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Abstract

Wraggett, K. 2013. An evaluation of stormwater remediation options on McVicar Creek,
Thunder Bay, Ontario.

Keywords: integrated stormwater management, McVicar Creek, Thunder Bay, remediation, Low
Impact Development, stakeholders, education, soil, infiltration, water quality.

Stormwater discharge has been shown to impair aquatic ecosystems through the
transportation of nitrogen, nitrate, ammonium, phosphorus, orthophosphate, organic carbon,
fecal coli form bacteria, biochemical oxygen, metals and grease and oil from urban environments
(Mallin et al., 2009). Stormwater is generally considered a non-point source of pollution which
can cause difficulty in managing habitat and ecosystem degradation. Current municipal
stormwater management is often focused on the deployment of end of pipe solutions in the form
of detention or retention basins (Roy et al., 2008). There is however a growing recognition that
the public needs to be involved and aware of urban drainage planning if we are to move away
from strictly engineered solutions and shift to integrated stormwater management (Rauch et al.,
2005).

In 2002, the Lakehead Region Conservation Authority (LRCA) recognized that McVicar
Creek, one of Thunder Bay’s major tributaries to Lake Superior, was potentially contributing
significant sources of stormwater related pollutants to the Thunder Bay Area of Concern. The
lower reaches of the creek are highly developed putting the water system at high risk of
excessive urban runoff causing ecosystem impairments.

This thesis is aimed at providing stormwater remediation recommendations along McVicar
Creek through quantitative and qualitative research techniques. McVicar Creek was the selected
location due to the urbanized environment surrounding the creek and the initial recognition from
the LRCA. Three representative sites were selected that best characterized stormwater impacts
along the creek. The sites were chosen based on previous research completed on the creek by
Lakehead University and the Northshore Remedial Action Plans (RAP). Of the three sites
selected, one site was further studied as a case study site in order to complete a multi-decision
making workshop with stakeholders. All three sites had in-depth subwatershed catchment
assessments and water quality data. In addition, soil texture and composition, soil nutrients, soil
organic matter, infiltration rates and upstream and downstream water quality were examined.
These parameters were evaluated to determine the efficacy of Low Impact Development (LID)
best management practices on the site.

In relation to the literature, the quantitative data show the case study site is a suitable
option for LID remediation. The areas within the case study site that have less than ideal LID soil
conditions could be altered through engineering practices and designs to achieve successful
implementation. The water quality results show excess amounts of ammonia, nitrate, nitrite
phosphate and chloride exceeding specified guidelines outlined by the provincial and federal
governments. The stakeholder group concludes that a watershed-wide education and outreach
campaign is a more valued stormwater remediation option in Thunder Bay.
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1.0 Introduction

Stormwater discharge can impair aquatic ecosystems because it often contains elevated
levels of nitrogen, nitrate, ammonium, phosphorus, orthophosphate, organic carbon, fecal coli
form bacteria, biochemical oxygen, metals, grease and oil (Mallin et al., 2009). Stormwater is
generally considered a non-point source of pollution which can degrade habitat and ecosystem
services of urban streams. In addition, urban runoff alters temperature and dissolved oxygen
levels and strongly influences the flow characteristics of receiving streams (Heaney ef al., 1999).
Typical stormwater impacts include stream channel modification, erosion, sedimentation,

modified hydrology and changes in riparian vegetation (Heaney e al., 1999).

Stormwater collects pollutants as it flows over urban surfaces. The most common
pollutant source is from roofs of houses and buildings and impervious surfaces with heavy
motorized traffic (Boller, 2004). The highest water quality degradation due to stormwater
discharge has been shown to occur when the impervious cover of the watershed is more than
10% (Mallin et al., 2009). The current stormwater infrastructure system is designed to work
independently of other environmental variables and based on historical weather events (Rauch ez
al., 2005). Municipal stormwater management is focused on end of pipe solutions such as wet
and dry detention basins (Roy ez al., 2008). There is however a growing recognition that the
public needs to be involved in decision making and aware of urban drainage planning if we are
to move away from strictly engineered solutions and shift to integrated stormwater management
(Rauch e al., 2005). In 2002, the Lakehead Region Conservation Authority (LRCA) recognized
that McVicar Creek, one of Thunder Bay’s major tributaries to Lake Superior, was potentially
contributing significant amounts of stormwater related pollutants to the Thunder Bay Area of

Concern (AOC). The lower reaches of the creek are highly developed placing the aquatic
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ecosystem at high risk of excessive urban runoff causing impairments to the goods and services

of the aquatic system.

