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Aggregate mining in Ontario is a highly contentious landuse activity between many stakeholder
groups. Land use activities, within a watershed, including anthropogenic infrastructure and anthropogenic
changes to the natural infrastructure (such as aggregate pits and quarries), may increase susceptibility of
an aquifer by modifying contaminant migration pathways, which is an issue of water security. The
purpose of this research is to apply the Vulnerability Scoring Tool to test its utility in the field of water
security. The methodology is applied to an aggregate extraction site in the Grand River Watershed in
Ontario, and presents an example of how changing land use may change exposure pathways. In particular,
the case study results indicate an increase in vulnerability once the aquitard had been penetrated, through
aggregate excavation. Applying vulnerability and risk models to future aggregate mining sites can be a
useful decision-making tool when investigating impacts of aggregate extraction sites on water security.
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CHAPTER 1: INTRODUCTION
1.1 Overview
Protecting source water is essential for ensuring a population has safe drinking water with regard to
quantity and quality. Protecting water at the source is a complex issue involving many factors which
influence how water is used, and how it is governed. One way of understanding the multiple threats to
Canada’s freshwater is through the concept of water security (Norman et al., 2010). Water security may
be defined as “sustainable access, on a watershed basis, to adequate quantities of water of acceptable
quality, to ensure human and ecosystem health” (Norman et al., 2010).
Many tools for monitoring and reporting the state of water security – such as indices, indicators, report
cards, hazard (or risk/vulnerability) frameworks, and checklists – have been developed in Canada, at
federal, provincial, and local levels (Dunn and Bakker 2009). Land use activities within a watershed,
including anthropogenic infrastructure and anthropogenic changes to the natural infrastructure (which
may occur with construction of aggregate pits and quarries), may increase susceptibility of an aquifer, and
hence change the water security of the aquifer, by modifying potential contaminant migration pathways.
As a consequence, the need exists for a mathematical tool to evaluate the security of a water supply
system. Although many security indices exist, very few are quantitative in the sense of characterising the
potential risk of an aquifer as a result of possible sources and reflect the potential fate and transport
mechanisms by which exposure of humans and the environment may occur.
Understanding how a change in landuse may impact water is particularly important, especially in terms of
changing exposure pathways and a water security index, to be effective, must have the capabilities to
reflect such a change. Aggregate extraction, or aggregate mining, is an example of a land use activity
where a large amount of material is excavated below the surface. Aggregate operations often extract
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bedrock materials that are below the water table and these extraction operations may potentially penetrate
the aquitard over an aquifer. Potential environmental issues arising from the excavation of this aggregate
material may be viewed in terms of the impact to specific water pathways for hazard transmission from
surface water to impact groundwater supplies which would otherwise be protected. Understanding the
environmental changes, in particular to groundwater resources, is imperative when planning for an
aggregate pit or quarry, and hence represents an opportunity to evaluate the utility of a water security tool.

1.2 Problem Context
Over the past decade the issue of water security has become a source of growing concern in Canada, due
in part to well-publicized water contamination incidents, such as the contamination of Walkerton’s
drinking water system (Norman et al., 2010). Within Ontario, an emerging water security paradigm is the
source water protection process and prioritizing source water planning over land use needs (Norman, et
al., 2010). Source Water Protection Plans are being developed to address activities and land uses around
municipal wells and intakes to protect existing and future sources of drinking water. Aggregate extraction
has been identified as a landuse activity that could represent a risk to sources of drinking water, especially
where aggregate companies are extracting large amounts of materials below the water table (Blackport
Hydrogeology, 2006). One of the many challenges in achieving water security, particularly in regard to
the aggregate extraction industry, is the reconciliation of ongoing economic growth with environmental
stewardship.
Aggregate is considered to be valuable to the economy as it contributes to a variety of industries, such as
road construction, building construction and maintaining water main and sewer infrastructure (MNR,
2010). The high demand for aggregate is of concern to the Ministry of Natural Resources (MNR) which
indicates that the licensing of replacement reserves has not matched pace with the consumption (MNR,
2010). Much of the demand for aggregates within Ontario comes from the Greater Toronto Area (GTA),
which uses about one third, or 61 million tonnes, of the aggregate consumed in Ontario each year (Altus
2

Group Economic Consulting et al., 2009). Aggregates are a high bulk, low value item, where transport
costs make up a considerable portion of the total costs. Consequently, the costs of transporting high bulk
aggregates, relative to their market values, means that close proximity to their target market is favourable
with respect to profitable productivity and extraction (Taylor and Winfield, 2005). In Ontario, the
provincial government has designed policies, such as the Ontario Provincial Policy Statement, to
encourage the location and expansion of pits and quarries near major markets (Patano and Sandberg,
2005). As a consequence, the aggregate companies typically fight opponents until proven reserves in the
areas closest to the market are completely exhausted (Chambers and Sandberg, 2007). At the same time,
however, the extraction of aggregate materials results in a number of negative environmental
externalities. The extraction of aggregate involves the alteration of the environment by the removal of
nearly all vegetation, topsoil and subsoil (Winfield and Taylor, 2005). It also involves damage to aquifers
by affecting both the groundwater storage and flow regimes (Baker and Shoemaker, 2005). Groundwater
in the aquifer is potentially more susceptible to contamination from anthropogenic sources in aggregate
extraction sites because there may be a loss of protection provided by the soil to filter out and sorb
pollutants, which decreases the soil capacity to attenuate contaminants. (Peckenham et al., 2008). While
some of these aforementioned issues can be resolved by reclamation of the extraction site after use, many
of these effects can cause irreversible damages, such as the damage to aquifers, groundwater flow and
habitat loss. Rehabilitated areas often lose soil quality, drainage capabilities and agricultural potential
relative to what was present before extraction (Gravel Watch, 2009).
The approval process for permits and licenses is a lengthy one and considers many important impacts of
changes in landuse. However, the current protocol is limited with respect to both surface and groundwater
risk assessment which may address how changing the landuse may impact nearby sources of water.
Neither risk nor vulnerability assessment is currently required for the licensing process, which is outlined
in the MNR’s licensing requirements (MNR, 2012). Current contaminant hazard pathways may be
affected by implementing a large pit or quarry and the current application process does not address this
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issue. The connectivity or pathway between surface sources and groundwater supply sources will be
changed when quarries are excavated below the water table.

Water quantity issues may be addressed

during the planning process, but water quality issues are usually not reviewed, except for the issue of
onsite storage of fuel or hazard materials due to the excavation of the site (Blackport Hydrogeology,
2006). The aggregate planning process in southern Ontario can be conceptualized as a provincialmunicipal power struggle between the regional demand for aggregates and the local residents’ demands
for an undisturbed countryside and environmentalists’ concerns for the preservation of nature and natural
processes (Patano and Sandberg, 2005). Much of the conflict is played out in Ontario Municipal Board
(OMB) hearings where decisions regarding the approval of extraction sites are often forwarded to because
the municipality and aggregate extraction company cannot come to an understanding.

1.3 Purpose
The overall purpose of this research is to develop a water security index tool. Following review of the
available tools which might be useful, the determination was made to adapt the Hazard Ranking System
(HRS) methodology to allow assessment of water security. As an example application, the methodology
will be applied to an aggregate extraction site as a screening tool for vulnerability characterization of
groundwater as a characterization of water security. Calculating risk to groundwater and surface water,
both in terms of water quality and quantity, represents a useful means to prioritize issues for water
management. The basis of the methodology, as will be described herein, follows the HRS, an approach
used by the Environmental Protection Agency (EPA) to evaluate contaminated sites and the threat posed
to people and/or sensitive environments. This HRS methodology will be adapted into a new tool, the
Vulnerability Scoring Tool (VST) which focuses on the vulnerability portion of a risk assessment, to
quantify relative vulnerability of groundwater for a particular land use issue. The application of the VST,
to test its utility to the field of water security, will be to assess the impacts of degradation of natural
infrastructure or the use of anthropogenic infrastructure that may influence pathways of a contaminant
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source to a water supply system. The interest in this research is to develop the VST so it may be used to
support decision-making particularly at the watershed and municipal scale, hence to assist communities in
decision-making on projects that may alter the natural landscape. The principles of the VST can be
applied to other uses and purposes, and are not restricted to evaluation for an aggregate extraction site. It
is only used herein to assess the vulnerability of a groundwater resource to aggregate extraction sites, as
an example. Alternate uses of the HRS methodology are primarily focused on assessing the relative threat
that sites with actual or potential contaminant release (e.g. areas where hazardous substances are stored
and hence may possibly be released) pose possible threats to humans or sensitive environments. The case
study demonstrates the principles in application to this particular type of land-use activity.

1.4 Objectives

The primary objectives of this study are (i) to develop a vulnerability scoring tool to assess water security
by adapting the HRS methodology into a useable approach for assessing vulnerability of an aquifer (ii) as
an example area of application, to review the current legislative framework for aggregate extraction and
determine the gaps, if any, in the current policy in terms of human and environmental health, (iii) to adapt
the HRS methodology into a useable approach for assessing vulnerability of an aquifer , and (iv) use a
case study approach to determine the effectiveness of the VST methodology by applying it to an example.
This thesis will include a review of existing literature, in Chapter 2, which analyses the existing policy
framework regarding aggregate extraction and provides background information potential risks associated
with aggregate extraction. Chapter 3 focuses on the development of the methodology where the VST is
explained. The application of the VST and the results of the case study application will be discussed in
Chapter 4 and finally Chapter 5 will summarize the conclusions and provide recommendations for future
research opportunities related to this research.
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CHAPTER 2: REVIEW OF TECHNICAL LITERATURE
2.1 Introduction

Managing the costs and benefits of mining aggregate resources in Ontario continues to be a challenge
within the current policy framework. This type of landuse practice is typically a contentious issue when it
comes to social and environmental concerns, even though aggregate mineral resources are in greater
quantities than any other natural resource in Ontario (OSSGA, 2004). The extensive policy and legislation
framework involving aggregate materials promote aggregate resources as close-to-market as possible,
resulting in resistance to new extraction of aggregate operations from growing communities. How these
aggregates are valued, socially, economically and environmentally, is a key objective of the following
literature review.
Several areas of literature were examined to provide the foundation for this research. Literature which
provides an understanding of the current governance and policy concerning aggregate mining in Ontario
is discussed. Also included in this review are the current approaches for addressing concerns with
aggregate mining at a community level. Suggestions for improved ways to manage and control aggregate
resources are also reviewed in this chapter and background on a recommended vulnerability scoring tool
for the purpose of this thesis is presented.

2.2 Aggregate Resources in Ontario

Approximately forty percent of all mineral aggregate produced in Canada is extracted in Ontario (NRCan,
2010). At the provincial level, the management of Ontario’s aggregate resources is the responsibility of
the MNR in collaboration with the Ministry of Transportation, the Ministry of Northern Development and
Mines and The Ontario Aggregate Resources Corporation (TOARC). In Ontario the overall production of
mineral aggregates in 2011 totaled approximately 143.5 million tonnes and was supplied from
approximately 6600 active aggregate mining sites within Ontario (TOARC, 2011). These aggregate
6

mining sites are open pit mines that excavate materials from the ground such as gravel, sand, clay earth,
shale, limestone, dolostone, sandstone, marble, granite, rocks or other prescribed material according to
Ontario’s Aggregate Resource Act (1990). Any combination of these materials in a natural or processed
state may be included in the term “aggregate”. Aggregate extraction sites can be categorized into two
types: pits and quarries, depending on the type of material being mined. Unconsolidated materials such as
sand and gravel come from a pit. Consolidated materials such as bedrock, come from a quarry, and
usually require blasting to remove the aggregate. Applications for aggregate extraction are based on
different characteristics such as the amount of tonnage being removed annually, whether extraction is to
take place above or below the prescribed water table, and whether the extraction site will be on crown or
private land. An aggregate permit is required for aggregate extraction on crown land. Alternatively, a
license is required to operate a pit or quarry on private land. A class A license is required when more than
20,000 tonnes per year will be removed from a pit or quarry, and a class B license is required for less than
20,000 tonnes per year (MNR, 2012). The MNR is responsible for processing applications for new
licenses and permits.

Demand for aggregate materials is driven by new construction and retrofitting aging infrastructure.
Construction of buildings, highways, dams, and airports requires aggregate resources. Aggregate
materials are also used in the manufacturing process for products such as glass, paint, plastics, paper,
fertilizers, steel and pharmaceutical production (Winfield, 2005). Still, the primary use of aggregate
materials is construction projects consisting of roadway development (MNR, 2010). For example, a single
kilometre of two lane highway may consume 15,000 to 18,000 tonnes of aggregates (Winfield, 2005;
MNR, 2010).The primary aggregate production use within Ontario in 2010 was 171 million tonnes, of
which 168 million tonnes of aggregate was produced within Ontario (MNR, 2010). Approximately 7
percent of the total aggregate consumption in Ontario comes from recycled aggregate (MNR, 2010).
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2.3 Aggregate Resource Policy
2.3.1: History of Aggregate Regulation
The first Provincial legislation for aggregate resource extraction in Ontario began in 1971 with the Pits
and Quarries Control Act which was administered by the MNR. Previous to this Act, aggregate pits and
quarries were typically controlled by municipal by-laws through the Ontario Planning Act (Binstock and
Carter-Whitney, 2011). In 1982, the Aggregate Resources Planning Policy was created to set out more
formal provincial planning rules for regulating aggregate resources. In 1986 the Ontario Planning Act was
amended to include the Mineral Aggregate Resources Policy Statement (MARPS). This policy statement
emphasized the strong provincial interest in aggregate materials and included a close-to-market
management strategy for aggregate resources.

In 1990 the Aggregate Resources Act (ARA) replaced the Pits and Quarries Control Act and set out more
stringent requirements. The purpose of the 1990 Act was to provide guidelines for the management of
aggregate resources in Ontario, to regulate aggregate operations on Crown and private land, to require
rehabilitation, and to minimize the adverse environmental impacts of aggregate operations. The Act was
updated in 1997 and established a more comprehensive licensing regime for pits and quarries, in terms of
approvals, operations and rehabilitation, as well as outlining an annual licensing fee per tonne. The fee,
which was increased from 6 cents to 11.5 cents per tonne in 2007, is distributed as follows: 7.5 cents is
distributed to the upper and lower tier municipality, 0.5 cents to the rehabilitation fund and 3.5 cents to
the MNR program which includes funding for enforcement and other administrative matters (MHBC
Planning, 2009). Also included within the Aggregate Resources Act is the Aggregate Resources of
Ontario Provincial Standards (AROPS), which provides standard criteria for license and permit
applications, prescribed conditions and operations standards for permits and licences (Aggregate
Resources Act, 1990). The current application process is proponent-driven. The applicant, or aggregate
producer, is responsible for following the requirements set out by the ARA and they are required to
8

provide documents containing site plans, summary statements, technical reports, details about the
environment, and rehabilitation plans. Once the application is considered sufficient by the MNR, then the
proponent must undertake notifying the public and agencies where they are able to review and comment
on the application. If there is opposition, then this could result in an OMB hearing.

2.3.2: Landuse Planning
The current Provincial Policy Statement (PPS) issued under the authority of Ontario’s Planning Act also
addresses aggregate mining and requires that all decision makers “be consistent with” what is outlined in
the statement (MHBC Planning, 2009). The PPS addresses different landuse topics, and specifically
includes policy statements for mineral aggregate resources. These statements include the following
(OMMAH, 2005):
2.2.1 Mineral aggregate resources shall be protected for long-term use.
2.5.2.1 As much of the mineral aggregate resources as is realistically possible shall be made available as
close to markets as possible. Demonstration of need for mineral aggregate resources, including and type
of supply/demand analysis, shall not be required, notwithstanding the availability, designation or
licensing for extraction of mineral aggregate resources locally or elsewhere.
2.5.2.2 Extraction shall be undertaken in a manner which minimizes social and environmental impacts.
2.5.2.3 The conservation of mineral aggregate resources should be promoted by making provisions for the
recovery of these resources, wherever feasible.
2.5.2.4 Mineral aggregate operations shall be protected from development and activities that would
preclude or hinder their expansion or continued use of which would be incompatible for reasons of public
health, public safety or environmental impact. Existing mineral aggregate operations shall be permitted to
continue without the need for official plan amendment, rezoning or development permit under the
Planning Act. When a license for extraction or operation ceases to exist, policy 2.5.2.5 continues to apply.
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2.5.2.5 In areas adjacent to or in known deposits of mineral aggregate resources, development and
activities which would preclude or hinder the establishment of new operations or access to the resources
shall only be permitted if:
a) Resource use would be feasible; or
b) The proposed land use or development serves a greater long-term public interest; and
c) Issues of public health, public safety and environmental impact are addressed.

Aggregate extraction is a provincial interest; therefore, municipal governments must, in their land-use
planning, be consistent with the articulated provincial policy related to aggregate resources. Planning at a
municipal level is controlled by zoning bylaws and official plans which regulate permitted uses of land,
such as aggregate extraction sites. The current provincial policy on aggregate mining focuses on the
protection of aggregates for long term use and maintaining a close-to-market supply which can minimize
transportation costs and fuel emissions. There is a large market for aggregates within the Greater Toronto
Area (GTA) which makes smaller communities close by targets for hosting the extraction sites and
supplying the GTA with aggregate minerals. With this being the case, it is often very difficult to oppose a
gravel pit in a community because the aggregate material is needed for economic growth of the province
and building and maintaining a suitable infrastructure. Often, municipal zoning bylaws and official plans
are the only way to control the development of an aggregate mine. If the land is zoned for another use
(such as agriculture) then the aggregate mining company may not be able to get the municipality to
rezone the land, but they can always appeal the decision to the Ontario Municipal Board.

The Provincial control over aggregate extraction, in a landuse planning context, is strengthened by the
2005 PPS. Additionally, Winfield and Taylor (2005) have observed that over time, the Province of
Ontario has increasingly constrained municipalities’ ability to plan and regulate aggregate extraction
operations. Baker, Slanz and Summerville (2001) also observe that the Provincial control over the
aggregate industry has been growing in Ontario and that the Ontario policy features two sometimes
10

conflicting priorities: to protect known aggregate resources from incompatible landuses and to control the
negative impacts of mining. In Ontario, the need for the province to supply aggregate materials for large
scale projects, such as housing and highway construction, is supported by the provincial government’s
focus on locating, classifying and protecting the bulk of aggregate reserves. This is achieved through the
Aggregate Resource Inventory Program and MARPS. However, the ARA attempts to reduce the impacts
of mining and quarrying on the surrounding environment by including requirements for rehabilitation and
minimizing adverse impacts on the environment (Binstock and Carter-Whitney, 2011). This dual mandate
of developing sources and attempting to control the externalities associated with the development has
created tensions between the municipality, province, aggregate producing company and lobby groups.

There are additional landuse plans in Ontario that apply to aggregate extraction, including the Niagara
Escarpment Plan (NEP), developed under the authority of the Niagara Escarpment Planning and
Development Act; the Oak Ridges Moraine Conservation Plan (ORMCP), developed under the authority
of the Oak Ridges Moraine Conservation Act; the Greenbelt Plan, developed under the authority of the
Greenbelt Act; and the Growth Plan for the Greater Golden Horseshoe. More than 75 percent of mineral
aggregates used in the greenbelt area come from the Oak Ridges Moraine and Niagara Escarpment areas
(Carter-Whitney and Esakin, 2010). The NEP includes landuse policies applicable to proposed aggregate
extraction sites which attempts to ensure compatible development within the natural environment of the
area. Within the Niagara Escarpment Plan Area, aggregate operations are permitted in areas designated
for mineral resource extraction; however, the aggregate operations are subject to development criteria
(NEC, 2012). Mineral extraction activities may also be permitted in rural designations, but require an
amendment to the NEP. The plan contains a set of standards and criteria for evaluating amendment
applications to ensure that the changes are justified. They also provide assurances that, if introduced, any
new mineral extractive operation will have minimal impact on the escarpment environment, and the lands
will ultimately be rehabilitated and used in a manner compatible with the surrounding landscape (Ministry
of Municipal Affairs and Housing, 2004).
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The ORMCP is intended to protect the ecological and hydrological integrity of the Oak Ridges Moraine
area, and ensure that only land and resource uses that maintain, improve or restore the ecological and
hydrological functions of the region are permitted (Binstock and Carter-Whitney, 2011). Within the Oak
Ridges Moraine Conservation Plan (ORMCP), mineral aggregate operations are permitted throughout the
ORM except in the Natural Core Areas designated in the plan. Proposed mineral aggregate operations in
the other three landuse designations must demonstrate: the maintenance, improvement or enhancement of
the quality and quantity of ground and surface water; proper site rehabilitation to agricultural or natural
purposes; the maintenance of the health, size and diversity of key natural heritage features; and proper
rehabilitation of areas with identified landform attributes (Ministry of Municipal Affairs and Housing,
2004). Similar to the NEP, plan amendments can be made to allow for development of aggregate
extraction sites.

