microbial attachment and filtering capacity.

The proposed wetland in area B of Concept B shows an area of 8, 872m2.

The wetland studies discussed above show high removal rates; however, the effluent bacteria
concentrations reported are above the Ontario recreation water quality standard.
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The proposed wetland area in Concept B is 325 times larger than the experimental site of
Quiñónez-Dìaz et al. (2001). The concept wetland is comparable in size, to the wetland studied
by Hathaway et al. (2007).

With regard to bacteria concentrations, influent concentrations of fecal coliform (E.coli is a
common member of fecal coliform) ranged from 7,980 to 75,000,000 CFU/100mL and effluent
ranged from 1,029 to 18000 CFU/100mL across the studies. Overall, removal efficiencies in the
wetlands treatments ranged from 76% to 99.99%.

Taking from lessons in the studies discussed in this subsection, the proposed wetland has
the potential to be designed in a manner that optimizes removal efficiencies. For example,
Hathaway et al. (2007) brings to readers’ attention the possibility of a baseline concentration of
fecal coliform likely caused by waterfowl presence. The proposed wetland can be designed to
decrease waterfowl presence through careful plant selection and minimize areas where they
may inhabit.

Quiñónez-Dìaz et al. (2001) note that UV light, higher temperatures and longer retention
times can increase removal rate. Karathanasis et al. (2003) found removal performance better
in vegetated units during the summer and unplanted units during the winter. The proposed
wetland includes planted and unplanted areas to optimize chances of year-long removal of fecal
bacteria. During the year, the unplanted portion of the proposed wetland allows for maximum
UV light exposure. Shading from plants becomes less of a concern near the passive area.
Therefore during the summer, high temperatures remain constant for the gravel areas. In the
winter months, removal efficiencies can be greater, as there will be no shading effects.
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There is a high chance that the proposed wetland can achieve removal rates as high as 99%,
similar to what was reported in the studies. In combination with bioretention and vegetated
filter strips, treatment may be efficient enough to achieve acceptable recreational water quality
standards. What will require monitoring is potential baseline concentrations resulting from
waterfowl presence. There is potential for waterfowl to enter the wetland area, influencing fecal
concentration. However, design related methods may reduce the chances of waterfowl from
residing on the proposed wetlands.

Similar to vegetated filter strips and bioretention design, the proposed constructed wetland
should implement the design framework.

Key Informants Evaluation Results

Design Concept B and the green infrastructure design framework were provided to
professionals for evaluation. To assess the achievement of the research goal and add
validity from a professional standpoint, the concept and framework was evaluated by the key
informants who were interviewed earlier in the research process. The individuals are from Park
Redevelopment – Public Works Department at City of Hamilton; Community Engagement –
Planning & Economic Development Department at City of Hamilton; Waterfront Development
Office – Engineering services at City of Hamilton; and Watershed Hydrology and Ecology
Research Division at Environment and Climate Change Canada.

There were two sections to evaluate, the first being the design concept, which was divided into
categories of design, aesthetics, functionality, feasibility and user perception. The second part
was the evaluation for the green infrastructure design framework. At the end of each category,
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professionals had the option to provide their comments. Appendix B is the evaluation form.
Once the evaluations were returned, responses counted for each option along the Likert scale.
A summary of responses is presented below.

Design Concept – Design

The design category evaluates the layout, interface between different pedestrian space and
location of proposed interventions.

For the most part, many of the evaluators rated the design good. Some participants responded
satisfaction for the beach relocation, pedestrian connection, space transition and overall layout.
One participant rated transition of different user spaces as poor.

The comments are summarized below:
•

Application of a wetland and relocated beach are two items that users responded well to
in a 2016 survey on Bayfront Beach.

•

The proposed boardwalk through the wetland is intrusive.

•

The recommended boardwalk width should be between 2.5 to 3.0m to allow for seating.

•

The placement of the relocated beach requires in-depth analysis. The area is exposed to
the harbour and is subject to severe wave action. As a result, beach sand will be eroded
and swimming experience unpleasant. As well, the tall grass planting is ineffective
against the wave action. The beach should be located further back and widened.

•

The indicated user space is unresolved and appears to be long narrow linkages.

