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1 INTRODUCTION
1.1

Background

In October 2006, the Ontario government enacted the Clean Water Act, 2006 (the “Act”) to
protect drinking water at the source as part of an overall commitment to human health and the
environment. The Act establishes a framework for the development and implementation of
source protection plans across Ontario.
Justice O’Connor’s “Report of the Walkerton Inquiry” (2002) recommended a multi-barrier
approach to addressing drinking water safety. Source protection is the first barrier in this
approach, and is the focus of the Act. Protection of source water necessitates risk management
measures to be put into place to reduce risks of contamination of source water, and potential
impacts on drinking water.
Source protection is a watershed based, locally driven program that uses scientifically sound
methods for assessing risks to drinking water and is an approach to decision-making that
emphasizes information sharing, consultation and involvement by interested members in the
watershed communities. Under the Act, source protection plans will be developed for Source
Protection Areas (SPAs) and SPAs will initially be based on conservation authority boundaries.
The Act mandates that source protection plans be developed to address drinking water threats1
to all municipal residential drinking-water systems within each SPA. The framework for source
protection, as set out in the Act, requires the development of a watershed based Assessment
Report for each SPA.
The Assessment Report pulls together the science available within each SPA and may be used
to identify all drinking water threats of concern within each SPA. This assessment report is
intended to include a watershed characterization and water budget, municipal long term water
supply strategies, a groundwater and surface water vulnerability analysis, an issues evaluation
and threats assessment, and a risk assessment for water quality and quantity. Once
assessment reports are complete and risks to drinking water have been identified, source
protection will focus on the development of the source protection plan. The source protection
plan will set out locally based risk management measures to reduce or eliminate significant risks
to drinking water supplies, and set out a strategy to implement these measures.
These risk management measures are the focus of this report. The Drinking Water Program
Management Branch of the Ministry is planning to use external consultants for the development
of a Provincial Risk Management Strategy for drinking water threats (land uses or land use
activities) related to water quantity that are identified through the water quantity risk
assessments that are conducted. Some of these threats are identified in the Assessment Report
Guidance Material, Module 7.
Risk management in this context refers to the appropriate strategy that governments,
businesses, and individual property owners implement to reduce and manage the level of risk
1 A drinking water threat is defined as ”an activity or condition that adversely affects or has the potential to adversely
affect the quality or quantity of any water that is or may be used as a source of drinking water, and includes an activity or
condition that is prescribed by the regulations as a drinking water threat.”

3

Water Quantity Risk Management Study
May 2007

for Ontario drinking water supply systems where the quantity of the water source is potentially at
risk, based on a Water Quantity Risk Assessment. This Water Quantity Risk Assessment will be
undertaken by a Source Protection Committee (“SPC”), which will include representatives from
various jurisdictions and interests, including municipalities, conservation authorities, water
users, and land owners.
The objective of the Water Quantity Risk Assessment is to determine the risk or likelihood that a
municipal water well or intake could fall short of meeting the current as well as the future
community’s needs and to identify the threats that are contributing to the quantity problem.
Areas experiencing a significant water quantity risk are those where land uses or land use
activities and practices or certain conditions render an existing or planned drinking water source
impaired, unusable or unsustainable, or that the water source is naturally incapable of meeting
required water supply system demand and/or reserve targets.
The Water Quantity Risk Assessment will examine land uses or land use activities or conditions
and assess their impact on a water source through a series of scenarios. These scenarios will
be used to determine the reliability of the water supply based on typical current water demand,
potential future needs, and drought conditions. The SPC will classify activities, uses, or
conditions based on their water use purpose (i.e., from the Permit to Take Water (PTTW)
database), proximity to supply wells or intakes, and aquifer source. Using these criteria, the
SPC will classify individuals, groups or classes of activities, uses, or conditions as significant
water quantity threats. Examples include:


Individuals or groups of water users may be classified as significant threats to a
municipal water supply system if their consumption significantly affects the reliability of
the municipal water supply;



Development activities may be classified as significant threats to a municipal
groundwater supply system if the increase in impervious surface significantly reduces
the infiltration and groundwater recharge to groundwater for the municipal supply.



Development activities may be classified as significant threats to a municipal surface
water system if the increase in impervious cover reduces the infiltration and subsequent
groundwater discharge to that surface water feature to such an extent that the reliability
of the surface water supply is affected;



Water quality conditions may be classified as significant threats to a municipal surface
water supply system if they reduce the water quantity to an extent that the reliability of
the water supply is affected.

For additional information, the Provincial Draft Guidance Module 7 - Water Budget and Water
Quantity Risk Assessment is available on the Ministry website at
http://www.ene.gov.on.ca/envision/water/cwa-guidance.htm.
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1.2

Study Scope

The scope of the project was outlined as follows;







Develop a list of land uses or land use activities or conditions that may be considered
threats or group of threats to a water supply system, as a result of a drinking water
source system being at risk of not providing sufficient water to its community;
Review the approach to ranking of the Draft Water Budget and Water Quantity Risk
Assessment module of the Guidance.
Review the use of Risk Management Measures to protect a water source for the
identified threats in different jurisdictions.
Review scientific literature available on appropriate Risk Management Measures for the
identified threats that may contribute to the risk of sustainability for a water source.
Compile and describe existing science on appropriate Risk Management Measures for
each threat and their applicability for Source Protection.
Undertake a preliminary analysis of the effectiveness of Risk Management Measures to
protect water source to a municipal drinking water system.
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2 STUDY APPROACH
The risk to a water supply is a function of both exposure1 to threats and the tolerance2 to deal
with such exposures. The risk placed on the water quantity of a municipal drinking water
source can be managed once the threats placed on the water supply sources have been
identified and risk management measures have been implemented. Risk management
measures can be directed to increase the reliability3 of the intakes or wells, or to increase the
tolerance2 of the system to those threats. Threat management measures include conservation
and industrial best management practices to minimize water demand. Tolerance enhancement
measures include those that minimize the supply systems vulnerability to demand peaks. This
study aimed to identify various risk management measures (RMM) that municipalities,
industries, institutions, individuals or various levels of government can implement to reduce
water quantity risks in Ontario.
Before risk management measures or initiatives could be recommended to reduce or mitigate
water quantity threats, it was necessary to develop a list of water quantity threats. Following the
development of the threats list, a literature review was undertaken to identify how communities
within Ontario, Canada and around the world have addressed threats to water quantity. The
study also examined current legislation that speaks to threats to water quantity, and it identified
some resources for municipalities and residents living in areas that may experience water
shortages.

2.1

List of Threats to Water Quantity

A list of water quantity threats was developed through discussions between members of the
Study Team and watershed water budget experts, and a literature search on the internet to
ensure all threats that could potentially be a factor in Ontario were addressed.
Some known environmental stresses to drinking water systems, such as drought or climate
change were not included on the list. The reason is that the impact of those stresses cannot be
directly mitigated or addressed through the application of risk management measures or
strategies specific to water quantity threats. In addition, the list was also limited to potential
threats for the Province of Ontario, and therefore threats such as saltwater intrusion were not
included in the list of threats. The threats list and the results of this analysis can be found in
Section 3 below.

2.2

Literature Review

A review of literature was undertaken using three distinct approaches. The first included a
general search of the internet using standard web search engines. The second method
involved literature searches of University library resource databases, and the third method
involved contacting individuals that are currently involved in water management activities in
various municipalities, industries, and Provincial levels of government within Ontario.
1

Exposure refers to the extent to which threats affect the availability of a well / intake to sustain pumping;
Tolerance is a measure of the ability to sustain required supply during low water events;
3
Reliability is defined as the probability that a well or intake can meet demand;
2
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The web-based searches were used primarily for the collection of information on current
legislation in Canada and abroad, as government sites are believed to contain the most up to
date information available (e.g. www.e-laws.gov.on.ca or laws.justice.gc.ca/en/).
2.2.1

Web-Based Searches

General web searches were undertaken to determine the types of information available on the
internet, and to help guide the scientific literature searches (see Section 2.1.2 below). In
general, there were several different types of information identified through the web searches:
One of the most common types of relevant information located were research publications from
various government agencies. This included reports or public notices from Federal agencies
(e.g. Environment Canada), Provincial agencies (e.g. Ministry of Environment), and municipal
agencies (e.g. Regional Municipality of Peel) in both Canada and overseas.
Another common source of information was local or municipal level reports outlining activities
that are currently being undertaken by municipalities to curb water use in their jurisdictions.
Material put forward by environmental, industrial and public interest groups was also explored.
Multi-stakeholder groups such as the American Water Works Association and the Canadian
Water Works Association was investigated.
It is important to note that web based searches can realistically lead to thousands of potential
sources to investigate, particularly when dealing with a common theme such as water
conservation measures and best management practices. Additionally a large number of the
management practices are repeated within different jurisdictions. As such, it is felt that the
material put forward in this study reflects a sampling of the basic approaches within the national
and international community.
2.2.2

Academic Literature Searches

A university library electronic database search was used to identify potential academic papers
relating to risk management measures put in place to reduce the stresses placed on
groundwater aquifers or surface water sources. Various e-Article databases were referenced
including the Applied Science Abstracts, General Science Abstracts and Geobase amongst
others.
Several journal articles outline how individual communities or regions in areas around the world
are managing their water sources however articles that outline management initiatives that are
applicable to Ontario were the focus of this portion of the literature review.
2.2.3

Interviews/ Correspondence

Several individuals were contacted across southern Ontario including staff members from the
Regional Municipalities of Halton, Peel, Durham, York and Waterloo, as well as the City of
Guelph. The individuals were contacted to find out how they approach water demand in their
area, and to find out what initiatives they have found to be the most effective in reducing or
7
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managing water demand. Many of the large municipalities in Ontario have active water
conservation programs in place, and have staff dedicated to leading water these programs.
Technical experts from the Ontario Ministry of the Environment, Ministry of Agriculture and Rural
Affairs and Ministry of Natural Resources were contacted to solicit their comments, and
concerns regarding water quantity concerns in Ontario. Many of these individuals are leading
Source Protection initiatives and are familiar with water supply management throughout the
Province.
The golf course industry was also contacted regarding water conservation measures used in
Ontario golf courses, as well as information on case studies within Ontario. Information on best
management practices, case studies and current water conservation initiatives undertaken in
Ontario were provided, and are outlined in Section 3.0.
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3 DISCUSSION
3.1

Threats to Surface and Ground Water Sources

Table 1 below presents a list of threats to surface water and groundwater sources, alongside a
description of the threat. Table 1 does not represent an all-inclusive list of threats rather it
focuses on anthropogenic (man-made) threats common in Ontario that can be mitigated through
the use of water quantity risk management measures or initiatives. The list also focuses on
water quantity threats that may be experienced in Ontario. Therefore, environmental stresses
such as climate change, and threats experienced in other areas of the world that are not
relevant to Ontario (such as salt water intrusion) were not included in Table 1.
The threats are divided into conditions and activities; a “condition” is defined as the
presence of an existing contaminant (or competing water demand) of concern, that is
adversely affecting, or has the potential to adversely affect, a drinking water source, and
thus constitutes a drinking water threat. An activity is defined as a process, or a series of
related processes, natural or anthropogenic, that occur within a geographical area and may be
related to a particular land use.
Table 1: Threats to Surface Water and Groundwater Quantity
Specific
Source
Ground
water

Anthropogenic Threat
Activity/ Condition
Activity: Activities that reduce
groundwater recharge in
significant recharge areas.

Ground
water

Activity: Competing
anthropogenic water users
(see Table 2)

Ground
water

Condition: Water quality issues
within a capture zone.

Ground
water

Activity: Overpumping of
bedrock aquifers

Surface
WaterLake Based

Activity: Deepening/ dredging
of waterways downstream of
municipal intakes

Surface
WaterLake Based

Activity: Removal of
downstream structures or
addition of upstream structures

Surface
WaterLake Based

Condition: Significant water
quality threats in the IPZ (may
be transient in nature)

Surface
WaterLake Based

Activity: River/ water
diversions

Surface
WaterLake Based

Activity: Competing water
demands (see Table 2)

Description of Threat or Condition
Reduction of recharge in significant recharge areas reduces the
quantity of available groundwater sources such as increasing
impervious cover via urbanization, etc.
Several water takers extracting water from the same groundwater
aquifer, or an aquifer that is hydraulically connected to the municipal
supply can reduce overall groundwater sources available to the
municipality.
Significant water quality risks in the capture zone may result in
portions of the aquifer being contaminated, decreasing the quantity
of potable water available.
Overpumping of bedrock aquifers can lead to natural degradation of
groundwater water quality as minerals in the bedrock (e.g. sodium,
chloride, iron) are dissolved.
Dredging the drainage outlet of a lake can lower water levels in the
lake and decrease the quantity of water.
Removal of a structure (dam, weir, etc) downstream or at the outlet
of a lake or pond can lower water levels in the lake and decrease
the quantity of water in the lake. Similarly, the addition of an
upstream structure also has the potential to decrease lake levels.
Significant water quality threats in the intake protection zone may
result in portions of the source being contaminated; therefore, the
quantity of clean water is decreased. An example is high turbidity
during runoff events that may make treatment difficult.
Diverting rivers away from a supply lake to other drainage basins
reduces the input of water into the lake and impacts the quantity of
water available. Rivers may be diverted for hydropower operations,
navigation, etc.
Several water takers extracting water from the same lake can
reduce overall resources available for taking.

9

Water Quantity Risk Management Study
May 2007

Specific
Source

Anthropogenic Threat
Activity/ Condition

Surface
Water Rivers

Activity: Operational plans/
procedures for dams or
hydraulic structures.

Surface
Water Rivers

Activity: Land Use Alteration

Surface
Water Rivers

Activity: Drainage of Wetlands

Surface
Water Rivers

Activity: Groundwater
Extraction

Surface
Water Rivers

Activity: Drainage Projects

Surface
Water Rivers

Activity: Competing water
demands (see Table 2)

Surface
Water Rivers

Condition: Significant water
quality risks in the IPZ

Description of Threat or Condition
The operation of a dam (for hydropower, aesthetics, etc) can impact
the variability of downstream streamflow, or water levels upstream of
the dam. Water takers both upstream and downstream can be
impacted.
Hardening of the landscape, or removal of vegetative cover, can
reduce groundwater recharge, with a corresponding decrease in
baseflow. Streamflow becomes more variable, with decreased flow
in dry periods, and higher flow in wet periods.
Wetlands act as natural reservoirs, storing runoff from wet periods,
and slowly releasing it during dry periods. Drainage or destruction
of wetlands removes this storage element, and causes lower
baseflows during dry periods.
Watercourses, whose baseflow are supplied from groundwater
discharge, can be adversely affected when groundwater is extracted
adjacent to the channel. When the natural groundwater level is
reduced, the hydraulic gradient to the stream is reduced, thereby
reducing baseflow.
Drainage or re-grading of large scale depressions can reduce
groundwater recharge, with a corresponding decrease in baseflow if
areas with enhanced recharge (e.g. hummocky topography) are
regarded leading to enhanced runoff. Streamflow becomes more
variable, with less flow in dry periods, and higher flow in wet periods
Several water takers extracting water from the same river can
reduce overall available water quantity. When the source is a
watercourse, the critical issue is the overall rate of extraction, not the
total volume of taking.
Significant water quality risks upstream of the taking (e.g. spill
upstream up an intake) may result in periods of time in which the
river water is contaminated. Therefore, the quantity of potable water
available for water supply is decreased.

The threats to water supply systems listed above contain both water quantity and quality
conditions. It is important to recognize the interconnection between water quality and the
potable quantity available. In many instances where water quality conditions are discovered,
the reaction time available is not sufficient to allow managers to put appropriate treatment
systems in place deal with concerns as they arise. To mitigate this risk, an appropriate measure
for water quantity managers may be to maintain back-up systems or contingency plans to deal
with potential water shortages caused by water quality conditions.
Multiple water users extracting groundwater or surface water from the same source have the
potential to impact the quantity of the drinking water source. Risk management measures for
competing demands may wish to treat types of water users as a group to mitigate potential
threats. Table 2 below outlines the water use categories defined in the permit to take water
process, and examples for each category. Such categories may be useful for implementation of
future risk management measures. Non-anthropogenic water uses, such as wetlands, streams,
or coldwater fisheries were not included as potential competing water users in this table.
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Table 2: Potential Competing (Anthropogenic) Water Users
Permit Category
Examples*
Water supply
Municipal, communal, domestic
Agriculture
Nurseries, aquaculture, irrigation, livestock watering
Industrial
Power generation, manufacturing, aggregate washing
Commercial
Snowmaking, golf course irrigation, water bottlers
Dewatering
Aggregate operations, landfills, other groundwater diversion or controls
Construction
Road building
Institutional
Water supply for schools, hospitals
Recreation
Wetlands
Remediation
Groundwater pump and treat systems
Miscellaneous
Fire fighting, dams/ reservoirs
* Additional examples can be found in Appendix D of the Water Budget and Water Quantity Risk Assessment
Guidance Module.