The Greenbelt Plan’s purpose is to provide permanent protection of agricultural lands, natural heritage,
and water resource systems in the Greenbelt region, which includes both the Oak Ridges Moraine and the
Niagara Escarpment (Binstock and Carter-Whitney, 2011). Aggregate extraction is not permitted

throughout the Greenbelt Plan in areas that have listed natural heritage or key hydrologic
features, including significant wetlands, significant habitat of endangered or threatened species and
mature significant woodlands (MNR, 2006). The extraction of aggregates continues to be one of the most
serious threats in the Greenbelt, the Niagara Escarpment and Oak Ridges Moraine since they continue to
be proposed and approved in environmentally significant areas and designated agricultural land (CarterWhitney and Esakin, 2010). Even with these additional requirements, the high quality aggregates in these
areas still results in ongoing aggregate extraction and doesn’t show sign of slowing (Smith, 2009).
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Additionally, the 2006 Growth Plan for the Greater Golden Horseshoe (GGH) guides planning for
projected population growth and proposes the following:
Through sub-area assessment, the Ministers of Public Infrastructure Renewal and Natural Resources will
work with municipalities, producers of mineral aggregate resources, and other stakeholders to identify
significant mineral aggregate resources for the GGH, and to develop a long-term strategy for ensuring the
wise use, conservation, availability and management of mineral aggregate resources in the GGH, as well
as identifying opportunities for resource recovery and for co-ordinated approaches to rehabilitation where
feasible.
The Growth Plan may have unpredictable effects on demand for aggregates in the GGH region, as
objectives in the Plan include measures that may increase demand for aggregates in some projects, such
as high-rise building development, as well as those that may reduce the demand for aggregates in other
areas, such as reduced road construction due to intensification along existing Roads (Binstock and CarterWhitney, 2011).

2.2 Aggregate Resources and Source Water Protection

Aggregate extraction policy, as mentioned above, involves the Aggregate Resources Act, Provincial
Policy Statement, the Greenbelt Plan, Niagara Escarpment Plan, Oak Ridges Moraine Plan, and municipal
bylaws and plans. Additionally, aggregate extraction policy now has to be considered on a watershed
basis within the context of source water protection planning. This is important for viewing aggregate
extraction impacts on a watershed basis, and may help to evaluate the cumulative impacts that go along
with extraction in areas where multiple pits or quarries may exist. Source water protection plans are
developed under the Clean Water Act in order to protect municipal sources of drinking water. The Source
Water Protection Plan for a given watershed is assembled to evaluate the degree to which water supplies
are vulnerable, identify potential threats and develop plans to deal with the threats to drinking water
sources.
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Among the threats are activities which release chemicals or pathogens and are considered as drinking
water threats in the Clean Water Act and these have the ability to impact the quantity of the water (SWP,
2011). Since aggregate extraction operations do not normally contribute chemicals or pathogens, this
activity is not listed as a prescribed drinking water threat. There are, however, certain threats that can be
associated with aggregate extraction operations such as the handling and storage of fuel. Other threats
could occur at aggregate extraction sites such as the application of road salt, handling and storage of road
salt, handling and storage of DNAPLs, handing and storage of organic solvents, and application of
fertilizers or pesticides which may be associated with site rehabilitation (SWP, 2011). DNAPLs and
organic solvents can be found in degreasers which may be used where maintenance facilities located onsite at an aggregate extraction operation. Not only are there possible threats which can be linked to
aggregate extraction sites, but these sites are also considered a transport pathway within source water
protection planning. Since an aggregate operation removes the protective layers of overburden above an
aquifer it can potentially increase vulnerability to the water supply. Therefore, the risk level of the
drinking water threats in the vicinity of the aggregate operation may be influenced by the presence of the
transport pathway.
In 2004, Macdonald and Hodgins proposed using groundwater modeling assessments when trying to
understand the impact of aggregate extraction on water resources, specifically in the context of source
water protection planning.

Macdonald and Hodgins (2004) listed a number of factors which must be

considered when assessing the compatibility of source water protection and aggregate extraction:
potential local scale effects, cumulative impacts, post-extraction changes to vulnerability and availability
of existing hydrogeological information. Macdonald and Hodgins (2004) suggest that addressing these
concerns could be done by conducting cumulative impact and vulnerability assessments. The particular
issues which would need to be evaluated would include: impacts to recharge mechanisms, quantity of
groundwater discharging to stream, quality degradation of groundwater or surface water, reduction in
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wetland function, interference to municipal or private wells, compatibility of post-extraction land uses
and ability of rehabilitation to protection groundwater quality and quantity. A numerical groundwater
model would need to be developed to do this type of analysis. Furthermore, Macdonald and Hodgins
(2004) also suggest need for an aquifer vulnerability model or mapping tool. This model would be based
on the time it takes a contaminant released at ground surface to reach the aquifer, which is a function of
the depth to water table, and the geologic material in the subsurface; therefore, by this definition
extraction will change the vulnerability of an aquifer.
Blackport Hydrogeology (2006) also reviewed aggregate mining issues in regards to source water
protection. This paper was completed in response to a report released by the Province of Ontario in 2004
entitled, “Watershed Based Source Protection”. Within this report, specific activities that could represent
a risk to a source of drinking water were identified and aggregate extraction was listed as one of these
specific activities. Blackport Hydrogeology (2006) list a series of water concerns related to the aggregate
industry: removal of the amount of filtering material above a groundwater source, exposing the water
table to surface pollutants, potential loss of water quality, risk of contaminated fill to rehabilitate sites,
and onsite activities which introduce potential risks to source water. The Blackport Hydrogeology (2006)
study addresses the concerns and discusses whether aggregate extraction and processing are compatible
with the objective of source water protection. The concern with aggregate mining and source water
protection is normally focused on water quality and potential increased risk to drinking water sources, if
the aggregate resource is also a water supply aquifer. Blackport Hydrogeology listed 3 basic components
or issues as related to source water protection and the aggregate industry:
•the physical impacts of the actual extraction and processing of aggregate;
•the potential impacts of aggregate extraction on the changes to aquifer vulnerability and the ability to
protect source water; and,
•the potential future land use in areas where there have been potential changes to the aquifer vulnerability.
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Two major concerns associated with the actual extraction process are, reduction of the amount of filtering
material and exposure of the water table, such that there may be an easier introduction of surface
pollutants. Blackport Hydrogeology (2006) determined that there could be an increased exposure of the
shallow groundwater system to contaminants, particularly microbial contaminants. These results also
suggest that there will be decreased travel times for any contaminants to a drinking water supply if runoff
from a surface source of contamination has entered the extraction area. This is also similar for the
potential migration of hydrocarbons. If the soil layer is removed, the opportunity for natural
biodegradation of hydrocarbons is reduced. This is particularly important to consider if there are ancillary
activities taking place on an extraction site which may introduce potential risks to source water, such as
asphalt recycling or on-site storage of fuel. Another concern related to source water protection is the
potential loss of water as a result of dewatering activities. There is a potential risk to the quantity of
groundwater supplies, but Blackport Hydrogeology (2006) indicates that the greater issue is with the
impacts to aquatic and terrestrial features, which are much more sensitive to minor changes in flow or
discharge, as compared to drinking water supplies. The final concern expressed in Blackport
Hydrogeology’s report is the risk of contaminated fill when rehabilitating closed extraction sites. Proper
preventive measures or policy controls need to be implemented to restrict the type of fill used for
rehabilitation purposes.

2.4 Role of the Ontario Municipal Board

The OMB is an independent tribunal that hears appeals of land use planning decisions by municipal
councils. With respect to aggregate extraction, the function is to resolve appeals once decisions have been
made regarding official plan amendments and zoning bylaw amendments. When licence applications are
referred to the Ontario Municipal Board, the board will hold a hearing and direct the Minister of Natural
Resources to issue the licence (subject to conditions) or direct the Minister to refuse to issue the licence.
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The hearings are less formal than in courts, but most parties are still represented by lawyers and witnesses
are subject to cross-examination (Muldoon et al., 2009). Many OMB hearings have been convened under
the Planning Act to settle disputes involving objections to aggregate mining. However, it is an arduous
task to appeal to the OMB. The OMB must consider a number of pieces of legislation in considering an
appeal including:
• Ontario Water Resources Act
• Environmental Protection Act
• Environmental Assessment Act
• Federal Fisheries Act
• Planning Act
• Municipal Act
• Lakes and River Improvement Act
• Liquid Fuels Handling Code under the TSSA
• Conservation Authorities Act
• Greenbelt Act
• Oak Ridges Moraine Act
• Clean Water Act

Issues that are addressed in these acts include, but are not limited to, the following:
• permits to take water, if pumping occurs
•storm water management plans
•sediment control plans
•groundwater flow and disturbances to wells
•water quality
•impacts on aquatic systems
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•discharge to surface water
•source water protection plans.

Southern Ontario has witnessed considerable conflict with respect to aggregate extraction and as such
there are a number of aggregate mining cases involving the OMB. The primary stakeholders who may be
involved in OMB hearings are aggregate producers, developers, the public, interest groups, municipalities
and the Province of Ontario. Interest groups are often formed in response to applications for aggregate
extraction. These groups are typically concerned with the environmental impacts of the extraction site and
they often have a political agenda. However, the most common parties involved in OMB hearings are
aggregate producers and the public (Baker et al., 2001).
In hearings when the province and municipalities oppose each other the majority of the OMB decisions
favour the province (Baker et al., 2001). However, even in these cases the board may still enforce
stringent environmental guidelines because of the environmental issues raised by the municipality and
special interest groups. The Puslinch hearings of 1988-1990 are a good example of this. The concerns of
the citizens were incorporated more fully in the planning process, although the OMB rejected the
Township’s attempt to restrict the mining application by refusing to amend the bylaws. The board was
able to attach stringent environmental conditions on the proposed developments and set a precedent about
standards of operation (Baker et al., 2001). Although the Province has been successful in fulfilling its
mandate of protecting aggregate reserves for future uses, it has been less successful in controlling the
impacts of aggregate mining on the environment. However, the OMB can now exert more control over
the negative impacts associated with aggregate mining policy while remaining consistent with
government policy, because of the stringent conditions of approval (Baker, et al., 2001).

Another example where the OMB decision favoured the municipality is a case in Puslinch, where a
community group was able to prevent Capital Paving from extracting a maximum annual rate of 400,000
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tonnes of aggregate out of a 51.3 hectare site (OMB Decision PL080489). A more recent case is the
Caledon Rockfort quarry which was ultimately turned down by the OMB. The applicant was James Dick
Construction and they were applying for an 89 hectare quarry with a maximum removal of 2.5 million
tonnes of aggregate over the entire duration of the pit (James Dick Construction Ltd., 2010). Normally,
the decision-making process reflects the MNR and aggregate company’s interests’ best, but there may
now be a shift in the decision-making process which is placing social and environmental interest at higher
regard.

2.5 Rehabilitation

Aggregate extraction sites are meant to be an interim use of land and are perceived as a temporary use,
according to the Provincial Policy Statement and therefore they are required to carry out rehabilitation of
the site to the previous land use or a land use compatible with the adjacent land. Within the policy
framework, progressive and final rehabilitation is required to accommodate subsequent land uses as
outlined in the Provincial Policy Statement (2005) and Section 6 of the Aggregate Resources Act (1990)
and thus progressive rehabilitation must be outlined when aggregate producers file an application.
Aggregate producers are also required to pay a fee for the operation of a pit or quarry and a portion of this
fee goes towards the abandoned pit and quarry fund. However, between 1992 and 2002 less than half of
the disturbed land was rehabilitated in Ontario, with only about three percent of the total land being
reclaimed in 2002 (Winfield and Taylor, 2005). This is particularly important because there are many
concerns on how to restore land in a manner appropriate to the pre-extraction state, especially within the
Greenbelt (Carter-Whitney and Esakin, 2010). The landscape and natural features are irrevocably changed
because this interim use of land can continue for a lengthy period. Currently, aggregate operators file their
own compliance reports annually detailing how they complied with the ARA requirements. The MNR
then reviews the reports and may carry out field checks, with a minimum target of twenty percent (ECO,
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2004). However, because of inadequate staffing or funds, the MNR routinely misses this target, only
auditing 13% in 2002 and 10% in 2003 (ECO, 2004). However, the timeframe before being rehabilitated
may allow the site to be susceptible to impact, such as illegal dumping of waste materials. Unless bound
by other rehabilitation requirements, such as prime agricultural land being returned to agricultural use,
there may be opportunities to encourage proponents to have regard for biodiversity values. Of particular
interest is prime agricultural land, which according to the PPS (2005) must be rehabilitated back into
prime agriculture land. Extraction of mineral resources is permitted as an interim use of land in prime
agricultural areas, provided that rehabilitation of the site will be carried out so that substantially the same
areas and same average soil quality are restored (PPS, 2005). However, there are exceptions which
include below water table extraction where it may be impossible for the land to be fully restored to prime
agricultural land, exemplifying the fact that full rehabilitation is not always feasible. These sites will often
be transformed into ponds or lakes which eliminate the possibility for rehabilitation to agricultural land.
According to Winfield (2005), using statistics from the Ontario Mineral Aggregate Resource Corporation,
Guelph, as an example, has more than 46,701 hectares of area disturbed through extraction, 152 hectares
(or 3%) of which have been rehabilitated. One of the main purposes of the Aggregate Resource Act is to
require the rehabilitation of land from which aggregate has been excavated (Blackport Hydrogeology,
2006). The Ontario Stone, Sand, and Gravel Association (OSSGA) discuss many success stories of
rehabilitated sites, where most of the aggregate sites have been turned into natural (vegetated, terrestrial
ecosystem) or water (land that is permanently flood or periodically inundated with water) areas (OSSGA,
2010). However, the study only reviews rehabilitated and abandoned sites (287 sites) and gives no
statistics on what percentage of total abandoned sites this represents. Successful rehabilitation can be
achieved where ecosystems are able to recover from the impacts of aggregate extraction, yet the
controlling rehabilitation in all extraction sites is still an unresolved issue.
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2.6 Aggregate Extraction Risks

Aggregate extraction has generated conflicts involving the municipality, the province, citizens, aggregate
companies, and interest groups. These conflicts are centred on the environmental and social disruptions of
aggregate extraction and the doubt in the regulatory efforts to control negative impacts. Disturbances of
the land surface by extraction can be not only visually disruptive but may also cause environmental
impacts, which emerge as the main costs to aggregate extraction from the perspective of the Ontario
resident (AECOM and MNR, 2010). It is necessary to balance the need for aggregate with the desire to
protect the natural environment for human and ecosystem health. Extracting aggregate materials can come
with several ecological costs including loss of forests, wetlands and habitat for endangered species; use of
or diversion of considerable amounts of drinking water; releasing of harmful pollution from trucking
emissions; and leaving permanently scarred landscapes (Carter-Whitney and Esakin, 2010). Blasting and
crushing aggregate materials can also be noisy and dusty, but more importantly many of the concerns
regarding aggregate extraction are now regarding the impacts on the local water systems and this is where
the concept of water security is illustrated. The rest of this section will focus on reviewing the available
information which relates to the hydrologic impacts of aggregate mining extraction sites. Aggregate
extraction can potentially cause changes to the groundwater quality, groundwater quantity, surface water
quality, surface water quantity and cumulative impacts on a larger scale. This section will be broken down
into those 5 subheadings.

2.6.1 Groundwater Quality

Groundwater quality can be impacted through the process of aggregate extraction due to the physical
removal of materials. The loss of filtering material creates a direct exposure of potential contamination
from a surface source to the water table (if below water table extraction). Technically, this is described as
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loss of “attenuative” capability rather than filtering as the soil and active bacteria in the soil will do more
than filter out contaminants (Blackport Hydrogeology, 2006). The attenuative ability expresses the
capability of particles sorbing onto the soil and slowing their mobility. If aggregate extraction is done
below the water table a direct link between groundwater and surface water is created. The risk to a deeper
aquifer, which may be a source of municipal or private drinking water, can be intensified when aggregate
extraction penetrates the protective aquitard barrier. Other issues mentioned within the literature were:
changes in turbidity levels in ground water due to blasting and quarry operations, such as aggregate
washing (Green et al., 2005) and the development of aquatic communities in post extraction aggregate
ponds (Guenther, 2003).
Thermal plumes within a groundwater flow system have been incorporated into subwatershed studies in
the Caledon area of the Credit River Watershed (Ostrander et al., 1998) and Township of Puslinch on the
Mill Creek watershed (Blackport and Portt, 2002). Both studies concluded that the thermal impacts were
minimal; furthermore, and the Mill Creek watershed study found that the thermal plumes from aggregate
extraction sites generally dissipated in less than a one year travel time downgradient of the aggregate
extraction site (Blackport and Portt, 2002).

2.6.2 Groundwater Quantity
Groundwater quantity can also be impacted when aggregate extraction occurs below the water table.
Water table changes may occur if dewatering of the pit occurs and could modify the capture zones of
municipal wells. Any aggregate operations that requires significant pumping may require, under the
Ontario Water Resources Act (OWRA), a Permit to Take Water (if pumping more than 50, 000 m3 per
day) and for discharge, a Sewage Discharge Permit, usually through a Certificate of Approval from the
Ministry of the Environment (Blackport Hydrogeology, 2006). Dewatering from wells located on the site
is necessary if the aggregate material is being extracted from the below the water table since the area will
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continue to fill with water. Once pumping begins at an aggregate extraction site, there are new drawdown
cones created via the dewatering pumps. Since this change in hydraulic gradients may alter the
groundwater flows, the water may move towards the aggregate extraction site, instead of maintaining base
flow within a nearby stream. There may also be an interruption of groundwater conduit flow paths by
rock removal (Green et al., 2005). In modelling studies where dewatering was simulated such as in a
Caledon study (Ostrander et al., 1998) there were very minor localized impacts and modifications to the
groundwater flow systems as a result of extraction.

2.6.3 Surface Water Quality
Aggregate extraction can use large quantities of water both through the process of quarry dewatering and
washing of the extracted material. Water pumped during dewatering is usually discharged into a nearby
stream or water body. In terms of surface quality, the major issues when using water for aggregate
washing if the direct discharge of different quality water, and increases in suspended sediments in nearby
surface water bodies. (Blackport Hydrogeology, 2006).

Hancock (2002) discussed that the active

exchanges of water and dissolved material between the stream and groundwater in porous sand and
gravel-bed rivers create a dynamic ecotone called the hyporheic zone (Hancock, 2002). As the hyporheic
zone and its linkages to other habitats are seldom considered in planning decisions, the potential for
disturbance originating from human activity, such as aggregate mining, may disturb and remove
sediments and resuspend silts because of runoff occurring at the aggregate extraction site, allowing it to
block the remote ecotone of the hyporheic zones downstream.

In 1986, the Ministry of the Environment announced the Municipal Industrial Strategy for Abatement
(MISA) as an approach to controlling point source pollution on waterways in Ontario. Industrial minerals
was one of the industrial sectors identified as a major discharger and sand and gravel pits and quarries
were included in the sector (Blackport Hydrogeology, 2006). Monitoring programs were developed to
assess the water quality impact arising from wash water overflow locations, settling ponds or discharge
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water from dewatering operations at selected sand and gravel pit operations. Results indicated that
organics were measured at low concentrations and this was attributed to lubrication agents and fuel usage
for heavy equipment. Elevated water quality parameters such as nitrate and chloride found at the sites
may be attributed to the water quality of the groundwater being pumped or it may be from runoff into the
extraction area. Additionally, thermal changes to nearby streams, due to increased temperatures of the
dewatering ponds which are being discharged into nearby streams, can cause an increase in temperature
of the nearby surface waters (Green et al., 2005). This is a major concern for fish populations which may
only breed in streams with certain temperature regimes, and the temperature may play a role in the water
chemistry as well.

2.6.4 Surface Water Quantity
Surface water levels may be impacted if a change in groundwater flow has occurred which can modify the
ecological function of the area, rather than increase exposure pathways. When dewatering activities occur
on site, the water is normally discharged into nearby surface water bodies. In particular, a study done by
Golder and Associates reviewed the impacts of a group of gravel pits within a single subwatershed in
Puslinch on an adjacent coldwater stream, Mill Creek (Golder and Associates, 2005). There was no clear
indication that stream flows had been negatively affected by below water extraction. Flows in the Mill
Creek correlated more closely to precipitation records than the aggregate extraction. However, examining
the effects of aggregate extraction in the context of a watershed, rather than focussing on the immediate
vicinity of the extraction site is still important.