•

The green infrastructure is correctly placed, but does not address the blue-green algae
problems.
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•

Grading needs to be resolved.

Design Concept – Aesthetics

The aesthetics category evaluated space and view preservation, and opportunities for nature
and biodiversity. Most participants responded good to very good for view enhancement/
preservation, diversity of usable space, opportunities for biodiversity, movement through
different spatial environment, promotion of nature and overall aesthetics. A satisfactory was
given to movement through different spatial environments.

The comments are summarized below:
•

Waterfowl feces on the pathway and grass is an identified concern from a 2016 survey.

•

Additional experiences are provided in a well laid out design.

•

Boardwalk will hurt aesthetics of wetland.

•

Surface materials and expected uses should be defined in passive area.

•

The boardwalk is a good connectivity, but the beach to beach activities are unresolved.

•

Access to the wetland does provide interpretive opportunities. Formal interpretive panels
to educate the public are recommended.

Design Concept – Functionality

Participants evaluated the functionality of the beach in relation to other amenities and facilities,
and reduction of waterfowl populations on site. Many of the responses were neutral, as some
professionals were unable to answer questions beyond his/her experience. Of the professionals
who were able to speak to waterfowl, the proposal seemed appropriate for reducing waterfowl
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populations on site. Treating E.coli polluted runoff scored between good to satisfactory.
Accessibility to new beach location and to other amenities and facilities was rated poorly; this is
due to the distance of the proposed beach from existing facilities such as parking.

The comments are summarized below:
•

The active area on the beach may disrupt the quiet and natural atmosphere of the
wetland area. Users of each area may have different and conflicting expectations. Active
uses of the beach (i.e., volleyball) may disrupt wildlife in the wetland area.

•

Current facilities such as washrooms and change rooms are located in the parking lot.
Future facilities should be located closer to the beach.

•

Functional relationships between the different uses can be further improved.

•

It is unclear whether the beach is easily accessible. Extensive grading is required, such
as significant cutting to establish beach area.

•

The concept in conjunction with current ongoing bird deterrent methods may be
effective.

Design Concept – Feasibility

The purpose of this category was to determine if the work, maintenance and placement of the
proposed design interventions are feasible. The ability for the proposal to address the concerns
and constraints of the clay cap was scored as good to very good. As well, the ability to address
major concerns with water quality was rated as good and very good. Re-grading work to allow
access from beach to water was rated poor to very poor. Green infrastructure maintenance was
rated as neutral as information on maintenance was not provided.
The comments are summarized below:
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•

It is unclear if re-grading is practical. Further details, such as how the relocated beach
will be constructed, are required to understand feasibility.

•

No information was provided on maintenance.

•

A grading plan is required to show how the proposed areas will be accommodated on
site and the physical relationship between the areas.

•

Seating is recommended along the boardwalk.

Design Concept – User Perception

Response to user perception varied, however responses were mostly consistent with
addressing the public’s concern with the park and beach, and the potential for ecology and
green infrastructure education, which scored good to very good. Keeping with the public’s
demand for open space and beach use, public acceptance of change and ability for site to cater
to a diverse group and age range scored on the positive side of the spectrum - between neutral
to very good.

The comments are summarized below:
•

The integrated design would likely receive strong support from current users.

•

The City would not allow exposure to clay cap.

•

No information on how the public will be consulted about the proposed changes and the
techniques that would be used to facilitate acceptance.

•

Any work involved with filling the harbour and changes along the water edge requires
approval from the Hamilton Conservation Authority and Ministry of Natural Resources
and Forestry.

•

The concept has the potential to attract more people with the help of promotion by
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BARC.

Design Framework

The last category evaluates the green infrastructure design framework. Most key informants
had neutral responses to the questions, as not enough information was provided. The ease of
understanding the language within the framework and flexibility during design and construction
without being constrained to the framework was satisfactory to good. Most respondents were
neutral on the costs associated with following through with the framework. More information was
required for the key informants to answer the question. A few questions were unclear to interpret
(i.e., questions 31 and 33).

The comments are summarized below:
•

It was unclear how the framework was applied to the concept.

•

There are some concerns with water flow being an important requirement; however the
current low flow is causing issues at the site.