3.2

Risk Management Measures

At the completion of the Water Quantity Risk Assessment, some municipalities may determine
that their water supplies are above an established level of risk and that risk management
measures should be performed to mitigate the stress or demand placed on their water sources.
The following sections outline some of the risk management measures identified in the
jurisdictional review as effective means to mitigate the water quantity risks listed in Table 2.
Determining the most appropriate risk management measure(s) to implement requires
assessment of the significant threats and examination of scenarios to evaluate the potential
water resource management measures available. Such scenarios will be completed as part of
the Tier 3 Risk Assessment (using the Tier 3 water budget models) to assess the risk reduction
achievable by altering the impact of potential threats (risk management). Water quantity risk
management can be achieved by implementing measures (as summarized below) in isolation,
or through a combination of measures. Risk management strategies will generally involve a
degree of exposure reduction (minimize threats) and tolerance enhancement (engineered
contingency). These strategies may include water reallocation plans, land use development
options, implementation of conservation measures, and/or construction of back-up supply or
storage infrastructure.
3.2.1

Risk Management Measures and Water Management

There are two approaches to the management of water; supply-oriented management, and
demand-side management. Supply-oriented management considers water to be a virtually
limitless resource. It considers demands to be specified and inelastic, and therefore increases
in demand lead to increases in water use (Tate, 1990).
Demand-side management is different from supply management as it aims to reduce the
demand placed on a resource rather than more-heavily relying on the resource. Over the past
few decades, municipalities within Ontario have had the bonus of expanding water supply
systems with limited water resource planning; however many of these municipalities are now
realizing the finite nature of the resource. Demand-side management considers finding and
acquiring new water supplies may be too costly either for the economy or the environment, and
11
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aims to decrease the demand for water through education, technology, pricing, regulation
and/or recycling methods (Brandes and Ferguson, 2003).
Demand-side management can be used by individuals, industries, institutions, various level of
government and others to manage or conserve a resource such as water. Some of the tools and
techniques used in demand-side management can be referred to as risk management
measures that are implemented to mitigate the stress or demand placed on the ground water
and surface water sources used (or potentially used) for drinking water. Additional discussion
on Water Demand Management can be found in: Tate (1990), Brandes, Ferguson, and
M’Gonigle (2005) and Brandes and Ferguson (2004).
Many types of management measures and approaches are available and can be used
individually or combined to address water quantity threats identified within a watershed. Risk
management measures can be classified as following:
1. Structural Measures: Man-made systems, devices or components that are put in place to
reduce the exposure from a threat or group of threats or provide enhanced tolerance to low
water quantity events. This can also include improvements to existing measures such as
alterations to existing structures. Examples of structural measures for reducing water
quantity threats are retrofitting, controlling flow devices, and porous pavements used in
parking lots to increase infiltration, back-up supply or storage facilities, etc..
2. Operational Measures: Actions, processes or standard operating procedures that are
undertaken to reduce the risk that a threat or group of threats poses to a water supply
source. Examples of operational measures for water quantity are leak detection and repar
programs, water restrictions during drought periods, building codes stipulating low flow
appliances, and construction and operation standards.
3. Education and Awareness Measures: Measures designed to encourage adoption of
conservation and Best Management Plans (BMPs) that aim to educate and change the
attitudes and behaviors of individuals, which will in turn reduce the risk of a threat or group
of threats. Examples of education and awareness measures are training programs,
brochures and fact sheets.
4. Land Use Activities Control Measures: Measures that aim to reduce water quantity risks
using zoning ordinances or other tools to prohibit or restrict certain activities in sensitive
areas. They may include subdivision growth controls, zoning, land purchase, acquisition of
development rights and land use prohibitions.
5. Land Management Measures: Measures that encourage private and public land owners
to conduct activities in a manner that reduces threats to drinking water supplies. Land
management does not mean that landowners must cease certain activities or make drastic
changes to their businesses, rather that they re-think the way they go about their activities.
Best management practices or conservation measures can result in significant risk
reductions.
The selection of land management measures will be based on a variety of factors, including the
physical properties of the watershed, public acceptance of measures, cost, maintenance needs,
and aesthetics. Implementation of these measures can be imposed by regulation, encouraged
through non-regulatory means, and/or combined approaches as appropriate given site-specific
considerations. Examples of land management measures are xeriscaping (low water use
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landscaping techniques), stormwater management measures for rural and urban land uses (roof
discharge to ground, tillage management), management of irrigation water to maximize
efficiency and reduce runoff or leaching, etc.
The following outlines methods that can be implemented to reduce the risks placed on water
quantity sources:


Exposure Reduction and/or Tolerance Enhancement by Managing Competing Demands.
Reduction of the impact of a threat or group of threats on the water sources which will in
turn increase the reliability of the water supply. This can be accomplished for example
by managing the withdrawals of competing water users. Implementation of
conservation measures or best management practices can also be effective in reducing
overall demand. Tolerance can also be increased by extracting water from alternate
water sources and by the addition of backup water supplies and storage facilities. These
measures are described in Sections 3.2.2 and 3.2.3.



Exposure Reduction by Maintaining Inflow. Managing land use development above and
surrounding the water sources to maintain or enhance groundwater recharge or natural
storage to optimize the conjunctive use of ground and surface waters. This type of
measure is especially important in significant recharge areas, where land use restrictions
that prevent development from taking place could be imposed to mitigate risks to water
quantity. It is also important for upstream wetlands which naturally moderate the release
of runoff to surface water systems. Measures for this method are described in Section
3.2.4.

3.2.2

Risk Management Measures for Competing Water Withdrawals

Water demand management, and the methods outlined above aim to conserve and manage
water, to mitigate the impact of water quantity threats to the surface or groundwater sources.
The sections below outlines water conservation methods and other risk management measures
identified in the jurisdictional review that can reduce the threat posed by competing water users.
The results are organized by general categories loosely corresponding to the permit to take
water categories outlined in Table 2.
The use of operational measures such as the operation of the pumping wells or surface water
intakes is one example of a risk management measure that is applicable to several water users.
The use of multiple groundwater wells spaced a fair distance apart can be pumped alternately
by a facility to reduce the stress on the underlying aquifer at any one location. This measure
allows water levels in different areas of the aquifer to recover while the well is shut off. This
operational measure is commonly used by municipalities that have several groundwater wells
located in different areas of a city or community.
In addition, an increase in supply tolerance can be accomplished by adding redundancy to the
municipal supply, or by utilizing multiple water sources to reduce the dependency on any one
source. Tolerance enhancement is important to plan for potential water quality threats that may
impair the ability to maintain a water supply. Another risk management measure to enhance a
supply’s tolerance to deal with water shortages is the addition of storage facilities. Storage
facilities (reservoirs, towers, Aquifer-Storage-Recovery systems) can help a municipality deal
13
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with short term problems (contamination event on a river, infrastructure maintenance) and can
also help a municipality extract water at a lower rate than short-term peak demands.
Another operational measure noted during the jurisdictional review that is applicable to all water
takers is the extraction of water during off peak hours, and the subsequent storage of water in
reservoirs or similar holding tanks for usage during peak times. In the case of surface water
intakes, extracting water during off-peak hours decreases the instantaneous rate of taking and
reduces the instantaneous withdrawal a watercourse experiences. A related risk management
measure is to pump continuously at a lower rate and store the water in a reservoir or water
tower rather than turning on and off the well at higher rates. These methodologies are
applicable to many different categories of water users, and are described in the agriculture, and
commercial (golf course industry) sections below.
3.2.2.1 Municipal Use
Municipal water uses vary from potable water used for drinking, and cooking, to bathing and
sanitation, but municipal water is all used for maintaining lawns, cleaning streets and in fire
fighting (Brandes and Ferguson, 2003). One focus of the jurisdictional review was to examine
risk management measures that municipalities can implement to reduce the demand placed on
the municipal water supply system.
There are a number of water conservation measures that have been successfully implemented
within Ontario, across Canada and the United States and areas overseas. The most widely
successful tool for decreasing municipal water use was the implementation of universal
metering; it was found to be highly effective at reducing water use in Ontario and areas around
the world. All case studies reviewed experienced significant reductions in water demand when
the metering was implemented with an appropriate pricing structure that gave customers an
incentive to use less water (note: flat rate metering was found to be far less effective than
volume based metering whereby the cost of water increases with takings). The most commonly
noted limitations were the cost associated with installation of the meters, the resistance from the
public and politicians, and consumer response was generally reported to be negative.
Other measures, such as the implementation of programs that either subsidize or distribute low
flow toilets, showerheads and faucets to customers were also very common and successful in
conjunction to water metering. Several reports have been published on the best low flow toilets
available on the market, and these should be consulted prior to the commencement of a retrofit
program. Some of the limitations noted in Ontario included the cost to implement, lack of
education, as well as the challenges faced by the multi-unit sectors (e.g. apartment buildings,
rental units) as the rental market has declined in recent years, and property owners are
reducing non-essential renovations. Since 1996 the Ontario Building Code has prescribed that
new houses built in Ontario are required to be fitted with low flow toilets. For this reason, areas
with recent growth would not experience the same level of success as a municipality with
homes built prior to the mid-1990s.
Leak detection programs are also very common in Ontario and elsewhere around the world, and
have proven to be effective at reducing water demand and also in reducing costs associated
14
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with treating water that is lost before reaching the customer. Depending on the age of the public
infrastructure, leak detection and repair has the potential to save municipalities significant
quantities of water. Cities that have aging infrastructure will benefit more from such initiatives
than municipalities that have seen more recent urban growth.
Other programs noted in literature include the use of filtered grey-water (e.g. sink and shower
water) to flushing toilets, wash clothes or for outdoor irrigation. The Ontario Building Code
currently prevents the use of dual plumbing systems (potable and non-potable) in homes within
Ontario, however grey water is encouraged for use in several areas around the world where
water is in limited demand. There are currently a few examples of grey-water reuse in Ontario
including one eco-home in Toronto and another in Guelph.
Water conservation education programs were also effective at reducing the demand on water
supplies. Edmonton, Alberta decided to target plumbing apprentices, hardware and plumbing
suppliers and building owners and developers on the benefits of low flow toilets. They found
that the program reached the customers at the point of sale, which was significantly more costeffective than a general educational awareness campaign.
Table 3: Examples of Risk Management Measures for Water Supply
Description
of RMM*

Where is
RMM* Used

Management
of Peak
Demand

Leamington,
Ontario

Universal
water
metering

Ontario

Universal
retrofit
program

Barrie,
Ontario

Dual Flush
Toilets (3 L
and 6 L
options)

Australia,
Singapore

Leak
detection

Halifax,
Nova Scotia

Use of grey
water for
toilet
flushing.

Quayside
Village,
Vancouver,
BC

Education
programs

Durham
Region,
Ontario

Analysis And Overview of the Effectiveness of the RMM*
The Town of Leamington manages it’s water supply jointly with water
intensive industries to shift industrial demand to non-peak hours. This
flattens the daily demand curve, and reduces the need for peaking
infrastructure.
In 1996, customers in non-metered communities used 345 L/capita/day
while those in metered communities used 253 L/capita/day. In northern
Ontario, non-metered communities used 459 L/capita/day, while metered
communities used 291 L/capita/day (difference of 36%)
City provided low flow toilets, shower and faucet heads for free to
customers to lower daily consumption (cost of ~$350 per household). Led
to a decrease in consumption by 25% from 900 to 630 L/d/household
Dual flush toilets are mandated in both Australia and Singapore. In a study
conducted across Canada with dual flush toilets, flush volumes were
reduced by 68% in single-family dwellings, 56% in office washrooms, and
52% in a participating restaurant. Dual flush toilets save an average of
26% more than low flow (6L) toilets.
Halifax Regional Water Commission used an integrated approach to water
loss control by using noise-mapping surveys and a computerized
monitoring system to detect leaks. Between 1998 and 2004 a total of 27
million L/day of water was conserved- cost savings of $500,000 annually.
A 20 unit apartment building installed wastewater renovation and reuse
system (for use in toilet flushing only). Capital cost was $115,000, but they
saw a reduction in water demand and associated costs of 40%, and
reduction in wastewater flows of 40%.
In 1997 the Region employed summer students in a community-based
social marketing program to work with homeowners to reduce residential
lawn watering. Result was a 32% decrease in peak demand over a 3 year
period.

Source
Gov. of
Canada,
2006.
EC,
2001
MOE,
1998.
CMHC,
2002
Brandes
et al,
2006
CMHC,
2007
Brandes
et al,
2006

*RMM = Risk Management Measure
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3.2.2.2 Industrial
Industries often represent significant water takers across Ontario, and as such their impact on
total water demand warrants attention. The types of industries discussed below represent only
a fraction of industries that extract water in Ontario. According to the 1996 Industrial Water Use
report (Environment Canada, 2002), the largest water users (surveyed in 1996), were Paper
and Allied products (Pulp and Paper make up the majority of this industry), followed by Primary
Metal Manufacturing, Chemical and Chemical Products plants, Food and Beverage industries
and Textile plants. Water usage in each of these manufacturing industries is discussed below.
For additional information on water use in other industrial sectors refer to reports by
Environment Canada (2002), or Kinkead (2003).
General Manufacturing Water Use
Industrial water use is highly variable depending on the facility however there are a number of
risk management measures that can be implemented by all types of manufacturing plants and
industry to reduce their water use. The majority of water used in manufacturing plants is for
heating and cooling, and process use (cleaning of parts and vats). Review of case histories in
Canada, the US and overseas found that the most effective water conservation technique in
manufacturing facilities was the proper and optimized use of cooling towers. Cooling towers
remove heat from air conditioning systems and industrial processes that generate excess heat.
The inner workings of cooling towers are complex and proper design and optimal use of the
tower can greatly reduce water loss (evaporative) and water used in the cooling process (North
Carolina DENR, 1998).
The use of water efficient landscaping methods and technologies (e.g. low flow sprinklers,
optimized watering schedules and xeriscaping techniques) were also found to greatly decrease
water use in Industrial facilities. Domestic water was also effectively reduced through the
installation of low flow toilets, faucets and toilets in washrooms, and water audits were also
found to be very effective at identifying areas where water conservation methods can be
implemented. Water recycling or reuse facilities, leak detection systems, and employee
education programs were also implemented to reduce water use and found to be highly
effective.
Industrial, commercial and institutional (ICI) water use can be separated into a few key
categories (Table 3) as outlined in Table 4 (adapted from North Carolina DENR, 1998).
Different ICI facilities use water very differently, however understanding the water use in each
facility is important to determine where time and resources should be spent to most effectively
reduce water use.
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Table 4: Categories of Water Use in Institutional, Commercial and Industrial Facilities
Category
Process and
Equipment Use
Heating and
Cooling
Sanitary and
Domestic
Kitchen
Other facility
support
Outdoor uses

Water Use
Cleaning; Washing; Rinsing; Metal finishing, Dyeing and finishing; Photo finishing; Reuses;
Product fluming (water transport); Water use in products
Single Pass Cooling; Cooling Tower/ Chillers/ Boiler, Hot Water, Steam Systems; Air
Washers; Boiler scrubber
Toilets; Urinals; Faucets; Showers
Cafeteria Uses; Dishwashers; Ice machines; Faucets
Floor Washing; Air emission wet scrubbers; Building washing; Laboratories; Wastewater
treatment; Laundry
Landscaping; Irrigation; Decorative fountains/ ponds; Vehicle washing

Some examples and case studies of jurisdictions that have effectively implemented water
conservation measures in Industrial facilities are presented in Table 5 below, while Appendix A
contains all of the examples from the jurisdictional review.
Pulp and Paper Sector
Water is used by all pulp, paper and recycling mills in very large quantities and pulp and paper
mills are the largest single industrial water user in Canada (Kinkead, 2003). The industry
employs water in a variety of ways including (but not limited to); process use (e.g. pulp washing,
raw material washing, pulp screening, cleaning and bleaching), domestic water use, heating/
cooling and chemical recovery (EU-India SFP, 2007).
Results of the literature search showed that the most effective water conservation measures
applied in pulp and paper plants involved the adoption of new technologies to reuse or recycling
process-water in the plant. In addition, water use has been effectively reduced in many areas
through the installation of closed loop or water re-use loop systems (EU-India SFP, 2007;
Kinkead, 2003).
Primary Metals Sector
The primary metals sector includes the production of iron and steel and related products, along
with smelting, refining, rolling, casting and extruding of non-ferrous metals (Kinkead, 2003).
According to Environment Canada (2002), the primary metals sector was the second largest
industrial water taker behind the pulp and paper industry in 1996.
Water use in the primary metals sector is mainly used in cooling, material conditioning, dust
suppression, cleaning, with the majority of the water used for cooling (Kinkead, 2003). It is not
surprising that water conservation measures in this sector have been focused on cooling and
the use of closed-loop (closed circuit) systems, as well as the treatment and reuse of process
water. The Canadian Steel Producers Association’s cite that more than 95% of the water used
in producing steel products today is recycled primarily in closed loop systems (CSPA, 2007).
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Chemical and Chemical Product Sector
According to the Industrial Water Use report (Environment Canada, 2002), the chemical industry
was the third largest industrial water taker in Canada in 1996. Water is used in chemical plants
as a chemical reactant, but it is most widely used in cooling, steam production, and washing or
rinsing processes. Similar to other industries, cooling accounts for the bulk of the water
withdrawals (Kinkead, 2003). Review of literature showed that the most effective water
conservation methods were focused on the recycling of cooling water.
Food and Beverage Processing Sector
There are several different types of food and beverage plants that range from freshly packed
fruits and vegetable operations, dairy processing plants, to meat and poultry processing plants.
Each of these plants has unique operations (e.g. washing, grading, packing, cleaning) that have
distinct water needs. Regardless of the facility, the food and beverage industry uses
considerable volumes of water in cleaning, processing and formulating products, as well as
meeting the legislated sanitary standards.
Risk management measures specific to these facilities include reusing or recycling wash water.
Water used to clean of tanks, kegs, or fermenters, or the water used to rinse bottles or cans can
be reused in bottle crushing processes, or in the washing of floors and gutters.
Other processes that can be implemented in these plants include use of steam rather than
water blanchers, or evaporative coolers rather than water cooled systems. High pressure
sprayers with automatic shut off valves (for periods of inactivity) can be used for clean-up, and
cooling water can be recycled for use in plant clean up operations. Water audits were also
found to be beneficial for industries to identify where water can be easily and cost effectively
reduced, and they were also effective in guiding water efficiency plans and/or wastewater
management programs (Rausch, and Powell, 2005; North Carolina DENR, 1998).
Textile Plants
Water is extensively used in textile processing plants in the preparation of materials for dyeing,
the dyeing process, and the washing and rinsing processes. The amount of water required in
each plant depends heavily on the type of textile, the processes used in the plant, and the
management philosophy regarding water efficiency and water use within the plant (EWA, 2005).
In general, wool and felted fabric processes require less water than other textiles such as
wovens, knits, or carpets.
Washing and rinsing of textiles are the two most water intensive processes in the factories, and
therefore targeting these areas for water conservation was found to be of the greatest benefit.
Process modifications such as a combined one-stage bleach and scour process, or reusing
washwater (e.g. countercurrent washing) were reported to save large volumes of water annually
(North Carolina DENR, 1998).
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The placement of flow control valves or nozzles on hoses and washers were found to effectively
reduce water use in the plant. Other measures that would be effective in reducing water use
include installation of low flow fixtures (toilets, urinals, faucets), and employee education
programs.
Recent technological advancements also cite reuse of water via segregation and treatment of
certain effluents using reverse osmosis, or membrane filtration (ultrafiltration). These methods
may be preferable to traditional wastewater treatment as the effluent is of a much higher quality
and is free of colour and surfactants. Additional information on this process and the potential
benefits of this form of water reuse can be found in El Defrawy (2004).
Table 5: Examples of Water Conservation Measures for Industrial Facilities
Description
of RMM*
Water
conservation
methods
Water
recycling in
manufacturing
establishments

Where is
RMM*
Used
Tamil
Nadu,
India
Canada

Recycled
water for wash
facility; closed
loop system
installation

Dofasco,
Hamilton,
Ontario

Various
methods

Frozen
Food
Plant,
Brockton,
Mass. USA

Capacity
Buyback
Program

Toronto,
Ontario

Installation of
a water
reclamation/
water reuse
process
Water reuse;
recovery of
waste effluent
in textiles
plant.