This thesis is aimed at providing stormwater remediation recommendations along McVicar
Creek through quantitative and qualitative research techniques to meet the specified objectives.
McVicar Creek was selected for study in this research because the urbanized environment
surrounding the creek has been recognized by the LRCA as having a negative impact on the
creek. Three representative sites were elected that best characterize stormwater impacts along
the creek. The sites were chosen based on previous research completed by Lakehead University
and the Northshore Remedial Action Plans (RAP). Of the three sites selected, one site was
further studied as a case study site in order to complete a multi-decision making workshop with
stakeholders. Stakeholders for the purposes of this thesis are explained in the methods section.
All three sites had in-depth subwatershed catchment assessments and water quality testing at the
outfall completed on them. The case study site was further studied for soil texture and
composition, soil nutrients, soil organic matter, infiltration rates and upstream and downstream
water quality. These parameters were tested to help determine the suitability of deploying a
range of Low Impact Development (LID) best management practices on the site. A Multi-
Stakeholder Decision Making (MSDM) framework was followed to complete the involvement
(Sinclair et al., 1998). This framework included an introduction session, a site visit and a
decision-making workshop. The recommendations are based on the site specific data presented

to the group throughout the involvement process.

1.1 Background

Although there is no set Stormwater master plans at the Municipal level, there have been

huge accomplishments around the city in stormwater awareness, remediation and naturalization.
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Between 1966 and 1976, the LRCA completed an Ersion Protection, Regultation and Flood Plain
Mapping of McVicar Creek (Lakehead Region Conservation Authority, 2002). The project was
aimed at erosion and flood control which are a direct link to stormwater discharge impacts. The
addition of rip-rap at the mouth of the creek has provided a reduction in erosion and in turn
helped imrove water quality from runoff (Alberti, 2005). In 1996 a Pollution Prevention and
Control Plan was adopted in the City of Thunder Bay (City of Thunder Bay, 2010). The plan
adressed the need for long-term pollution prevention plan based on combined sewer overflow,
basement flooding, stormwater management and the establishment of the Thunder Bay Pollution
Control Plant. In 2007 the LRCA completed a Stewardship program along McVicar Creek
(Lakehead Region Conservation Authority, 2007). The program provided residents living along

the creek with information on how to properly care for their property backing onto the creek.

In 2008 the City adopted the Earthwise® Community Environmental Acton Plan
(Earthwise, 2008). From the Earthwise® Community Environmental Action Plan, a Water
Working Group was formed. This group is comprised of representatives from government
agencies, not-for-profit organizations and Lakehead University. The Water Working Group
focused on discussing issues surrounding water, specifically Stormwater in the Thunder Bay
area. The issues that arise and potntial solutions are presented to the City of Thunder Bay. In
2010, the City proposed a Sewer Use Bylaw restricting certain materials from entering the
stormwater sewer system (City of Thunder Bay, 2010). In 2010 consultants were also hired by
the City to complete a scpoing study of the feasibility of a stormwater management plan for the
city of Thunder Bay (STANTEC, 2011). The goal of the feasibility study was to further

invesitgate the possibility of a Master Stormwater Management Plan.
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Thunder Bay Stormwater management is currently progressing at the municipal level
with a focus on McVicar Creek itself. The sites studied in this thesis were selected to represent
McVicar Creek as a whole and build-up base line data on the area. The three specific
subwatershed site descriptions have been determined through the Stormwater Impacts
Assessment research to-date. The descriptions are based on; existing literature, site assessments,
GIS analysis of pipe length and input, previous research results, water quality and the feasibility
study completed by STANTEC (Northshore Remedial Action Plans, 2010; STANTEC, 2011).
Water quality results were based on the Provincial Water Quality Objectives (PWQO’s) if

available or the Canadian Water Quality Guidelines (CWQG?s).