•

No information was provided on the cost to regrade the site to accommodate the design
interventions. It is difficult to accept a course of action without knowing the costs and the
benefits.
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CHAPTER 9 CONCLUSIONS
Summary of Research

The goal of this research was to explore the application of green infrastructure technologies to
treat and reduce E.coli concentrations in storm runoff during a rainfall event. The research was
applied to a case study site at Bayfront Beach, Ontario Hamilton to address the high beach
closure rates. One of the main identified issues at Bayfront Beach causing the closures are
waterfowl feces. When stormwater carries feces into the harbour, E.coli concentrations are
above the regulatory Ontario standard for recreational water. The research explores whether
green infrastructure can be applied to Bayfront Beach to treat E.coli, in hopes of reducing the
chances of a beach closure.

Background information on E.coli, beach environments, waterfowl, green infrastructure
and E.coli remediation using green infrastructure was collected through a literature review.
To understand the ongoing issues and concerns with Bayfront Beach, published municipal
and technical reports were reviewed. Further information that was unavailable in municipal
reports was collected through semi-structured interviews with key informants who were or are
extensively involved with the site. A scientist, municipal staff from different departments and a
representative from Bay Area Restoration Council provided professional expertise on waterfowl
and fecal matter, beach usage, mechanical issues on site, application of green infrastructure on
site, maintenance, site history, existing stormwater systems, trends and implications.

Following data collection, an inventory and SWOT analysis was conducted. The analysis
highlighted that the site is frequently populated by waterfowl, has little water movement and
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contains a 0.6m thick low permeable clay cap that was installed to prevent water from infiltrating
the remnant contaminated waste (and vice versa).

To ensure green infrastructure could be designed to optimize removal performances, a design
framework was developed. The framework synthesized results of studies that tested removal
efficiencies of E.coli or fecal coliform in green infrastructure.

Working with a SWOT analysis, design concept options were developed. The concepts
were classified into three categories: A) fill a portion of the beach, B) relocate the beach and
variations of C) alter the clay cap. One version of C provided the option to fill the site in order
to avoid cap alterations. An analysis on suitabilities and capabilities was conducted for each
concept to determine the most appropriate design. The suitable /capable analysis revealed
that option B was appropriate scoring a 2.9/3 suitability and 2.5/3 capability. Option B was
further refined to show how it could implement some of the design framework. To understand
the amount of runoff volume that can occur after a rainfall event, and 2 and 100 year storm
frequencies, the Rational Method and Modified Rational Method was used to calculate the
volumes. This information was provided to demonstrate how much runoff volume is required to
be treated by proposed green infrastructure at the site.

Finally, the design framework for green infrastructure implementation and concept B was
evaluated by key informants to add validity to the research.

In summary, the goal of the research was to explore alternative solutions that treat and manage
E.coli polluted runoff on a beach site, prior to it entering an associated body of water. E.coli
polluted runoff can be treated with a multi-system green infrastructure that contains vegetated
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buffer strips, bioretention systems and a constructed wetland. If the systems apply the green
infrastructure design framework, it would potentially reduce beach closures during the swimming
season, as the Provincial water quality standard would be met.

Limitations of the Study

During the interviews not all key informants could provide opinions on all questions, as it
was not his/her area of expertise. Some key informants recommended interviewing other
professionals from different backgrounds to interview. However, given the time constraints and
limited resources, the sample size was limited to five participants.

Interviews revealed that green infrastructure alone cannot address E.coli issues at Bayfront
Beach, as there are also mechanical, hydrogeological, maintenance and grey infrastructure
implications. While this research could not address all implications, its intent was to focus on
E.coli pollution and treatment.

The mapping used for the Figures was downloaded from Open & Accessible Data at the City of
Hamilton website. The GIS shapefile that was unavailable was contours. The current contours
shown on the Figures are from a PDF file that was dated in the early 1990s. Placement of
the contours from the PDF was an approximation, through studying aerial maps, available
shapefiles and site photographs. An updated survey would be beneficial to confirm precise
location of the impermeable clay cap. For the purposes of the study, the available information
was sufficient to generate a concept showing approximate location of proposed design
interventions and green infrastructure placement.
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As mentioned by some of the researchers in the literature review, some removal mechanisms
were not fully understood. As such, there is room to expand on this topic, including exploration
on removal during colder temperatures. The design framework was based on the findings
and results of the existing published information and is limited to three green infrastructure
technologies. The potential to expand the framework may be available through interviews with
professionals who have green infrastructure background. However, as mentioned earlier, due to
time, interviews were limited to the five professionals. The intent of the framework is to provide a
general guideline for design implementation at the site.