Hudson,
Mass.,
USA
Separem,
Italy

Analysis And Overview of the Effectiveness of the RMM*
The following water conservation measures are implemented in a local
paper mill; meter and monitor all high water consumption points; 100%
closed loop re-circulation of backwater; and daily mill water balances.
Manufacturing establishments reduced overall gross water use by 8%
from 1991 to 1996, interpreted to be due to increased water recycling
rates in the sector from 93% to 115%. Increased efficiency in water use
resulted in a reduction of 17% in total water intake.
A tire wash facility was started in 2003 that uses recycled water to clean
the wheels, side panels and undercarriages of trucks. Approximately 100
trucks/ week are cleaned using recycled water which reduces windblown
dust and prevents suspended solids from entering Hamilton Harbour.
Also in 2003, a close looped system was installed to reuse acid that is
used to clean steel. This system completely eliminated the need to intake
water from the Harbour.
Measures implemented included leak detection and repair, installation of
an evaporative condenser system, and a compressor water recirculation
system, and tightened controls on equipment operating time. Water use
reduced from 63.8 million to 7.4 million gallons per year. Cost of the
changes (in 1970) was $30,000 and changes resulted in $93,100 in
annual savings.
Capacity buyback program was initiated in 2005 and offers rebates
($0.30/L) to Industrial, Commercial and Institutional (ICI) facilities that
permanently reduce water use. The ICI sector makes up 3% of Toronto’s
water customers, but uses more than one-third of water produced by the
City. In 2005, the City provided ~$250,000 in incentives and saved the
City 1.1 million L/day (cf projected peak demand is 266 million L/day).

Source
EUIndia,
2007
EC,
2002

Dofasco,
2003

Tate,
1990

Poto,
2005

Total initial investment at the manufacturing plant was $20,000 (in 1982),
and annual savings reported to be $91,400/ year in water fees;
$22,750/year in sewer charges; $61,000/year in energy costs (for
pumping and heating) and $97,142 in onsite chemical treatment costs.

Tate,
1990

95% of the water coming into the plant is recovered and recycled back
into the plant. The process pays for itself and the payback time for the
investment was 1-2 years.

Lallana
et al,
2001
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3.2.2.3 Agricultural
Water withdrawn for agricultural use in Canada is primarily used for irrigation (85%) with lesser
amounts for livestock watering (15%; Brandes and Ferguson, 2003). Agriculture accounts for
approximately 9% of total national water withdrawals (Environment Canada), however since
irrigation is a highly seasonal use, its proportion of total national water use during the summer
months may be much higher. Approximately 67% of all the water withdrawn for agricultural
purposes is consumed, or not returned to the source from which it was taken (Kinkead, 2006).
There has been extensive research carried out worldwide aimed at reducing overall water
demand for irrigation purposes, notably in arid countries such as Australia, India and the
southern USA. There are several measures that have been shown to be effective at reducing
water demand for crop irrigation, and many of these studies have been undertaken in
cooperation with farmers and irrigators to determine the most effective measures for reducing
water demand. Some examples and case studies of jurisdictions that have effectively reduced
agricultural water demand are presented in Table 6 below, while Appendix A contains all of the
examples from the jurisdictional review.
According to the Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA), operational
risk management measures that have been particularly effective at reducing total demand
include the use of irrigation management plans that outlining crop water requirements, critical
seasons, and irrigation infrastructure. Another measure is the use of high efficiency irrigation
equipment such as trickle/drip or low pressure/low trajectory irrigating methods, and also the
monitoring and maintenance of irrigation equipment to reduce leakage and water loss.
Monitoring of soil moisture to indicate when irrigation is required is also effective at reducing
water demand, as is the use of rain gauges within the irrigated field to determine depth and
uniformity of irrigation across an irrigated area (J. Myslik, personal communication, March 31,
2007).
In addition to the above noted operational measures, there are several risk management
measures that are also effective at reducing water demand. These include planting windbreaks
or wind strips to reduce or decrease the impact of winds and water loss from crops. The use of
plastic or organic mulches to retain water, and the use of conservation tillage where possible to
maintain more organic residue on the surface are also effective at reducing water demand.
Lastly, avoiding compaction of soil across an area aids in the infiltration of water, and decreases
loss of water to tile drains or nearby surface water features.
Ontario irrigators located in areas where there is a high density of water takers have begun to
organize themselves into Irrigation Advisory Committees (IACs; Shortt, et. al. 2004). IACs were
first created in the Big Creek watershed, located within Long Point Region Conservation
Authority, and they have been an effective tool for communication between irrigators, and
between irrigators and government agencies. This communication vehicle can be particularly
useful during dry periods to manage demand.
In addition to reducing the total volume of water withdrawn, it is also important to consider the
rate at which water is withdrawn from groundwater or surface water features. For surface water
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features, the instantaneous rate of taking, rather than the total volume of withdrawn water is
often the most critical to monitor. Decreasing the rate at which water is withdrawn, and
extracting water over a longer period of time, can greatly reduce the instantaneous withdrawal a
watercourse experiences.
As an example, an irrigator may require 100L/s for 8 hours per day to operate his irrigation
system. If he pumps directly from a watercourse, the impact is 100L/s while pumping. By
adding a reservoir between the watercourse and the irrigation system, that same irrigator can
pump for 24 hours at a rate of 33L/s to fill and maintain the water levels in the reservoir, and
withdraw water from the reservoir at 100L/s for 8 hours per day. This effectively reduces the
water taking experienced by the watercourse by two-thirds. In addition, the reservoir may also
be filled during wet periods and used during dry periods when flow in the watercourses is
reduced.
Table 6: Examples of Water Conservation Measures for Agricultural Purposes
Description
of RMM*

Where is
RMM*
Used

Volume-based
pricing of
water

British
Columbia

Agricultural
Water Audits

United
Kingdom

Promotion of
Water
Efficient
Practices

Texas

Analysis And Overview of the Effectiveness of the RMM*
Case study in South East Kelowna Irrigation District. Evaluated the
effectiveness of education, metering, and pricing. Water use was shown
to be reduced by 40% due to the pricing program, with less significant
decreases from education and metering.
Agricultural water audits provide a detailed analysis and account of water
use in an agricultural operation describing where, how and why water is
used. Also includes plans on how to reduce water use, without
compromising quality or yield. Survey’s indicated that 66% of participants
considered themselves more water efficient after conducting a water
audit.
Water efficient irrigation practices are promoted in the Texas State Water
Plan. Practices include; irrigation scheduling, soil moisture monitoring,
laser assisted grading, and high efficiency irrigation systems. Some
irrigation systems, such as drip irrigation can produce 60% higher yield,
while using only 33% of the water.

Source

Gov. of
Canada,
2005

UN,
2005
Texas
Water
Dev.
Board,
2001

3.2.2.4 Commercial
Some examples of commercial water users are water bottlers, golf courses, ski resorts and
office buildings. Similar to the industrial water users, the different types of commercial
institutions lead to highly variable water uses and therefore varied conservation measures.
Water conservation measures that have been effectively carried out by all categories of
commercial institutions include the use of water efficient landscaping methods (e.g. low flow
sprinklers, optimized watering schedules and xeriscaping techniques), the installation of low
flow toilets, faucets and toilets in washrooms, and water audits that identify areas where water
conservation methods can be implemented. Commercial institutions have also had great
success with the implementation of Water Efficiency Action Plans and education programs that
inform water users on changes that have taken place within the facility.
The golf course industry, office buildings and hotels/ motels are three examples of commercial
water takers in Ontario and they are discussed below. Table 7 contains a selection of water
conservation examples, and Appendix A contains the extended tables and references.
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Golf Course Industry
Books, articles and websites focusing on water efficiency in golf course management are
numerous. Water efficient measures used by golf courses operated across Canada by
Canadian Pacific Hotels were found to be exemplary. All of their golf courses have their own
weather monitoring systems, whereby the wind speed, temperature and evapotranspiration
rates are monitored prior to irrigating so loss of water during irrigation is minimized. In addition,
drought resistant species of plants and shrubs are used around the course to minimize the
irrigation of beds. The limitation of this type of system is that staff need to be knowledgeable or
have specific expertise to undertake an irrigation program that is responsive to the weather.
Appendix A outlines several additional case studies that describe water conservation measures
used by the golf course industry. The Glen Abbey Golf Course in Oakville, Ontario installed a
permanent intake structure that is set into the bank of Sixteen Mile Creek. The elevation of the
weir of the intake structure is set at an elevation coincident with the low flow threshold for the
creek, such that when streamflows are higher than the threshold water flows over the weir into
an offline reservoir. This reservoir is not part of the golf course, and therefore it is filled during
wet periods and the water can be drawn down during the summer months when surface water
and groundwater levels are lowered (T. Yamada, personal communication, April 13, 2007).
The Credit Valley Golf Course in Mississauga, Ontario uses irrigation audits to monitor overwatering or under-watering of areas of the golf course to ensure water is used most efficiently
where it is needed (T. Yamada, personal communication, April 13, 2007). Other initiatives
encouraged by golf course operators include irrigating at night or in the early morning when
evaporative loss is at a minimum, and the use of specialized irrigation pump stations that have
rain sensors that shut off the irrigation system when precipitation is detected. In addition to
these examples, Appendix A also includes two examples of golf courses in Ontario that use
treated effluent from nearby sewage treatment plants to irrigate the golf course during the
summer months (T. Yamada, personal communication, April 13, 2007).
Office Buildings
Office buildings are common across Ontario and the vast majority of water used in these
buildings is domestic, followed by heating and cooling, and then landscaping. Therefore, low
flow toilets, urinals, faucets and similar techniques have been highly effective in reducing water
use in office buildings. These programs are especially effective in buildings constructed prior to
1995 when the Ontario Building Code required low flow toilets to be installed in all new
construction projects.
There are several water conservation measures that have proven to be effective at reducing
water use in landscaping for office buildings. These include installation and use of low-flow
sprinklers, trickle/ drip irrigation rather than conventional spray irrigation, irrigating at night or
when evaporative loss is low, or various xeriscaping techniques that involve the selection,
placement and use of drought resistant plants, shrubs and grasses in landscaping. There are
numerous articles, books and manuals that describe xeriscaping techniques, so for more
information, see Winger and Water (1998), Winger (1996), or Weinstein (1999).
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Hotels/ Motels
Similar to office buildings, water use in hotels/ motels is dominated by domestic/ sanitary water
use, and therefore retrofitting with low flow fixtures has greatly reduced water use in buildings
built prior to 1995 in both the US and Canada (Ontario Building Code; US EPA, 1994).
Significant quantities of water are also used for laundry facilities in washing sheets, towels and
other linens, and reducing water use for laundry purposes has been effectively reduced in a few
ways. The first is by posting signs in the guest rooms asking guests to consider reusing towels
and linens more than once, informing them that this will reduce water and energy use. Another
effective technique is the installation of front loading, high capacity washers that use less water
than conventional top loading washers. Some larger hotels have also invested in state of the art
laundry facilities that filter and reuse water through the use of ozonated water technology, and
others have seen great water use reductions by installing water reclamation system for their
laundry facilities (US EPA, 1994).
Water use in commercial kitchens (restaurants, cafeterias, hotels, etc) can be reduced by
modifying the behaviour of the employees or water users, or by modifying the equipment in the
kitchens. The installation of steam gates to prevent evaporative loss out of dishwashers,
educating staff on water conservation measures, including running dishwashers only when they
are full have been effective at reducing water usage in some areas. Installation of flow
restrictors or aerators on faucets can maximize water efficiency by increasing airflow in the
stream while maintaining water pressure. Installation of infrared sensors that activate in the
presence of hands/ objects, or pedal operated faucets are also very effective ways of reducing
water use in kitchens.
Table 7: Examples of Water Conservation Measures for Commercial Facilities
Description
of RMM*
Weather
monitoring
program and
xeriscaping
Low flow
washroom
and shower
fixtures
Faucet
aerators,
shower heads,
toilet dams
High velocity
pre-rinse
spray valve

Where is
RMM*
Used
Canadian
Pacific
Hotels Golf
courses
Sir F.G.
Banting
Building,
Ottawa,
Ontario
Sheraton
Miramar,
Santa
Monica,
CA
Toronto,
Ontario

Analysis And Overview of the Effectiveness of the RMM*

Source

All golf courses implement a weather monitoring program to incorporate
data into irrigation practices. Water use declined in Banff Springs when
new irrigation techniques were used to estimate evapotranspiration rates,
moisture and timing of natural precipitation. Courses only irrigate specific
areas (greens, fairways and tees), use drought resistant species of
vegetation, and irrigation is avoided at peak evaporation times.

CWWA,
2002

Replacing the shower and toilet fittings at a one time cost of $7650;
resultant water and energy costs are estimated to be $5000/year.
Installation of low flow valves in washrooms cost $250, but annual
savings are estimated to be $1430.

EC,
2003

Installed low flow fixtures and toilet dams in their hotel (400 guest rooms)
and experienced a 28% water savings, and $40,000 in total annual
savings.

US EPA,
1994

The City of Toronto has a ‘spray and save’ program for restaurants
whereby they are giving away a spray valve to restaurants to reduce
water use and sewage costs. The City estimates that conventional
nozzles waste as much as 2,904 L/day and they estimate restaurants will
save $630/ yr in water and sewer charges by using one new nozzle.

Toronto,
2007
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Description
of RMM*
Xeriscaping

Where is
RMM*
Used
Arizona,
Texas,
USA

Analysis And Overview of the Effectiveness of the RMM*

Source

Phoenix Arizona realized water saving of 53% on properties with
xeriscaping. Homes in Austin Texas used 31% less water than those with
conventional landscapes.

Brandes,
et al,
2006.

3.2.2.5 Institutional
The two primary categories of water use within schools and universities are domestic water
usage, and landscaping. Water conservation measures that have been most effective at
reducing water use in these categories were discussed above in the Office Buildings section
(Section 3.2.2.4). Implementation of low flow washroom fixtures, and xeriscaping or water
smart irrigation techniques are encouraged to reduce the total water use on school and
university campuses.
Similarly, health care facilities such as hospitals also see large volumes of water used for
domestic/ sanitation (New Hampshire DES, 2001). Retrofitting bathroom fixtures with low flow
toilets, urinals, and faucets have been shown to reduce water demand significantly. Laundry
facilities also account for a significant amount of water use, and as noted above in Section
3.2.2.4 (Hotel/Motel) there are several best management practices that can be implemented to
reduce water in this portion of the facility as well. Lastly health care facilities would also benefit
from water use measures in the kitchens, including use of low flow, high velocity nozzles for
cleaning trays, dishes, glasses, pans, etc.
Table 8 contains a selection of water conservation examples, and Appendix A contains the
extended tables and references.
Table 8: Examples of Water Conservation Measures for Institutional Facilities
Description
of RMM*

Where is
RMM*
Used

Water-efficient
washroom
fixtures

3 schools
in Victoria,
BC

Low flow
washroom
fixtures

High
School,
Victoria,
Australia

Analysis And Overview of the Effectiveness of the RMM*
Motion sensor urinals, and low flow toilets were installed in 3 schools;
One school saw water use decrease by 83% (13.8 million L/yr = cost
savings of $11,600/yr) and another school experienced costs savings of
~$2200 per year.
Low flow fixtures, toilets and urinals were installed in the school in 2006,
and the school reported a 20 to 25% decrease in water use in only one
year. They found that replacing faucets alone saved 12.3% of water per
year. Total costs savings estimated to bee $4000/ yr in water costs.

Source

CH2M
Hill,
2003
Victorian
Govn’t
DSE,
2006

3.2.2.6 Thermal Power Generation
According to an Environment Canada (1996) industrial water use report, power production
accounts for 64% of Canada’s water usage. Producing one kilowatt-hour of electricity requires
140 L of water for fossil fuel plants, and 205 L in nuclear plants (Brandes and Ferguson, 2003).
Roughly 40% of the fuel’s energy is transferred into usable energy, while the remaining heat
energy must be dissipated, most often by circulating cool water within a condenser. This
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process returns much of the water to the source, however it is often returned at a higher
temperature which can have biological and ecological ramifications (Brandes and Ferguson,
2003).
Given this sector’s significant dependence on cooling, elimination of once-through cooling
systems and migration to closed-loop water-cool and air cooled systems have produced the
greatest reductions in water usage. It is estimated that 60% of the total installed thermal power
capacity in the United States uses closed-loop or air cooled technologies, while the remainder
use once-through cooling (Kinkead, 2003). Another option is the use of dry cooling as opposed
to wet cooling. An average once through cooling plant in the United States uses approximately
400 million gallons per day of water for cooling, while the same plant would use only 8 million
gallons per day of water if the plant used dry cooling. Migrating from wet cooling towers to dry
cooling reduces water usage by 98%, however the operating costs are more than ten times
higher and the energy required to power air cooling produces additional air emissions (Table 9).
It is worth noting that energy conservation should also be stressed wherever possible, as
decreasing the demand on our power generating plants decreases the demands placed on our
water sources.
Table 9: Example of Water Conservation Measures for Thermal Power Generation
Facilities
Description
of RMM*
Dry cooling in
power
generation
plants

Where is
RMM*
Used
United
States

Analysis And Overview of the Effectiveness of the RMM*

Source

A once through cooling plant in the US uses approximately 400 million
gallons per day (gpd) of water for cooling, while a dry cooling plant uses 8
million gpd of water. Using dry cooling technologies can lead to a 98%
reduction in plant water usage.

Munson,
2005

3.2.2.7 Dewatering
Dewatering of quarries can include the withdrawal of significant quantities of groundwater and
reduce water levels over large areas, particularly where the quarrying activity is within confined
hydrostratigraphy. Various methods are used to reduce the impact on local groundwater levels
including the use of grout walls, and recycling of water through infiltration facilities.