2.7 Cumulative Impacts

Since aggregates can only be mined where aggregate deposits exist, there is often more than one
extraction site located in a subwatershed with suitable geology. Cumulative impacts are defined as the
combined environmental effects or potential environmental effects of one or more development activity
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over a particular time period (GRCA, 2009). Therefore, aggregate operations can cumulatively put the
ecosystem at risk. Cumulative impacts may result in modifications to the hydrological cycle in terms of
evapotranspiration and runoff changes in the water flow system. There may also be changes in water
levels and modification to groundwater flow system and overall water balance. As water is being pumped
out of these pits or quarries, there is an increase to surface water which is now available for evaporation
and can change the water balance for the area. Cumulative impacts are often overlooked when aggregate
mining companies seek zoning approvals, and assessment of these impacts is not required by the MNR
(ECO, 2009). Gravel pits are listed as a land use activity that may have cumulative effects contributing to
environmental degradation (GRCA, 2009). It has also been addressed by Abraham (1998) that surface
extraction will create significant surface disturbances and cause cumulative impacts including erosion and
leaching of surface contaminants, including heavy metals and particulates. There is a greater concern for
heavy metals and contaminants reaching the ground water in higher concentrations if there are many
extraction sites located close together. Assessing cumulative effects would include taking into account
the impact on groundwater quantity and quality and surface water quantity and quality of multiple
extraction sites. (Blackport Hydrogeology, 2006). Examples of these effects include modifications to the
hydrologic cycle (such as evapotranspiration or runoff), changes in water levels, or modification to
groundwater flow systems. Cumulative impacts can also reflect multiple exposure scenarios from
different potential threats to one aggregate extraction site.

Reviews of case history data (Golder and Associates, 2005) from a cluster of gravel pits located in the
Mill Creek subwatershed did not show any apparent cumulative impacts, on a subwatershed scale, on the
groundwater flow system but did demonstrate local modifications to the groundwater flow system. The
major change that has taken place is an increase in aquifer storage due to the creation of lakes as a result
of below water table extraction. Clearly, much of the focus of the literature has been on impacts to water
quality and quantity and more recently there has been an increased interest on the cumulative impacts of
gravel pits, which are often not accounted for during the planning process. Many of the papers touch on
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this issue but do not know of the actual outcomes of cumulative impacts, as many of the extraction sites
have existed for so long that the baseline data is not there and the impacts of each successive addition of a
new gravel pit or a quarry are not always quantified.

2.8 Mitigating the Impacts

Two suggested approaches from MacDonald and Hodgins (2004) for managing the impact of extraction
activities on water resources are to (1) monitor and mitigate problems as they arise, and (2) develop
official plan and zoning policies to prevent aggregate extraction from occurring in areas where the risk to
water supply is considered significant. The first of these, to mitigate problems as they arise, is considered
to be a type of adaptive management plan. Adaptive management plans provide processes for continual
refinement of the mitigation systems as part of the quarry operation, based on monitoring results
(AECOM, 2009). As part of the application process, proponents of the aggregate extraction site normally
provide a range of adjustments and refinements that can be implemented as part of an adaptive
management plan, especially when considering large new reservoirs of water formed after below water
table extraction. Mitigating the impacts can also be done by policy control. There are challenges with this
approach because the use of adaptive management plans may not reverse the damage or effect of the
aggregate extraction sites and the result could be that water supplies are permanently affected, especially
because these extraction sites can be very large.
There are various technologies being used to try to quantify the impacts of aggregate mining. One
technology that was discussed in Gartner Lee (2005) and AECOM (2009) was the use of a groundwater
recirculation system. Gartner Lee (2005) introduced this idea which tries to address many of the concerns
when dewatering an aggregate site. The underlying premise of this mitigation measure is that the
groundwater and surface water collected within the quarry, through the dewatering operation, is used to
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maintain groundwater heads and flow between the pit area and adjacent wetland features and wells. This
would involve discharging the extracted water into a perimeter trench excavated into the top of the
bedrock where it would subsequently infiltrate and maintain water table elevation near the quarry. The
goal is to maintain the groundwater levels in the general area of extraction and to maintain the
predevelopment groundwater flow balance for wetlands. The balance of the extracted water would be
recirculated back into the groundwater flow system. The problem with this type of system, as discussed in
the paper, is that a significant portion of the water would drain back into the gravel pit and need to be
pumped and re-circulated again. The desired outcome of using this system would include: mitigating
impacts to the groundwater regime, wetland water balance and local water supplies so that they are not
adversely affected (Gartner Lee, 2005). The issue of dewatering is normally dealt with by designing a
system to help control the risk of dewatering an aggregate site. Yet, the costs associated with this type of
system may deter aggregate extraction companies from pursing this type of management technique.
Other ways to mitigate the risks include using best management approaches. After reviewing the issues
with aggregate extraction, suggested best management approaches or practices

should

include:

prohibiting aggregate extraction in the immediate wellhead area due to concerns about bacterial
contamination, controlling runoff from offsite,

controlling the storage and use of fuels and other

petroleum products, treating secondary or ancillary uses (such as concrete and asphalt manufacturing
facilities or maintenance facilities) of the site separately, prohibiting secondary activities in groundwater
protection areas and assuring rehabilitation of aggregate extraction are highly controlled when landfilling
or storage occurs. Post-extraction land use is an important component of site planning and yet sometimes
there is failure in monitoring these sites.

A pro-active approach to mitigating the risks of aggregate extraction is to take advantage of reusing
aggregate materials or using less. If the reliance on new material is decreased then there will be less
aggregate extraction sites overall. To accomplish this, some suggestions from Winfield (2005) included
changing the design and infrastructure of buildings to allow for more reuse of materials and reducing the
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width of typical residential streets which could reduce the need for aggregate considerably. A number of
materials can be employed as replacements for different forms of aggregate. Aggregate previously used in
construction may be recycled for continued use. These materials can include concrete, brick and masonry
from the demolition of buildings and other structures, and crushed or damaged bricks, blocks, cement,
concrete and asphalt from infrastructure and building construction and maintenance projects. However,
the issue is that some of these materials are not suitable for use in all applications and therefore
consideration must be given to the technical suitability of materials in each situation, which requires
further testing.

2.9 Policy Shortcomings and Reform Measures

After reviewing the current aggregate extraction policy and the numerous impacts aggregate extraction
may have, an analysis of previous evaluations of the current policy regime and its effectiveness on
preventing problems to occur will be analysed as part of this review of literature. Criticisms from
different stakeholder groups will be discussed.

Opponents of aggregate extraction sites, such as interest groups or community citizens, typically agree
that the province’s economic interest in the extraction site often overshadows the social and
environmental impacts, since extraction sites must be kept close-to-markets to save on transportation
costs and reserves need to be saved for long term use. Section 2.5.2.1 in the Provincial Policy Statement
states that there is no need to show need of a proposed pit or quarry, specifically, demonstration of need
for mineral aggregate resources, including any type of supply/demand analysis, shall not be required,
notwithstanding the availability, designation or licensing for extraction of mineral aggregate resources
locally or elsewhere (PPS, 2005). Gravel Watch, which acts in the interest of residents and communities,
believes that it is only common sense to consider the need for a pit or quarry, because aggregates are a
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non-renewable resource whose use should be carefully planned and considered using all available
knowledge, including “need” (Gravel Watch Ontario, 2010). In addition, Gravel Watch has indicated that
since an aggregate pit proposal does not have to demonstrate need then this is contradictory to the MNR
strategy for the sustainable management and wise use of non-renewable aggregate resources. This leads to
situations bordering on excessive exploitation (Gravel Watch Ontario, 2010) and consequently aggregate
extraction is treated as inevitable and unstoppable (Ontario Nature, 2009). To create a sustainable
approach for aggregate materials there needs to be a conservation strategy in place, but if there is no
demonstration of need then the materials will continue to be used in excessive amounts. Applying a more
sustainable approach could result in the additional use of recycled aggregates in construction projects and
may encourage the overall reduction in aggregate resources required for building projects.

Another requirement of the PPS (2005) is that aggregate deposits close-to-market should be protected for
long term use, and therefore, incompatible development or activities should not occur. For example,
competing landuses, such as new residential development, may not be prohibited in certain areas where
there are rich aggregate resources which may need to be accessed in the future. This is because haulage
costs and environmental impacts, such as CO2 emissions, will be greatly increased if aggregate pits are
placed further from their desired place of use. Maintaining a close-to-market supply can minimize
transportation costs and fuel emissions which will minimize effects on air quality such as lowering
greenhouse gas emissions and fossil fuel consumption. Gravel Watch takes the position that close-tomarket is not a sustainable policy in that it exhausts aggregates in nearby markets, thereby leaving only
“far to market” resources for future generations (Gravel Watch Ontario, 2010). ‘State of the Aggregate
Resource in Ontario Study Paper 2 –Future Aggregate Availability and Alternatives Analysis’ (MHBC
Planning, 2009) surveys jurisdictions around the world and finds none like Ontario’s close-to-market
system. Close-to market tends to rule out the use of alternate efficient forms of transport such as trains
and boats. Mineral aggregate resources are nonrenewable resources and their proximity to market is one
of the most significant factors in their overall cost. Since more than 90 percent of mineral aggregate is
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moved by truck, transportation is one of the main factors in the cost of the resource not only in direct cost
to the consumer, but also in its impacts on air quality. Shipping mineral aggregates long distances
increases energy consumption and greenhouse gas emissions into the atmosphere (Ministry of Municipal
Affairs and Housing, 2004), but using alternative forms or transportation may be a cost efficient way of
accessing aggregate resources that are further away from markets. Proper planning for near-market
extraction can reduce negative environmental impacts, yet there need to be better policy planning which
will deal with aggregates located further away from markets, since eventually the close-to-market
resources could become exhausted.

The current policy of aggregate mining has not been subject to the three R’s, reduce, reuse and recycle.
The provincial policy statement does not require any sort of demand analysis for completed aggregate
proposals, which gives aggregate mining a priority and does not encourage careful use of the nonrenewable resource. The policy is currently lacking a real encouragement for exploring alternatives to
primary sources of aggregate, such as using recycled aggregate materials. The cost of extraction is
relatively low in Canada and therefore there is not enough incentive to promote alternative materials and
there is even less incentive to try to promote the wise use of this resource. As the ‘State of the Aggregate
Resource in Ontario Study Paper 4 –Reuse and Recycling’ (MHBC Planning and LVM Jegel, 2009)
outlines only three of the eleven official plans reviewed (Caledon, York and Halton Hills) have specific
policies that encourage the use of recycled aggregate. The benefits of having increased recycled aggregate
use is that there will continue to be a sustainable supply of quality construction aggregates while reducing
the amount of aggregate sent to landfills and the additional cost savings. The increase in energy costs has
made the use of recycled materials more attractive than ever. Increasing awareness of municipal agencies
on the positive benefits of in-place recycling of asphalt pavements, for example, is resulting in greater use
of these technologies in Ontario, and across Canada (MHBC Planning and LVM Jegel, 2009). Secondary
products (primarily recycled aggregate) are expected to be an increasing source of supply, averaging
about 8% of the total aggregate consumed for the next 20 years as a whole (but increasing to about 9% in
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the 2020s), as predicted by MHBC Planning and LVM Jegel (2009). In other jurisdictions over the world
they have resolved the issue of how to promote reuse and recycling by charging a higher fee for each
tonne extracted. This also encourages aggregate companies to complete a demand analysis before
extracting a pit because it would help to verify the need for the extraction site. Other jurisdictions,
including the United Kingdom, Denmark and Sweden, faced with similar conflicts between aggregate
extraction and the protection of natural heritage, prime agricultural and source water lands have adopted a
wide range of policy measures intended to promote the more efficient use of the resource. Extraction
taxes have been employed to make secondary materials more competitive with primary aggregates, grants
have been used to facilitate an increase in the supply of secondary aggregates, and policies and guidelines
have been implemented to promote the substitution of secondary materials for primary ones (The
Pembina Institute, 2005). The United Kingdom, for example, imposes a charge on aggregate extraction
that is more than 60 times the current charge in Ontario (The Pembina Institute, 2005). The aggregates tax
in the United Kingdom was introduced in April 2002. The aim of the tax is “to reduce demand for
primary aggregates, and encourage the use of recycled materials and address the environmental costs
associated with quarrying.” The tax applies to all sand, gravel, and crushed rock extracted in the United
Kingdom or its territorial waters or imported into the region. The aggregates levy is charged at a rate
equivalent to approximately $2.40 CAD per tonne. In 1996, the Swedish Government introduced a tax on
the extraction and sale of sand and gravel. The tax, set at a rate equivalent to $1 CAD per tonne of
material, which has both an informative and incentive effect on aggregate users (The Pembina Institute,
2005). Alternative materials in this sense include crushed rock (the use of which reduces the total amount
of material required for a project) and recycled materials such as concrete. Recognizing the importance
of gravel as a groundwater reservoir material is one the main reasons for introducing this tax in Sweden.
In certain parts of Sweden, gravel beds are essential for drinking water supply. The Geological Survey of
Sweden predicted in 1994 that, at the existing rate of gravel consumption, 80 municipalities in southern
Sweden would exhaust their natural gravel by 2024, and that 40 of these municipalities would have no
natural gravel left by 2004. The tax is thus designed to provide an incentive to reduce primary extraction
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of sand and gravel and increase the use of alternative resources (The Pembina Institute, 2005). Since
1990, the raw materials tax in Denmark has been equal to $1 for each cubic metre of raw material
extracted. This tax applies to extracted or imported stone, gravel, sand, clay, limestone, chalk, peat and
topsoil. Raw materials delivered to foreign countries are not subject to tax while imports of such materials
are (The Pembina Institute, 2005). Ontario could benefit from a similar increase in tax revenue to reduce
the overall demand of aggregates, and increase the substitution of recycled materials for primary
aggregates.

The increase in tax revenue could also provide assistance for rehabilitating older pits and quarries and
ensuring that these sites are being properly inspected and reported on, especially since rehabilitation is not
always a fully monitored activity and therefore the land may not result in compatible landuse after
extraction. Currently, rehabilitation is required within the ARA and PPS, but that does not mean that the
policy is being followed. The aggregate company needs to have a detailed plan for completing the
rehabilitation at the time of the proposal to ensure that aggregate extraction is only a temporary use of the
land and rehabilitation is carried out to return the lands to the previous use, or one that is compatible with
adjacent land uses (Skelton Brumwell Associates and Savanta Inc., 2009). Yet, the MNR may not always
provide a timely follow up to determine whether the site is being properly rehabilitated. Rehabilitation of
aggregate extraction sites is difficult if they have been dug below the water table. It has become apparent
throughout the literature that site rehabilitation is crucial for an ecosystem to try and recover from the
impacts of aggregate extraction. In a study completed within the SAROS- paper 6 (Skelton Brumwell
Associates and Savanta Inc., 2009) it was found that 58% of sites had been subject to some progressive
rehabilitation; 40% had not yet initiated progressive rehabilitation. Rehabilitation efforts in the United
Kingdom emerged as being particularly exemplary, and can be at least partly attributed to widespread
promotion and acknowledgement of high quality efforts, innovative partnerships between industries, nongovernment organizations, and in some cases research institutions, and recognition of potential
complementary relationship between human needs and nature and due in part to significantly higher
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tonnage fees (Skelton Brumwell Associates and Savanta Inc., 2009). It is also important to note that the
PPS (2005) indicates that aggregate extraction is an interim use of land but some pits and quarries can last
well over 100 years. For example, the DoLime quarry in western Guelph began extraction in the 1860’s
and is still open today. This should be considered a permanent land use in the context of planning policy,
not an interim use. Increasing the tonnage fee in Ontario may help to provide the necessary resources for
verifying that rehabilitation is taking place, even in very old sites where progressive rehabilitation may
still be beneficial to create new habitats and ecosystems.

The Greenbelt Alliance, an environmental interest group, believes that the current licensing and permit
approvals process is not fair and balanced for the public interest and the environment. The current
practice during the review process is that the industry proponent takes years to prepare a complex
application, with extensive funds and ministry advice, and the public is given 45 days to respond and
counter propose under the Aggregate Resources Act (Ontario Greenbelt Alliance, 2010). The current
timeframes for meaningful public review are not long enough and the lack of intervenor funding for the
aggregate extraction review processes makes the current policy framework difficult for the public to
participate in.

From a watershed conservation authority point-of-view, the main grievance with the current policy is that
there is no consideration for cumulative effects. The Grand River Conservation Authority (GRCA) wants
to develop a plan that avoids the issuing of any new licences for aggregate extraction below the water
table and avoids amending any existing licences to allow aggregate extraction below the water table in the
Grand River watershed until a study identifying the cumulative impact of aggregate extraction below the
water table is conducted and an aggregate extraction strategy that minimizes the impact on the
watershed’s water resources is developed (GRCA, 2009). The GRCA suggests that cumulative effects
assessment is good professional practice and should occur as part of the application review processes.
Where site specific activities occur in relative proximity to each other, the applicant has a direct
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responsibility to assess their proposal taking into account other existing and future land uses in the local
area (GRCA, 2009). Each successive applicant for a below water aggregate extraction licence or
amendment will be expected to provide, as part of its hydrogeological assessment, information and
analyses that will place the effects of their proposal on the annual, and seasonal water balance into a
watershed context (or sub-watershed, as deemed appropriate) (GRCA, 2009). The Muskoka Watershed
Board agrees that the ARA is missing the consideration for cumulative effects of pits and quarries in a
region; instead, the ARA is very site-specific and considers extraction operations in isolation of one
another (Muskoka Watershed Council, 2005).

Finally, the stakeholders with concerns for the Greenbelt, such as the Greenbelt Alliance, indicate that
completely banning new aggregate extraction in the Greenbelt, the Niagara Escarpment, and the Oak
Ridges Moraine is the only option for protecting these areas. In their opinion this is a flaw within the
policy. The Greenbelt Alliance indicates that immediately stopping any new aggregate extraction in these
key green spaces, their natural and hydrologic features, habitat and corridors is the only way to protect the
most valuable agricultural land (Ontario Greenbelt Alliance, 2010). Although this would be difficult when
the policy favours close-to-market supplies which are located within these green space areas.

Within the ARA there is no explicit threshold of adverse impacts stated where extraction should not take
place, thus making decisions regarding potential environmental impacts difficult to balance out against
the economic need of the aggregate materials. In many cases, the extent to which social and
environmental impacts can be minimized, aggregate extraction still leads, over time, to extensive
degradation and potential damage of the hydrological and natural heritage features (Gravel Watch
Ontario, 2010). Suggestions for reform through various stakeholders would be to develop a
comprehensive aggregate conservation and site rehabilitation strategy to promote the substitution,
reduction, reuse and recycling of aggregate resources; the improved rehabilitation of sites; a detailed
analysis of future supply and demand; and the identification of priority areas for resource extraction that
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do not conflict with other land use considerations (Ontario Nature, 2009). The current policy is lacking a
clear conservation strategy and this can mean that the aggregate resources will not necessarily be used
efficiently and wise use practices may not be employed, which does not support a sustainable approach.

2.10 Data Gaps

This literature review indicates that historically, there was not an emphasis on cumulative impacts of
gravel pits, but now there has been a shift of interest on this concern, and there has been a push on for a
change in policy to help account for the cumulative effects. The GRCA (2009) indicated that some
communities are under increased pressure to expand aggregate extractions practices due to an abundant
source of aggregate, but the impacts of several aggregate pits can impact the local water table and surface
water. Another concern that is apparent is that little evidence exists of known impacts of the operational
aspects of aggregate extraction on municipal drinking water supplies or municipal aquifers. Where there
are findings of an impact, there are typically other contributing factors, often sources of contamination
from other land use activities (Blackport Hydrogeology, 2006). The data availability from aggregate
companies is quite limited so it is quite difficult to characterize the effects of the mining operations and
the results are often not made public. For example groundwater sampling is often done on site throughout
the extraction process but these values are not available for the public. This makes it extremely difficult to
determine what the actual impacts are on the local water systems. Many researchers get around this by
using data from existing groundwater management studies in the province. This provides an assessment
of the potential threats by determining how many gravel pits are within capture zones for municipal wells
(Blackport Hydrogeology, 2006). This type of research uses secondary sources since the primary
sampling often cannot take place near the aggregate pit. Researchers may also be able to review
documentation on abandoned pits and quarries, in particular locations and current land use. This could be
done through the Management of Abandoned Aggregate Properties (MAAP) Program (Blackport
Hydrogeology, 2006). Doing this would assist in determining if rehabilitation has occurred to a site.
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2.11 Current Methodologies
A useful technology associated with aggregate extraction sites is the use of vulnerability mapping. This
type of system is used before the aggregate site is set up and is a useful tool for planning. The concept of
aquifer vulnerability is a function of both the depth to the water table and the geologic material between
the ground surface and the water table (Macdonald, 2004). Aggregate extractions can change the
vulnerability of an aquifer and decrease the time it takes for a contaminant to reach the aquifer. If this
occurs, the contaminants can move through the subsurface, enter a well head zone, and potentially get
into a municipal or residential drinking water well. As discussed in Davidson et al. (2002) there are three
common methodologies for vulnerability mapping that are used in Ontario: DRASTIC, Ontario Ministry
of the Environment and Energy Aquifer Vulnerability Index, and the Grand River Conservation Authority
Vulnerability Method. The three types of mapping have been used to identify areas where contamination
of groundwater is more likely to occur as a result of the introduction of contaminants at the ground
surface. Each type of methodology uses a vulnerability index at each well based on the geological
sequences and water table configuration. This tool assumes that the deeper confined systems are less
vulnerable than surficial sand or gravel systems since a contaminant particle must not only reach the
water table, but must reach the upper boundary of the aquifer to cause impact. Using this type of tool, the
effects of extraction can be modelled because extraction will change the vulnerability for an aquifer. This
tool can not only be used to predict the future vulnerability, but it can also be used to assess areas
susceptible to contamination and then can help suggest the areas which are appropriate for more extensive
pit rehabilitation.