The suitability /capability analysis was evaluated from a design standpoint. Social, political
and cost constraints were not thoroughly analyzed. This was because the research goal
was to investigate whether or not green infrastructure could reduce E.coli at the site. Other
professionals, apart from the five key informants, could provide insight on construction, regrading/filling and relocating of beach was not considered in the analysis.

Using GIS to model waterflow patterns, drainage area and water volumes would provide
accurate calculations and a more sophisticated method for a capable and suitable analysis.
More time and resources would have been required to complete a GIS modelling of the site.

Due to time limitations, the proposed green infrastructure in concept B was not sized according
to the amount of runoff volume calculated for immediate rainfall events, and 2 and 100 years
storm frequencies. The intent of the volume Tables was to provide an idea of how much runoff
could intercept the drainage area.

To explore whether green infrastructure is an appropriate method for Bayfront Beach, this
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research observes the experimental methods and quantitative results of the journal articles,
and compares it with proposed concept B and theorizes expected results. To fully understand
removal efficiencies at the site, a mesocosm experiment may have to be conducted.

Finally, it is understood that E.coli is one of the many challenges on site. Other important issues
contributing to poor water quality are algae and cyanobacteria blooms. All three issues are
pertinent to developing a solution for the problems at Bayfront Beach.

Future Research

More research is required to understand the removal mechanism specifically for E.coli or fecal
coliform. Many of the journal articles make assumptions of the type of removal mechanisms
involved in the green infrastructure. There is opportunity to further explore this area, as many
beach environments contain waterfowl populations and elevated E.coli levels in recreational
water is an ongoing concern.

Concept B was analyzed and evaluated only by the merits of its design. The interviews revealed
that Bayfront Beach is one of Hamilton’s favourite places, and that political and social efforts
led to the construction of the clay cap and conversion into a park. Any future discussions about
implementation or plans to redesign the Park will require input from the public, stakeholders,
government and external agencies/committees. Additionally, information on beach usage,
activities, and site programming is required to understand whether any changes to the park is
worthwhile to pursue. Such information could be collected through surveys or public consultation
meetings.
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To test removal efficiencies of E.coli, a mesocosm experiment could be installed on site. This
could provide data on removal performance, feasibility of maintenance, longevity of green
infrastructure, aesthetics and added value to the park. A mesocosm experiment can apply the
design framework to test its effectiveness in E.coli removal. As well, information is needed on
costs and feasibility for maintenance, construction and testing.

Future research could explore other green infrastructure technologies that could be applied to
Bayfront Beach that addresses other issues on site, such as algae blooms and cyanobacteria
blooms. Other researchers may look at green infrastructure beyond the proposed vegetated
filter strips, bioretention systems and constructed wetlands.

Relevance to Landscape Architecture

This study demonstrated the importance to protecting areas valued by residents and creating
functional spaces that will be preserved for future generations to use. Landscape architects
have the abilities and skills to develop innovative solutions such as green infrastructure
technologies to solve problems such as pollutants in stormwater runoff. Landscape architecture
not only involves problem solving at a site scale, it involves the regional scale, considering
physical, cultural, environmental, political, social and biological aspects.