3.2.3

Risk Management Measures Where Water Quality Threats Impact Water Quantity

Several municipalities within Ontario and elsewhere around the world have experienced water
quality issues that have significantly decreased or eliminated the quantity of clean potable
drinking water (Hrudey et al, 2002). One example occurred in a small Ontario town in 2004
where a home with an uncapped well in the basement caught on fire. The water and firefighting
foam used to control the fire quickly traveled down the well into the underlying municipal aquifer.
Within days, more than 30 neighbouring residents were affected by the contaminated water, and
the water supply for the town was shut down (St. Marseille, 2006). The cost to clean up,
monitor and treat the contaminated water was estimated to be $800,000. In another Ontario
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municipality, discovery of dioxane at a major well field led to it being shut–down for a period of
approximately 3-years until a treatment system could be designed and brought on-line. As this
well field represented approximately 20% of the municipality’s water supply, the occurrence of
water quality problems led to considerable water quantity concerns and highlighted the need to
maintain backup supply systems. Although these are extreme examples, they highlight the
potential for water quality issues to have a great impact on water quantity in communities or
municipalities.
The literature review of risk management measures for water quality threats to drinking water
systems is currently underway in separate studies in the following areas:


Liquid effluents: Sewage treatment plant effluent, sewage treatment plant by-passes,
and industrial effluents;



Stormwater (urban) and Transportation: Stormwater management measures such as
use of porous surfaces, stormwater sewers, ditches, construction activities, etc. and
transportation related such as the application of road salt and other de-icing agents, and
snow storage facilities;



Constructed Pathways: Wells (existing and improperly abandoned), pits and quarries,
mines, boreholes, sanitary sewer infrastructure, surface tile drainage (agricultural and
non-agricultural applications);



Material disposal and other land uses: Landfills, mine tailings, on-site septic systems,
septage trenches, large subsurface septic systems, cemeteries, hazardous waste
disposal, historical sites (contaminated lands);



Land Application: Organic soil conditioning, application of septage, liquid industrial
waste, biosolids, fertilizer1 (in non-agricultural settings), and pesticide/herbicide (in nonagricultural settings); and,



Chemical Storage, Use and Management: Fuels / hydrocarbons, dense non-aqueous
phase liquids (DNAPL’s), organic solvents, pesticides (in non-agricultural settings),
fertilizers (in non-agricultural settings), liquid waste, liquid metals.

There are a few risk management measures that a municipality can implement to reduce the
threat to water quantity from water quality issues such as contaminant plumes from known
sources (e.g. landfills) or acute water quality issues arising from localized spills in capture zones
or intake protection zones. These include searching for alternate water sources, or using back
up wells that use alternate water sources. Having redundancy in the system allows wells or
intakes to be shut down either permanently or for a short period of time while longer term
solutions can be found. Remediation / mitigation of contaminated or poor quality water can also
be used as a risk management measure, and can restrict the movement of the contaminant
plume towards other supply wells or remediate the aquifer. In practical terms, solutions to deal
with water quality concerns (locating additional supplies, building treatment facilities) often take
several years and can be prohibitively expensive, so maintaining redundancy in the water
supply is critical for short-term risk management
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In some cases, reservoirs or water towers (storage facilities) can be used to enhance the
municipality’s ability to deal with water shortages due to water quality. For spill events in
surface water systems, where water quality issues may be short term in nature (e.g. spill in
within a river system), storage facilities may be sufficient to maintain supply until the threat
subsides. For groundwater systems, storage facilities may also help municipalities by allowing
them to pump during off-peak times to prepare for peak demands, which would otherwise be
beyond the immediate supply capacity.
3.2.4

Risk Management Measures for Land Use Development Impacts Water Quantity

In addition to competition for water demands, land use development can also threaten the
quantity of groundwater or surface water sources to drinking water. The following sections
outline risk management measures that address the land use development threats as they
relate to the quantity of groundwater and surface water sources. Low impact development
techniques are being applied in areas around the world to address the decrease in groundwater
recharge in urban areas, as well as the decrease in urban water quality.
Low impact development is a comprehensive land planning and engineering design approach
that aims to maintain and enhance the pre-development hydrological and hydraulic regime of an
urban area, and the watershed that hosts the development. The following sections outline risk
management measures that municipalities and landowners can carry out to reduce runoff,
enhance groundwater infiltration and therefore maintain pre-development groundwater recharge
rates, and surface water hydraulic regimes.
3.2.4.1 Land Use Controls
In some areas it may be necessary to protect significant recharges with certain land use
restrictions. This can be accomplished in a number of ways. One method would be for local
officials to use plans of subdivision or growth controls to limit the population density in an area,
or zoning ordinances to restrict or prohibit certain activities, and enhance others (e.g. proper
management of drainage). Implementing examples of low impact development are just one way
to ensure water quantity is not negatively impacted by land use development.
Low Impact Development Techniques
The principals of low impact development include the clustering of houses and/or buildings to
protect natural areas, which also serve as open space for recreation. The roads in low impact
development areas are narrower, and uses permeable pavement for parking lots, driveways,
and other impervious surfaces. Sidewalks and other impervious hard surfaces are limited, and
the runoff from such surfaces, as well as roof tops are directed onto vegetated areas with
porous soils. In some areas, rooftop runoff is collected and used to irrigate the landscaping or
to flush toilets in the homes. All of these are examples that municipalities can employ to limit
urban runoff, maintain recharge to groundwater aquifers, and also to maintain a predevelopment surface water regime. For more information on low impact development, refer to
Appendix B for a series of references on the topic.
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In areas where a development has already taken place, there are still several retrofitting type
measures that can be implemented to help enhance recharge and reduce runoff to surface
water features. One example of a common retrofitting measure is downspout disconnection
programs. It is common in Ontario to have roof leaders and downspouts that are drain directly
into the municipal storm sewers. There are currently several programs underway in Ontario that
encourage residents to disconnect their downspouts, and either drain the water to a rain barrel
(that is then used for lawn and garden watering) or to a pervious surface such as the lawn or an
infiltration gallery.
Another low impact development measures that can be applied to existing developments is the
use of pervious pavement when repaving or laying down new roads, sidewalks, parking lots or
driveways. Pervious pavements allow water to infiltrate into the ground rather than traveling
overland to storm sewers for discharge to rivers and creeks. In addition, land reclamation of
municipal parks, which involves restoring the soil quality in public parks by tilling and aerating
the lands to enhance recharge to the groundwater system and to reduce peak flows in the
nearby creeks and rivers.
Land Acquisition
Another method would be acquiring the rights to development on parcels of land that contain
significant recharge areas. Although this is commonly used to prevent water quality issues with
intake protection zones or wellhead protection areas, the same methodology could be applied to
significant recharge areas. This may be impractical for many municipalities as recharge areas
commonly cover large areas, however local non-profit organizations may be interested in
teaming with the municipalities to purchase land for water resource protection.
Education
In many areas, individuals, businesses, and industries often are not aware of the impact they
potentially have on a given area, and therefore educating landowners within significant recharge
areas on responsible land management for both water quality and quantity can be a very
worthwhile endeavor. A targeted public education campaign that explains the concepts of
responsible land and water management may lead to enhancements in infiltration such as the
implementation of pervious pavements in a business parking lot, or the disconnection of a
downspout by a homeowner.

3.3

Canadian Legislation and Water Quantity Threats

In Canada, the management of freshwater, both water quality and quantity is a shared
responsibility of all levels of government from federal to provincial (territorial) to municipal.
Understanding the existing acts and regulations that are in place in Ontario is necessary to
make informed decisions on how best to managing water sources. The following sections
discuss some of the legislation that governs water quantity in Ontario either directly or indirectly.
It is not meant to be an exhaustive list of all the legislation in place, rather it is an overview to aid
in understanding how local scale risk management measures fit into the overall regulatory
framework.
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3.3.1

Federal (Canadian) Legislation

In addition to the Ontario provincial legislation and regulations, there are also a number of
Federal level laws and regulations in place that protect, in one form or another, water quantity
across the province. Some of the acts are listed below, and as above, this does not represent
an exhaustive list of all legislation currently in place.
3.3.1.1 Fisheries Act
The Fisheries Act and its associated Policy for the Management of Fish Habitat provide the
regulations and guidance to protect the water quantity and quality necessary for fish habitat and
subsequently for water supplies. The corollary is the protection of fish habitat due to water
supply takings. As presented in the Policy;
Under the federal Fisheries Act, "fish habitats" are defined as those parts of the environment "on which fish depend,
directly or indirectly, in order to carry out their life processes". The Act also defines "fish" to include all the life
stages of "fish, shellfish, crustaceans, marine animals and marine plants". Accordingly, pursuant to the Act, this
policy will apply to all projects and activities, large and small, in or near the water, that could "alter, disrupt or
destroy" fish habitats, by chemical, physical or biological means, thereby potentially undermining the economic,
employment and other benefits that flow from Canada's fisheries resources.
Fish habitats can be damaged in ways both obvious and subtle, and by changes big and small. A multimillion dollar
hydro project can take its toll on a spawning run of fish, but so can a poorly-installed culvert under a farm lane.
Among the most common threats to fish habitats are those associated with industrial and municipal liquid waste
discharges; stream diversions; introduction of silt; barriers to migration; alteration of flow; nutrient imbalances; acid
rain and toxic airborne contaminants; pesticides; and other chemical, physical and biological agents.

The Fisheries Act is a very strict regulation with respect to harmful alteration, disruption or
destruction (HADD) of fish habitat. It is very useful in protecting water sources and in some
circumstances the management of water takings may be restricted particularly during low flows
or during the spawning season.
3.3.1.2 Environmental Protection Act
The Environmental Protection Act aims to protect the environment and prevent pollution through
its regulations, objectives, guidelines and codes of practice. Section 54 (2) outlines that these
objectives should relate to the ‘conservation of natural resources and sustainable development’.
Provisions of the Act focus on water pollution, which as noted in the threats list above, can
decrease the quantity of clean water available.
3.3.1.3 Environmental Assessment Act
The Environmental Assessment Act (EAA) was passed in 1975 by the Ontario government and
it lays out a process for reviewing the environmental impact of proposed activities prior to the
granting of government funds. Under the Act, any significant new public or designated private
project that has the potential to impact the environment (e.g. new water supply, new road or
pipeline construction, etc) must first obtain environmental approval from the Ministry of the
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Environment (MOE) to proceed. The Environmental Assessment (EA) process aims to ensure
that there is a thorough review of all of the potential impacts of these projects, including
examination of the social, economic, and environmental impacts. Under the EA process, the
organization or agency that is proposing the project must undertake a thorough environmental
assessment, seek out public comment on the analysis, and submit a report to the MOE for
approval.
3.3.1.4 Canadian Water Act
The Canada Water Act is designed to ensure that there is communication between the federal
and provincial governments in Canada on matters relating to water resources. There are
several projects that involve the cooperation of both the federal and provincial levels of
government and these include regulations, monitoring of water resources, and the planning or
implementation of sustainable water resources programs.
3.3.2

Provincial (Ontario) Legislation

3.3.2.1 Clean Water Act
As noted earlier in the introduction, the Clean Water Act received Royal Assent in October,
2006, and its aim is to empower communities to protect the quality and quantity of their
municipal water sources through the development of locally driven and science-based source
protection plans. The plan focuses on the cooperative work of conservation authorities,
municipal staff, farmers, industries, interest groups and the public to work together to ensure
clean and sustainable water sources now and into the future.
3.3.2.2 Ontario Water Resources Act and Water Taking and Transfer Regulation
Water takings in Ontario are governed by the Ontario Water Resources Act (OWRA) and the
Water Taking and Transfer Regulation (O.Reg. 387/04). The OWRA requires an individual
taking more than 50,000 litres of water per day from a surface water or groundwater source
(with some exceptions) to obtain a Permit to Take Water (PTTW) from the Ministry of the
Environment (MOE). Water taking permits are issued for a maximum of 10 years.
In recent years, Ontario’s water taking permit application has been strengthened with specific
provisions that enable the MOE to ensure Water Efficiency such that all applicants must
document water efficiency measures and/or practices that have been or will be undertaken
during the duration of the permit, with the focus on wise and efficient use of all water resources.
In addition, since July 2005, the MOE has required municipal permit holders to collect and
record data on the volumes of water taken daily, and the requirements for other large permitted
water takers will be phased in this year.
Water Conservation and Efficiency is an important part of the MOE’s Permit to Take Water
program, and all permit applications must complete a Water Conservation Schedule which
includes a checklist and description of water efficiency Best Management Practices (BMP) that
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have been implemented or will be implemented for the duration of the permit. The checklist of
measures implemented, or to be implemented includes the following:











Water Use Audit
Universal metering of all users (municipalities)
Water Efficient Fixtures / Equip. / Technology
Develop and Implement an Overall Water Conservation and Efficiency Program
Leak Detection / Loss Prevention / Control Program
Public / Employee Information / Education / Outreach
Landscaping techniques / Site and Urban Design Principles
Water Efficient production processes/practices (e.g. re-use of water)
Economic Incentives / Cost-Share / Full Costing recovery / tax credits /rebate programs
Other

3.3.2.3 Oak Ridges Moraine (ORM) Protection Act, and ORM Conservation Plan Regulation
The ORM Conservation Plan Regulation (ORMCP) was established by the Province of Ontario
following the release of the ORM Protection Act in late 2001. The ORMCP is based on the
ecological integrity of the Moraine and aims to lay out suitable land use and resource
management direction for the land and water resources on the Moraine.
In terms of water quantity, the ORMCP Regulation states that major development is prohibited
unless (amongst other requirements) a water budget and conservation plan have been
completed and demonstrate that the water supply required for the development is sustainable
(3.24.4).
3.3.2.4 Planning Act and the Provincial Policy Statement
The Planning Act lays out all the ground rules pertaining to land use planning in Ontario, and it
outlines how and who may control the land uses in the Province. In terms of the environment,
and water supply, the Planning Act requires that all municipalities within the Ontario “have
regard to” the requirement laid out in the Provincial Policy Statement (PPS). The PPS (2005) is
a statement issued by the Minister of Municipal Affairs and Housing, and in general the
statement refers to land use planning issues of provincial interest. In 2005, the PPS was
released, and it states that: “natural heritage features and areas will be protected from
incompatible development” (2.3.1), and “the quality and quantity of ground water and surface
water and the function of sensitive ground water recharge/ discharge areas, aquifers and
headwaters will be protected or enhanced” (2.4.1).
3.3.2.5 Conservation Authorities Act and the Development, Interference with Wetlands and
Alterations to Shorelines and Watercourses Regulation
In the late 1990s, the provincial government reviewed the Conservation Authorities Act (1997) to
ensure the regulations under the Act were consistent across the province, and complemented
the regulations within the Planning Act. The existing regulation was amended and renamed the
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Development, Interference with Wetlands and Alterations to Shorelines and Watercourses (O.
Reg.97/04).
The removal of wetlands, diversion of watercourses, or other alterations to surface water
features were noted as threats to surface water quantity. Under O. Reg. 97/ 04, Conservation
Authorities in Ontario have the ability to prohibit, regulate or provide permission to straightening,
changing, diverting or interfering in any way with the existing channel of a river, creek, stream,
watercourse or changing or interfering with a wetland.
3.3.2.6 Lake and Rivers Improvement Act
One of the purposes of the Lake and Rivers Improvement Act is to manage, protect, and
preserve the use of the waters in the lakes and rivers of Ontario and of the land beneath them.
The Act also aims to manage, protect the fish, wildlife, and other natural resources dependent
on the river, and it also protects the public rights in or over the waters of the lakes and rivers.
This Act therefore, speaks directly to the threat noted above whereby the alteration or removal
of a structure (dam, weir, etc) could negatively impact the quantity of water in a water supply
lake or reservoir.
3.3.2.7 Ontario Building Code
Since 1993, the Ontario Building Code has encouraged water conservation in the Code. The
updated Building Code (2006) states that one of the objectives is “to limit the probability that, as
a result of the design or construction of a building, water resources will be exposed to an
unacceptable risk of depletion, or the capacity of the water supply, treatment and disposal
infrastructure will be exposed to an unacceptable risk of being exceeded, caused by the
consumption of water” (2.2.1.1.(1)). Also, the Ontario Building Code has legislated (since 1995)
that all facilities in Ontario built after 1995 must not use more than six litres of water for each
flush cycle. It also required after 1993, that all new construction and renovations are required to
have low flow showerheads (9.8 L/min or less) and low flow faucets (8.4 L/min or less).
3.3.2.8 Sustainable Water and Sewage Systems Act
This Act represents the only known Act in Canada to legislate full cost pricing principles into the
framework for water resources; specifically, municipalities must fully recover the costs of
municipal water and sewer services. Before this act can be proclaimed however, the
regulations need to be developed to provide the instruction and details to municipalities for
reports and plans required by the Act.
3.3.3

Municipal/ Local-Level Legislation

Official Plans across Ontario mention water conservation, environmental protection and other
things related to the protection and enhancement of ground and surface water quantity. This
section highlights only a few regions explored in the jurisdictional review.
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3.3.3.1 Region of Waterloo
The Region of Waterloo adopted a Water Efficiency Master Plan (WEMP) in 1998 with the goal
of reducing water consumption by 1.5 million gallons per day. The program includes toilet
replacement, rain barrel sales, education, naturescaping, regional building retrofits, commercial
and industrial audits. The Lawn Watering By-law has been updated in 2007 to allow for only
once per week lawn watering. The Region incorporates various policies and conditions within its
Official Plan to protect recharge water quantity and quality and stormwater quantity and quality.
3.3.3.2 City of Guelph
The City of Guelph Official Plan contains detailed policies to address the following:


To provide a high quality water supply to meet the needs of residents and businesses,
now and in the future through an emphasis on conservation, protection and
sustainable development.



To promote water conservation and efficiency measures to sustain the City's valuable
water resources.



To protect the quality and quantity of the City's surface and groundwater resources
through municipal initiatives and community stewardship.



To practice and encourage effective management of storm water drainage in order to
maintain or enhance the water resources of the Guelph area.



To utilize storm water management to assist in regulating the quantity and quality of
storm water run-off to receiving natural watercourses, wetlands and recharge facilities.