Another tool that is less quantitative, involves the development of indicators in an evaluation matrix
format to measure significant cumulative environmental effects. Baker and Shoemaker (2005) used this as
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an approach to assist with environmental planning. The indicator approach provides an evaluation tool
that recognizes two scales of analysis: the regional scale, to identify and mitigate cumulative impacts in
the context of all other activities, and the single pit or quarry site being developed (Baker and Shoemaker
2005). Using an indicator approach can assist in environmental assessments that are considering
cumulative impacts of aggregate mining because key concerns regarding cumulative impacts can be
evaluated all at once.

2.12 Background on the Hazard Ranking System
Current methodologies for evaluating aggregate extraction normally include some types of vulnerability
assessment, especially now with source water protection being implemented. Hazard ranking systems are
often used for relative risk analyses. Typically, these types of systems evaluate groundwater
contamination hazards of different sites. This can be a useful tool for site ranking and to set priorities for
contaminated sites. These systems have been frequently used for old landfills, as in the case study
example by Singh et al. (2009). Relative hazard systems are simpler and quicker, as compared to
deterministic water balance and stochastic simulation models and can provide comparisons of different
hazards. As explained by Singh et al. (2009) the HRS, developed by the EPA is an index function
approach, where the site parameters describing different environmental settings are combined in a hazard
score that decides, for this case study, the rank of different landfills.
Specifically of interest is the HRS model, as it is the basis of the vulnerability model for this thesis. The
HRS model was developed in 1982 for prioritizing sites needing remediation, which was in response to
the comprehensive environmental response, compensation and liability act (CERCLA) which was passed
in 1980. This mandated the EPA to generate a National Priorities List targeting sites in need of remedial
action, which resulted in the superfund to help finance cleanup activities (Wu and Hilger, 1985). A
scoring procedure was developed to be used to evaluate the relative potential of uncontrolled hazardous
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waste facilities. The HRS is one of the many existing systems to evaluate and produce separate scores for
each migration route. HRS methodology is useful for ranking sites because it has a high number of
parameters and when the analysis is complete it gives a range of scores for the various contaminants at the
site. Since aggregate mining can change the vulnerability of an aquifer, the HRS methodology has been
selected in this research for calculating relative risk of extraction sites in terms of nearby contaminants.
This system provides a standardized method and evaluation process for providing an effective means of
assessing risk (Haness and Warwick, 1991). Since the system has reasonable data requirements it can
easily be applied for relative risk and can use secondary sources of data, thereby reducing the need for
primary data collection. The HRS methodology uses ranges of values to rank different categories of data,
and this can be particularly useful when using secondary data sources.
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CHAPTER 3: MODEL METHODOLOGY FOR THE VULNERABILITY
SCORING TOOL
3.1 Overview
The HRS methodology is a relative hazard assessment method developed by the EPA for prioritizing
contaminated waste sites on the EPA’s National Priorities List (NPL). This chapter describes the
adaptation of this methodology from the 1990 HRS Instructional Rule to address a new kind of land use
issue: aggregate mining. The HRS model was selected because it uses ‘bins’ or ranges of values, to rank
different categories of data to calculate a relative vulnerability score. The HRS has sufficient technical
basis because it has consistently been used for selection of sites to be listed for Superfund, in accordance
with CERLCA. It has been thoroughly tested to allow for rapid characterization of parameters. The HRS
uses data that can be collected relatively quickly and inexpensively, thus allowing most Superfund
resources to be directed to remedial action at sites on the NPL. It assesses the relative potential of sites to
pose a threat to human health or the environment.

In turn, the vulnerability score can be used to evaluate the relative potential for risks associated with a
variety of different activities or processes which stem from aggregate extraction. The model adopted for
the study presented herein relies on a case study approach that integrates secondary data gathered from
public data sources, such GIS layers from municipal websites or conservation authorities.

When possible, site specific values are used in the modeling; however, given the physical limitations in
acquiring extensive raw data, in some instances, reliance upon a range of data is necessary. The HRS
method was selected because of its ability to reflect the potential for impacts, including but not limited to,
the categories of contaminants, the degrees of containment, the pathway by which they may migrate, and
the human and environmental exposures that may arise. Comparable alternate models require explicit
values and then typically rely on sensitivity testing. The HRS method also uses data relative to different
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hazard pathways, whereby it can evaluate different exposure paths to characterize the migration of
sources of contamination as well as identify the potential receptors for each pathway. In this regard, the
HRS model is directly applicable to aggregate extraction, which entails removing large quantities of
aggregate material from the ground, which may lie below the water table or penetrate into and through an
aquitard layer. For example, aggregate extraction involving the penetration of the aquitard may change
the exposure routes to allow security of a water supply system to be compromised. As will be
demonstrated, the HRS model can be adapted to capture potential changes in the exposure pathways of
contaminants as depicted in Figures 1 and 2. Hypothetical contaminants are represented by the letters A
and B. These contaminants could originate from landuse activities, such as road salt application (A) or
below ground gasoline storage tank (B). The potential pathways are shown by arrows, where: red
represents the groundwater pathway, purple is the surface water to groundwater pathway, green is the
groundwater to surface water pathway and orange represents the surface water overland flow pathway.
The blue arrows indicate a potential water supply source.

Figure 1: Cross-section of proposed aggregate mining site, pre-aquitard removal
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Figure 2:Cross-section of aggregate mining site, post aquitard removal

In existing conditions, as shown in Figure 1, water will run off the soil surface, seep into the soil layer but
not penetrate the aquitard layer, thereby protecting the aquifer from contamination. However, an open
aggregate mine can potentially alter the pathway of contaminants carried along the surface, as depicted in
Figure 2. If an aggregate mine extends below the aquitard layer, it is possible that contaminants carried by
surface runoff may contaminate the confined aquifer, thereby allowing contamination of drinking water
sources.

Ultimately, the model gives a single output number to represent the potential pathways of exposure.
Based on its output, the model, in general, can aid in determining prioritized site clean-up schedule based
on the sites with the largest hazards to each of the various pathways (e.g. soil, surface water, groundwater,
and air). For this project, two possible exposure pathways have been identified from the HRS model,
which are of principal interest to open pit aggregate mines: groundwater and surface water pathways. The
HRS model uses an additive-multiplicative ranking system which totals system parameters through a
combination of simple, or weighted, sums and multiplications of the relevant parameter scores (Singh et
al., 2008). Therefore, a similar scoring algorithm as the HRS model will be used, but within the unique
context of an aggregate mine application. The adaptation of the HRS methodology for this use was
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carried out in an Excel-based spreadsheet model which will be referred to as the VST. The VST is based
on the HRS model because it is an accepted model for characterizing hazard ranking and the bin strategy
provides an appropriate way to relatively calculate the hazard potential. However, there are differences
between the original HRS structure and the VST. The VST is based on only the potential for the release of
a contaminant, as opposed to the HRS model which uses actual releases of chemicals that may be
observed in water quality monitoring. The model is also focused on pathways concerning water, and as
such the pathways were further broken down into four potential pathways to review the potential
exposure pathways related to an extraction site. The HRS model is also used with the Superfund
Chemical Data Matrix, which is a list of hazardous chemicals associated with landuse activities such as
chemical waste storage, but the VST uses other less hazardous chemicals which may still impact water
security. The three basic components to the model, and the variables which make up those components
were kept the same.
The VST measures the potential level of exposure, via the potential migration pathways, of various
chemical substances. This type of ranking and scoring system (using bins and characteristics of
chemicals) was designed to strike a balance between accuracy as well as ease of use to facilitate its
adoption by policy makers, land owners or developers. With this in mind, the VST is primarily focused
on determining the potential health and environmental risks to the human population or the environment,
posed by the potential release of a contaminant at or nearby an existing, or proposed, aggregate extraction
site. Subsequently, the basic principles of a risk assessment are also applied so that chemical vulnerability
is assessed as a product of both toxicity and exposure, and the risk includes the pathway and Contaminant
Characteristics. This type of exposure risk assessment will be conducted in comparative model form,
rather than in a quantitative risk assessment method, because the scoring is based on a relative rank, to
compare final values. Finally, the required modifications to, as well as a full description of the parameters
involved with, the proposed model will be outlined in the following sections of this chapter.
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3.2 Model Structure
The VST uses multiple pathways for determining potential migration hazards which may threaten
drinking water supplies. The original HRS model framework evaluates four different hazard migration
routes separately: groundwater migration, surface water migration, soil exposure, and air migration. A
separate preliminary score is calculated for each pathway by multiplying the assigned values representing
three different components of each pathway: likelihood of release, the waste characteristics and the target
values. The VST uses four different pathways to calculate the site score that have been developed
specifically for the case of aggregate mining and its potential impacts related to water, which include:

3.2.1 Groundwater Pathway
The groundwater pathway is depicted in Figure 2 by the contaminants below ground and moving towards
the groundwater well. The groundwater pathway is created when excess water is removed from an
aggregate pit through a dewatering process, causing the water table to lower and thus increasing its
drawdown from the surface. As a result, sources of contamination found below the ground may migrate
towards drinking water wells. The VST assesses the groundwater pathway by considering the hydraulic
conductivity within the aquifer and estimates the travel time based on the geologic material, since the
hydraulic conductivity is based on the permeability of the material.

3.2.2 Surface Water to Groundwater Pathway
The surface water to groundwater pathway occurs when a source of contamination may exist on the soil
surface (depicted in Figure 2) and thus may migrate into the open aggregate quarry. If surface water is not
hydraulically controlled, via continuous pumping control, as under rehabilitation conditions, the source
may move into the groundwater, contaminating the aquifer and nearby wells.

3.2.3 Groundwater to Surface Water Pathway
The groundwater to surface water pathway is depicted by the dewatering arrow in Figure 2, and describes
the potential movement of a contaminant located in groundwater sources to surface water sources. The
methodology reflects the potential for the modified exposure pathway to create the exposure risk. A
potential cause of this pathway is due to the pumping of groundwater, which is in turn discharged to
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surface water in the form of dewatering ponds that are typically located on site. This water is
subsequently discharged into nearby water bodies, such as rivers and streams.

3.2.4 Surface Water Pathway, Overland Flow
The surface water overland flow pathway occurs when sources of contamination on the ground surface
migrate into surface water bodies due to flooding or overland flow. The release of these contaminants
may be influenced by flooding conditions onsite or by runoff. This pathway would typically occur if
onsite sources of contamination, such as fuel storage, leak onto the surface, and migrate toward a nearby
surface water body or dewatering pond.
For the purpose of this research, only four pathways have been chosen which include both surface water
and groundwater migration routes. The focus of this study has been limited to pathways affecting water
security through drinking water sources and the ecosystem.

3.3 Model Components
As previously described, the VST determines a vulnerability score based on three components that have
been developed for open pit aggregate mining projects: the Contaminant Characteristics for the source,
the Transmission Potential, and the Target Groups which are the groups affected by the contamination. A
vulnerability score is arrived at for each of the four previously identified potential exposure pathways by
multiplying the individual scores from each of these three components together. Although, the
components (Contaminant Characteristics and Target Groups) used to evaluate two surface water
pathways, groundwater to surface water and surface water overland flow, are further subdivided into
categories to address threats to human drinking water, threats to the food chain threat (via fisheries) and
threats to the ecosystem. The groundwater pathways only consider drinking water threats. These
components are further subdivided into different variables which are used to calculate the score. It is
within each of these variables that data are placed into bins, which are reclassified into values used in
calculating the model score. The following sections describe how each variable is reclassified into the
appropriate bin.
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3.3.1 Transmission Potential Component
The Transmission Potential Component used to determine the vulnerability score for an area of interest is
the first value which is calculated by the VST. Depending on the area of interest and the contaminant
source being considered, the relevant exposure pathway will consist of a different set of criteria to
determine a final Transmission Potential Component score as is shown in Table 3.1. For instance, the
variables used for determining the vulnerability score for a groundwater pathway would include Net
Precipitation, whereas for Surface Water Overland Flow transmission pathways, the flood frequency is of
concern.
Table 3.1: Transmission Pathway Component

Exposure Pathway

Groundwater Pathway

Groundwater to Surface Water Pathway

Surface Water Overland Flow Pathway

Surface Water to Groundwater Pathway

Variables Required for Transmission Potential
Component
-Containment characteristics of source
- Net precipitation
- Depth to aquifer
- Travel time (based on hydraulic conductivity and
thickness of the layer through which the chemical
must pass)
-Containment characteristics of source
- Net precipitation
- Depth to aquifer
- Travel time (based on hydraulic conductivity and
thickness of the layer through which the chemical
must pass)
-Containment characteristics of source
- Runoff
- Distance to surface water
- Potential for flooding (design/construction)
- Flood frequency
-Containment characteristics of source
- Runoff
- Distance to surface water
- Potential for flooding (design/construction)
- Flood frequency

In the following section, a full description of the variables listed in Table 3.1 is presented along with the
information required to assign a vulnerability score. The Transmission Potential component portion of the
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vulnerability score is calculated for each exposure pathway as appropriate. The variables identified in
Table 3.1 were selected because of their importance with regard to the likelihood of release, and
ultimately the transport, of contaminants associated with open pit aggregate mining facilities for each of
the pathways identified; however, they are only representative variables which influence the exposure
potential which may develop as a result of the development of a quarry.
3.3.1.1 Containment
The first variable identified from Table 3.1 is required for each of the pathways and describes how well
contained a contaminant source is. The HRS Rule (EPA, 1990) provides tables for guidance in
determining this value, which will range from 0-10, depending on the storage type. These tables are found
in the Appendix A.
3.3.1.2 Net Precipitation
The next variable is based on the expected annual net precipitation for the area of interest. This is
calculated by summing the monthly net precipitation values which are normally readily available for most
areas and is based on total precipitation minus the estimated total evapotranspiration. Based on this, the
net precipitation factor value between 0-10 is determined according to Table 3.2 below adopted from the
HRS Rule (EPA, 1990).

Table 3.2: Net Precipitation Values (EPA, 1990)
Net precipitation (mm)

Assigned
value

0

0

Greater than 0 to 127
Greater than 127 to 381
Greater than 381 to 762
Greater than 762

1
3
6
10
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3.3.1.3 Depth to Aquifer
The next variable of interest is related to the depth in meters from the area of interest to the aquifer. This
is based on geologic information available at sources of contamination locations and a value between 0-5
is assigned based on Table 3.3 adopted from the HRS Rule (EPA, 1990).
Table 3.3: Depth to Aquifer Factor Values (EPA, 1990)
Depth to aquifer (meters)

Assigned
value

Less than or equal to 25
Greater than 25 to 250
Greater than 250

5
3
1

3.3.1.4 Travel time (based on hydraulic conductivity and thickness layer)
The travel time factor is based on the geologic materials in the distance between the lowest feasible
known point of a chemical substance at the site and the top of the aquifer being evaluated. The travel time
factor is determined for the soil layer with the lowest hydraulic conductivity through which water may
travel. A value between 0-35 is calculated based on the thickness and hydraulic conductivity using Tables
3.4 and 3.5 which are adopted from the HRS Rule (EPA, 1990).
Table 3.4: Hydraulic Conductivity of Geologic Materials (EPA, 1990)
Type of material

Assigned
conductivity
(cm/sec)
Clay; low permeability till (compact unfractured till); shale; 10E-8
unfractured metamorphic and igneous rocks
Silt; silty clays; sediments that are predominantly silts; 10E-6
moderately permeable till (fine- grained, unconsolidated till, or
compact till with some fractures); low permeability limestones
and dolomites; low permeability sandstone; low permeability
fractured igneous and metamorphic rocks.
Sands; sandy silts; sediments that are predominantly sand; highly 10E-4
permeable till (coarse-grained, unconsolidated or compact and
highly fractured); peat; moderately permeable limestones and
dolomites; moderately permeable sandstone; moderately
permeable fractured igneous and metamorphic rocks
Gravel; clean sand; highly permeable fractured igneous and 10E-2
metamorphic rocks; permeable basalt; karst limestones and
dolomites
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Table 3.5: Travel Time Factor Values (EPA, 1990)
Hydraulic
conductivity
(From Table 3.4)

Greater than or equal to 10-3

(cm/sec) Thickness
of
lowest
hydraulic
conductivity layer(s) (meters)
Greater Greater Greater
Greater
than 0.9 than 1.5 than 30.5 than
to 1.5
to 30.5
to 152.4
152.4
35
35
35
25

Less than 10-3 to 10-5
-5

Less than 10 to 10
Less than 10

-7

-7

35

25

15

15

15

15

5

5

5

5

1

1

3.3.1.5 Runoff
The next variable of consideration is based on the runoff amount determined from three factors: the 2year and 24-hour rainfall amounts for the site, the drainage area for the sources at the site (the area
upgradient of the source contributing water to the source by overland flow), and the predominant soil
group within the drainage area. A value between 0-25 is assigned based on Tables 3.6 – 3.9 adopted from
the HRS Rule, (EPA, 1990).

Table 3.6: Drainage area values (EPA, 1990)
Surface Drainage area Assigned
(hectares)
value
Less than 20
20 to 100
Greater than 100 to 400
Greater than 400
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1
2
3
4

Table 3.7: Soil group designations (EPA, 2009)
Surface Soil Description

Soil Group
Designation

Coarse-textured soils with high infiltration rates (for A
example, sands, loamy sands).
Medium-textured soils with moderate infiltration rates B
(for example, sandy loams, loams).
Moderately fine-textured soils with low infiltration C
rates (for example, silty loams, silts, sandy clay
loams).
Fine-textured soils with very low infiltration rates (for D
example, clays, sandy clays, silty clay loams, clay
loams, silty clays); or impermeable surfaces (for
example, pavement).

Table 3.8: Rainfall/Runoff Values (EPA, 1990)
2-Year, 24-hour rainfall (mm)

A
0
0
0
1
2
2
3

Less than 25.4
25.4 to less than 38.1
38.1 to less than 50.8
50.8 to less than 63.5
63.5 to less than 76.2
76.2 to less than 88.9
88.9 or greater
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Soil group
designation
(Table 3.7)
B C D
0
2 3
1
2 3
2
3 4
2
3 4
3
4 4
3
4 5
4
5 6

Table 3.9: Final Runoff Factor Values
Drainage area value
(Table 3.6)
1
2
3
4

Rainfall/runoff value (Table 3.8)
0
1
2
3
4
5
6
0
0
0
0

0
0
0
1

0
1
1
2

1
1
3
7

1
2
7
17

1
3
11
25

1
4
15
25

3.3.1.6 Distance to surface water
The next variable accounts for the shortest overland distance between the mean water level of a surface
water body of concern and any source with a potential surface water contamination factor greater than 0.
Based on this distance, a value from 3-25 can be assigned based on Table 3.10, which has been adopted
from the HRS Rule (EPA, 1990).

Table 3.10: Distance to surface water factors (EPA, 2009)
Distance between surface water and Assigned
contaminant source (m, km)
value
Less than 30.5 meters
30.5 meters to 152.4 meters
Greater than 152.4 meters to 304.8
meters
Greater than 304.8 meters to 762
meters
Greater than 762 meters to 2.4
kilometers
Greater than 2.4 kilometers to 3.2
kilometers

25
20
16
9
6
3

3.3.1.7 Flood frequency
The potential for release of a contaminant due to flooding within a watershed is the product of two
factors: containment and flood frequency. This is based on whether the containment of the source is
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designed to prevent a washout of the substance when flooding occurs. If the source is protected from
flooding then a value of 0 is assigned, otherwise a value of 10 is assigned.

The second factor is the flood frequency factor, which is determined for each potential source of flooding
within the watershed for each category of floodplain of interest. A flood frequency factor value from 0-50
is determined according to Table 3.11.