In 2010, the Northshore RAP in partnership with Lakehead University started a
Stormwater Impacts Assessment research project. The project began with an initial Unified
Stream Assessment (USA) on the entire creek. The project plan was based on the method
proposed by Centre for Watershed Protection’s Urban Subwatershed Restoration Manual Series.
The project included first the USA and then the completion of a Unified Subwatershed and Site
Reconnaissance (USSR) study. The results of the USA provide clear evidence of negative
impacts of stormwater on the aquatic system (Remedial Action Plans, 2010). The results of the
USA allowed for the further completion of the project and provided proof of the need for

remediation along the creek.

1.2 Purpose

The purpose of this thesis is to develop suitable remediation options for the three identified
hotspot sites through quantitative and qualitative data collection to meet the following objectives.

This is done through monitoring of the sites, stakeholder engagement, BMP’s and a case study.
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1.3 Objectives
Specific objectives of this thesis are to

Develop feasibility criteria of site-specific stormwater remediation options for critical

reaches of McVicar Creek.

Implement a decision-support criterion to identify effective stormwater remedial options
based on Low Impact Development (LID), community education, policy/regulation and

maintenance.

Produce a remediation option plan for identified subwatershed hotspots using expert

information and local feedback and relevant field data.
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2.0 Literature Review

This literature review is an overview of current literature that supports the research and
data collection in this thesis. It explores research to date on feasibility criteria for Best
Management Practices (BMPs) in stormwater management, decision support criteria and
implementation, as well as the use of field data and decision-support for the development of Low
Impact Development (LID) and stormwater education. The last section of this literature review
examines specific criterion outlined by multiple sources for stormwater remediation
implementation with a focus on; LID and retrofits, maintenance and policy, education and a

leave alone naturalization approach.

2.1 History of Stormwater Management

Urban runoff was originally thought of as an undesired substance that needed to be
diverted from developed areas as quickly and efficiently as possible (Boller, 2004). Around the
beginning of the 20™ century, urban areas experienced a shift to clean and dry downtown cores
(Debo et al., 2003). All liquid waste created from toilets and sinks was being transported out of
the urban areas into streams and rivers through pipes. Soon after, stormwater runoff was diverted
into the same pipes as the liquid sewer wastes that also lead directly into streams and rivers.
Once people started contracting various diseases, it was apparent that dumping sewage into the
potable water supply was the cause. The easiest solution to the stormwater problem presented
itself as combined sewers (Boller, 2004). These systems were combined until recently, due to
heavy rain events overwhelming the system causing untreated sewage to enter potable waterways

(Roy et al., 2008).

Communities generally perceived stormwater as a nuisance problem with no social or

ecological value (Brown, 2005). The extent of most stormwater infrastructure was not even
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known by most local governments up until the late 1990°s, early 2000’s (Brown, 2005). This is
due to the fact that stormwater infrastructure was generally created with the development of
residential areas and roads. Stormwater infrastructure was just built into design construction, and

not recorded in municipal documents as a significant part of urban design (Brown, 2005).

The stormwater infrastructure that was created as an alternative to combined sewers
posed a threat to downstream flooding during heavy rain events (Roy et al., 2008). This threat
sparked the paradigm of on-site retention of stormwater (Debo ef al., 2003). During the 1990’s
the idea of watershed level stormwater planning emerged (Ontario Ministry of the Environment,
2003). This theory has been adopted by nearly all current stormwater planners in Ontario. This
theory emerged with the growing concern of sustainability, ecosystem restoration and natural
hydrologic regimes. There is a general green revolution emerging within stormwater
management as people come to the common acceptance that urban sprawl and increased

impervious surfaces are contributing to the contamination of water systems (Debo et al., 2003).

Into the 1990°s and beyond there has been more of a shift towards integrated urban
stormwater management (IUSM) and it is continuing to evolve (Brown, 2005). In the beginning
of stormwater infrastructure and flood control, stormwater was considered to be environmentally
benign, so focus was based on economical convenience. Through social attitude studies done
during the 1990’s it was determined that waterway health and water pollution was ranked at the
highest environmental value of the public (Brown, 2005). There are some specific factors that
can mark the transition period to sustainable stormwater management throughout the 1990’s:
increased social values of watercourses, evolving international research in integrated stormwater
management and local policy development. [USM poses a challenge to administration because it

requires a new form of governance involving participatory, interdisciplinary and inter-
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organization adaptive management. This new approach needs to consider a holistic ideology with

the inclusion of community participation and other stakeholders (Brown, 2005).