3.4

International Legislation and Water Quantity Threats

3.4.1

European Legislation

Management and protection of groundwater resources in the European Union (EU) is
addressed by a number of current European Community Directives. These directives designed
to protect the quality and quantity of groundwater. Directives that focus on the protection of
groundwater quantity include the following:






Groundwater Directive (80/68/EEC)
Urban Waste Water Treatment Directive (91/271/EEC)
 This directive sets minimum standards for the collection, treatment and discharge of
urban wastewater (sewage and industrial effluents).
Drinking Water Directive (80/778/EEC)
 This directive sets standards for water quality intended for human consumption.
Directive on the Conservation of Habitats (92/43/EEC).
Framework Water Directive (COM (97) 49 final)
 This Directive promotes sustainable water consumption based on long-term
protection of available water resources; therefore control and management of water
quantity is a legal requirement across the EU. Under this Directive, the concept of
watershed or basin management is emphasized.
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Over the past 7 years, the European Environmental Agency has completed several reports on
sustainable water use in Europe (Lallana et al, 2001; Krinner et al, 2001, and Estrela, et al,
2001, Scheidleder, 1999). These reports outline the successes and challenges faced by
countries within the EU regarding water quality and quantity.
Scheidleder and others (1999) noted 24 countries responded to a survey to provide details on
their national policies on groundwater. Of these 24 countries, 20 indicated that they have
national strategies or plans that speak to the management of groundwater quality and 19 have
strategies aimed at addressing water quantity issues. Ten of the responding countries have
established special groundwater protection zones, and 14 have strategies for the restoration of
polluted groundwater. However, there appears to be a lack of national groundwater monitoring
networks, with only ten countries having national networks for quality, and seven for quantity.
Scheidleder and others (1999) found that although the countries are implementing groundwater
management strategies, it is unclear what measures are currently being undertaken to
safeguard the groundwater resources. They also found that many countries need to develop
monitoring and information systems to enable those countries to evaluate the success or
failures of their strategies and programs.
Despite the legislative safeguards that are currently in place, municipalities in Ontario still need
to exercise water conservation and apply the techniques of water demand management to
ensure water use is sustainable now and into the future. The concepts of water demand
management are discussed below.
3.4.2

Australian Legislation

Over the past decade, the federal, state and territorial governments of Australia have worked
cooperatively to design and implement a national water strategy for water reform. An
Intergovernmental Agreement (2004) led to the development of a long term strategy of water
management across the country termed the National Water Initiative. All stakeholder agree on
the following issues; “to increase the productivity and efficiency of Australia’s water use, the
need to service the rural and urban communities and to ensure the health of river and
groundwater systems by establishing clear pathways to return all systems to environmentally
sustainable levels of extraction”.
The plan includes eight key elements which address water demand and allocation, water
pricing, integrated management of groundwater and surface water systems, water accounting
including both anthropogenic and environmental, urban water reform, community partnership
and education, and basic research and development. All of these key elements have numerous
key action items. Some of the more notable action items, which are reflected in the case
histories, relate Water Sensitive Urban Developments, reflections in water pricing for water
efficiency and innovation and water labelling. In addition, basic science and research initiatives
have been a historical priority and the Commonwealth Scientific and Industrial Research
Organization (CSIRO) is world renowned for its research.
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4 SUMMARY
This report represents the results of an extensive literature and jurisdictional review of potential
risk management measures that have been implemented around the world to manage threats to
water quantity. This report focused on threats and risk management measures that are relevant
to Ontario water supply systems. Threats to water quantity that were identified in this study
include competing water users (municipal, industrial, commercial, etc.), changes in land use that
act to reduce groundwater recharge to underlying aquifers, low tolerance of the drinking water
system, as well as water quality threats within a well capture zone or intake protection zone.
The discussion on threats to water quantity by competing water demands is organized into
categories of water takings. The concept of demand-side management and its associated
techniques were presented, followed by a discussion of various risk management measures
identified in the jurisdictional review as effective measures to reduce water quantity threats.
Categories of water takings, and risk management measures examined include; municipal,
industrial (manufacturing, pulp and paper, primary metals, chemical products, food and
beverage processing, and textile plants), agricultural, commercial (golf course irrigation, office
buildings, hotels/ motels), institutional, and the thermal power generation industry.
Risk management measures that relate to the limitation or reduction of groundwater recharge
are discussed. Measures include the use of low impact development techniques, retrofitting
measures such as downspout disconnection programs, land acquisition or the implementation
of public education programs.
Risk Management Measures that can be applied by municipalities to increase a water supply’s
tolerance or exposure include adding redundancy in the municipal supply through the addition of
alternate wells / intakes that utilize different sources, adding storage facilities to meet peak
demands or maintain supply in the event a problem with an individual well or intake, or
implementing multiple wells and intakes to reduce pumping impacts at any given location.
Lastly, in areas where water quality threats are also impacting the quantity of water, risk
management measures such as the use of backup water supplies, or temporary storage
facilities are discussed.
The report also outlines the Canadian legislation that governs or speaks to water quantity
issues. The management of freshwater quality and quantity is a shared responsibility of all
levels of government in Canada from federal to provincial (territorial) to municipal, and as such
examples of legislation from all levels of government are provided.
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Results of the Effectiveness of Risk Management Measures Identified
in the Jurisdictional Review
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Water Supply (Municipal, Institutional)
Threat

Description
of RMM*

SW / GW /
Pathways

Where is
RMM
Used?

Analysis And Overview of the Effectiveness of the RMM*

Municipal
Water Use

Reservoirs,
storage tanks
and water towers

SW/GW

Across
Canada

Municipalities recognize that reservoirs, water towers or various other
holding tanks are useful at handling peak demands.

Municipal
Water Use

Back up wells

SW/GW

Across
Canada

Municipalities across Canada have used back up wells, or back up intakes
to withdraw water from different sources in the event that one of the
sources is removed due to water quality or quantity issues.

Municipal
Water Use

Treatment of
contaminated
water

SW/GW

Across
Canada

Several municipalities in Canada have implemented treatment systems to
address water quantity issues in their communities.

Municipal
Water Use

Aquifer storage
and recovery
systems

Municipal
Water Use

Groundwater
wells are
pumped
alternately

Municipal
Demand

Management of
Peak Demand

Municipal
Demand

Management of
Demand

Increased
recharge in
urban areas

Downspout
disconnection
program

Residential
water use

Universal retrofit
program

Municipal
Water Use

Toilet
Replacement
Pilot Program

Residential
Water use

Water meters
and toilet retrofits

SW/GW

Waterloo
Ontario

SW/GW

Region of
Peel,
Ontario

SW/GW

SW/GW

Leamington,
Ontario

City of
Guelph,
Ontario

The Region of Waterloo implemented an aquifer storage and recovery
system which consists of the storage of treated drinking water in
underground aquifers during periods of water surplus (when capacity
exceeds demand) and recovered when water is low (when demand
exceeds capacity).
Groundwater-based water supply systems for many Peel communities
consist of more than one municipal well and they are pumped alternately,
and on average well below the permitted pumping durations and volumes.
This allows each system to fully recover after the pumping event before
the next withdrawal event occurs.
The town of Leamington manages it’s water supply jointly with water
intensive industries to shift industrial demand to non-peak hours. This
flattens the daily demand curve, and reduces the need for peaking
infrastructure
Is an outdoor water use bylaw that is tied to environmental indicators (Low
Water Response, streamflow). With increasingly dry conditions (lower
flow), more severe outdoor water use restrictions are put in place. Most
severe is cessation of all outdoor water use.

SW/GW

City of
Toronto,
Ontario

Voluntary downspout disconnection program has been in place since 1998
and has averaged 2,300 disconnections per yet (total of ~26,000), funding
of $1.5 million to support the program.

SW/GW

Barrie,
Ontario

City provided low flow toilets, shower and faucet heads for free to
customers to lower daily consumption (cost of ~$350 per household). Led
to a decrease in consumption by 25% from 900 to 630 L/d/household

SW/GW

Toronto,
Ontario

Over 155,000 ultra-low flow toilets have been installed in the City of
Toronto, using cash incentives for residents. Total annual water savings
total 33.8 million litres/ day (cf projected peak demand is 266 million
L/day).

Gimli,
Manitoba

Water meters and toilet retrofits were installed in all residences, and water
conservation workshops were held for homeowners. The flat rate metered
system was replaced with a volumetric rate system. Gimli experienced a
drop in water usage almost immediately; water usage dropped from
average of ~78 million gallons/yr to less than 65 million gallons/yr.

SW/GW

Limitations
on Usage/
Application

Level for RMM
Implementation

Party w
Authority to
Implement
RMMs

Source of Information

Cost of
implementing
and maintaining
Cost of
implementing
and maintaining
Cost of
implementing
and maintaining

Parcel / Municipal

Municipality

Parcel / Municipal

Municipality

Parcel / Municipal

Municipality

Cost of
implementing
and monitoring
the system

Parcel / Municipal

Municipality

Region of Waterloo, 2007. Long Term Water Strategy: Available at:
http://www.region.waterloo.on.ca/web/region.nsf/DocID/E7730991279379
3C85256C13006A214E?OpenDocument

Requires
multiple wells
and
infrastructure.

Parcel / Municipal

Municipality

Personal communication with A. Korniluk, Senior Hydrogeologist, Region
of Peel, February 2007.

Requires
cooperation by
local industries.
Negative
response from
residents
Cost to
implement
(~$300 per
household)
Fixtures must be
high quality to
ensure
continued water
use reductions.
Some
challenges in
multi-unit sector
as rental market
is declining, and
property owners
are scaling back
on renovations.

Municipality
Parcel / Municipal
Municipality
Parcel / Municipal

Government of Canada, Policy Research Initiative. Sustainable
Development Briefing Note. Wet Industry: An Opportunity for Strategic
Water Demand Management Available at
http://policyresearch.gc.ca/doclib/SD_BN_SEKID_e.pdf
City of Guelph, Outdoor water use program. Info available at
http://guelph.ca/living.cfm?subCatID=1208&smocid=1792

Parcel

Municipality

City of Toronto, 2007. 2007 Budget Briefing Note, Policy Related Budget
Requests. Accessible at:
http://www.toronto.ca/budget2007/pdf/bn_waterbudgetpolicy.pdf

Parcel

Municipality

Ministry of the Environment, 1998. City of Barrie’s Water Conservation
Program: Huge Success. Green Industry publication. Accessible at:
http://www.ene.gov.on.ca/programs/3659e.pdf

Parcel

Municipality

Wright-Caraballo, K., Multi-unit Toilet Replacement Pilot Program vs
Actual Field Data. City of Toronto. In Proceedings of the Ontario Water
Works Association Annual Meeting, May 2006, Mississauga, Ontario.

Parcel

Municipality

CMHC, 2007. Gimli, Manitoba: Water Conservation Program including
Meters and Retrofits. http://www.cmhcschl.gc.ca/en/inpr/su/waco/onrecast/onrecast_012.cfm
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Threat

Description
of RMM*

Residential
water use

Toilet dams, low
flow shower
heads and faucet
aerators

Municipal
water use

Water
conservation
education
programs

Various
Water
Users

Municipal
Water Use

Provincial
legislation to
implement
conservation
Leak Detectionmonitor flows
and consumption
in discrete areas
of the distribution
network

SW / GW /
Pathways

Where is
RMM
Used?

Analysis And Overview of the Effectiveness of the RMM*

Municipality

Municipality

Brandes, O.M., Maas, T., and Reynolds, E. Thinking Beyond Pipes and
Pumps: Top 10 Ways Communities can Save Water and Money. The
POLIS Project on Ecological Governance, Oct. 2006. Accessible at:
http://www.waterdsm.org/pdf/ThinkingBeyond_lowres.pdf

Since 1996 the Ontario building code states that all new homes in Ontario
must be equipped with low flow toilets to pass building inspections.

Parcel

Provincial
government

SW/GW

Region of
Halton,
Ontario

Study began in 2003; estimated savings in water loss between 2003 and
3
2005 is approximately 2163 m /day. Savings of ~$99,000 in Operation
and Maintenance costs, $23,000 in debt financing savings, for a total
savings (over 3 yr period) of $122,000. Recovering lost water also
deferred the expansion of future water supply facilities.

Municipal

Municipality

City of Thunder Bay used sounding equipment connected to various points
in the distribution system to identify and repair leaks. The City cannot
provide estimates of recovered water or success however, they are
confident that their approach is effective and has achieved savings in
terms of water loss and consumption and electricity costs.

Municipal

Municipality

Municipal

Municipality

Environment Canada, 2004 Municipal Water Use Report (2001
Statistics). http://www.ec.gc.ca/water/en/info/pubs/sss/e_mun2001.htm

Municipality

Brandes, O.M., Maas, T., and Reynolds, E. Thinking Beyond Pipes and
Pumps: Top 10 Ways Communities can Save Water and Money. The
POLIS Project on Ecological Governance, Oct. 2006. Accessible at:
http://www.waterdsm.org/pdf/ThinkingBeyond_lowres.pdf

Municipality

Ontario Centre for Municipal Best Practices, 2004. Best Practice
Summary Report, Energy management with Water Distribution
Optimization Modeling. City of Thunder Bay. October, 2006.
http://www.amo.on.ca/AM/Template.cfm?Section=What_s_New5&TEMP
LATE=/CM/ContentDisplay.cfm&CONTENTID=105050

Municipal

Municipality

Ontario Centre for Municipal Best Practices, 2004. Best Practice
Summary Report, Water, Water Conservation and Deferral of Capital
Upgrades; Windsor PUC. Feb. 11, 2004.
http://www.amo.on.ca/AM/Template.cfm?Section=Home&CONTENTID=1
0556&TEMPLATE=/CM/ContentDisplay.cfm

Municipal

Municipality

Gombos, S., 2005. Region of Waterloo Results of Outdoor Water Use
Restrictions. In Proceedings of the Ontario Water Works Association
Annual Meeting, May 2006, Mississauga, Ontario.

Experienced a 15% reduction in water consumption.

SW/GW

Durham
Region,
Ontario

In 1997 the Region employed summer students in a community-based
social marketing program to work with homeowners to reduce residential
lawn watering. Result was a 32% decrease in peak demand over a 3 year
period.

SW/GW

Ontario

Leak Detection

SW/GW

Municipal
Water Use

Examination of
non-revenue
water (leak
detection, etc)

SW/GW

Ontario

Document outlines a need to examine lost water as system water losses
average 13% and varied from 6% to 25% across Canada (in 2001).

SW/GW

Halifax,
Nova Scotia

Halifax Regional Water Commission used an integrated approach to water
loss control by using noise-mapping surveys and a computerized
monitoring system to detect leaks. Between 1998 and 2004 a total of 27
million L/day of water was conserved- cost savings of $500,000 annually.

Thunder
Bay, Ontario

Thunder Bay has been using their hydraulic model for fire flow testing for
approx. 8 yrs. The City estimates there is a potential water savings of
3
3
33,343 m /year to 75,780 m /year.

Municipal
Water Use

Utilize a
hydraulic model
to simulate fire
flow conditions in
the City’s fire
hydrants

Source of Information

Municipality

SW/GW

City of
Thunder
Bay, Ontario

Leak detection

Fixtures must be
high quality to
ensure
continued water
use reductions.
Requires budget
to hire students,
and staff to
coordinate and
oversee the
project.

Level for RMM
Implementation

Party w
Authority to
Implement
RMMs

Brandes, O.M., Maas, T., and Reynolds, E. Thinking Beyond Pipes and
Pumps: Top 10 Ways Communities can Save Water and Money. The
POLIS Project on Ecological Governance, Oct. 2006. Accessible at:
http://www.polisproject.org/polis2/PDFs/toptenweb.pdf

Cochran,
Alberta

Municipal
Water Use

Municipal
Water Use

Limitations
on Usage/
Application

SW/GW

Municipal
Water Use

Summer water

SW/GW

Windsor,
Ontario

Municipal
Water Use

Outdoor Water
Use Restrictions

SW/GW

Region of
Waterloo,
Ontario

Summer levy program (premium for above average water use in the
summer months) began in 1989 to reduce summer peak demand.
Program required customer education and awareness to conserve water
in the summer. Generally, the public was accepting of program. Overall
Maximum Day to Average Day ratio fell from 1.63 (avg. 1980 to 1988) to
1.5 (avg 1989 to 2003). Additional revenues have allowed for timely
expansion of an older plant financed at $3.5 million from the Summer Levy
Program.
In 2005, Stage 2 Outdoor Water Use Restrictions were implemented
(including limiting lawn watering to once per week from May 15 to Sept.
30). Peak demands decreased from 52 million gallons/day in comparable
climatic years (2001, 2002) to 47.6 million gallons/day in 2005 as a result.
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Can be a high
cost associated
with leak
detection
programs.

Parcel

Municipal

Requires a
calibrated
hydraulic model
Can be
implemented at
municipalities
that are 100%
metered and
that have high
peak summer
demands.
Considerable
public
discussion and
vocal opposition.

Municipal

Ontario Centre for Municipal Best Practices, 2006. Best Practice
Summary Report; Energy Management with Water Loss Control – Leak
Detection.
http://www.amo.on.ca/AM/Template.cfm?Section=Home&TEMPLATE=/C
M/ContentDisplay.cfm&CONTENTID=105051
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Threat

Municipal
Water Use

Description
of RMM*

Universal water
metering

SW / GW /
Pathways

SW/GW

SW/GW

Municipal
water use

Where is
RMM
Used?

Southern
Ontario and
northern
Ontario

Canada

Universal water
metering
SW/GW

British
Columbia

Municipal
water use

Universal water
metering

SW/GW

Vernon, BC

Municipal
Water Use

User-pay rate
based on water
metering

SW/GW

Kelowna,
BC

SW/GW

Kootenay
Region, BC
(1. Creston,
2.
Invermere,
3. Nakusp)

SW/GW

Quayside
Village,
West
Vancouver,
BC

Municipal
water use

Water
Conservation
initiatives.

Residential
Water Use

Use of grey
water for toilet
flushing.