It is important to note that landscape architects cannot solve site problems alone. It involves
the participation of a multi-disciplinary team that specializes in the related problems. These
professionals may include scientists, engineers, planners, specialists, and public engagement
coordinators. Working in a multi-disciplinary team is important because it provides perspectives
that a single professional alone cannot visualize. Therefore, it is important for a team of
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professionals to work with each other’s strengths, to provide the most optimal solution for a
problem that requires all perspectives.
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APPENDIX A: QUESTIONNAIRE
Sheet A: Master Version
Beach Trends and Usage
Purpose of this section: to gather information on usability, value and importance of Bayfront
Beach.
1. What types of users, ages and groups use the beach during the operational season?
2. Are the dominant beach user’s residents (City of Hamilton), outside visitors (outside
of Hamilton) or tourists (outside of Ontario and/or Canada)?
3. What recreational activities take place on the beach during the operational season?
4. Overall, is beach usage increasing in Hamilton?
5. Why are beaches important provisions within the City?
Waterfowl and Fecal Matter
Purpose of this section: determine waterfowl related issues, patterns and habits.
1. Since the 1996 journal publication: Design and Management of Bird Nesting Habitat:
Tactics for Conserving Colonial Waterbird Biodiversity on Artificial Islands in Hamilton
Harbour (Quinn, Morris, Blokpoel, Weseloh and Ewins), how has bird populations
changed on the site, seasonally? What factors are affecting demographics and
number of nesting and/or mating sites?
o If you are unable to relate your answer to the article above: What is the bird
population like each season? What factors are affecting demographics and
number of nesting and/or mating sites?
2. What landscaping design related methods would keep a) Gulls and b) Canada
Geese from residing on the beach and turf?
Techniques
Purpose of this section: discuss potential green infrastructure techniques that could be applied
on site.
1. In Appendix D of BOH16008, prepared by Eric Matthews, the report identifies that
“Environment Canada in collaboration with the City of Hamilton has conducted
various experiments to characterize E. coli and address potential mitigative
techniques at Pier 4 and Bayfront Beaches (paragraph 3; page 2 of 83). Can you
discuss and explain the techniques and why they may work?
2. Further to Appendix D of BOH16008 (page 4 of 83), why has the vegetation barrier/
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living fence and buoy line between the headlands not achieved the same results as
at Pier 4?
3. What type of green infrastructure would be appropriate for treating E.coli on the site?
a. How could we design them to ensure successful function and longevity?
b. What types of vegetation with remedial properties help at this location?
4. Are there issues with installing green infrastructure on the site? If so, how could
those issues be resolved?
5. How would the implementation of certain green infrastructure affect bird population
on the site?
Maintenance
Purpose of this section: identify how any future green infrastructure implemented on the site
would be maintained, and who would ultimately be responsible for maintenance.
1. Is maintaining green infrastructure feasible at the site?
2. What methods are necessary for maintenance to ensure longevity and function of
green infrastructure?
3. Who would be responsible for maintaining green infrastructure at the site?
Other
Purpose of this section: If available, collect literature on successful case studies based in North
America.
1. Are there North American case studies that demonstrate successful remediation of
polluted run-off, particularly of E.coli, using green infrastructure?
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APPENDIX B EVALUATION
Introduction
The purpose of this research is to examine whether green infrastructure (GI) could treat E.coli polluted
runoff at Bayfront Beach, thereby reducing the chances of a beach closure following a rainfall event. The
thesis research involved investigating suitable locations at the site to implement GI technologies.
Background
Bayfront Beach was shut down during the 2015 swimming season as a result of poor water quality. As
identified by the City of Hamilton, one of the main issues causing beach closures at the site is high
concentrations of E.coli from waterfowl such as Canadian Geese and ring billed gulls.
From the background research conducted for Bayfront Beach and GI technologies, two products were
developed to further investigate the research purposes, as mentioned in the introduction:
1. A framework which outlines design specifications that could maximize removal efficiencies of
E.coli and fecal indicator bacteria in GI technologies; and
2. Design concept options illustrating possible GI locations and design interventions that were
assessed against a suitability/capability analysis. Based on the analysis, a design concept was
selected that appropriately responded to the sites strengths, weaknesses, opportunities and
threats; and demonstrated the above framework where appropriate.
Rationale for Design Concept
Of the concepts developed, the attached concept was selected for the following rationale:
 the beach is relocated in an area where recreational water is acceptable for human contact;
 compared to the other concepts, the selected concept requires some re-grading work to allow
direct access to the beach and for the bioretention south of the existing beach (to avoid
compromising integrity of the existing impermeable clay cap);
 proposed green infrastructure is located beyond the clay cap; and
 conversion of existing beach into a wetland is a topic that is in discussion with government bodies
and stakeholders.
Intent of Survey
The purpose of the survey is to validate the framework and design options by professionals.
Timeframe for submitting final response
Each evaluator will be permitted to submit final responses within a two week time frame:
Distribution Date: Monday, March 27, 2017
Final Response and Return Date: Monday, April 10, 2017 (Please return to cviola@uoguelph.ca)
Survey
Under each category, please rate the following questions by selecting one of the options: VG (very good),
G (good), S (satisfactory), N (neutral), P (poor), VP (very poor) or F (failed). Opportunities to comment are
provided at the end of each category, and are optional.
DESIGN CONCEPT – Please mark your response against PDF B
Design
1. Relocation of beach
G
S
N
VG