Table 3.11: Flood Frequency Factor Values (EPA, 1990)
Floodplain category

Assigned
value

Source floods annually
Source in 10-year floodplain
Source in 100-year floodplain
Source in 500-year floodplain

50
50
25
7

None of above

0

3.3.1.8 Transmission Potential Component Summary

Finally, based on the variables described, the vulnerability score related to the Transmission Potential
Component can be determined using the following equations:

Tr  Co  NP  DA  T 

(1)

Tr  Co  R  DSW   CFP  FF

(2)

Whereby, Tr is the value associated with the Transmission Potential component of the vulnerability score
and will range from 0-500, Co is the value associated with the contaminant value as derived from tables
included in the Appendix A, NP is the net precipitation of the area of interest determined from Table 3.2,
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DA is the depth to the aquifer from Table 3.3, T is the travel time factor from Table 3.5, R is the runoff
factor from Table 3.9, DSW is the distance to surface water factor from Table 3.10, CFP is the
contaminant flood protection factor from the section text above and FF is the flood frequency factor from
Table 3.11. For groundwater, groundwater to surface water and the surface water to groundwater
pathways, Eq. 1 is applied, and for the surface water overland flow Eq. 2 is applied.

3.3.2 Contaminant Characteristics

The next component identified by the VST is the contaminant source characteristics, or the Contaminant
Characteristics component. In the case of aggregate mining, the source of a particular contaminant can be
grouped according to whether it is a direct result of the actual mining operations themselves, such as fuel
storage or equipment use, or the contaminant is associated with an indirect or off-site issue such as road
salt application, or pesticide use on adjacent fields. Depending on the local landuse within the watershed,
the aggregate mine is to be contained within, there may be additional commercial, manufacturing, or
residential sources of contaminants that may impact the groundwater.
The scoring process for the VST is based on the hazard potential of each of the identified potential
contaminant sources. The source characteristics vary depending on the pathway of concern, but consist of
evaluating a source contaminant's toxicity, mobility, persistence, ecotoxicity, bioaccumulation potential in
the environment, and the quantity of the contaminant at its source. The variables which are considered for
each pathway are summarized in Table 3.12.
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Table 3.12: Contaminant Characteristics Component

Pathway
Groundwater Pathway

Variables
Required
for
Characteristics Component
-Chemical quantity
-Toxicity
-Mobility

Contaminant

-Toxicity
- Mobility
Groundwater to Surface Water Pathway
- Persistence
(Consists of drinking water, human food - Chemical quantity
chain and environmental threat)
- Bioaccumulation
- Ecotoxicity
-Persistence
- Toxicity
Surface Water Overland Flow Pathway
- Chemical quantity
(Consists of drinking water, human food
- Bioaccumulation
chain and environmental threat)
-Ecotoxicity

Surface Water to Groundwater Pathway

-Chemical quantity
-Toxicity
-Mobility

For each potential contaminant identified for each source, it must first be determined whether the said
contaminant is a threat to the environment or the human population, and if so, to what extent. In the
following sections, each of the variables identified in Table 3.12 are described in detail along with their
respective range of values for use in the VST to determine the associated risk. The variables are taken
from the original HRS and are selected as a means for characterizing chemicals as they relate to potential
exposure. Using potential toxicity for weighting chemicals is a common approach to determine the
relative severity of the effects posed by these chemicals.
3.3.2.1 Chemical Quantity
The first variable of interest for the Contaminant Characteristics component of the VST is the amount of
each contaminant. The chemical quantity can be determined from the amount of contaminant available at
the source and its concentration. Depending on the source of contamination, there are different tiers to
represent the amount of information available, or confidence in, the quantity of a potential contaminant
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source. Sources that are easily measured include storage tanks or drums, whereas a surface impoundment,
or pile of contaminated soil is much harder to accurately quantify. For the latter case, the model will
reclassify the source according to the range of values given in the bins outlined in Table 3.13. For
example, if the source of potential contamination is an area of land where volume is unknown, then Eq. 3
can be used to determine the chemical quantity value (CQV).
CQV =Area (m^2)/ 82.32

(3)

Conversely, if the source of potential contaminant is known as a volume, then Eq. 4 can be used to
determine the CQV.
CQV= Volume(litres)/ 9.46

(4)

These values have been determined from the HRS Rule (EPA, 1990) and are subsequently placed into the
categories given in Table 3.13 for reclassification.

Table 3.13: Chemical Quantity Factor Values (EPA, 1990)
Chemical Quantity Value (CQV from Eq. 3 or Assigned
4)
value
0

0

1 to 100

1

Greater than 100 to 10,000

100

Greater than 10,000 to 1,000,000

10,000

Greater than 1,000,000

1,000,000

The model will characterize the contaminant source by assessing the chemical’s hazard potential, based
on toxicity, mobility, persistence, bioaccumulation, and ecotoxicity, depending on what pathway is being
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investigated. For a particular source, the chemical or substance having the highest toxicity value will be
used to calculate the potential Contaminant Characteristics score.
3.3.2.2 Toxicity
The level of toxicity is based on dosage, duration and the type of exposure. When possible, cancer slope
factors to determine carcinogenic toxicity may be used; however, if none are available then the reference
dose values for non-cancer toxicological responses of chronic exposure and acute toxicity parameters,
such as LD50 for non-cancer toxicological responses of acute exposure will be used. A human toxicity
factor value can be assigned based on Table 3.14 (EPA, 1990).

Table 3.14: Toxicity Factor Values (EPA, 1990)
Human
Chronic

Human Carcinogenicity

Reference
dose
(RfD)
(mg/kgday)

Weight-of-Evidence and
Slope Factor (SF)
(mg/kg-day)

< 0.0005
0.0005 to
0.005
0.005 to
0.05
0.05 to
0.5
0.5 <

A
0.5 <
0.5 to
0.05
< 0.05
NA
NA

B
5<
5 to
0.5
0.5
to
0.05
<
0.05
NA

C
50 <
50 to
5
5 to
0.5
< 0.5
NA

Assigned
Toxicity
Value

Acute Human Toxicity

Oral
LD50
(mg/kg)

Dermal LD50
(mg/kg)

Dust or
mist
LC50
(mg/l)

Gas or Vapor
LC50 (ppm)

NA

NA

NA

NA

10,000

<5

<2

< 0.2

< 20

1,000

5 to 50

2 to 20

0.2 to 2

20 to 200

100

20 to 200

2 to 20

200 to 2,000

10

200 <

20 <

2,000 <

1

50 to
500
500 <

Category A refers to a substance that is identified as a human carcinogen, B indicates that limited human
data are available, C indicates that the substance is a possible human carcinogen, D means that the
substance is not classifiable as to its human carcinogenicity and E indicates that a substance is noncarcinogenic to humans. Classifications D and E would be assigned a value of 0 based on Table 3.14.
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3.3.2.3 Ecotoxicity
The next variable which must be determined is the substance’s ecotoxicity value which evaluates the
hazard potential to ecological targets, wildlife or sensitive environments. This factor is considered for
surface water pathways only. An ecosystem toxicity factor can be determined from Table 3.15 for each of
the hazardous substances identified based on the following data hierarchy: If either an EPA chronic
Ambient Water Quality Criteria (AWQC) or Ambient Aquatic Life Advisory Concentration AALAC is
available for the hazardous substance, this value is used as the ecosystem toxicity factor value. If both
chronic AWQC and chronic AALAC values are available, only AWQC is used. If neither of these values
is available, the EPA acute AWQC or AALAC is used to assign the ecosystem toxicity factor value.
Where similar, the acute AWQC is used in preference to the acute AALAC value. If none of the chronic
or acute AWQCs and AALACs is available, the lowest LC50 value shall be used to assign the ecosystem
toxicity factor value.

Table 3.15: Ecotoxicity Value (EPA, 1990)
EPA chronic
AWQC or
AALAC
Less than 1 μ
g/l

EPA acute AWQC or AALAC

LC50

Less than 100 μ g/l

Less than
100 μ g/l
100 to 1,000
μ g/l

Assigned
Ecotoxicity
Value
10,000

1 to 10 μ g/l

100 to 1,000 μ g/l

Greater than
10 to 100 μ g/l

Greater than 1,000 to 10,000 μ g/l

Greater than
1,000 to
10,000 μ g/l

100

Greater than
100 to 1,000 μ
g/l

Greater than 10,000 to 100,000 μ g/l

Greater than
10,000 to
100,000 μ g/l

10

Greater than
1,000 μ g/l

Greater than 100,000 μ g/l

Greater than
100,000 μ g/l

1
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1,000

3.3.2.4 Bioaccumulation
The next variable accounts for the accumulation of increasing concentration of potentially toxic
substances in an organism, referred to as bioaccumulation. The bioaccumulative effect of a substance is
considered for surface water pathways that include fisheries that will enter the human food chain. A
bioaccumulation potential factor value to each hazardous substance will first be assigned based on a
bioconcentration factor (BCF), if there are organisms which actually demonstrate a chemical
concentration. If data are not available then the factor is determined from the logarithm of the n-octanolwater partition coefficient (log Kow) data and finally if that is not available, then the water solubility
value will be used based on Table 3.16.

Table 3.16: Bioaccumulation Factor (EPA, 2009)

BCF Factor

1,000 to less
than 10,000
100 to less
than 1,000
10 to less
than 100
1 to less than
10
Less than 1

5.5 to 6.0

Water
solubility
(mg/l)
Less than 25

Assigned
Bioaccumulation
Value
50,000

4.5 to less than 5.5

25 to 500

5,000

3.2 to less than 4.5

Greater than
500
500 to 1,500

Log Kow

2.0 to less than 3.2

50

0.8 to less than 2.0

5
Greater
1,500

Less than 0.8

than

0.5

3.3.2.5 Groundwater mobility
The mobility of a contaminant depends on a substance’s solubility in water and the permeability of the
aquifer threatened. The groundwater mobility parameter depends on the physical properties of the
substance, such as whether it occurs in a liquid or solid state and, although fate and transport issues may
be beyond the scope of a vulnerability assessment, the solubility of the substance and whether it binds to
soil particles, may also considered. The geologic properties of the area of interest, such as if an area is a
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karstic environment or if the substance flows to groundwater or is carried by rainwater, are also
considered in determining the groundwater mobility factor given by Table 3.17. First, the solubility of the
substance in water is determined, and then the distribution coefficient of the chemical is determined to
assign a mobility value.

Table 3.17: Mobility Factor (EPA, 1990)
Distribution coefficient (Kd) (ml/g)
Water
solubility
(mg/l)
Present
as liquid
Greater
than 100
Greater
than 1 to
100
Greater
than 0.01
to 1
Less than
or equal
to 0.01

Karst

<=10

>10 to
1,000

>1,000

1

1

0.01

0.0001

1

1

0.01

0.0001

0.2

0.2

0.002

2x10-5

0.002

0.002

2x10-5

2x10-7

2x10-5

2x10-5

2x10-7

2x10-9

3.3.2.6 Surface water persistence
The next variable considered is the surface water persistence factor. This factor considers how the
substance breaks down in the environment, whether by biodegradation, hydrolysis, photolysis or
volatilization, and is based on either the substance half-life or the log Kow. The half-life is the time
required to reduce the intial concentration in water by one-half as a result of the combined decay process.
If the substance half-life is known, then the surface water persistence factor is given in Table 3.18 for
different types of surface water bodies, otherwise the use of the log Kow value is used to assign the
persistence value.
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Table 3.18: Surface Water Persistence Factor (EPA, 1990)
Substance Half Life
Rivers, oceans, coastal tidal waters,
Great lakes

Lakes

Less than or equal to 0.2

Less than or equal to
0.02

Greater than 0.2 to 0.5

Greater than 0.02 to 2

Greater than 0.5 to 1.5
Greater than 1.5

Greater than 2 to 20.
Greater than 20

Log Kow

Assigned
Persistence
Value

Less than 3.5

0.0007

3.5 to less than
4.0
4.0 to 4.5
Greater than 4.5

0.07
0.4
1

3.3.2.7 Contaminant Characteristics Component Summary
After considering the aforementioned variables, the vulnerability score related to the Contaminant
Characteristics component can be determined with Eq. 5 for the groundwater pathway and the surface
water to groundwater pathway. The surface water overland flow pathway and the groundwater to surface
water pathway both have 3 separate components that make up the Contaminant Characteristics
component: drinking water threat, human food chain threat, and environmental threat. These are kept
separate until the final calculations. The threats to drinking water for both the surface water overland
flow and groundwater to surface water pathways are calculated using equations 6 and 9, respectively.
Equations 7 and 10 are used for threats to the human food chain and equations 8 and 11 for threats to the
environment for surface overland flow and groundwater to surface water pathways, respectively.

CC  To  M  CQ

(5)

CC  To  P  CQ

(6)

CC  To  P  CQ  B

(7)

CC  E  P  B  CQ

(8)

CC  To  M  P  CQ

(9)

59

CC  To  M  P  B  CQ

(10)

CC  E  M  P  B  CQ

(11)

Whereby, CC is the Contaminant Characteristics component, To is the toxicity variable from Table 3.14,
M is the mobility factor determined by Table 3.17, CQ is the chemical quantity based on Table 3.13, P is
the persistence factor from Table 3.18, B is the bioaccumulation factor from Table 3.16, E is the
ecotoxicity factor from Table 3.15.
Once CC is calculated, that value is reclassified into a value from 0-1000 based on Table 3.18, for each
pathway.
Table 3.19: Contaminant Characteristics Final Factor Value (EPA, 1990)
CC (from above equations)

Assigned
value

0
Greater than 0 to less than 10
10 to less than 1x102

0
1
2

1x102 to less than 1x103

3

3

4

6

4

5

10

5

6

18

6

7

32

1x107 to less than 1x108
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1x10 to less than 1x10
1x10 to less than 1x10
1x10 to less than 1x10
1x10 to less than 1x10
8

1x10 to less than 1x10

9

100

1x109 to less than 1x1010
11

320

11

12

560

1x10 to less than 1x10
1x10 to less than 1x10
1x10

180

10

12

1,000

3.3.3 Target Groups
The final value required for the VST is the Target Group component, which represents any group that
may be impacted from potential contamination via any of the four migration pathways. The Target
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Groups component consists of those groups that may be affected by a contaminant release. The variables
of interest for each Target Group are listed in Table 3.20.

Table 3.20: Target Groups Component
Pathway

Groundwater Pathway

Groundwater to Surface Water Pathway
(Consists of drinking water, human food
chain and environmental threat)

Surface Water Overland Flow Pathway
(Consists of drinking water, human food
chain and environmental threat)

Surface Water to Groundwater Pathway

Variables Required for Target Group
Component
-Nearest Well
-Population
-Resources
-Wellhead Protection Zone
-Nearest Intake
-Population
-Resources
-Food Chain Individual
-Population
-Sensitive Environments
-Wetlands
-Dilution weight
-Nearest Intake
-Population
-Resources
-Food Chain Individual
-Population
-Sensitive Environments
-Wetlands
-Dilution weight
-Nearest Well
-Population
-Resources
-Wellhead Protection Zone

The following sections describe each of these variables as they apply to the Target Group component.
3.3.3.1 Nearest Well
The first variable relates to the well nearest the area of interest, which includes drinking water wells
drawing from the aquifer being evaluated as well as those drawing from overlying aquifers. A value is
assigned using Table 3.21 by determining the shortest distance to any drinking water well, as measured
from any source at the site with a ground water containment factor value greater than 0.
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Table 3.21: Nearest Well Factor (EPA, 1990)
Distance from source (kilometers)

Assigned
value

0 to 0.4

20

Greater than 0.4 to 0.8

18

Greater than 0.8 to 1.6

9

Greater than 1.6 to 3.2

5

Greater than 3.2 to 4.8

3

Greater than 4.8 to 6.4

2

Greater than 6.4

0

3.3.3.2 Population
The next variable considers the population located near the affected area which may be adversely affected
by contamination of drinking water sources. This variable can be broken down by the exposure pathway
for the contaminant of interest. For instance, for groundwater and surface water to groundwater pathways,
the population factor includes a distance-weighted factor for people located within a specific distance as
given by Table 3.22. Equation 12 uses the values based from Table 3.22.
For populations where drinking water may be adversely affected through the surface water overland and
groundwater to surface water pathways the population factor is determined based on the type of surface
waterbody considered. The population factor is thus determined using Eq. 12 based on the number of
people relying on the water body in question for their drinking water.

PC 

1 n
 Wi 
10 i 1

(12)
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Where PC is the population factor, Wi is the dilution weighted population from Table 3.23 for the surface
water body type or Table 3.22 for the groundwater pathway and n is the number of different surface water
intakes.

Table 3.22: Distance-Weighted Population Values for Potential Contamination Factor for Ground Water
Migration Pathway
Distance
category
(miles)

Number of people within the distance category
0 1
to
10

11 31 101 301
1,001 3,001 10,001
to to
to
to
to
to
to
30 100 300 1,000 3,000 10,000 30,000

30,001
100,001
to
to
100,000 300,000

300,000
to
1,000,000

1,000,001
to
3,000,000

0 4

17 53

164 522

1,633 5,214

16,325

52,137

163,246

521,360

1,632,455

Greater 0 2
than
Other
than
Karst:
0.4 to 0.8

11 33

102 324

1,013 3,233

10,122

32,325

101,213

323,243

1,012,122

0 to 0.4

Greater
than 0.8
to 1.6

0 1

5

17

52

167

523

1,669

5,224

16,684

52,239

166,835

522,385

Greater
than 1.6
to 3.2

0 0.7 3

10

30

94

294

939

2,939

9,385

29,384

93,845

293,842

Greater
than 3.2
to 4.8

0 0.5 2

7

21

68

212

678

2,122

6,778

21,222

67,777

212,219

Greater
than 4.8
to 6.4

0 0.3 1

4

13

42

131

417

1,306

4,171

13,060

41,709

130,596

Karst: 0
to 0.4

0 4

16,325

52,137

163,246

521,360

1,632,455

17 53

164 522

1,633 5,214
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Distance
category
(miles)

Number of people within the distance category
0 1
to
10

11 31 101 301
1,001 3,001 10,001
to to
to
to
to
to
to
30 100 300 1,000 3,000 10,000 30,000

30,001
100,001
to
to
100,000 300,000

300,000
to
1,000,000

1,000,001
to
3,000,000

Greater
than 0.4
to 0.8

0 2

11 33

102 324

1,013 3,233

10,122

32,325

101,213

323,243

1,012,122

Greater
than 0.8
to 1.6

0 2

9

26

82

261

817

2,607

8,163

26,068

81,623

260,680

816,227

Greater
than 1.6
to 3.2

0 2

9

26

82

261

817

2,607

8,163

26,068

81,623

260,680

816,227

Greater
than 3.2
to 4.8

0 2

9

26

82

261

817

2,607

8,163

26,068

81,623

260,680

816,227

Greater
than 4.8
to 6.4

0 2

9

26

82

261

817

2,607

8,163

26,068

81,623

260,680

816,227

Table 3.23: Dilution-Weighted Population Values for the Population Factor for Surface Water Migration
Pathways (EPA, 1990)

30,001 to
100,000

100,001 to
300,000

1,63
3

5,21
4

16,32
5

52,13
7

163,24 521,36 1,632,4
6
0
55

64

3,000,001
to
10,000,000

10,001
30,000

522

1,000,001
to
3,000,000

3,001
10,000

164

300,001 to
1,000,000

1,001
3,000

53

to

301
1,000

17

to

101 to 300

0 4

to

31 to 100

to

11 to 30

Number of people

0
1 to 10

Minimal
stream
(<10 cfs)

Type
of
surface
water
body

5,213,5
90

1,001
3,000
3,001
10,000
10,001
30,000

30,001 to
100,000
100,001 to
300,000

1,000,001
to
3,000,000
3,000,001
to
10,000,000

2
5
16
52
163
521
1,633
5,214
16,325 52,136 163,245
521,359

0 0.04

0.2
0.5
2
5
16
52
163
521
1,633
5,214
16,325
52,136

0 0.00
4

0.02
0.05
0.2
0.5
2
5
16
52
163
521
1,632
5,214

0 0

0.00
2
0.00
5
0.02
0.05
0.2
0.5
2
5
16
52
163
521

0 0

0
0.00
1
0.00
2
0.00
5
0.02
0.05
0.2
0.5
2
5
16
52

0 0

0.00
2
0.00
5
0.02
0.05
0.2
0.5
2
5
16
52
163
521

0 0

0

0.00
1
0.00
2
0.00
5
0.02
0.05
0.2
0.5
2
5
16
52

0 0

0

0

0

0.00
1

0.00
3

0.00
8

0.03

0.08

0.3

1

3

26

65

300,001 to
1,000,000

to

to

to

to

Small to
moderate
stream (10
to 100 cfs)

301
1,000

Moderate
large
to
stream
(>100 to
1,000 cfs)

101 to 300

Large river
(>10,000
to 100,000
cfs)

31 to 100

Very large
river
(>100,000
cfs)

11 to 30

Shallow
ocean zone
or Great
Lake
(depth <20
feet)
0
1 to 10

Moderate
ocean zone
or Great
Lake
(depth 20
200
to
feet)
0 0.4

Large
stream to
river
(>1,000 to
10,000 cfs)

Deep
ocean zone
or Great
Lakes
(depth
>200 feet)

Type
of
surface
water
body
Number of people

8,163

26,06
8

81,623 260,68 816,227
0

3,000,001
to
10,000,000

2,60
7

1,000,001
to
3,000,000

817

300,001 to
1,000,000

10,001
30,000

261

100,001 to
300,000

3,001
10,000

82

30,001 to
100,000

1,001
3,000

26

to

301
1,000

9

to

101 to 300

0 2

to

11 to 30

31 to 100

to

0
1 to 10

Number of people

3-mile
mixing
in
zone
quiet
flowing
river (≥10
cfs)

Type
of
surface
water
body

2,606,

3.3.3.3 Resources
The resources factor considers uses other than drinking water uses of the ground or surface water. For
example, assign a resources value of 5 if water drawn from any target well for the aquifer being evaluated
is used for one or more of the following purposes: irrigation of commercial food crops or commercial
forage crops, watering of commercial livestock, ingredient in commercial food preparation, supply for
commercial aquaculture, supply for a major or designated water recreation area, excluding drinking water
use. Assign a resources value of 5 if no drinking water wells are within the target distance limit, but the
water in the aquifer being evaluated could be used for drinking water purposes. Assign a resources value
of 0 if none of the above applies.
3.3.3.4 Wellhead Protection Zone
Assign a value of 20 if either of the following criteria applies for the aquifer being evaluated: a source
with a groundwater containment factor value greater than 0 lies, either partially or fully, within or above
the designated Wellhead Protection Zone. If that criterion does not apply, assign a value of 5, if, there is a
designated Wellhead Protection Zone within the area applicable to the aquifer being evaluated or
overlying aquifers. Assign a value of 0 if none of the above applies.
3.3.3.5 Nearest Intake
This factor is used for the surface water overland flow/flood pathway and the groundwater to surface
water pathway. The nearest intake factor is based on the drinking water intakes along the overland/flood
hazardous substance migration path for the watershed. Include standby intakes in evaluating this factor
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only if they are used for supply at least once a year. A dilution weight is assigned based on the type of
surface water body being evaluated. The dilution weight is multiplied by 20 and rounded, to assign the
factor value as described in the table below.