Municipal
Water Use

Re-using wash
water for the
washing of city
buses

SW/GW

Calgary,
Alberta

Municipal
Water Use
(residential
outdoor
water use)

Educational
programs

SW/GW

Kelowna,
BC

Analysis And Overview of the Effectiveness of the RMM*

In 1996, customers in non-metered communities used 345 L/capita/day
while those in metered communities used 253 L/capita/day. In northern
Ontario, non-metered communities used 459 L/capita/day, while metered
communities used 291 L/capita/day (difference of 36%)
Study showed that on an average, those Canadians paying flat rates use
74% more water those under volume-based structures. Also, on a
provincial level, there were higher levels of consumption when residents
were charged flat rates for water usage rather than volume-based rates.
(flat rate customers in Canada use 457 L/capita/day, while volume based
customers use 269 L/capita/day).
- City of Prince George implemented universal metering in 1996, and
estimated saving ~$250,000 in energy, operations and maintenance
costs.
- Comox-Strathocona Regional District implemented universal metering in
1995 at cost of ~$300,000. District saw a decrease in maximum demand
from 45 L/s to 23 L/s after meter installation (~50% savings in use)
- Banff, Alberta implemented universal metering in 1996 and saw lower
consumption and wastewater production due to reduction in use.

Limitations
on Usage/
Application
Cost to install a
residential water
meter is ~$250
to 400 per
connection
depending on a
few factors.

Consumer
response is
generally
negative.
Retrofits and
installation of
meters is an
inconvenience.

City of Vernon implemented universal metering and estimates a 34%
decrease in usage per year (192 million gallons of water per year)
In 1998, the City of Kelowna implemented a user-pay rate based on
metered water consumption. By 2001, average residential water use was
reduced by 19%.
1. Voluntary reductions in takings by residents was successful and
circumvented need for implementing bylaws
2. Bylaws and mandatory restrictions for lawn watering and universal
metering led to a ‘significant reduction in consumption’
3. Leak detection program led to water savings of 10-13% (success noted
to be based on a competent contractor). An ad was placed weekly in the
local newspaper with a water conservation tip. Noksup estimates the ad
led to 20 to 50% potential water savings.
A 20 unit apartment building installed wastewater renovation and reuse
system (for use in toilet flushing only). Capital cost was $115,000, but
they saw a reduction in water demand and associated costs of 40%, and
reduction in wastewater flows of 40%.
Calgary Transit installed a bus wash that recycles wastewater. Solids are
removed from the wastewater by a centrifuge allowing ~95% of the
wastewater to be recycled. Resulted in annual water savings of
approximately 2.2 million liters.
Water Smart staff visited homes to conduct a water audit and irrigation
system assessment. They offered advice on proper seasonal lawn
watering settings and, where necessary adjusted timers to deliver water in
off-peak hours and for shorter periods. Participants reduced their water
consumption by 27 per cent in July 2001 compared to July 2000 (similar
climatic years).

42

Capital costs
can be high.

Level for RMM
Implementation

Party w
Authority to
Implement
RMMs

Parcel / Municipal

Municipality

Source of Information

EC, 2001. Municipal Water Pricing, 1991-1999. Available at
http://www.ec.gc.ca/erad/dwnld/waterreportbw.pdf

EC, 2001. Municipal Water Pricing, 1991-1999. Available at
http://www.ec.gc.ca/erad/dwnld/waterreportbw.pdf
EC, 2005. Municipal Water Use Report – Municipal Water Use 2001
Statistics. Ottawa: Env. Can. Available at
www.ec.gc.ca/water/en/info/pubs/sss/e_mun2001.htm

Parcel / Municipal

Municipality
Canadian Columbia River Intertribal Fisheries Commission, 2005. Water
Use Efficiency and Conservation in the Kootenay Region of the Canadian
Columbia River Basin.
http://www.ires.ubc.ca/projects/cbt/links/CCRIFC_wateruse.pdf

Parcel / Municipal

Parcel / Municipal

Municipality

CMHC, 2007. City of Vernon Water Efficiency Program.
http://www.cmhcschl.gc.ca/en/inpr/su/waco/whhaacca/whhaacca_004.cfm

Parcel / Municipal

Municipality

CMHC, 2007. Kelowna, BC: Water Smart Water Efficiency Program.
http://www.cmhc-schl.gc.ca/en/inpr/su/waco/onrecast/onrecast_002.cfm

Parcel / Municipal

Municipality

Canadian Columbia River Intertribal Fisheries Commission, 2005. Water
Use Efficiency and Conservation in the Kootenay Region of the Canadian
Columbia River Basin.
http://www.ires.ubc.ca/projects/cbt/links/CCRIFC_wateruse.pdf

Parcel

Homeowner

CMHC, 2007. Quayside village, Vancouver, BC., Candian Mortgage and
Housing Corporation. http://www.cmhcschl.gc.ca/en/inpr/su/waco/onrecast/onrecast_011.cfm

Parcel / Municipal

Municipality

Calgary Transit website:
http://www.calgarytransit.com/environment/ct_water_recycling.html

Parcel / Municipal

Municipality

CMHC, 2007. Kelowna, BC: Water Smart Water Efficiency Program.
http://www.cmhc-schl.gc.ca/en/inpr/su/waco/onrecast/onrecast_002.cfm
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Threat

Municipal
Water Use

Residential
Water Use
Institutional
Water Use

Municipal
water use

Municipal
water use

Municipal
water use

Description
of RMM*

Train the Trainer
Program
(education)
Home ‘tune up’
Program
(education on
water efficient
fixtures and
practices)
Water-efficient
washroom
fixtures

Reuse, recycle
or reclaim grey
water for flushing
toilets, outdoor
irrigation, or
vehicle washing.

Rainwater/ grey
water recycling

SW / GW /
Pathways

SW/GW

SW/GW

Where is
RMM
Used?

Edmonton,
Alberta

Halifax,
Nova Scotia
3 schools in
Victoria, BC

SW/GW

SW/GW

Analysis And Overview of the Effectiveness of the RMM*

An awareness program targeted at plumbing apprentices, hardware and
plumbing suppliers, building owners and developers was initiated and
individuals were educated about the benefits of ultra low flush (6-litre)
toilets. Program reached customers at the point of purchase which was
significantly more cost effective than a general awareness campaign. Saw
a reduction in water use of 13% over 6 years (reduction also attributed to
odd/even lawn water program implemented at the same time).
“Tune up assessments were performed by trained assessors and each
participating household was given a report, info and recommendations on
saving resources as well as a low flow shower-head, toilet dam, faucet
aerator and toilet leak detection tablets (~$200/kit). Resident was charged
$30 for the kit. As of 2002, the City reported an overall reduction in water
consumption of ~6%.
Motion sensor urinals, and low flow toilets were installed in 3 schools; One
school saw water use decrease by 83% (13.8 million L/yr = cost savings of
$11,600/yr) and another school experienced costs savings of ~$2200 per
year.

Worldwide
(Japan, US,
British
Columbia)

SW/GW

Florida, USA

Approximately 584 million gallons/day of reclaimed water were used in
2001. Irrigation of publicly accessible areas (residences, golf courses,
parks) accounted 44% of this. Current reuse capacity represents 52% of
the total permitted domestic wastewater treatment capacity in Florida.

SW/GW

Singapore,
China

Rainwater is harvested in the Changhi Airport runways and surrounding
green areas and diverted to 2 impoundment reservoirs for use in firefighting drills and toilet flushing. Collected and treated water accounts for
28 to 33% of the total water used.

Berlin,
Germany

Building estate in Berlin, rainwater from all roofs (area of ~7000 m2) is
discharged to a cistern with runoff from stress, parking spaces and
pathways (area of 4,200 m2). Water is treated and used for toilet flushing
and garden watering. Based on 10 yr simulation, estimated savings are
2430 m3/yr.

Rainwater
harvesting
SW/GW
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Limitations
on Usage/
Application

Time and staff to
train the
trainers.
Cost of the kits.
Require high
quality fixtures
to ensure
continued water
use reductions.
Cost to replace
the fixtures;
some concerns
about sanitation
with waterless
urinals.
Most Canadian
regulatory
frameworks
(excl. BC), do
not support
recycling and
reuse. Lack of
financial
incentives;
Public health
concerns/
perceptions;
requires public
education on
proper soap/
detergents to
use; (not
approved in ON
building code).
Success
depends on the
frequency and
amount of
rainfall. Health
risks may result
from poor
treatment.
Systems are
expensive.

Level for RMM
Implementation

Party w
Authority to
Implement
RMMs

Parcel / Municipal

Municipality

CMHC, 2007. Kelowna, BC: Water Smart Water Efficiency Program.
http://www.cmhc-schl.gc.ca/en/inpr/su/waco/onrecast/onrecast_002.cfm

Parcel / Municipal

Municipality

CMHC, 2007. Halifax, NS: Home Tune Up Program. http://www.cmhcschl.gc.ca/en/inpr/su/waco/onrecast/onrecast_004.cfm

Municipality
Parcel

Source of Information

CH2M Hill, 2003. Final Report on the Water Efficiency Pilot Program for
Three Schools in the Greater Victoria Area. Prepared for the Capital
Regional District Water Department.
http://www.crd.bc.ca/reports/water_/2003_/crdfinalreport1116/CRDFinalR
eport1116.pdf

Parcel

Parcel

Municipality

Parcel

Municipality/
Federal
government

Parcel

Municipality

Canadian Water and Wastewater Association (CWWA). 2002. Report on
Rainwater Harvesting and Grey Water Reuse for Potable and Nonpotable Uses. Technical Series 03-100. Report to Canadian Mortgage
and Housing Corporation Ottawa, ON. http://www.cmhcschl.gc.ca/publications/en/rh-pr/tech/03-100-e.htm

United Nations Environment Program, 2007. Rainwater Harvesting and
Utilisation; An Environmentally Sound Approach for Sustainable Urban
Water Management. Accessible at:
http://www.unep.or.jp/ietc/Publications/Urban/UrbanEnv-2/9.asp
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Threat

Municipal/
residential
Water use

Description
of RMM*

Dual Flush
Toilets (3 L and 6
L options)

SW / GW /
Pathways

SW/GW

Where is
RMM
Used?

Analysis And Overview of the Effectiveness of the RMM*

Australia,
Singapore

Dual flush toilets are mandated in both Australia and Singapore. In a study
conducted across Canada with dual flush toilets, flush volumes were
reduced by 68% in single-family dwellings, 56% in office washrooms, and
52% in a participating restaurant. Dual flush toilets save an average of
26% more than low flow (6L) toilets.

Limitations
on Usage/
Application
Some
complaints
about ‘bowl
streaking’, but
participants
were generally
very happy with
new toilets.
Effects on
socially
disadvantaged
households
needs to be
taken into
account when
prices are
determined.

Level for RMM
Implementation

Party w
Authority to
Implement
RMMs

Parcel

Municipality/
Federal
government

CMHC, 2002. Dual Flush Toilets Testing, Research Highlight. Technical
Series 02-124. http://www03.cmhcschl.gc.ca/b2c/catalog/z_getpdf.jsp?pdfkey=12902785477412947646230
20418908409636199766004512931426/62995.pdf

Municipal

Lallana, C., Krinner, W, Estrela, T, et al., 2001. Sustainable Water Use in
Europe, Part 2: Demand Management. European Environment Agency,
Copenhagen.
ttp://reports.eea.europa.eu/Environmental_Issues_No_19/en/Environmen
tal_Issues_No_19.pdf

Municipal
water use

Price of water

SW/GW

Hungary

Drastic increases in price of drinking water shown to lead to considerable
water use declines. Price of 1 m3 of water in 1980 was HUF 0.6, in 1998
it was HUF 70. Over this period, water supply decreased from 3300
3
3
million m /yr to 2300 million m /yr (30% less supply and use).

Municipal
Water use

Metering

SW/GW

Europe

Europe reports that metering is an essential element of water demand
management, and immediate savings from introducing metering are
estimated to be ~ 10 to 25% of supply.

Municipal

Municipal
Water use

Water-efficient
equipment was
fitted into the
staff toilets of
Severn Trent’s
Raynesway and
Mansfield sites

SW/GW

Raynesway,
and
Mansfield,
UK

The washrooms, used by manual and office staff, were fitted with shower
blocks. Infra-red toilets, one-spout electronic taps, thermostat for hot taps,
push taps, and new toilets. The new equipment resulted in a 60%
reduction in water use in the first few weeks. Mean decrease in water use
for equipment was as follows:
• urinals: mean decrease in water use = 93%;
• ladies toilets: = 28%;
• mens cold taps: = 78%;
• ladies hot taps: = 54%

Municipal

Municipal
Water use

Installation of
water-efficient
equipment for
municipal
irrigation

SW/GW

Brest,
Brittany,
France

City of Brest saw a 62% decrease in water usage after installation of water
saving equipment for municipal irrigation.

Municipal

Municipal
water use

Metering policy

SW/GW

Seville,
Spain

After one year, 6 557 households in Seville had an individual meter and
the water use had been reduced by approximately 25%.

Municipal

Municipal
water use

Active education,
and municipal
leak detection

SW/GW

Copenhage
n, Denmark

From 1989 to 1994, total supply from the Copenhagen water supply
3
company declined from 82 to 66.2 million m /year.

Municipal

Madrid,
Spain

Reduction of park/ garden irrigation; use of treated wastewater for
irrigation; leak reduction, increased metering, education were measures
applied by the City of Madrid during the 1992-1993 drought. Total water
use declined from 590 million m3/yr in 1991, to 522 million m3/yr in 1992,
3
and 476 million m / yr in 1993. This equates to a reduction in use of
~20%.

Municipal

Municipal
water use

Various

Municipal
water use

Collect and store
rainwater in
cisterns

SW/GW

SW/GW

Bermuda

Residents are almost entirely dependent on rainwater for water supply
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Municipal

Krinner, W., Lallana, C., Estrela, T, et al., 2001. Sustainable Water Use
in Europe, Part 1: Sectoral Use of Water. European Environment
Agency, Copenhagen.
http://reports.eea.europa.eu/binaryeenviasses01pdf/en/enviasses01.pdf

Municipal

High initial
costs;
misperceptions
about water
quality.

Parcel

Source of Information

Municipality

Lallana, C., Krinner, W, Estrela, T, et al., 2001. Sustainable Water Use in
Europe, Part 2: Demand Management. European Environment Agency,
Copenhagen.
http://reports.eea.europa.eu/Environmental_Issues_No_19/en/Environme
ntal_Issues_No_19.pdf

Brandes, O.M., Maas, T., and Reynolds, E. Thinking Beyond Pipes and
Pumps: Top 10 Ways Communities can Save Water and Money. The
POLIS Project on Ecological Governance, Oct. 2006. Accessible at:
http://www.waterdsm.org/pdf/ThinkingBeyond_lowres.pdf

Water Quantity Risk Management Study
May 2007

Threat

Description
of RMM*

SW / GW /
Pathways

Where is
RMM
Used?

Residential
water use

Plumbing
retrofits, turf
removal, water
audits

SW/GW

Scottsdale
Arizona

Municipal
Water Use

Various

SW/GW

Melbourne,
Australia

Residential
Water use

Hot water
recycling

SW/GW

Albuquerque
New Mexico,

Residential
water use

Education

SW/GW

Florida, USA

Residential
water use

Education

SW/GW

Florida, USA

Institutional
Water Use

Low flow
washroom
fixtures

SW/GW

High School,
Victoria,
Australia

Analysis And Overview of the Effectiveness of the RMM*

Substantial water savings through an integrated program involving low use
fixtures, turf removal (Xeriscape), and water use audits and education.
Rebates provided as incentive.
A major office building has reduced water consumption by 82% (rainwater
harvesting and grey water recycling, waterless urinals, electronic taps,
etc.)
Cold water in the hot water pipes is recycled back to the water heater on a
continuing basis and reheated before the hot water faucet is turned on.
$100 rebates given for installation.
Various educational items placed in restaurants for residents and visitors
regarding Florida’s water resources and water saving tips. Good for large
tourist population.
A county transit bus, covered in vinyl depicting a water conserving
landscape with enlargements of native, drought-tolerant plants, took to
local streets. The novelty would reach more people. Could send the bus to
local events as well.
Low flow fixtures, toilets and urinals were installed in the school in 2006,
and the school reported a 20 to 25% decrease in water use in only one
year. They found that replacing faucets alone saved 12.3% of water per
year. Total costs savings estimated to bee $4000/ yr in water costs.

Limitations
on Usage/
Application
Homeowner
acceptance

Business
acceptance.

Requires initial
investment from
schools

Level for RMM
Implementation

Party w
Authority to
Implement
RMMs

Parcel

City government

Parcel

Building owner

Parcel

City

Municipal

State

Municipal

Local
government

Source of Information
http://www.ci.scottsdale.az.us/water/

Water Sensitive Urban Design, Sydney Region
http://www.wsud.org/case_studies.htm
http://www.abcwua.org/waterconservation/hotwater.html
http://www.awwa.org/waterwiser/education/pdfs/cs_15.pdf

http://www.awwa.org/waterwiser/education/pdfs/cs_12.pdf
Victorian Govn’t Department of Sustainability and Environment, 2006.
http://www.ourwater.vic.gov.au/ourwater/dsenowof.nsf/childdocs/2A6021227DC7E589CA25725F007C664E2C738CA788611B56CA257244007C153CD393213153F0F3F4CA25726000150577?open

Parcel

School boards

Level for RMM
Implementation

Party w
Authority to
Implement
RMMs

Province /
Watershed /
Municipality

Municipality /
Conservation
Authority / Local
Irrigation District

Government of Canada, Policy Research Initiative. Sustainable
Development Briefing Note. Does Pricing Water Reduce Agricultural
Demand? Available at
http://policyresearch.gc.ca/doclib/SD_BN_SEKID_e.pdf

Provincial

Shortt, R., Caldwell, W.J., Ball, J., and Agnew, P. A Participatory
Approach to Water Management: Irrigation Adivosry Committees in
Southern Ontario. 57th Canadian Water Resources Association Annual
Congress. Water and climate change: Knowledge for better adaptation.
June 16-18 2004.

Local

International Water Management Institute. Urban Wastewater: A
Valuable Resource for Agriculture. A case study from Haroonabad,
Pakistan. Available at
http://www.iwmi.cgiar.org/pubs/pub063/Report63.pdf

Agriculture
Threat

Agricultural
Irrigation

Description
of RMM*

Volume-based
pricing of water

Agricultural
Irrigation

Organize local
irrigators

Agricultural
Demand

Reuse of
Wastewater for
Agricultural
Irrigation

SW / GW /
Pathways

SW/GW

SW/GW

SW/GW

Where is
RMM
Used?