Sundberg et al. (2004) suggest that stormwater systems should provide water for
domestic use, rather than being treated as wastewater. The theory of stormwater reuse is a
common theme among stormwater literature. Sundberg ef al. (2004) suggest a re-assessment of
the system as an indicator framework based on the idea that sustainable water resources can’t be
quantified. The systems theory approach needs to be based on organized learning rather than
traditional systems engineering. Stormwater management needs to represent the surrounding
environment, the local society and the contributing urban water systems. Stomwater management
has the oppotunity to not only enhance the quality of the ecosystem, but also the urban aesthetics

of the area.

2.2 Human Health Risks Associated with Stormwater Discharge

According to Gaffield ez a/ (2003), over 50% of waterborne illness outbreaks since 1948
have been linked to stormwater runoff primarily during extreme rainfall events. In Long Island
Sound, U.S.A, 47% of pathogen contamination is caused by stormwater runoff (Gaffield et al.,
2003). Excess sediment to water bodies causes the natural bacteria in the system to die and
creates habitat for terrestrial bacteria entering the aquatic environment from stormwater
discharge. Fecal coliform is another common bacterium found in stormwater runoff that can
lead to human health problems. Nitrate, another common element found in stormwater runoff
can cause shortness of breath, blueness of the skin and increase the chances of a miscarriage in
pregnant women. Significant levels of copper, zinc and lead are also commonly found in

stormwater runoff which has toxic effects on human health.
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The chlorine used in drinking water treatment plants cannot remove many of the
terrestrial bacteria that are introduced to the water system through stormwater runoff (Gaftield ez
al., 2003). Some treatment facilities have converted from using chlorine to ozone to treat
drinking water to solve the stormwater contamination issue. This seems to be an issue in itself
because the disinfectants used create carcinogenic by-products. These by-products have been
estimated to cause up to 9,300 cases of bladder cancer in the U.S each year. They have also been

linked to neural tube defects and spontaneous abortions in pregnant women.

Gaffield ez al. (2003) conducted a cost analysis, comparing the cost of complex water
treatment facilities; the cost to treat waterborne illnesses caused by stormwater runoff and simple
stormwater management practices. They reported that stormwater management practices, such as
regional site design planning, best management practices, enhanced infiltration and watershed
planning cost about one third the amount of improved drinking water treatment and three

quarters the amount of treating waterborne illness.

2.3 Overview of Stormwater Remediation options

The evidence of ecosystem degradation caused by stormwater discharge arose in the early
1960’s in Australia. This awareness created holistic stormwater management approaches in
recreational green-spaces around the country to increase public awareness of the issue (Roy et
al., 2008). The value of stormwater runoff in Australia has shifted from being a liability to being
a precious water resource concerning droughts. The most frequent stormwater management
techniques used in Australia are city-wide stormwater management plans with both structural
and non-structural guidelines (Taylor et al., 2007). These guidelines often adopt LID and BMP

techniques.
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The City of Salisbury in South Australia has designed a stormwater retention system
called the Parafield system (Howlett e al., 2009). The system is designed to catch stormwater
runoff into a capture dam and then pump the water from the original dam into a subsequent
holding dam. During the second phase of the process many of the discharged pollutants are
removed through infiltration. Once the stormwater is released from the holding dam it runs
through a small wetland for further infiltration and bioretention treatment. From the wetland the
water is supplied either directly to the consumer, usually for industry and non potable purposes,
or it is further held in an underground aquifer for future use. There is no guarantee of a consistent
water supply to consumers as the system is based on rainfall events, however; the water from the
Parafield system is significantly less expensive than treated water from the main municipal

supply (Howlett ez al., 2009).