P

VP

F
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2. Pedestrian/user connection through the wetland and beach area
G
S
N
P
VP
F
VG
3. Transition of different spaces (passive, active and beach space)
G
S
N
P
VP
F
VG
4. Placement of GI to capture and treat runoff
G
S
N
P
VP
F
VG
5. Suitability of areas for passive and active recreation
G
S
N
P
VP
F
VG
6. Overall design concept layout
G
S
N
P
VG

VP

F

Optional: Please provide comments on design:
Click here to enter text.
Aesthetics
7. Preserving and enhancement of important views
G
S
N
P
VP
F
VG
8. Diversity of usable space
G
S
N
VG

P

VP

F

9. Opportunities for biodiversity
G
S
N
P
VG

VP

F

10. Move people though different spatial environments
G
S
N
P
VP
F
VG
11. Promoting appreciation for nature
G
S
N
P
VG

VP

F

12. Overall aesthetics
G
S
VG

VP

F

N

P

Optional: Please provide comments on aesthetics:
Click here to enter text.
Functionality
13. Ability to reduce waterfowl residency using a variety of plant species as buffers to open areas
G
S
N
P
VP
F
VG
14. Intercepting runoff with GI and treating E.coli concentrations before entering the water
G
S
N
P
VP
F
VG
15. Accessibility to new beach location
G
S
N
P
VP
VG

F

16. Site programming
G
S
VG

F

N

P

VP
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17. Location of beach to other amenities and facilities
VG
G
S
N
P
VP
F
18. Overall functionality
G
S
VG

N

P

VP

F

Optional: Please provide comments on functionality:
Click here to enter text.
Feasibility
19. Ability to address concerns and constraints of impermeable clay cap
G
S
N
P
VP
F
VG
20. GI Maintenance
G
S
VG

N

P

VP

F

21. Re-grading work to allow for direct accessibility from beach to water
G
S
N
P
VP
F
VG
22. Filling work for the GI south of the existing beach to provide gentle slope and avoid excavation
near the clay cap
G
S
N
P
VP
F
VG
23. Installing boardwalk throughout the wetland and across headlands, and compliance with safety
standards
G
S
N
P
VP
F
VG
24. Ability to address major concerns with water quality issues
G
S
N
P
VP
F
VG
Optional: Please provide comments on feasibility:
Click here to enter text.
User Perception
25. In keeping with public’s demand for open space and beach use
G
S
N
P
VP
F
VG
26. Public’s acceptance of change
G
S
N
P
VG

VP

F

27. Cater to a diverse group and age range
G
S
N
P
VP
VG

F

28. Address public’s current concerns with Bayfront Park and Beach
G
S
N
P
VP
F
VG
29. Resistance to changes occurring near the clay cap
G
S
N
P
VP
F
VG
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30. Potential for ecology/GI education or interpretation for site user
G
S
N
P
VP
F
VG
Optional: Please provide comments on user perception:
Click here to enter text.
DESIGN FRAMEWORK – Please mark your response against PDF C
31. Ability to follow through with framework
G
S
N
P
VP
VG

F

32. Ease of understanding language
G
S
N
P
VG

F

VP

33. Cost associated with following through with framework
G
S
N
P
VP
F
VG
34. Allow for flexibility with design without being constrained to framework
G
S
N
P
VP
F
VG
35. Ease of fulfilling framework
G
S
N
P
VG

VP

F

36. Overall design framework
G
S
N
VG

VP

F

P

Optional: Please provide comments on design framework:
Click here to enter text.
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