Analysis And Overview of the Effectiveness of the
RMM*

Limitations
on Usage/
Application
Agricultural
response is
generally
negative.
Requires
metering

British
Columbia

Case study in South East Kelowna Irrigation District. Evaluated the
effectiveness of 1) education, 2) metering, and 3) pricing. Water use was
shown to be reduced by 40% due to the pricing program, with less
significant decreases from education and metering.

Ontario

In areas with a high density of water takings, irrigators can organize
themselves into Irrigation Advisory Committees (IACs). IACs were first
created in Big Creek, and have been shown to be an effective tool for
communication between irrigators as well as between government
agencies and irrigators. This communication vehicle can be particularly
useful during dry periods to manage demand.

Requires local
support

Replaces natural sources of water with wastewater, in effect achieving a
100% reduction in water requirements.

Infrastructure
required to
transport
wastewater to
agricultural
lands

Pakistan
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Municipality /
Community

Parcel

Source of Information
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Threat

Agricultural
Demand

Description
of RMM*

Agricultural Water
Audits

SW / GW /
Pathways

SW/GW

Where is
RMM
Used?

United
Kingdom

Analysis And Overview of the Effectiveness of the
RMM*

Limitations
on Usage/
Application

An agricultural water audit it a detailed analysis and account of water use
in an agricultural operation. It describes where, how and why water is
being used. Also includes plans on how to reduce water use, without
compromising quality or yield. Survey’s indicated that 2/3’s of
participants thought themselves to be more water efficient after a water
audit than before
Rather than centralizing water management, irrigation and drinking water
schemes have been transferred to local Water User Associations. The
active involvement of water users in water management was critical in
changing the social concept of water, along with redefining it’s economic
value.

Parcel

National /
Provincial /
Municipal

Watershed

National /
Provincial /
Municipal

Teas Water Development Board. Agricultural Water Conservation
Practices.
http://www.twdb.state.tx.us/assistance/conservation/ConservationPublicat
ions/AgBrochure.pdf

Local

European Enrivonment Agency, 2001. Sustainable Water Use in Europe.
Part 2: Demand Management. Available here.
http://reports.eea.europa.eu/Environmental_Issues_No_19/en/Environme
ntal_Issues_No_19.pdf

National

European Enrivonment Agency, 2001. Sustainable Water Use in Europe.
Part 2: Demand Management. Available here.
http://reports.eea.europa.eu/Environmental_Issues_No_19/en/Environme
ntal_Issues_No_19.pdf

Tunisia

Agricultural
Demand

Dry Land Farming

SW/GW

India

Dry land farming is the process of encouraging, usually through financial
incentives, crops without an irrigation requirement. Tailors the crop to
the areas climatic condition.

Restriction of
agricultural
crops

Texas

As part of the Texas State Water Plan, water efficient irrigation practices
are promoted. Such practices include, irrigation scheduling, soil moisture
monitoring, laser assisted grading, and high efficiency irrigation systems.
Some irrigation systems, such as drip irrigation can produce 60% higher
yield, while using only 33% of the water

Certain
practices are
only practical for
specific crop
types. May be
capital intensive

Cyprus/Malta

National policies to encourage the modernization or substitution of
traditional irrigation methods are in place in Mediterranean countries.
Financial incentives are provided to farmers.

Costly

Watershed

Europe

The method in place for pricing water varies from country to country. In
general, the amount of water used for irrigation responds moderately to
water price levels, but can be more influenced by other factors such as
climate variations, agricultural policies, product prices or structural
factors.

Agricultural
response is
generally
negative.
Requires
metering

Province /
Watershed /
Municipality

Agricultural
Demand

Promotion of
Water Efficient
Practices

Agricultural
Demand

Water Pricing

SW/GW

SW/GW

United Nations – Department of Economic and Social Affairs. 2005.
Good Practices in Agricultural Water Management. Case Studies from
Farmers Worldwide. Submitted by International Federation of Agricultural
Producers. Available at
http://www.un.org/esa/sustdev/csd/csd13/documents/bground_3.pdf
United Nations – Department of Economic and Social Affairs. 2005.
Good Practices in Agricultural Water Management. Case Studies from
Farmers Worldwide. Submitted by International Federation of Agricultural
Producers. Available at
http://www.un.org/esa/sustdev/csd/csd13/documents/bground_3.pdf

Parcel

SW/GW

SW/GW

United Nations – Department of Economic and Social Affairs. Good
Practices in Agricultural Water Management. Case Studies from Farmers
Worldwide. Submitted by International Federation of Agricultural
Producers. Available at
http://www.un.org/esa/sustdev/csd/csd13/documents/bground_3.pdf

Local

Water User
Associations

Promotion of
Water Efficient
Practices

Individual

Source of Information

Province /
Watershed /
Municipality

Agricultural
Demand

Agricultural
Demand

Party w
Authority to
Implement
RMMs

Level for RMM
Implementation

Industrial
Threat

Description of
RMM*

Industrial
water use

Water recycling in
manufacturing
establishments

Industrial
Water use

Employee education,
metering, retrofitting,
pressure reductions,
spray nozzle
conversions, timers,
shutoffs, process
changes and recycling
of cooling water

SW / GW /
Pathways

SW/GW

SW/GW

Where
RMM* is
Used

Analysis And Overview of the Effectiveness of the
RMM*

Canada

Manufacturing establishments reduced overall gross water use by 8%
from 1991 to 1996, interpreted to be due to increased water recycling
rates in the sector from 93% to 115%. Increased efficiency in water
use resulted in a reduction of 17% in total water intake.

Waltham,
Mass., USA
(Polaroid
Plant)

The program began in 1980, and within 10 years, the water use was
reduced by about 50% from 527 million US gallons to 278 million
gallons/year. Savings estimated to be over $3 million dollars per year
in water and sewer costs and $1.8 million in capital savings;
$50,000/year in pre-treatment costs and $195,000 a year in energy
costs. One time program cost was $550,000. TOTAL annual savings
(excluding the $1.8 million capital plant savings) are $545,000.
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Limitations
on Usage/
Application

Level for RMM
Implementation

Party w
Authority to
Implement
RMMs

Parcel

Industry

Parcel

Industry

Source of Information

EC, 2002. Industrial Water Use Report – 1996. Ottawa: Env. Can.
Available at http://www.ec.gc.ca/water/en/info/pubs/sss/IN96.pdf
Tate, D.M., 1990. Water Demand Management in Canada: A State of the
Art Review. Social Science Series No. 23. Inland Waters Directorate,
Environment Canada.
http://www.ec.gc.ca/water/en/info/pubs/sss/ss23.pdf
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Threat

Description of
RMM*

SW / GW /
Pathways

Where
RMM* is
Used

Analysis And Overview of the Effectiveness of the
RMM*
Cooling towers for plastic molding machines were installed, cooling
water was recycled and wash water was reused leading to a reduction
in water use by 70% (total water use declined from 730 million to 156
million gallons/year). Cost to implement was $1.025 million; program
has resulted in annual savings of $771,000 in water and sewer
charges.
Leak detection and repair program, conversion to a 4 day-40 hour
work week, installation of an evaporative condenser system, and a
compressor water recirculation system, and tightened controls on
equipment operating time were implemented and this led to a
reduction in water use from 63.8 million to 7.4 million gallons per year.
Cost of the changes (in 1970) were $30,000 and changes resulted in
$93,100 in annual savings. (Howard Johnson’s frozen food production
plant)

Limitations
on Usage/
Application

Level for RMM
Implementation

Industrial
water use

Various

SW/GW

Boston,
Mass., USA,
(Gillette
Plant)

Industrial
water use

Various conservation
measures.

SW/GW

Brockton,
Mass., USA

Industrial
water use

Installation of a water
reclamation/ water
reuse process

SW/GW

Hudson,
Mass., USA
(digital semiconductor
plant)

Total initial investment was $20,000 (in 1982), and annual savings
reported to be $91,400/ year in water fees; $22,750/year in sewer
charges; $61,000/year in energy costs (for pumping and heating) and
$97,142 in onsite chemical treatment costs.

SW/GW

Attleboro,
Mass., USA

The augat electronics company installed flow restrictors and
temperature control valves, changed wet processes and a heat
recovery chiller to eliminate the need for cooling water. Total cost of
the program was $28,000 and water use decreased from 16.5 million
to 2.6 million gallons/ year. Total annual savings estimated to be
$36,000.

Parcel

Water charges can take the form of a nominal licence fee linked to a
water permit regime, or can vary depending on the quantity used.
Charges are not in place in countries (e.g. Sweden) where water is
deemed to be abundant.

Parcel

95% of the water coming into the plant is recovered and recycled back
into the plant. The process pays for itself and the payback time for the
investment was 1-2 years.

Parcel

Industrial
water use

Various water
conservation measures

Industrial
water use

Water withdrawal
charges (for water
takers not connected to
municipal supplies)

SW/GW

European
countries
(France,
Germany,
UK)

Industrial
water use

Installation of a new
technology that allowed
complete recovery of
waste effluent from a
dyeing and finishing
plant.

SW/GW

Separem,
Italy

Party w
Authority to
Implement
RMMs

Tate, D.M., 1990. Water Demand Management in Canada: A State of the
Art Review. Social Science Series No. 23. Inland Waters Directorate,
Environment Canada.
http://www.ec.gc.ca/water/en/info/pubs/sss/ss23.pdf

Parcel

Parcel

Parcel
Industry

Industry

Industrial
water use

Water substitution and
recycling

SW/GW

Powergen’s
Kinsnorth
power plant,
UK

Industrial
water use

Wastewater reclamation
at a sugar factory

SW/GW

Valladolid,
Spain

Industrial
water use

Various water
conservation measures

SW/GW

Cesson
Sevigne

Wastewater was recovered and recycled, reverse osmosis and
substitution of mains water by saline borehole water was used for fire
and general washdown systems have reduced water consumption by
90% and cut water treatment costs by 75%; saving GBP 800 000/
year.
Main consumer of water in the factory as a barometric condenser,
therefore the condenser was closed with a cooling tower system and a
biological anaerobic treatment plant was installed. Led to a reduction
in water consumption from 330 L/s to 35 L/s (decrease of nearly 90%)
Coralis Company in France implemented the following: closed-circuit
network; Process modifications; Recycling of recovered streamwater.
Company produces 120 million litres of milk per year to produce milk,
butter, cream and evaporated milk. The modifications made to the
company resulted in water savings of 40% between 1990 and 1995.
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Source of Information

Tate, D.M., 1990. Water Demand Management in Canada: A State of the
Art Review. Social Science Series No. 23. Inland Waters Directorate,
Environment Canada.
http://www.ec.gc.ca/water/en/info/pubs/sss/ss23.pdf

Lallana, C., Krinner, W, Estrela, T, et al., 2001. Sustainable
Water Use in Europe, Part 2: Demand Management. European
Environment Agency, Copenhagen.
ttp://reports.eea.europa.eu/Environmental_Issues_No_19/en/Environmen
tal_Issues_No_19.pdf

Parcel

Parcel
Industry

Lallana, C., Krinner, W, Estrela, T, et al., 2001. Sustainable
Water Use in Europe, Part 2: Demand Management. European
Environment Agency, Copenhagen.
ttp://reports.eea.europa.eu/Environmental_Issues_No_19/en/Environmen
tal_Issues_No_19.pdf
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Threat

Industrial
water use

Description of
RMM*
Water metering; preevaporation in the
distillation process

SW / GW /
Pathways

SW/GW

Where
RMM* is
Used
Violes,
France

Analysis And Overview of the Effectiveness of the
RMM*
Water metering of water consumption to identify high consumption
areas was undertaken at a distillery in France, along with preevaporation in the distillation process. The distillery incorporated
water recycling and saw a 60% reduction in water consumption
3
(savings of 5 m /hour).

Industrial
Water Use

Capacity Buyback
Program

SW/GW

Toronto,
Ontario

Capacity buyback program was initiated in 2005 and offers rebates
($0.30/L) to Industrial, Commercial and Institutional (ICI) facilities that
permanently reduce water use. The ICI sector makes up 3% of
Toronto’s water customers, but uses more than one-third of water
produced by the City. In 2005, the City provided ~$250,000 in
incentives and saved the City 1.1 million L/day (cf projected peak
demand is 266 million L/day).

Industrial
commercia
l water use

Water efficient
equipment manual

SW/GW

Austin, Texas

Provides information and contacts for water wise equipment for
various industrial and commercial uses.

Industrial
water use

Various

SW/GW

Oakland,
California

Provides free consulting service to assess water use and provide
recommendations for water efficiencies. Provides rebates for
upgrades.

Industrial
water use

Water conservation
methods

SW/GW

Tamil Nadu,
India

The following water conservation measures are implemented in a local
paper mill; meter and monitor all high water consumption points; 100%
closed loop re-circulation of backwater; and daily mill water balances.

Dofasco,
Hamilton,
Ontario

A tire wash facility was started in 2003 that uses recycled water to
clean the wheels, side panels and undercarriages of trucks.
Approximately 100 trucks/ week are cleaned using recycled water
which reduces windblown dust and prevents suspended solids from
entering Hamilton Harbour. Also in 2003, a close looped system was
installed to reuse acid that is used to clean steel. This system
completely eliminated the need to intake water from the Harbour.

Industrial
Use

Industrial
Use

Recycled water for wash
facility; closed loop
system installation

Dry cooling in power
generation plants

SW/GW

SW

United States

Limitations
on Usage/
Application

A once through cooling plant in the US uses approximately 400 million
gallons per day (gpd) of water for cooling, while a dry cooling plant
uses 8 million gpd of water. This equates to a reduction in water
usage of 98%.
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Level for RMM
Implementation

Party w
Authority to
Implement
RMMs

Source of Information

Parcel
Businesses
were not
responsive to
water efficiency
message;
participants
wanted public
recognition for
efforts; lack of
capital for
project
implementation

Parcel

Municipality

http://www.ci.austin.tx.us/watercon/default.htm

Parcel
Actual water
cost a small
part of overall
industry budget
and industry
may not buy in.

Operating costs
are more than
10 times higher;
energy required
to power air
cooling
produces
addition air
emissions

Parcel

Poto, A., 2005. City of Toronto Capacity Buyback Program. In
Proceedings of the Ontario Water Works Association Annual Meeting,
May 2006, Mississauga, Ontario.

City

http://www.awwa.org/waterwiser/education/pdfs/cs_5.pdf

Parcel

European Union- India Small Projects Facility Program, 2007.
Irrigation with Treated Waste Water. Accessible at:
http://www.waterandagroindustry.org/pdf/seshasayee.pdf

Parcel

Industry

Dofasco, 2003. Dofasco 2003 Annual Report.
http://www.dofasco.ca/INVESTORS/2004_annual_report/environ
ment_and_energy_04.htm

Parcel

Industry

Munson, D., 2005. Water Use by Electric Utilities in the Great
Lakes. Northeast-Midwest Institute Publication. Accessible at:
http://www.nemw.org/GL_Electric_Utilities.pdf
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Commercial

Threat

Description of
RMM*

Golf
course
irrigation

Weather monitoring
program and
xeriscaping

Golf
course
irrigation

Best management
practices for golf
courses including
planting of stresstolerant low water
grasses and new
irrigation techniques.

Golf
course
irrigation

Various best
management
practices for golf
courses.

Golf
Course
irrigation

Use of treated
effluent from nearby
sewage treatment
plant for entire
irrigation needs

Golf
course
irrigation

Use of permanent
intake structures

SW / GW /
Pathways

Where
RMM* is
Used

SW/GW

Canadian
Pacific Hotels
Golf courses

SW/GW

Pleasantown
California,
USA

SW/GW

Murrieta, CA,
USA

SW/ GW

Clublink Golf
Courses,
across
Ontario

SW/ GW

Muskoka,
Ontario

SW/ GW

Glen Abbey
Golf Course,
Halton
Region,
Ontario

SW/ GW

Credit Valley
Golf and CC,
Mississauga,
Ontario

Emerald Hills
Golf Course,
Stouffville,
Ontario

Golf
course
irrigation

Irrigation audits

Golf
course
irrigation

Various best
management
practices for golf
courses.

SW/ GW

Hotel/
Motel
water use

Installation of a new
water reclamation
system

SW/GW

Hotel/
Motel
water use

New faucet aerators,
shower heads, toilet
dams

SW/GW

Hyatt
Regency
Monterey, CA
Sheraton
Miramar,
Santa
Monica, CA

Limitations
on Usage/
Application

Analysis And Overview of the Effectiveness of the
RMM*
All golf courses implement a weather monitoring program to
incorporate data into irrigation practices. Water use declined in Banff
Springs when new irrigation techniques were used to estimate
evapotranspiration rates, moisture and timing of natural precipitation.
Only specific areas are irrigated according to watering priorities
(greens, fairways and tees). Use drought resistant species of
vegetation; Water is avoided at peak evaporation times.
Cold tolerant, seeded-type Bermuda grass requires less water and
can be used as replacement for high water use grasses. Water
savings of 40% over similar courses are estimated.
State of the art computerized control systems, portable hand-held
controllers, and variable frequency drive pumping systems apply
water in highly efficient manner. SCGA Club in Murrieta, CA installed
new system and reduced water use by ~35%. They irrigate at night,
and saw energy costs reduce by 50%.
Daily monitoring of turf, soil and weather conditions so course is
irrigated only when necessary; during humid weather, the turf is
cooled with hand syringing rather than irrigating; irrigation conducted
in the evening and early morning when evaporation,
evapotranspiration and wind interference is at a low.
Irrigation for the Grandview O’Meara Golf Club comes entirely from a
nearby sewage treatment plant operated by the District of Muskoka.
The golf course has a constant supply of irrigation water, and the
District is discharging less treated effluent on an annual basis to a
local lake.
Installation of permanent intake structures that are set into the bank of
a watercourse. The elevation of the weir is based on the low flow
threshold for the creek, such that when flows are higher than the
threshold water flows over the weir into an offline reservoir for use
during the summer months when water is limited.
Since 1999, the Credit Valley Golf and Country Club has been
conducting audits of the irrigation system (6 greens audited/ year).
The audits allow the staff to knowledgably move the irrigation heads
and change nozzles to apply water where it is needed. Staff are also
experimenting with different irrigation nozzles to test the durability and
efficiency of water distribution.
The golf course uses various measures including irrigating according
to weather conditions; irrigation pump station has a rain sensor to shut
off the irrigation system when it detect precipitation; turf grass species
were selected based on climate; offline reservoir (used for irrigation)
stores surface water runoff from storm events, as well as treated
effluent from an on-site sewage treatment plant that serves the golf
course and residential development.
A new water reclamation system was installed and the hotel with 579
rooms saw a 52% laundry water savings and a 10% sewer bill
savings. Equates to $46,000 total annual savings.
Installed low flow fixtures and toilet dams in their hotel (400 guest
rooms) and experienced a 28% water savings, and $40,000 in total
annual savings.
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Requires staff
with particular
knowledge/
expertise to
carry out such a
program.