The United States are required to comply with the Total Daily Maximum Load discharge
limits from all point sources (Rauch ez al., 2005). This system is based on the Hydrologic
Simulation Program Fortran that accounts for rainfall, infiltration, point and nonpoint sources of
waste and stream flows. Tulsa Oklahoma enforced an illicit discharge elimination program in
1994 to deal with the excessive expected illicit discharge into the stormwater system (Taylor et
al., 2007). The program was heavily enforced by government agencies. There was stormwater
quality testing done prior to the implementation of the program and at four intervals after the
program implementation. The program was proven successful in reducing 13% of total
suspended solids, 17% of total phosphorus, 18% of total nitrogen and more than 55% of total
metals. The success of this program spiralled into a nation-wide acceptance of the program and
led to implementation in many municipalities across the country. Education of Master Gardeners

in the USA has also proven to be a successful and cost effective stormwater management
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technique. The adoption of the program in Virginia and Florida increased public awareness of
stormwater issues by 41%, increased 75% of the public undertaking personal stormwater

mitigation activities and pesticide loads applied to lawns decreased by 25% (Taylor ef al., 2007).

The most effective way of controlling stormwater pollution, according to Boller (2004) is
through source controls. Source controls involve education of the public and local level
guidelines on contaminated substance use reduction. Source control research to date has been
focused on the restructuring of urban stormwater systems. These include rainwater harvesting
techniques, physical retention and infiltration and wetland bioretention systems. The
implementation of source control measures according to Rauch ez al. (2005) is not sufficient on
its own because it does not address the contamination issues coming from the catchment basin
itself. Rauch ez al. (2005) defines the inclusion of social dimensions within the catchment area as
non-structural source controls. These controls identify stakeholder collaboration and public
participation. There appears to be a lack of support for non-structural source control research
such as integrated stormwater planning and community education. There is also little support for
reducing the level of dangerous household waste products that enter the stormwater drainage

system.

The clearing of dust and dirt from roads and scheduled road cleaning significantly
decreases the level of heavy metals and PAH’s present in stormwater runoff (Boller, 2004).
Pollution barrier systems can also help reduce the contaminants entering the aquatic system from
roads and limit the amount of required road cleaning. There are two types of pollution barrier
systems used in Switzerland; natural soil passages and passage through adsorber [sic] systems

(Boller, 2004). The natural soil passage is a system designed to allow infiltration into the soil
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generally through a trench system. Natural soil passages are most effective on road shoulders as

they efficiently retain heavy metals and PAH’s.

Awareness of environmental issues around stormwater has pushed Ontario
municipalities to widely adopt wet stormwater detention ponds over the last 10-15 years (Drake
et al., 2008). Wet stormwater ponds can be very effective in decreasing excessive stormwater
discharge into natural water bodies. However, municipalities in Ontario have not been
maintaining municipal ponds properly. Stormwater ponds need to be dredged and cleaned in
order to continue providing effective stormwater treatment. Contaminated sediment accumulates
at the bottom of these ponds threatening wildlife and human health (Drake ef al, 2008).
Stormwater ponds also tend to leach into groundwater potentially contaminating the potable
aquifer water supply. An effective urban stormwater management system has to maintain natural
ecological function and structure including flow, geomorphology, temperature, water quality,
ecosystem diversity and nutrient cycling (Roy et al., 2008). Urban stormwater management
needs to be planned and implemented at the watershed scale rather than through detention ponds

only.

Low Impact Development (LID) consists of small scale stormwater management on the
local level such as; rainwater harvesting, green roofs, roof downspout disconnection, infiltration
trenches, bioretention, permeable pavement, etc (Toronto and Region Conservation Authority,
2010). The purpose of LID is to convert developed land into a predevelopment hydrological
setting to minimize urban impacts on water bodies (Muthanna, 2007). Technologies currently
exist within LID that mimic natural water cycles and reduce the transport of stormwater
contaminants downstream (Roy et al., 2008). The use of LID can temporarily retain stormwater

through rain barrels, infiltration and evapotranspiration. Some issues arise with LID techniques
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when there is limited space for storage and infiltration systems. Contaminants can also
overwhelm infiltration systems or the area may be passed the point of recovery. Bioretention is
an infiltration technique that can be used as an LID in stormwater management. In a natural
environment, 50% of rainfall infiltrates into the ground and 10% is runoff into water bodies
(Muthanna, 2007). In an urban environment only about 10-15% of rainfall is infiltrated while
about 55% becomes urban runoff. There have been studies showing that heavy metal

concentrations can be decreased by over 90% if the proper technique is used (Muthanna, 2007).