Table 3.24: Nearest Intake Factor (EPA, 1990)
Surface Water Body
Descriptor

Flow characteristics
(m3/s)

Assigned dilution
weight

Nearest
Intake Factor
Value

Minimal stream

Less than 0.28

1

20

Small to moderate stream

0.28 to 2.83

0.1

2

Moderate to large stream

Greater than 2.83 to 28.32

0.01

0.2

Large stream to river

Greater than 28.32 to 283.2

0.001

0.02

Large river

Greater than 283.2 to 2832

0.0001

0

Very large river

Greater than 2832

0.00001

0

Coastal tidal waters

Flow not applicable, depth not 0.0001
applicable.

0

Shallow ocean zone or Flow not applicable, depth less 0.0001
Great Lake
than 6.1 meters.

0

Moderate depth ocean zone Flow not applicable, depth 6.1 to 0.00001
or Great Lake
61 meters.

0

Deep ocean zone or Great Flow not applicable, depth greater 0.000005
Lake
than 61 meters.

0

3.3.3.6 Food Chain Population
The food chain individual factor is based on the fisheries within the target distance limit for the
watershed. If there is a fishery present anywhere within the target distance limit, assign a value by
calculating the value for the potential human food chain contamination factor (PF) for the watershed as
follows:
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(13)
where:
Pi=Human food chain population value for fishery i from table 3.25
Di=Dilution weight for fishery i from table 3.26
n=Number of fisheries subject to potential human food chain contamination.

Table 3.25: Human Food Chain Population Factor (EPA, 1990)
Human food chain
production (pounds per
year)

Assigned human food chain
population value

0

0

Greater than 0 to 100

0.03

Greater than 100 to 1,000

0.3

Greater than 1,000 to 10,000

3

Greater
100,000

than

10,000

to 31

Greater than
1,000,000

100,000

to 310

Greater than 106 to 107

3,100

Greater than 107 to 108

31,000

Greater than 108 to 109

310,000

Greater than 109

3,100,000
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Table 3.26: Surface Water Dilution Rates (EPA, 1990)
Surface Water Body Descriptor

Flow characteristics (m3/s)

Assigned dilution
weight

Minimal stream

Less than 0.28

1

Small to moderate stream

0.28 to 2.83

0.1

Moderate to large stream

Greater than 2.83 to 28.32

0.01

Large stream to river

Greater than 28.32 to 283.2

0.001

Large river

Greater than 283.2 to 2832

0.0001

Very large river

Greater than 2832

0.00001

Coastal tidal waters

Flow not applicable, depth not applicable.

0.0001

Shallow ocean zone or Great Lake

Flow not applicable, depth less than 6.1 0.0001
meters.

Moderate depth ocean zone or
Great Lake

Flow not applicable, depth 6.1 to 61 0.00001
meters.

Deep ocean zone or Great Lake

Flow not applicable, depth greater than 61 0.000005
meters.

Sum the human food chain population value for each fishery. If there are no fisheries within the target
distance limit of the watershed, assign a value of 0.
3.3.3.7 Food Chain Individual
If there is a fishery present within the target distance limit assign a dilution weight from table 3.26 for the
fishery and multiply this dilution weight by 20 and round to the nearest integer. If there are no fisheries
within the target distance limit of the watershed assign a value of 0.
3.3.3.8 Sensitive Environments
Calculate the sensitive environments potential contamination factor value (SP) for the watershed as
follows:

(15)
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where:
Sij=Value(s) assigned from table 3.27, i in surface water body type j.
n=Number of sensitive environment rating values from table 3.27 subject to potential contamination.
Wj=Value assigned from table 3.28 along the area of potential contamination in surface water body type
j.
Dj=Dilution weight from table 3.28 for surface water body type j.
m=Number of different surface water body types from dilution weight from table 3.26 in the watershed.

Table 3.27: Sensitive Environments Rating Values (EPA, 1990)
Sensitive Environment

Assigned Value

Critical habitat endangered or threatened species
National Park
Protected wetland

50

Habitat known to be used by endangered or threatened species
Migratory pathways and feeding areas critical for maintenance of fish species
Terrestrial areas utilized for breeding by large or dense aggregations of animals

25

Designated areas for protection or maintenance of aquatic life

5

Table 3.28: Wetlands Rating Values (EPA, 1990)
Total length of wetlands (kilometers)

Assigned value

Less than 0.161

0

0.161 to 1.61

25

Greater than 1.61 to 3.22

50

Greater than 3.22 to 4.83

75

Greater than 4.83 to 6.44

100
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Total length of wetlands (kilometers)

Assigned value

Greater than 6.44 to 12.88

150

Greater than 12.88 to 19.32

250

Greater than 19.32 to 25.76

350

Greater than 25.76 to 32.2

450

Greater than 32.2

500

3.3.3.9 Target Group Component Summary
After considering the variables, the vulnerability score related to the Target Group Component can be
determined with Eq. 16 for the groundwater pathway and the surface water to groundwater pathway. The
surface water overland flow pathway and the groundwater to surface water pathway both have three
separate components that make up the Contaminant Characteristics component: drinking water threat,
human food chain threat, and environmental threat. The threats to drinking water for both the surface
water overland flow and groundwater to surface water pathways are calculated using Equation 17.
Equation 18 is used for threats to the human food chain and Equation 19 is used for threats to the
environment for both surface overland flow and groundwater to surface water pathways.

T  NW  P  R  WPZ

(16)

T  ( NI  P  R)

(17)

T  FCI  FCP

(18)

T  SE

(19)

Whereby, T is the Target Group Component, NW is the nearest well factor determined by Table 3.21, P is
the population factor using equation 12 and tables 3.22 and 3.23 for the groundwater and surface water
pathway and the surface water overland flow and groundwater to surface water pathways, respectively. R
is the resources factor based on the description in that section, WPZ is also based on the description
71

within the text, NI is the nearest Intake factor from determined by table 3.24, FCI is the food chain
individual factor based on the section of text, FCP is the food chain population factor based on equation
13 and SE is sensitive environments factor based on equation 15.
Since aggregate extraction sites may be close to urban development, target groups in terms of drinking
water is particularly important; however, pits and quarries can also be developed in rural areas which may
expose sensitive environments to potential threats as well.

3.4 Calculating the Final Score
The final vulnerability score for each pathway is calculated by combining the three components using the
equation below. For both the surface water flood and surface water to groundwater pathways the score
will be calculated three times using the drinking water threat, human food chain threat and environmental
threat and then the three scores for each threat are added together to find the final pathway score.
Pathway Score = [(Transmission Potential x Contaminant Characteristics x Target
Groups)/82500]

(20)

Once a score for each pathway is calculated, the root mean square equation is used to determine the
overall score, which ranges from 0 to 100.
Final Score= [(GW2 +SW2 + GWSW2 + SWGW2)/4]0.5

(21)

Whereby, GW is the groundwater pathway score, SW is the surface water overland flow pathway score,
GWSW is the groundwater to surface water pathway score and SWGW is the surface water to
groundwater pathway score. The score is capped to a maximum of 100.
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CHAPTER 4: RESULTS OF A CASE STUDY EXAMPLE
4.1 BACKGROUND
The VST, developed from the extensively peer-reviewed HRS, has been applied to a real world case study
which examines a change in land use and resulting exposure scenario to an open pit quarry in the
township of Guelph-Eramosa, Ontario under the jurisdiction of the Grand River Conservation Authority.
A potential contaminant exposure scenario has been selected that includes a nearby underground gas
storage facility potentially leaking into the groundwater and to provide the basis of determining if the
development of the aggregate will change the exposure risks for human water consumption and the
environment. The potential impact to the water supply and local ecology will be evaluated by
characterizing the degree of potential risk in the exposure pathways before, and after, the aquitard has
been broken through by on-site blasting to access the aggregate.
Currently, 82% of the human population within the Grand River Watershed relies on ground water as
their primary source for drinking with high rates of growth and urban intensification projected over the
next 25 years (GRCA 2009). This projected population growth has the dual effect of increasing stresses
on groundwater sources as well as driving up demand for aggregates. The vulnerability scoring tool can
be used to evaluate cumulative impacts of multiple sources of contamination on a particular site, or
address multiple aggregate pits and quarries, making it an ideal tool to be adopted in the future by the
GRCA or other groups concerned with open pit aggregate mining activities.

4.1.1 Site Selection
The aggregate site for this case study is referred to as the Guelph DoLime Quarry which extracts dolomite
and dolostone. It began operating in the 1860’s but has undergone changes in ownership numerous times
since, including: Canadian Gypsum, LaFarge Construction, Guelph DoLime and now it is owned by
River Valley Developments, but operated by James Dick Construction (City of Guelph presentation,
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2004). The Guelph DoLime Quarry falls within the Township of Guelph-Eramosa (pop. 12,380) but is
bounded on three sides by the more heavily populated City of Guelph (pop.121,688). The City’s growing
population over the last several decades has led to the construction of new residential houses and arterial
roadways (Highway 24) which now border on the previously derelict land adjacent to the quarry. In
addition, the quarry is adjacent to the Speed River and eight of the City’s 23 municipal drinking water
wells are within 3 kilometres of the site (Aqua Resources 2010). The quarry has recently broken through
the aquitard layer exposing the Amabel formation, which is a portion of the Eramosa member and the
Guelph formation, and penetrated into an aquifer that the City relies on for its water supply. The DoLime
quarry site was chosen because of the documented penetration into the aquitard layer, which allows for
changes to exposure pathways. The quarry dewaters 8,000 m3/day from the bedrock aquifer, which
influences the groundwater flow in the area by lowering the water table in the immediate area surrounding
the quarry (Aqua Resources 2010). Jagger Hims Limited reported that the quarry had not affected water
levels in the Speed River, but caused small changes in the bedrock observation wells (CRA, 1993).
Although the quarry is hydraulically controlled, once the resources are exhausted it will fill with water
which may impact nearby municipal wells by changing the direction of groundwater flow, therefore
permanently altering the surface water and groundwater pathways (Aqua Resources 2010). The Ministry
of Northern Development and Mines (2008) reports that 53.6 hectares of land is licensed for extraction
and the quarry has a class A licence for below water table extraction.
The Ontario Geologic Survery reported to the City of Guelph in 2008 that the blasting done at the site had
penetrated the aquitard at the Vinemount Member within the Eramosa formation. This aquitard protects
the City’s water supply aquifers, specifically, the Goat island and Gasport formations. The site has an
irregular topography which was the reason for the unexpected penetration through the aquitard, since the
quarry operators were within their extraction depth limit. The earliest indication of this penetration was
reported in 2009. The current operators of the quarry are now asking to double the annual tonnage
allowance to 1,000,000 tons per year which may have the potential to further strain and damage the water
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systems in the area (Wellington Water Watchers, 2009). The VST will be used to examine the
vulnerability of the site and nearby waterways to the identified possible contamination sources before,
and after, penetration through the aquitard by using a chemical risk scenario and to evaluate implications
of doubling the extraction rate

4.2 Vulnerability Scoring Tool Model Application
To apply VST within this context, a smaller more manageable size of the site is to be defined as a 6 km
radius around the DoLime Quarry such that water supply wells are to be considered as a part of the
Transmission Potential component within the scoring methodology. The potential site contaminants
considered in this methodology were several, one of which is the list of chemicals being stored within a
0.5 kilometer radius of the quarry site. This radius is chosen because it is consistent with the HRS
methodology when defining site boundaries. The potential contaminants to use within the VST model are
identified from The National Pollutant Release Inventory as published by Environment Canada
(Environment Canada, 2010). This database represents an inventory of pollutants released, or disposed of,
by: industrial, institutional and commercial facilities. However no such industries were present within the
selected model area. A second source of possible contaminants is the Federal Contaminant Sites
Inventory has an inventory of contaminated sites, such as contaminated soil, which also indicated no
known sites present in the model area (Government of Canada, 2011). A third sources of possible
contaminants is the Ministry of the Environment’s (MOE) Tables of Drinking Water Threats to establish
those relevant to the case study (MOE, 2006), was assessed, as described in the subsequent section. The
activity of aggregate extraction at pits and quarries does not contribute chemicals or pathogens so this
activity is not listed as a prescribed drinking water threat (MOE, 2011). There are, however, certain
prescribed threats that may be associated with aggregate operations (MOE, 2011). These include:
handling and storage of fuel, application of road salt, handling and storage or road salt, handling and
storage of dense non-aqueous phase liquids (DNAPL’s), handling and storage or organic solvents,
application of commercial fertilizers, or application of pesticides (MOE, 2011). The application of
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fertilizers and pesticides were not included in this assessment because the assessment only reviewed
sources within the 0.5 kilometre radius of the site and these activities could not be associated with taking
place within this radius. Figure 3 describes the study by showing the 0.5 kilometre radius along with

the location of each well that is found within a 3 kilometer radius surrounding the quarry.

Figure 3: Study Area for the DoLime Quarry with 0.5 km Buffer and Municipal Drinking Wells Located
within 3km Radius
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4.2.1 Characterization of Potential Contaminant Sources
The first potential contaminant site identified is a gas station adjacent to the DoLime Quarry on
Wellington St. S. as indicated by point 4 in Fig. 4. The chemicals stored on site at a gas station include
various octane gasolines, as well as other car maintenance chemicals including anti-freeze windshield
wiper fluid and chlorinates solvents used as degreasers. Only the most critical chemical from each
identified source of contamination is analyzed, as the model identifies, using its bin theory, the categories
of chemicals (based on toxicity) that are the greatest concern, because the model defaults to the most
severe concern. Typically, the HRS original methodology is only completed with the chemical resulting
in the highest toxicity. The chemicals with the highest toxicity in gasoline are BTEX compounds
(benzene, toluene, ethylbenzene and xylene). Benzene is selected as the sole chemical of interest because
it possesses the highest cancer slope factor according to EPA (2000) and is a known carcinogen. The gas
station has four underground gasoline storage tanks of a total capacity of 140,000 L which are identified
as the potential source of this contamination. The toxicity, mobility, persistence, bioaccumulation and
ecotoxicity factors are determined from material safety information using the Environmental Protection
Agency’s (EPA) integrated risks information system (IRIS) database (EPA, 2000). Within the original
HRS framework, the EPA has supplied a chemical data matrix that provides reclassified values for the
contaminant data, such as toxicity, mobility, persistence, and bioaccumulation potential. The
methodology outlined in Chapter 3 allows the screening procedure to isolate the most important
dimensions of the source characteristics for estimation of potential exposure risk.

The second potential source for contamination is sodium chloride derived from road salt application for
winter de-icing as utilized on the surrounding roads in the City of Guelph and Guelph-Eramosa Township
within the defined model area. There is no containment value for sodium chloride since it is being applied
to an area determined as the adjacent roadways. The VST model application characterizes the
Contaminant Characteristics component once the area over which salt is applied. The model input data
were derived using GIS and aerial photography of the study area along with salt application rates. The
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Tables of Drinking Water Threats from the MOE (2006) identify sodium and chloride as contaminants
that could make their way into surface and groundwater from road salt application, storage and handling
(Lake Erie Source Protection, 2011). At typical concentrations in groundwater, sodium and chloride are
more of a risk for vegetative impacts than risks to human health. At concentrations greater than 20 mg/L,
sodium intake may present a health issue for some people (Lake Erie Source Protection, 2011). For this
study, sodium chloride from road salt is evaluated by the VST to determine the vulnerability potential
prior to, and following the aggregate operation.

Finally, the third potential source of contamination to be incorporated into the VST application is
wastewater treatment plant located adjacent to the DoLime Quarry and identified in Fig. 4 by point 3. The
plant contains two-30 m3 and one-1.5 m3 storage tanks which contain sodium hypochlorite which is used
on-site as a chlorination treatment for the wastewater. In addition, the wastewater plant also houses two5.9 m3 storage tanks which contain sodium bisulphite, which is a chemical used as part of the
dechlorination process. These chemicals are both included as they are chemicals which may give rise to
exposure risks to humans and the environment if released into water systems (WHO, 2006). The potential
hazard pathways through the natural water system that each of these identified contaminants may take is
described further in Table 4.1. The VST model structure reflects the different pathways to create the
exposure.
Table 4.1: Potential contaminants and applicable hazard migration pathways
Pathway

Benzene

Sodium
Chloride

G
x
SW-G
x
G-SW (Drinking Water)
x
G-SW (Human Food Chain)
x
G-SW (Environment)
x
SW-OF (Drinking Water)
x
SW-OF (Human Food Chain)
x
SW-OF (Environment)
x
G=Groundwater; SW=Surface Water; OF=Overland Flow
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Sodium
Hypochlorite

Sodium
Bisulphite

x

x

x
x
x

x
x
x

N

1: Dolime Quarry
2: Speed River
3: Water Treatment
Plant
4: Contaminant Source:
Gas Station
5: Urban Encroachment

5)

5)

3)

4)

1)

2)

5)

Figure 4: Map of Model Area showing Potential Contaminant Locations

4.2.2 Other Data Requirements
The data required to complete the assessment were managed using a Geographic Information System
(GIS) database and represent the integration of a variety of different public data sources, including:
watershed planning documents) and Source Water Protection documents, both provided through the
GRCA. Satellite and orthoimagery data were used for land use verification and specific data regarding the
sources of potential contamination were obtained by contacting the responsible parties associated with the
source (e.g. the owner of the gas station and the City of Guelph). Depth to aquifer, travel times, well
locations, and distances between sources of contamination and receptors, such as nearest intakes or wells,
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was determined from public geographic spatial datasets. A summary of the required input data is given by
Table 4.2.
Table 4.2: Geographic Data Requirements
Geographic
Data

Parameters Needed

Resources

Net
Precipitation

Average Annual Precipitation

Depth to
Aquifer

Measured distance according to map
layers

Travel Time

Nearest Well
Resources
Wellhead
Protection
Zone
Distance to
Surface Water
Flood
Frequency

Based on hydraulic conductivity and
thickness of lowest hydraulic
conductivity layer.
Municipal drinking wells within
Guelph and Township of GuelphEramosa
Water used for livestock, food
preparation and recreational use
Source Water Protection wellhead
protection zones

Using Environmental Canada's National
Climate Data and Information Archive for
average net precipitation amounts for the city
of Guelph (Environment Canada, 2012)
Reports based on quarry excavation(Guelph
Mercury, 2009) and GRCA GIS data
layers(GRCA, 2012) and Ontario Geologic
Survey of Ontario mapping resources
(MNDM, 2012)
GRCA GIS layers provide this information.
(GRCA, 2012)
GIS measuring tool using GRCA's well
locations(GRCA, 2012)
Landuse GIS files from GRCA (GRCA,2012)
GRCA source water protection GIS layers data
(GRCA, 2012)
GIS measuring tool using GRCA data for
water bodies (GRCA, 2012)

Site is listed as floodplain area

GRCA GIS floodplain data (GRCA, 2012)

Nearest Intake

Surface water intakes which are used
for municipal drinking water

GIS measuring tool using GRCA data,
however, this is not applicable since no surface
water intakes are located within the study area
(GRCA,2012)

Fishery
Information

Fisheries used for food supply

No listed fisheries for Guelph

Environments that have sensitive
ecosystems, including wetlands

Protected areas according to GRCA's Areas of
Natural and Scientific Interest and landuse GIS
layers which corresponds to the EPA’s
requirements for being listed as a sensitive
environment (GRCA, 2012)

Sensitive
environments
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4.3 MODEL INPUTS
After acquiring the necessary data as outlined in Table 4.2 as it relates to the area of interest and the
potential contaminants, the data are input to the VST to calculate the site’s vulnerability scores. A listing
of the data inputs for each of the categories required to complete the site score for the four previously
identified pathways is provided by Tables 4.3 – 4.6: Groundwater (G), Groundwater to Surface Water (GSW), Surface Water to Overland Flow (SW-OF) and Surface Water to Groundwater (SW-G). The VST
analysis was carried out assuming the state of the site prior to, and after, penetration of the aquitard layer
at the site.