2.4 Site Selection Methods

Boller (2004) suggests that effective stormwater remediation options can only be
determined when site hydrology and pollution fluxes are estimated for design storms. The
selected site and option needs to control the pollution either by source control or through
pollution barriers. There needs to also be proper disposal of accumulated waste. The materials
present in the urban catchment basin must be identified as pollution contributors in order to
assess the stormwater discharge impacts (Boller, 2004). Zhang (2009) suggests a site selection
approach similar to that of Boller (2004) based on a watershed level stormwater optimization
process. The process identifies the most suitable and cost effective LID technique. The approach
assesses the peak flow relative to the total runoff control as well as total cost and pollution
prevention. The United States Environmental Protection Agency (USEPA) developed a
Stormwater Management Model (SWMM) that predicts water quantity and quality of stormwater
runoff. The SWMM can be run in conjunction with a genetic algorithm (GA) to determine
optimal LID techniques post-development. The optimization process is very much in its infancy

at this point. In order to perform the process effectively the land cover, local geology and soils
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and daily climate needs to be known. Flood control and previous modelling on the area should

also be known before conducting the optimization process (Zhang, 2009).

Echols (2002) created a stormwater management system with the intention of decreasing
downstream flow rates, reducing non-point source contamination increasing infiltration and the
protecting f groundwater from contamination. The system is based on a two stage process;
infiltration and bioretention through mulch, soil and plant material and excess runoff is diverted
into a flow splitter. The flow splitter mimics predevelopment infiltration and runoff. The flow
splitter allows predevelopment flow rates to enter water systems and the remaining runoff is
diverted to an infiltration system. The size of the infiltration area and the flow splitter is based on
predevelopment hydrology. Predevelopment infiltration rates or initial abstraction can be
determined by calculating current impervious surface areas created by urban development.
Bioretention volume can be calculated by dividing the initial abstraction rate by 12 and
multiplying by the area of impervious surface. This calculation provides the area needed to retain
runoff in a specific area such as a small parking lot. Sites should be divided into as many
drainage areas as possible requiring many small infiltration areas. If there are too few infiltration
areas the recharge capacity of the ground will be exceeded and infiltration will be ineffective.
Flow splitters are generally composed of plastic inlets with a diversion weir, a bypass weir and a
filter. The filter screen prevents mosquitoes from reproducing and reduces the amount of

sediment, organic debris and trash that enter the infiltration area (Zhang, 2009).

Although many LID, BMP and source control techniques have been studied, there is a
large amount of scepticism from professionals of variable soil and climatic conditions. Most
practitioners need to see successful demonstrations of projects before implementation can be

considered in regulation (Roy et al., 2008). Regulations often prevent developers from
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implementing source control measures such as the requirements to build curbs and gutters rather
than bioswales. Watershed scale stormwater management generally requires the support of
multiple municipal divisions which creates confusion. Funding, human resources and guidelines
in many institutions are lacking. There is a risk associated with adopting stormwater
development engineering standards that both the public and professionals are resistant to accept
(Roy et al., 2008). There is little certainty in the performance, efficiency and long-term costs of
most stormwater management techniques (Taylor ez a/., 2007). Many stormwater management
practices are employed with very little understanding of the effectiveness such as storm drain
stencilling programs. There are many hesitations from the general public, designers and decision

makers of LID implementation, particularly when funds are limited.

The complexity of performance based LID manuals often lead designers to implement the
minimum requirement for detention ponds rather than explore alternative BMP’s or LID’s
(Fassman, 2012). Most prescriptive BMP designs also require little to no monitoring, making
cost/benefit analysis difficult to determine. Current LID/BMP design should not be based on
percent removal metrics because that leaves the potential of mass loads of other pollutants.
Design of BMPs should be focused on the adverse effects of the discharge because the duration
of contamination can be as significant to ecosystem health as the discharge quality itself. The
effectiveness of a BMP needs to be based on design, watershed characteristics and storm
characteristics which are not considered in a percent removal metric model. Permeable pavement
monitoring data is only internationally available from a single source in Colorado and another in
New Hampshire. Grass swale LID’s are mostly represented from sites in Florida. There is very
little information on the efficiency of wetland basins on copper and zinc contaminants.

According to Fassman (2012), bioretention and grassed swales are more effective than
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constructed wetlands, detention basins or media filters in reducing Total Suspended Solids.
Bioretention basins show the highest reduction in zinc levels. Bioretention studies have been
generally formed in laboratories or using synthetic runoff (Dietz, 2007). Few studies have been
published on the effectiveness of in-the-ground bioretention areas with real precipitation and
runoff. Fassman (2012), suggests that permeable pavement is should be considered with
“cautious optimism”, however there is very little information known about the pollutant removal
efficiency and it only treats the precipitation falling directly onto it. There are ongoing studies
being done in Ontario to test winter performance of permeable pavement, results however, are

not yet published (Dietz, 2007).

Distributed Low Impact Development within the catchment are necessary to facilitate
infiltration, evaporation, transpiration and storage (Walsh ef al., 2005). Walsh et al. suggests that
most in-stream habitat restoration projects create a very small positive ecological impact.
Imperviousness of the catchment area is a strong predictor of urban impacts and environmental
degradation of urban streams. An ideal LID would disconnect the entire impervious surface from
the existing storm system. Decreasing impervious surface runoff to urban streams is the most
effective method in controlling small to moderate rain event contamination. Near natural
infiltration and runoff rates needs to be the primary objective of stormwater LID. Bioinfiltration
trenches are the most suggested LID in an urban environment (Walsh ez al., 2005). In order to
properly assess the potential success of an LID or BMP design, the soil structure, infiltration and

discharge of pollutants needs to be known (Toronto and Region Conservation Authority, 2010).

2.4.1 Soil Composition and Texture

The optimal composition for the top soil layer of a natural soil passage or LID is 30cm

with over 4% humus content and 10-35% clay content, with a pH of 6.5 (Boller, 2004). The
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optimal subsoil composition is 50cm with less than 1% humus content and 10-35% clay content,
with a pH of 5.5. The downside of using natural soil passages is that eventually the soil becomes
hazardous waste and needs to be disposed of and refilled. The adsorber system has been proven
to effectively remove heavy metals and dissolved organic materials. Granulated calcite often
needs to be added to the media to achieve the optimum pH conditions. The technique is most
efficient in a column structure to capture mainly roof and road runoff. If the runoff is not
partially filtered before reaching the adsorber system, the media will generally become
obstructed and need to be replaced. According to Tsihrintzis ez al. (1997) Some of the most
effective and efficient BMP’s are infiltration trenches, dry wells, infiltration basins, grass swales,
pervious pavement, wet and dry detention basins, constructed wetlands, sand filters and

separators.

2.4.2 Infiltration

Hydraulic conductivity is a measurement of the ability of water to move through
unsaturated, porous surfaces (Reynolds, 1986). Soil sorptivity is a measurement of the capacity
of soil to absorb water as it passes through unsaturated surfaces. Both hydraulic conductivity and
soil sorptivity need to be known in order to create a successful biofiltration or retrofit system
(Jonasson ef al., 2010). Research has shown that a high hydraulic conductivity generally results
in a more efficient and effective bioinfiltration project, however, the base media must also be

considered for proper plant and vegetation growth.

The Guelph Permeameter is a device created at University of Guelph in 1986 to
determine field saturated hydraulic conductivity, soil sorptivity and matrix flux potential
(Reynolds, 1986). The Guelph Permeameter uses a constant head well method while remaining

statistically equivalent to the air entry permeameter method resulting in an increased efficiency



29

and range of use when compared to; the tube method, the ring infiltrometer method, the profile
method, the column method, the cavity method and the open hole infiltration method (Reynolds,

1986).

2.4.3 Water Quality Associated with Stormwater

One of the most common contaminants of stormwater discharge is increased sediment.
Sediment is generally found in the form of Total Suspended Solids and Turbidity which causes a
reduction in channel capacity and light penetration (Chiew et al., 1997). Sedimentation in
stormwater discharge has also been shown to decrease primary production and food quality, coat
the gills and respiratory surfaces of fish and reduce stream depth, altering aquatic habitats (Allan,
2004). Stormwater pollutants, mainly heavy metals have been shown to get trapped in sediment

(Williamson et al., 2000).

The most common nutrients found in stormwater discharge are ni