4.3.1 Groundwater Pathway
The only potential contaminant that has the potential to be sourced below the ground surface for this
example application is the gasoline storage tank containing benzene. Therefore, benzene will be the only
potential contaminant that will have a groundwater pathway score as given by Table 4.3.
Table 4.3: Groundwater Pathway Values for Benzene
Groundwater Pathway (G)

Component

Transmission
Potential

Contaminant
Characteristics

Target Groups

Variable

Containment Characteristics
Net Precipitation
Depth to Aquifer
Travel Time
Chemical Quantity
Toxicity
Mobility
Nearest Well
Population
Resources
Wellhead Protection Zone
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Reclassified Value for
Benzene
Pre
Post
Aquitard
Aquitard
Penetration
Penetration
3
3
3
3
3
5
25
35
10
10
100
1000
1
1
18
18
542.5
542.5
0
0
20
20

4.3.2 Groundwater to Surface Water Pathway
Benzene will also be the only contaminant considered for the groundwater to surface water pathway. A
summary of the values for Benzene is given by Table 4.4.
Table 4.4: Groundwater to Surface Water Pathway Values for Benzene
Groundwater to Surface Water (G-SW) Pathway
Reclassified Value for
Benzene
Component
Variable
Pre
Post
Aquitard
Aquitard
Penetration
Penetration
Containment Characteristics
3
3
Net Precipitation
3
3
Transmission
Potential
Depth to Aquifer
3
5
Travel Time
25
35
Chemical Quantity
10
10
Toxicity
1000
1000
Mobility
1
1
Contaminant
Characteristics
Persistence
0.4
0.4
Bioaccumulation
5000
5000
Ecotoxicity
5000
5000
Nearest Intake
0
0
Population
0
0
Resources
0
0
Food Chain Individual
0
0
Target Groups
Sensitive Environments
5
5
Wetlands
25
25
Dilution Weight
0.001
0.001
Potential Contamination
0
0

4.3.3 Surface Water to Overland Flow Pathway
The potential contaminants from de-icing salt as well as chemical storage at the wastewater plant were
identified as: sodium chloride, sodium hypochlorite and sodium bisulphite. Each of these potential
contaminants was identified within the surface water overland flow pathway and the relevant data are
summarized in Table 4.5.
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Table 4.5: Surface Water overland flow Pathway Values
Surface Water to Overland Flow (SW-OF) Pathway
Reclassified Value
for Sodium
Chloride
Component

Variable

Containment
Characteristics
Runoff
Transmission Distance to Surface
Potential
Water
Potential For Flood
Flood Frequency
Chemical Quantity
Toxicity
Contaminant
Persistence
Characteristics
Bioaccumulation
Ecotoxicity
Nearest Intake
Population
Resources
Food Chain
Target Groups
Individual
Sensitive
Environments
Wetlands
Dilution Weight

Reclassified Value
for Sodium
Hypochlorite

Reclassified Value
for Sodium
Bisulphite

Pre
Post
Pre
Post
Pre
Post
Aquitard
Aquitard
Aquitard
Aquitard
Aquitard
Aquitard
Penetration Penetration Penetration Penetration Penetration Penetration

10

10

7

7

7

7

0

0

0

0

0

0

20

20

20

20

20

20

0
25
100
1
0.0007
50
1
0
0
0

0
25
100
1
0.0007
50
1
0
0
0

0
25
1
1
1
500
1000
0
0
0

0
25
1
1
1
500
1000
0
0
0

0
25
1
1
0.07
0.5
1
0
0
0

0
25
1
1
0.07
0.5
1
0
0
0

0

0

0

0

0

0

5

5

5

5

5

5

25
0.001

25
0.001

25
0.001

25
0.001

25
0.001

25
0.001

4.3.4 Surface Water to Groundwater Pathway
Finally, sodium chloride, sodium hypochlorite and sodium bisulphite were all evaluated using the surface
water to groundwater pathway in Table 4.6.
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Table 4.6: Surface Water to Groundwater Pathway Values
Surface Water to Groundwater (SW-G) Pathway
Reclassified Value
for Sodium
Chloride
Component

Transmission
Potential

Contaminant
Characteristics

Target Groups

Variable
Containment
Characteristics
Net Precipitation
Depth to Aquifer
Travel Time
Chemical
Quantity
Toxicity

Reclassified Value
for Sodium
Hypochlorite

Reclassified Value
for Sodium
Bisulphite

Pre
Post
Pre
Post
Pre
Post
Aquitard
Aquitard
Aquitard
Aquitard
Aquitard
Aquitard
Penetration Penetration Penetration Penetration Penetration Penetration

3

10

7

7

7

7

3
3
25

3
5
35

3
3
25

3
5
35

3
3
25

3
5
35

100

100

1

1

1

1

1

1

1

1

1

1

Mobility
Nearest Well

1
18

1
18

1
18

1
18

1
18

1
18

Population
Resources
Wellhead
Protection Zone

542.5
0

542.5
0

542.5
0

542.5
0

542.5
0

542.5
0

20

20

20

20

20

20

4.4 CALCULATING THE SCORE USING THE VST
4.4.1 Benzene
Using the VST and the equations described in Chapter 3, the groundwater pathway for benzene was
evaluated using the component values provided in Table 4.3. The Transmission Potential component was
determined to be 93 prior to penetration of aquitard layer and 129 after its penetration. Gas stations have
relatively strict regulations concerning the state of their underground storage facilities, and as a result the
relative risk of contaminant release due to the containment was small. However, the rapid travel time due
to the high hydraulic conductivity and decrease in thickness of the aquitard layer above the aquifer after
penetration of the aquitard resulted in the increased Transmission Potential component. The Contaminant
Characteristics (10) and Target Groups Component (580.5) scores remained the same, before and after
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aquitard removal. As a result, the groundwater pathway vulnerability scores for benzene were determined
to be 9.08 and 6.55, before and after, respectively, penetration of the aquitard layer.
The second pathway identified for benzene was groundwater to surface water, which was further
described in the model in terms of threats to drinking water, the human food chain and the environment.
With respect to these threats, it has already been described that the target groups for this pathway are
surface water intakes. Therefore, no pathway threat to drinking water is evident, since there are no
surface water intakes on the Speed River located within this area. In addition, no listed fisheries on the
river are located within the area, and although wetlands are found within the area of interest, the pathway
score was effectively zero. The Transmission Potential component was determined, using the VST, to be
129, for both before and after penetration of the aquitard layer. The Contaminant Characteristics
component values, evaluated by the VST, for the threats to drinking water, food chain and the
environment were found to be 6, 56 and 56, respectively. The final pathway score for the groundwater to
surface water was 0.
The vulnerability score for benzene was determined to be 3.28 before the removal of the aquitard layer
and 4.54 after. These final scores for benzene reflect the scores for each potential pathway using Equation
21 from chapter 3. The score is calculated using a root mean square calculation. The vulnerability of the
surrounding area to a potential contamination caused by benzene increased by 1.26%, but overall remains
relatively small.

4.4.2 Sodium Chloride
The two applicable pathways identified for sodium chloride are the surface water to groundwater pathway
and the surface water to overland flow pathway, which is considered for the case when the aquitard layer
was intact and when penetration of the aquitard layer occurred. The surface water to groundwater
pathway Transmission Potential component resulted in values of 310 prior to penetration of the aquitard
layer and 430 after penetration, respectively. The increase in the Transmission Potential component
compared to that determined for benzene is due to the fact that salt application onto the roads is not
85

considered to be ‘contained’, whereas gasoline is stored in tanks underground and hence is contained.
Because road salt is a surface treatment that is susceptible to runoff, a containment value of 10 was
assigned, which represents a very high potential for release. Similar to the benzene example, the
Transmission Potential component depends upon the depth to the aquifer and travel time, which both
change after the aquitard has been penetrated. The Contaminant Characteristics value (3) was lower than
benzene because of its low toxicity and the Target Group value (580.5) remained the same as for benzene.
Both of these values are constant for pre- and post-aquitard penetration scenarios. This phenomenon was
due in part to the focus of the model, which was done with respect to populations at risk and the
environment. The final pathway scores were 6.55 under previous conditions and 9.08, under present
conditions with the penetration in the aquitard. Once again, the model represents an increase in the
vulnerability score once the aquitard has been compromised.
The surface water to overland flow pathway was determined to have a Transmission Potential component
value of 450 because of the higher potential for release of the contaminant as discussed previously. The
Contaminant Characteristics component is broken down into three threats. The drinking water threat and
human food chain threat are both relatively low with a value of 1. The environmental threat is higher,
with a value of 10. The Target Group is also broken down into the three threats; however, all the Target
Group values were zero because there are no surface water intakes on the Speed River near the case study
site. The food chain value, which is solely based on active fisheries located near the site, was zero
because there are no listed fisheries on the river at the site according to the Grand River Conservation
Authority. There were environmental targets to consider, such as wetlands; however, the model does not
recognize the wetlands as significant. The final pathways scores were both zero, under both scenarios.
There were no Target Group values, which is an essential component to create an exposure scenario and
cause vulnerability.
The final scores, cumulative of all the applicable potential pathways for sodium chloride, were 3.28
before the aquitard was penetrated and 4.54 after the aquitard was penetrated. This pathway accounts for
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the potential for the contaminant moving through all the possible pathways as calculated through equation
21 from chapter 3.

4.4.3 Sodium Hypochlorite
Sodium hypochlorite is susceptible to two potential pathways, surface water to groundwater and surface
water overland flow. The Transmission Potential component for the surface water to groundwater
pathway is decreased from 301 to 217 when accounting for the change in the aquitard layer. These values
are higher than for benzene, because the tanks are not as protected as required for underground gasoline
storage tanks. The Contaminant Characteristics component is low at 1, because sodium hypochlorite is
not highly toxic. The Target Groups component for the surface water to groundwater pathway remains the
same under both scenarios. This is because the people susceptible to any potential groundwater
contamination, through municipal wells, remain the same under both sets of conditions. The final
pathway score under pre-aquitard penetration conditions is 1.53 and post-aquitard penetration is 2.12.
The surface water overland flow pathway under both conditions results in the same output for the
Transmission Potential component as 140. This is because the changes to the aquitard do not change the
parameters required for calculating this pathway’s score. This value reflects the short distance to the
Speed River and the lesser degree of containment, which represents a higher potential to release.

The

Contaminant Characteristics component is once again broken down into the three threats. The drinking
water threat evaluates this component based on the toxicity, which is low for sodium hypochlorite, and
therefore this calculated results in a score of 1. The human food chain also depends on the persistence and
bioaccumulation of the substance, which allows for an increase in this value to 6. Finally, the
environmental threat has the highest Contaminant Characteristics component at 32 because of the
ecotoxicity value is now also being considered. The Target Groups component is also calculated for all
three of the threats, but for each threat the score results in a zero value. This is because, similar to the
other chemicals, there are no surface drinking water intakes on the Speed River in the vicinity of this
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study location, and there are no listed fisheries. The environmental threats are so low that the model
produces a score of 0.
The final score for sodium hypochlorite is 0.76 prior to the penetration of the aquitard layer and 1.06 after
its penetration. These vulnerability scores are lower than those for both benzene and sodium chloride
because of the small tank size of the sodium hypochlorite and also because of the low toxicity of the
substances.

4.4.4. Sodium Bisulphite
Sodium Bisulphite is susceptible to two potential pathways, surface water to groundwater and surface
water overland flow. The Transmission Potential component is the same as sodium hypochlorite because
this component score is based on the site characteristics, not the source. The value increases from 217
prior to the penetration of the aquitard, to 301 after the aquitard has been penetrated. The Contaminant
Characteristics component score reflects the low toxicity of sodium bisulphite with a value of 1. This
value remains the same under both conditions as the chemical has not changed. The Target Groups
component is 580.5 for both scenarios because of the potential groups that may be susceptible under a
potential release of the chemical. There are drinking wells that are close to the location which serve the
population of Guelph. The final surface water to groundwater pathway score under the current conditions
is 2.12 and under previous conditions is 1.53. Once again, the values reflect the changing in the aquitard
thickness and reflect a higher vulnerability score once the aquitard layer has been penetrated.
The surface water overland flow is calculated for sodium bisulphite under both conditions which also
results in the same output results for each scenario. The changes to the aquitard are not represented
within this pathways score. The Transmission Potential component output is calculated to be 140. The
value represents the short distance to the Speed River and the lower containment value, which represents
a higher potential to release. The Contaminant Characteristics component is evaluated based on the three
potential threats. The drinking water threat evaluates the Contaminant Characteristics based on the
toxicity, which is low for sodium bisulphite, and therefore results in a score of 1. The human food chain
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also depends on the persistence and bioaccumulation of the substance, which allows for an increase in this
value to 6. Finally, the environmental threat has the highest Contaminant Characteristics component score
at 32 because of the ecotoxicity value now also being considered. The Target Groups component is also
determined based on the three threats. Each threat resulted in score of 0 because there are no surface
drinking water intakes on the Speed River within the study location, and there are no fisheries where
potential contaminated fish may be a threat. The environmental threat is so low that the model produces a
score of 0, even though the wetlands within the area could pose a potential target threat. Therefore, the
pathway score for the surface water overland flow pathway results in zero.
The final score for sodium bisulphite, calculated based on equation 21 is 0.76 prior to the penetration of
the aquitard layer and 1.06 after its penetration. The values are the same as sodium hypochlorite because
of the similar tanks size and low toxicity values for these sources.

4.5 Score Summary
After calculating the scores, they can be represented visually using colour bars which can let the user
view the results rather quickly. Although all four chemicals resulted in low vulnerability scores,
comparative analysis can be done to see how the scores relate to each of the chemicals and how they have
changed in respect to the two different scenario settings. Figure 5 represents the scores of each chemical
under the current situation. Figure 6 represents the scores of each chemical before the aquitard layer had
become compromised. Both figures indicate where the value 28.5 is on the scale. This value is shown
because it is what the EPA uses for the HRS scoring method as a threshold value. Once a score reaches
this value it will be considered for Superfund, a program designed to prioritize site cleanup for hazardous
waste sites. This value has been shown to indicate when there is significant concern regarding the site
score. For this particular application, lower scores may not require immediate attention, but the sources of
contamination should still be reviewed and monitored. The site score is unlikely to be above 28.5 unless
one pathway score is greater than 50, two pathway scores are greater than 35, or three pathway scores are
greater than 30. Pathways that receive a score lower than 10 are unlikely to have a significant effect on
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the site score, and will not result in a score being over the cutoff score of 28.5, or above. This has to do
with the sensitivity of the model. The mathematics of the VST is such that higher scoring pathways exert
proportionately greater influence on the site score than do lower scoring pathways. Each pathway score is
the product of the three factor components. A high pathway score requires relatively high values for all
three of the factor components. The Target Groups component value is not capped, so this category can
have more weight on the overall combined pathway score. For example, a low Contaminant Characteristic
component value will result in a low pathway score, unless a very high Targets Component is obtained.
The groundwater pathway score is influenced by the nearest well factor within the Target Groups
component, especially since this is a distance-weighted population. The closer the wells are, the higher
the resulting score. This value can be as high as, 163,245, according to Table 3.22 and using equation 12.
However, there are overall caps of 100 on all pathway scores. Yet, this value can have a very high
influence on the overall score. Within the Transmission Potential component, the containment
characteristics factor will be low, unless there has been an observed release of the chemical, and thus this
portion of the score is typically lower and does not reflect a great deal of sensitivity. For the model to
reflect a high Transmission Potential score, there must be a known release of the chemical. Within the
Contaminant Characteristics component the toxicity value has the highest influence on the score, as the
model is based on the risk and uses toxicity to rank the chemicals hazard potential.
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Figure 5: Vulnerability scores for sources of contamination: after aquitard removal

Figure 6: Vulnerability scores for sources of contamination: before aquitard removal

4.6 Implications of Site Scores
The vulnerability score does not demonstrate a comprehensive risk assessment to the site but does
represent a screening level of assessment and hence when high, undertaking a more detailed risk
assessment is recommended. The score can help to isolate the important potential threats to drinking
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water and the environment. Since aggregate mining is considered an interim land use, aggregate pit and
quarry licences include rehabilitation plans. However, in 2009, 40% of pits and quarries had not yet
initiated progressive rehabilitation (Skelton

Brumwell Associates and Savanta Inc. 2009).

Decommissioned aggregate sites may pose significant risk especially when the aquitard has been
compromised and the sites are available for illegal dumping of materials or contaminated fill. The VST
methodology can also be used after the site has been decommissioned and other sources of contamination
are found in the vicinity of the site by incorporating the site rehabilitation measures into the VST. This
particular case example represents a modeling framework which identifies the most important potential
sources of risk, at a screening level of assessment. When planning the site, the aquitard layer was never
meant to be penetrated, yet this protective layer between the quarry and the City of Guelph’s drinking
water aquifer was broken during blasting of the quarry. The vulnerability score is a means to characterize
the site in terms of hazard exposure potential to humans and the environment and can be used as a tool to
narrow down scenarios where further investigation is appropriate. The model uses different dimensions of
source, transmission and receptor to represent how the vulnerability may be impacted
The threshold within the original HRS model framework for when a site must be placed on the Superfund
list is when a score reaches 28.5 or higher. This value has been indicated on the scale bars in figures 5 and
6. However, in this context a lower score may still warrant some further investigation. The scores for all
contaminants have stayed well below this level under both circumstances of before and after aquitard
penetration. The implications of the score being below the target value of 28.5 may provide reassurance to
the public, since this was an unexpected penetration of the aquitard and community members were
worried about the unexpected threat to the water supply. The scores have remained in the lowest level,
within the green range, indicating that immediate action may not be required. However, it is still
beneficial to take a precautionary approach and monitor these potential sources of contamination in
regards to their potential releases.
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4.6.1 Specific Recommendations:
For a risk to exist there must be a source of hazard, pathways for the hazard to reach a receptor, and a
receptor that would be harmed by exposure to the hazard (McBean and Rovers, 1998). All three of these
components are necessary and as this case study demonstrates, there may be a number of potential
sources of contamination, but if there are no potential targets, then there is no risk. It was found that by
changing these pathways, by means of penetration of the aquitard through aggregate extraction, the
relative risk did increase. The VST provides a tool for screening, rather than a comprehensive risk
analysis. The change in scores under both sets of conditions was relatively low; however, it is important
to review potential options to maintain the protection of drinking water. Some recommended strategies
for decreasing the potential risk include:


Removal of the source of contamination, or perhaps better containment structure for the potential
sources of contamination;



Removal of nearby wells (especially private wells) which may not follow the same testing protocols
as municipal drinking water wells;



Demonstrate that the land-use change will cause too much of an increase to potential exposure,
allowing the implications of the changes to be evaluated before the land use changes;



Identify where further investigation, sampling or site follow-ups should be completed.

Although, action may not be recommended for this particular study, a detailed study of each specific
potential chemical contaminant should be reviewed. This way, when pathways are changed, the potential
exposure scenarios which may occur are already known and can be monitored.
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CHAPTER 5: CONCLUSIONS
5.1 Summary of Findings

The VST can be an effective tool in evaluating the degree to which changes in vulnerability to drinking
water supplies and the environment will change the exposure risks with different types of development.
When there are changes to the transmission pathways, by which contaminants can move in the
environment, it is approximate to assess the implications.
The criteria used to determine if this tool is effective consisted of its ability to be considered user-friendly.
The VST can be used by different groups of people, such as aggregate producing companies, conservation
authorities, municipalities, community members, all of which may be trying to determine if there are
water security concerns, in regards to an aggregate extraction site influencing the risk of potential
contamination to aquifer vulnerability. The tool is meant to be used as an additional step in the decision
making process and can be used by both proponents and opponents of pits or quarries. The tool provides a
score which can be used to discuss concerns regarding water security issues. The tool allows for rapid
data assignments by using tables and drop down menus. This allows the user to quickly assign a value for
each variable related to the three components within the model. The mathematics are relatively simple for
the user to use, including multiplication and addition of the values, using the equations outlined in
Chapter 3, or imbedded within the Excel model framework. The model also allows for flexibility with the
bins, the ranges for each bin can be re-evaluated or rescaled for futures areas of investigation. The model
also allows for chemicals to be itemized, which allows the user to review and rank chemicals which pose
the largest threat. This can help highlight any potential issues where further investigation may be
warranted. The resulting output for the score is a single score for each contaminant. This allows the user
to easily review the potential risk score and allow for a relatively quick review of scores.
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In many situations, data are limited in availability. Hence, an extensively peer-reviewed model such as the
HRS, is an important possible initial assessment model. The extensive attention in the model parameter
assignments provides a pathway to assess different concerns (e.g. consider the toxicity, persistence,
degree of containment of the chemicals) that may cause an exposure risk.
The resulting VST builds from the HRS, in combination with GIS layers to efficiently isolate out the
important features that create potential vulnerability of exposure for humans and the environment. The
careful efforts in the development and categorization of Contaminant Characteristics, including elements
of mobility of these chemicals, is important in assessing whether anthropogenic changes will cause
significant changes to the exposure risk. In many respects, the most important utility of the VST is that it
provides a checklist and parameter assignments that can be used to assess the potential exposure risks to
humans and the environment.
The VST model was applied to test the utility, as part of a water security assessment, at the DoLime
Quarry. Evaluating the change in exposure pathways is an important part of the assessment process, when
reviewing the potential impacts of aggregate extraction sites. The change in exposure pathways, by
penetration of the aquitard, lead to an increase in the overall vulnerability score. The bin methodology
was particularly useful as it allowed for data assignments in an efficient and comprehensive manner.
Public data, particularly spatial data, are in many cases, found in ranges and the model was able to
evaluate based on this ranged data and to identify the degrees of importance of different site and
contaminant characteristics. This characteristic of the model does cause some loss of detail within the
model, such as the Target Group being classified into a lower value and therefore being overlooked.
This VST methodology helps to prioritize potential issues as related to water security. The VST provided
the means by which to review nearby potential threats and was able to compare them in terms of their
potential risk. Addressing the sources of contamination with the highest Contaminant Characteristics
component can allow for strategies to be implemented in minimizing the risk. Not only are the chemicals
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ranked according to their risk, but the pathways creating exposure scenarios can also be compared. This
may also assist for pathways susceptible to potential contamination which result in higher scores to be
actively monitored during the aggregate extraction process. This is especially important because as
excavation occurs, more bedrock layers are exposed and like in the DoLime case study, aquitard
penetration may accidentally occur. The geology of a specific area may be unusual and thickness of the
layers is not always known throughout an entire site.

Specifically, the VST has been tested for this

purpose, and it has the ability to show how the change in exposure pathways may change the overall
vulnerability to the Target Group component. In this sense, risk assessments can help to evaluate what
may happen if something does go wrong. The VST can highlight potential threats that should be
monitored from the aggregate producer’s perspective. Addressing these potential sources of
contamination and improving management of the source is important for minimizing risk, but control
measures on the pathway can also be implemented to remove the potential pathway all together.
The methodology should, however, not be used as standalone model. The model is an effective screening
tool whereby the potential contaminants of interest are evaluated based on their potential to cause risk via
exposure pathways. Although the model’s bin structure provides for data flexibility, it is also a limitation
of the model. Through using the bin assignments, the data is rescaled and sometimes small variations due
to changes in the natural infrastructure will not be reflected in the score because of how the rescaling
works for the values. The model is meant as preliminary assessment and as such, the model provides
rapid assessment by simplifying the data, which may result in a loss of resolution. The data will be
rescaled and may not reflect changes or impacts of an anthropogenic change. Further evaluations of
sources with a high Contaminant Characteristics component can be prioritized based on the scoring.
Using a vulnerability model, such as the VST in the planning process for evaluating aggregate licenses
can provide an extra level of reassurance for community groups who are concerned with impacts to their
drinking water. Enforcing a risk assessment protocol into the licensing process, particularly in sensitive
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environments, such as the Green Belt, Niagara Escarpment, Oak Ridges Moraine or prime agricultural
land, where aggregate mining is still allowed to take place, may enhance protection for the environment.

5.2 Recommendations for Future Work

Since aggregate materials are a high volume, low value commodity and because provincial policy has
encouraged close-to-market supplies, licences and permits for pits and quarries will continue to be sought
after in environments close to urban cores. When multiple pits or quarries are located near one another,
there is potential for cumulative impacts on the water system. Although the VST can evaluate multiple
threats, the methodology could be further developed to combine these threats and evaluate multiple pits
into one final score. Future work should continue to look at the impact of multiple pits or quarries on the
water quantity. A model needs to be developed that can combine the threats of multiple sources to
multiple extraction sites. The VST model was used to assess multiple threats, and the next stage could be
to apply as cumulative to other, existing sources (e.g. multiple aggregate extraction sites).
Additionally, the VST can be used for ranking different extraction sites and the risks that they pose versus
one another. This can be used for setting priorities, such as ranking aggregate extraction sites which
should be further investigated. For example, if scores are calculated for multiple pits or quarries, then
priorities can be set for the pits or quarries that have higher scores. Focusing resources on a particular
aggregate extraction site which may create higher risk exposure scenarios can be a cost effective way to
address potential concerns.
The VST can also be used during the planning process for selecting a new site for aggregate extraction.
Choosing a location for an aggregate extraction site is based on multiple factors, specifically, whether the
site has adequate aggregate resources; however, if there is some flexibility on selecting a site then
choosing a site with fewer existing sources of contamination could be beneficial to avoid potential risk
exposure. As a preliminary tool, the VST could be used to address the potential migration routes of
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contaminants before the pit or quarry has begun excavation to allow for protection plans to be in place for
existing contamination.
The VST could be applied to other extraction sites, besides the below water tables sites. An aggregate
extraction site is considered to be above the water table if excavation remains 0.5 meters above the
seasonally high water table, however determining where the seasonally high water table is can be difficult
to determine, and thus excavation into the water table is a possibility. Accidentally excavating below the
water table could then occur. The VST could be used to perform a precautionary risk analysis to quantify
the potential risk in case the water table will be reached through excavation.
Future work involving aggregate mining should continue to evaluate risk to drinking water supplies.
Source water protection can be fundamental when trying to evaluate risk or vulnerability in terms of
aggregate extraction. However, the issue with source water protection is that it doesn’t necessarily look at
aggregate mining in detail, since it is evaluating source waters for an entire watershed. Existing models
can be an effective means for determining vulnerability to aggregate extraction. Developing
methodologies involving site specific risk or vulnerability assessments, such as the VST, can be
integrated into the current application process, and may help provide further information regarding the
impacts of aggregate mining on source water which can ultimately be used to help in decision- making.
For this type of research to continue, there needs to be improved data sharing between stakeholders. It is
clear that aggregate mining is a highly contentious issue between community groups, aggregate producing
companies, watershed groups and different levels of government, but a common source of data and a
common platform for comparing the importance of different dimension of a problem, would create
transparency between different stakeholder groups to allow for a comprehensive understanding of what
the concerns may be for an aggregate pit or quarry.
Future research should also continue to focus on how to evaluate the current policy framework and create
a more balanced approach to consider the environment. Specifically, further evaluation on the overall,
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long term conservation strategies and investigation into the use of recycled aggregates may help lessen
the potential impact on the environment from multiple pits and quarries in certain areas. Implementing
strategies to increase the use of recycled aggregate may also help by using existing aggregate sources,
instead of expanding pits or quarries.
Research regarding the potential threats of unrehabilitated pits and quarries should also be continued.
Aggregate extraction sites that do not undergo rehabilitation may be susceptible to illegal dumping or
storage of materials, such as contaminated waste and this can result in a potential drinking water threat,
especially if the extraction site was dug below the water table. Aggregate sites methodologies, such as
the VST, could be tested on sites which require rehabilitation to determine if unwanted dumping or
uncontrolled substances do in fact get placed in rehabilitation sites. Similarly, investigating future sources
of contamination is also important for the model. The VST allows the flexibility to use multiple sources
of contamination, including any sources that may be developed after the extraction has already begun.
Also, reviewing the historic landuses could be included to determine if there are any historical sources of
contamination that may be relevant to the pathways of concern using the VST.
Finally, a future area of investigation should include a review of the various ways to rescale the site score.
The score can be manipulated by changing the boundaries of the bins. The basis for the VST comes from
the HRS which uses bins based on accepted practice. Since this tool has not been used for aggregate
mining before, it would be important to conduct a full sensitivity analysis on the model and determine, if
the bins should be rebalanced to highlight the priorities of an aggregate extraction site example.
Continued research on using risk assessment approaches for aggregate mining can be an important aspect
when reviewing issues related to water security. Using risk methodologies, such as the VST, can be an
instrumental tool in decision making regarding this contentious landuse issue.
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APPENDIX A
Containment Factor Values for Groundwater
Source
Assigned value
All Sources (Except Surface Impoundments, Land Treatment, Containers, and Tanks)
No liner
10
No evidence of hazardous substance migration from source area, a liner, and: (a) 10
None of the following present: (1) maintained engineered cover, or (2)
functioning and maintained run-on control system and runoff management
system, or (3) functioning leachate collection and removal system immediately
above liner.
(b) Any one of the three items in (a) present.
9
(c) Any two of the items in (a) present.
7
(d) All three items in (a) present plus a functioning ground water monitoring
5
system.
(e) All items in (d) present, plus no bulk or non-containerized liquids nor
3
materials containing free liquids deposited in source area.
No evidence of hazardous substance migration from source area, double liner with functioning leachate
collection and removal system above and between liners, functioning ground water monitoring system,
and:
(f) Only one of the following deficiencies present in containment: (1) bulk or
3
noncontainerized liquids or materials containing free liquids deposited in source
area, or (2) no or nonfunctioning or nonmaintained run-on control system and
runoff management system, or (3) no or nonmaintained engineered cover.
(g) None of the deficiencies in (f) present.
Source area inside or under maintained intact structure that provides protection
from precipitation so that neither runoff nor leachate is generated, liquids or
materials containing free liquids not deposited in source area, and functioning
and maintained run-on control present.

0
0

Surface Impoundment
No liner
Free liquids present with either no diking, unsound diking, or diking that is not
regularly inspected and maintained.

10
10

No evidence of hazardous substance migration from surface impoundment, free liquids present, sound
diking that is regularly inspected and maintained, adequate freeboard, and:
(a) Liner
9
(b) Liner with functioning leachate collection and removal system below liner,
5
and functioning ground water monitoring system.
(c) Double liner with functioning leachate collection and removal system
between liners, and functioning ground water monitoring system.

3

No evidence of hazardous substance migration from surface impoundment and
all free liquids eliminated at closure (either by removal of liquids or
solidification of remaining wastes and waste residues).

Evaluate using All
sources criteria (with
no bulk or free liquid
deposited).

Land Treatment
105

No functioning, maintained, run-on control and runoff management system.
No evidence of hazardous substance migration from land treatment zone and:
(a) Functioning and maintained run-on control and runoff management system.
(b) Functioning and maintained run-on control and runoff management system,
and vegetative cover established over entire land treatment area.

10

(c) Land treatment area maintained in compliance with 40 CFR 264.280.
Containers
Evidence of hazardous substance migration from container area (i.e., container
area includes containers and any associated containment structures).

0

7
5

10

No liner (or no essentially impervious base) under container area
10
No diking (or no similar structure) surrounding container area.
10
Diking surrounding container area unsound or not regularly inspected and
10
maintained.
No evidence of hazardous substance migration from container area, container area surrounded by sound
diking that is regularly inspected and maintained, and:
(a) Liner (or essentially impervious base) under container area.
9
(b) Essentially impervious base under container area with liquids collection and
7
removal system.
(c) Containment system includes essentially impervious base, liquids collection
system, sufficient capacity to contain 10 percent of volume of all containers, and
functioning and maintained run-on control; plus functioning ground water
monitoring system, and spilled or leaked hazardous substances and accumulated
precipitation removed in timely manner to prevent overflow of collection
system, at least weekly inspection of containers, hazardous substances in leaking
or deteriorating containers transferred to containers in good condition, and
containers sealed except when waste is added or removed.

5

(d) Free liquids present, containment system has sufficient capacity to hold total
volume of all containers and to provide adequate freeboard, single liner under
container area with functioning leachate collection and removal system below
liner, and functioning ground water monitoring system.

5

(e) Same as (d) except: double liner under container area with functioning
leachate collection and removal system between liners.

3

Containers inside or under maintained intact structure that provides protection
from precipitation so that neither runoff nor leachate would be generated from
any unsealed or ruptured containers, liquids or materials containing free liquids
not deposited in any container, and functioning and maintained run-off control
present.
No evidence of hazardous substance migration from container area, containers
leaking, and all free liquids eliminated at closure (either by removal of liquid or
solidification of remaining wastes and waste residues).

0

Evaluate using All
sources criteria (with
no bulk or free liquid
deposited).

Tank
Below-ground tank

Evaluate using All
sources criteria.

106

Evidence of hazardous substance migration from tank area (i.e., tank area
includes tank, ancillary equipment such as piping, and any associated
containment structures).
Tank and ancillary equipment not provided with secondary containment (e.g.,
liner under tank area, vault system, double wall).

10

No diking (or no similar structure) surrounding tank and ancillary equipment.
Diking surrounding tank and ancillary equipment unsound or not regularly
inspected and maintained.

10
10

10

No evidence of hazardous substance migration from tank area, tank and ancillary equipment surrounded
by sound diking that is regularly inspected and maintained, and:
(a) Tank and ancillary equipment provided with secondary containment.
9
(b) Tank and ancillary equipment provided with secondary containment with
7
leak detection and collection system.
(c) Tank and ancillary equipment provided with secondary containment system
that detects and collects spilled or leaked hazardous substances and accumulated
precipitation and has sufficient capacity to contain 110 percent of volume of
largest tank within containment area, spilled or leaked hazardous substances and
accumulated precipitation removed in timely manner, at least weekly inspection
of tank and secondary containment system, all leaking or unfit-for-use tank
systems promptly responded to, and functioning ground water monitoring
system.

5

(d) Containment system has sufficient capacity to hold volume of all tanks
within tank containment area and to provide adequate freeboard, single liner
under that containment area with functioning leachate collection and removal
system below liner, and functioning ground water monitoring system.

5

(e) Same as (d) except: double liner under tank containment area with
functioning leachate collection and removal system between liners.

3

Tank is above ground, and inside or under maintained intact structure that
provides protection from precipitation so that neither runoff nor leachate would
be generated from any material released from tank, liquids or materials
containing free liquids not deposited in any tank, and functioning and
maintained run-on control present.

0
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Containment Factor Values for Surface Water
Source
Assigned value
All Sources (Except Surface Impoundments, Land Treatment, Containers, and Tanks)
(a) Neither of the following present: (1) maintained engineered cover, or (2)
10
functioning and maintained run-on control system and runoff management system.
(b) Any one of the two items in (a) present
(c) Any two of the following present: (1) maintained engineered cover, or (2)
functioning and maintained run-on control system and runoff management system, or
(3) liner with functioning leachate collection and removal system immediately above
liner.
(d) All items in (c) present
(e) All items in (c) present, plus no bulk or non-containerized liquids nor materials
containing free liquids deposited in source area

9
7

5
3

No evidence of hazardous substance migration from source area, double liner with functioning leachate
collection and removal system above and between liners, and:
(f) Only one of the following deficiencies present in containment: (1) bulk or
3
noncontainerized liquids or materials containing free liquids deposited in source area,
or (2) no or nonfunctioning or nonmaintained run-on control system and runoff
management system, or (3) no or nonmaintained engineered cover.
(g) None of the deficiencies in (f) present.
0
Source area inside or under maintained intact structure that provides protection from precipitation so that
neither runoff nor leachate is generated, liquids or materials containing free liquids not deposited in
source area, and functioning and maintained run-on control present.
1 1 Surface Impoundment: Evidence of hazardous substance migration from surface
10
impoundment.
Free liquids present with either no diking, unsound diking, or diking that is not
regularly inspected and maintained.

10

No evidence of hazardous substance migration from surface impoundment, free liquids present, sound
diking that is regularly inspected and maintained, adequate freeboard, and:
(a) No liner
0
(b) Liner
7
(c) Liner with functioning leachate collection and removal system below liner.
5
(d) Double liner with functioning leachate collection and removal system between
3
liners.
No evidence of hazardous substance migration from surface impoundment and all free Evaluate using
liquids eliminated at closure (either by removal of liquids or solidification of
All Sources
remaining wastes and waste residues).
criteria (with no
bulk or free
liquids
deposited)
Land Treatment
No functioning and maintained run-on control and runoff management system
10
No evidence of hazardous substance migration from land treatment zone and:
(a) Functioning and maintained run-on control and runoff management system.
7
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(b) Functioning and maintained run-on control and runoff management system, and
vegetative cover established over entire land treatment area.

5

(c) Land treatment area maintained in compliance with 40 CFR 264.280.
Containers
All containers buried

0

Evidence of hazardous substance migration from container area (i.e., container area
includes containers and any associated containment structures).

Evaluate using
All Sources
criteria.
10

No diking (or no similar structure) surrounding container area.
Diking surrounding container area unsound or not regularly inspected and maintained.
No evidence of hazardous substance migration from container area and container area
surrounded by sound diking that is regularly inspected and maintained.

10
10
9

No evidence of hazardous substance migration from container area, container area
surrounded by sound diking that is regularly inspected and maintained, and:

9

(a) Essentially impervious base under container area with liquids collection and
removal system.

7

(b) Containment system includes essentially impervious base, liquids collection
system, sufficient capacity to contain 10 percent of volume of all containers, and
functioning and maintained run-on control; and spilled or leaked hazardous substances
and accumulated precipitation removed in timely manner to prevent overflow of
collection system, at least weekly inspection of containers, hazardous substances in
leaking or deteriorating containers transferred to containers in good condition, and
containers sealed except when waste is added or removed.

5

(c) Free liquids present, containment system has sufficient capacity to hold total
volume of all containers and to provide adequate freeboard, and single liner under
container area with functioning leachate collection and removal system below liner.

5

(d) Same as (c) except: double liner under container area with functioning leachate
collection and removal system between liners.

3

Containers inside or under maintained intact structure that provides protection from
precipitation so that neither runoff nor leachate would be generated from any unsealed
or ruptured containers, liquids or materials containing free liquids not deposited in any
container, and functioning and maintained run-on control present.

0

No evidence of hazardous substance migration from container area, containers leaking,
and all free liquids eliminated at closure (either by removal of liquids or solidification
of remaining wastes and waste residues).

Evaluate using
All Sources
criteria (with no
bulk or free
liquids
deposited).

Tank
Below-ground tank

Evaluate using
All Sources
criteria

109

Evidence of hazardous substance migration from tank area (i.e., tank area includes
tank, ancillary equipment such as piping, and any associated containment structures).

10

No diking (or no similar structure) surrounding tank and ancillary equipment.
Diking surrounding tank and ancillary equipment unsound or not regularly inspected
and maintained.

10
10

No evidence of hazardous substance migration from tank area and tank and ancillary
equipment surrounded by sound diking that is regularly inspected and maintained.

9

No evidence of hazardous substance migration from tank area, tank and ancillary equipment surrounded
by sound diking that is regularly inspected and maintained, and:
(a) Tank and ancillary equipment provided with secondary containment (e.g., liner
7
under tank area, vault system, double- wall) with leak detection and collection system.
(b) Tank and ancillary equipment provided with secondary containment system that
detects and collects spilled or leaked hazardous substances and accumulated
precipitation and has sufficient capacity to contain 110 percent of volume of largest
tank within containment area, spilled or leaked hazardous substances and accumulated
precipitation removed in a timely manner, at least weekly inspection of tank and
secondary containment system, and all leaking or unfit-for-use tank systems promptly
responded to.
(c) Containment system has sufficient capacity to hold total volume of all tanks within
the tank containment area and to provide adequate freeboard, and single liner under
tank containment area with functioning leachate collection and removal system below
liner.
(d) Same as (c) except: double liner under tank containment area with functioning
leachate collection and removal system between liners.

5

Tank is above ground, and inside or under maintained intact structure that provides
protection from precipitation so that neither runoff nor leachate would be generated
from any material released from tank, liquids or materials containing free liquids not
deposited in any tank, and functioning and maintained run-on control present.

0
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