Level for RMM
Implementation

Parcel

Party w
Authority to
Implement
RMMs

Source of Information

Golf course
operators

Canadian Water and Wastewater Association (CWWA). 2002. Water
Efficiency
Experiences Database. http://www.cwwa.ca/WEED/Index_e.asp

Golf courses.

Snow, J.T., 2001. Water Conservation on Golf Courses. In ‘Water Right –
Conserving our Water, Preserving our Environment’, International Turf
Producers Foundation, Case Study 7. Accessible at:
http://www.usga.org/turf/articles/environment/water/water_conservation.ht
ml

Parcel

Program can be
expensive.

Parcel

Requires staff
with particular
knowledge/
expertise to
carry out such a
program.

Parcel

Golf course
operators

Personal communication, between W. Burgess, (Clublink Corp) and T.
Yamada, (Royal Canadian Golf Association) April 12, 2007.

High capital
costs to
implement.

Parcel

Golf course
operators

Personal communication, between W. Burgess, (Clublink Corp) and T.
Yamada, (Royal Canadian Golf Association) April 12, 2007.

Parcel

Golf course
operators

Personal communication, between W. Burgess, (Clublink Corp) and T.
Yamada, (Royal Canadian Golf Association) April 12, 2007.

Parcel

Golf course
operators

Personal communication, with T. Yamada, April 13, 2007.

Parcel

Golf course
operators

Personal communication, with T. Yamada, April 13, 2007.

Parcel

Hotel/ Motel

US EPA, 1994. Hotel Water Management for the 21st Century. US EPA
Office of Water .Report: EPA-832-F-94-003.
http://www.p2pays.org/ref/03/02328.pdf

.
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Hotel/
Motel
water use

Installed new faucet
aerators, and
flushometers

Hotel/
Motel
water use

Installed new water
reuse system for
laundry facility

Golf
course
irrigation

Sewage reclamation

Water Use
in Federal
Facilities

Reusing ‘oncethrough cooling
water’ for process
applications

Water Use
in Federal
Facilities

Installation of Low
flow washroom and
shower fixtures

Water Use
in Federal
Facilities

Installation of Low
flow washroom and
shower fixtures

Commerci
al water
use
Restaurant
Commerci
al water
use
Outdoor
residential/
commercia
l irrigation

SW/GW

Boston Park
Plaza Hotel,
Boston, MA

Installed new faucet aerators and flushometers in their 977 guest
rooms and reduced water use by 14%, equating to $49,000 annually.

Parcel

SW/GW

Westin St.
Francis Hotel,
San
Francisco, CA

Installed new water reuse system and reduced water use by 48%, and
saw a 23% decline in their sewer bill. This saving equated to $32,400
in annual savings. (Hotel has 1200 rooms)

Parcel

SW/GW

Sydney,
Australia

Sewage is redirected to a custom designed treatment station and then
is redirected for irrigation water to a golf course. Project is being
considered by many other private and public groups.

Parcel

Local
Municipality

Reusing ‘once-through cooling water’ for process applications has
been estimated to save $22,600 annually (one time cost to implement
$23,350).

Parcel

Federal

Replacing the shower and toilet fittings at a cost of $7650; resultant
water and energy costs were estimated to be $5000 per year.
Installation of low flow valves in washrooms came at a cost of $250,
but annual savings of $1430 were estimated.

Parcel

Federal/
municipal

Parcel

Federal

SW/GW

SW/GW

CCIW
building,
Burlington,
Ontario
Sir F.G.
Banting
Building,
Ottawa,
Ontario

SW/GW

Parliament
Hill, Ottawa,
Ontario

Revised process
conditions (sensors
and monitoring)

SW/GW

Laundry
service,
Norway

High velocity prerinse spray valve

SW/GW

Toronto,
Ontario

Xeriscaping

SW/GW

Arizona,
Texas, USA

Fitting of all washrooms with low-flow or flow restrictive devices would
cost $18,750, but estimated savings of $6275/year. Installation of low
flow urinals – save $600/year (cost of $2000); Also, using a closed
loop system of water cooled refrigeration would resulting in net
savings of $24700/year (cost of works ~$30,000).
The company (Kvalheim Vask as) washes clothes for hotels,
hospitals, etc. 50% decrease in water consumption was achieved by:
process monitoring of washtubs, reuse of washing water (installation
of circulation tank, microfilter and storage tank), and installation of a
new washing machine. Payback time is 5-7 yrs when reduced water
costs are taken into account.
The City of Toronto has a ‘spray and save’ program for restaurants
whereby they are giving away a spray valve to reduce water use and
sewage costs. City estimates that conventional nozzles waste as
much as 2,904 L/day and they estimate restaurants will save $630/ yr
in water and sewer charges with one low flow nozzle.
Phoenix Arizona realized water saving of 53% on properties with
xeriscaping (landscaping with drought resistant plants that reduce
need to water, and reduce evaporative loss and runoff). Homes in
Austin Texas used 31% less water than those with conventional
landscapes.

Requires staff
with specific
experience/
expertise to
undertake such
a program.

Environment Canada, 2003. Manual for Conducting Water Audits and
Developing Water Efficiency Programs at Federal Facilities.
http://www.ec.gc.ca/water/en/info/pubs/manual/e_contnt.htm

Environment Canada, 2003. Manual for Conducting Water Audits and
Developing Water Efficiency Programs at Federal Facilities.
http://www.ec.gc.ca/water/en/info/pubs/manual/e_contnt.htm
Lallana, C., Krinner, W, Estrela, T, et al., 2001. Sustainable Water Use in
Europe, Part 2: Demand Management. European Environment Agency,
Copenhagen.
http://reports.eea.europa.eu/Environmental_Issues_No_19/en/Environme
ntal_Issues_No_19.pdf

Parcel

Toronto, 2007

Water Sensitive Urban Design, Sydney Region
http://www.wsud.org/case_studies.htm
See also the Sydney Water Website
http://www.sydneywater.com.au/SavingWater/RecyclingandReuse/

Parcel

Commercial

City of Toronto, 2007. Spray and Save Program for Restaurants.
http://www.toronto.ca/watereff/spray_and_save/index.htm

Parcel

Land/
homeowner,
industry, etc

Brandes, O.M., Maas, T., and Reynolds, E. 2006. Thinking Beyond
Pipes and Pumps: Top 10 Ways Communities can Save Water and
Money. The POLIS Project on Ecological Governance, Oct. 2006.
Accessible at: http://www.waterdsm.org/pdf/ThinkingBeyond_lowres.pdf

Party w
Authority to
Implement
RMMs

Source of Information

Miscellaneous

Threat

Description of
RMM*

Uncertainty
of water
use and
ecological
interaction

Provides and
integrated approach
to understanding the
current and future
demands of the total
water cycle.

SW / GW /
Pathways

SW/GW

Where
RMM* is
Used
Hornsby
Shire,
Australia

Analysis And Overview of the Effectiveness of
the RMM*

Limitations on
Usage/
Application

Predictive modeling to water demand, surface and groundwater
flows with the objective of providing best management practices.

Financial constraints
of the steady and
willingness to accept
the restrictions of
recommended BMPs
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Level for RMM
Implementation

Watershed

Local
Government

Water Sensitive Urban Design, Sydney Region
http://www.wsud.org/case_studies.htm

Water Quantity Risk Management Study
May 2007

APPENDIX B
References for Information on Low Impact Development

51

Water Quantity Risk Management Study
May 2007

The following Internet Resources concentrate on Low Impact Development technologies and
principals underway in the United States, Canada and around the world.
Center for Watershed Protection
http://www.cwp.org/
The Centre for Watershed Protection website contains a wealth of information, reports and
materials to assist decision-makers and the public on low impact development and stormwater
management issues. Some of the resources that can be found on the website include manuals,
slide shows, monitoring and assessment methods, and fact sheets that clearly outline best
management practices. The Centre for Watershed recently conducted a 4 day workshop with
the Credit Valley Conservation Authority and resources from this workshop are found at:
http://www.creditvalleycons.com/makingitwork/
University of British Columbia Sustainable Communities
http://www.sustainable-communities.agsci.ubc.ca
This website outlines how to design and build affordable, equitable, and ecologically healthy
communities. The site houses publications, research, and design projects that can be
downloaded for free or a nominal cost.
Low Impact Development Center, Inc.
http://www.lowimpactdevelopment.org
The Low Impact Development Center is a non-profit water resources research group in the
United States that conducts research and training on low impact development and sustainable
stormwater management. This site also includes several publications, photographs, and similar
resources focused on Low Impact Development.
Puget Sound Action Team
http://www.psat.wa.gov
This website contains a number of resources that outline how the Puget Sound Action Team (in
Washington State, USA) works to protect the water quality and biological resources of Puget
Sound. Information available on this website includes references on natural resource
protection, stormwater management, public education and current research.
U.S. Environmental Protection Agency
http://www.epa.gov/owow/nps/lid/
The Office of Water within the US EPA has a number of factsheets that can be downloaded that
focus on best management practices for urban stormwater. Factsheets include bioretention
ponds, porous pavement, wet detention ponds, and several others.
Urban Land Institute
http://www.uli.org
The Urban Land Institute is an organization that offers design resources for housing, retail,
office, and transportation development with an environmental focus. The website houses a
number of low impact development case studies from around the world, as well as publications
and other downloadable resources.
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Best Management Practices for Municipalities
Infraguide
Infraguide, Canada’s National Guide to Sustainable Municipal Infrastructure, was created in
2001 when Infrastructure Canada, the Federation of Canadian Municipalities, the National
Research Council and the Canadian Public Works Association came together to identify
solutions to the current infrastructure deficit in Canada. These groups came together to develop
a series of documents that outline best management practices that focus specifically on
municipal infrastructure. The following list summarizes the content within each of the
documents, and the documents are included in digital form on the accompanying CD.
Best Management
Practice Document
Deterioration and Inspection
of Water Distribution
Systems (April 2003)

Strategies to Reduce Water
Loss (March 2003)

Establishing a Metering
Plan to Account for Water
Use and Loss (Sept. 2003)

Speed and Quality of Linear
System Repairs (July 2004)
Small Systems Operation
and Maintenance (October
2005)
Water use and Loss in
Water Distribution Systems
(2002)

Summary
Outlines the best management practices for inspecting water distribution systems to
detect the signs of system deterioration. Report also looks at the deterioration
processes for potable water distribution systems and the factors that can affect their
rate of deterioration.
Outlines all the elements of the water distribution system and how to properly
account for water supplied to the system. Strategies to identify and reduce water
loss discussed include: metering; leak detection and repair; water efficiency/
conservation; valve maintenance; pressure management; infrastructure renewal;
pricing (water rates); speed and quality of repairs; by-law enforcement and system
inspection; zone metering and district metered areas; design standards for
construction methods and materials; a supervisory control and data acquisition
(SCADA) system; nighttime flow analysis; and distribution system modeling.
Outlines the processes involved in planning, implementing, operating and managing
a metering plan to account for use and loss in the water distribution system. It
covers all aspects of water distribution metering from the raw water source to the
end user. The document also provides key considerations to help individual utilities
assess their priorities in developing metering strategies
Examines the leakage run time aspect of watermain failures and at approaches
available for improving the awareness, location, and repair times for watermain
failures. Also looks at the importance of knowing how to respond to reported and
unreported failures and their effects on water loss and the water system.
Provides guidance to operators of small water systems regarding best practices for
day to day activities.

Describes the basics of water auditing, cost reduction and accountability

Water Efficiency Best Management Practices
The Ontario Water Works Association (OWWA; 2005) prepared a series of Water Efficiency
Best Management Practices intended to provide municipalities with a brief overview of different
areas of water management and to outline examples of possible best management practices for
municipalities. The 12 best management practices outlined in the OWWA reports are listed
below with a brief summary of their content.
Best Management
Practice Document
Meters for all water users
Full cost pricing

Summary
Discusses universal water metering, and the significance and reasons for
implementing this program.
Outlines the concept of full cost pricing which emphasizes the fact sufficient funds
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Best Management
Practice Document
Public information and
education programs
School Programs
Compile a Water-Use
Database
Water Loss Management
Developing a Water
Efficiency Program/ Plan
Implementing a Utility/
Municipal Water Efficiency
Program
Industrial/ Commercial/
Institutional Water Efficiency
Indoor Residential Water
Conservation
Landscape Water Efficiency
Program
Reducing the Flow in the
Wastewater System

Summary
should be secured to keep water and sewage systems sustainable now and into the
future
Provides examples on engaging the public and water efficiency programs, including
explaining ‘why and how’ water conservation is important.
Discusses school programs such as Children’s water festivals, visits to water
treatment plants, etc to complement Ontario curriculum.
Discusses the benefits of implementing a water use database to store water supply
information and customer data to aid in future demand predictions, projecting
revenues and various other reasons.
Discusses the concept of water loss and ‘unaccounted for water’/ non-revenue
water.
Outlines the importance of establishing a water efficiency program or plan for
municipalities to give them a goal, timeframe and budget to address a water or
wastewater problem.
Outlines the steps needed to implement the water efficiency program.
Discusses the ICI water users and how to influence their water use (including their
use in landscape irrigation, within the facility and the industrial processes).
Outlines best management practices within the home that can conserve water, as
approximately 60% of the potable water used in Ontario is consumed by households
(and 95% of this occurs indoor in the homes).
Discussion on the use of water efficient landscape programs developed by
municipalities to encourage residents to adopt water efficient landscape design and
maintenance practices.
Discusses water conservation through low flow toilets, showerheads, etc to help in
reducing peak base demand and also in reducing peak flows in the wastewater
system.

Water Efficiency: A Guidebook for Small and Medium-sized Municipalities in Canada
The OWWA also published a report in 1999 entitled Water Efficiency: A Guidebook for Small
and Medium-sized Municipalities in Canada. This guidebook was written for communities that
are thinking about starting a water efficiency program, and it outlines the specific steps
necessary to design an effective plan for a municipality or utility. This document can be ordered
from the OWWA website: www.owwa.com.

Best Management Practices for Homeowners
Environment Canada Water Brochures
Environment Canada produced a series of Water Brochures that outline suggestions on how to
reduce water consumption. The following brochures are available at their website:
http://www.ec.gc.ca/water/en/info/pubs/e_pubs.htm
Best Management Practice Brochure
Use Water Wisely
Water Audit
Water Saving Devices
Water Wise Tips for Kitchens and Laundry
Water Wise Tips for Bathrooms
A Renters Guide to the Wise Use of Water
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Best Management Practice Brochure
A Wise Use of Water Guide for Owners and Tenants of Condominiums & Housing Cooperatives
Water Wise Tips for the Summer Season
A Water Efficiency Planning Guide for Building Owners and Managers

Household Guide to Water Efficiency
The Canadian Mortgage and Housing Corporation (CMHC) worked with Canadian municipalities
to produce a reference guide which outlines methods to efficiently use water in the home. The
guidebook is designed to be used by consumers but it is also of use for municipalities to
educate residents on water conservation. The document contains water conservation
information for residential consumers, and provides steps on how to check for and repair leaks
in the home, how to efficiently use water when doing daily chores, and how to landscape the
outdoors with water efficiency techniques.
Water Conservation Opportunities for the Palouse; A Water Conservation Handbook
Palouse-Clearwater Environmental Institute (1995) in the United States completed a water
conservation handbook for their residents entitled. This report outlines how individuals can
conduct ‘water audits’ within their homes, and how they can conserve water inside and outside
the home. The document is an excellent educational resource for residents in the United States
and Canada.

Best Management Practices for Commercial, Industrial and Institutional Facilities
Water Efficiency Manual for Commercial, Industrial, and Institutional Facilities
This report was prepared by the North Carolina Department of Environment and Natural
Resources, and others (1998) as a means of outlining the various methodologies that can be
implemented by Commercial, Industrial and Institutional Facilities to reduce water use. The
document outlines various water management options, and industry specific processes that can
be implemented in the textile, food processing and metal finishing industries. The document
also outlines how to conduct an industry water audit.

A Water Conservation Guide for Commercial, Institutional and Industrial Users
This report was prepared for the New Mexico Office of the State Engineer by Schultz
Communications (1999), and it outlines how to create a successful water conservation program
(including how to conduct a water audit) and it offers water conservation guidelines for various
sectors including indoor/ domestic use, landscaping, cooling and heating, industries, and
provides a variety of case studies for ICI facilities.
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Best Management Practices for Irrigation (Crop and Turf)
Best Management Practices Series
The Ontario Ministry of Agriculture and Food produced a series of 14 full colour books in 2002
that outline best management practices applicable to Ontario farmers. One of these reports is
entitled “Water Management” and it explains how farmers in Ontario can reduce their impact on
water quality and quantity. OMAF also produced a report entitled “Irrigation Management”,
which outlines how to choose an irrigation system that provides the plants with all the water they
need while minimizing water loss to evaporation or runoff. The reports are available for free to
all Ontario farmers from the OMAF office, or online at:
http://www.omafra.gov.on.ca/english/environment/bmp/series.htm#Water
Turf and Landscape Irrigation Best Management Practices
This document was prepared by the Water Management Committee of the Irrigation Association
in April 2005, and outlines a series of best management practices that support the design,
installation, maintenance and management of irrigation systems that save water and protect
water quality. The document provides landscape irrigation stakeholders (e.g. landscape
contractors, maintenance personnel, landscape irrigation system owners, etc) with the tools to
understand, implement and manage efficient turf and landscape irrigation systems. The
document is available online at: http://www.irrigation.org/gov/pdf/IA_BMP_APRIL_2005.pdf
Irrigation Conservation Practices Appropriate for the Southeastern United States
This report was prepared by individuals at the Georgia Department of Natural Resources, a
division of the Georgia Geologic Survey (Evans, Harrison, Hook and others, 1998). The
document was written in 1998, and is available at:
http://www.nespal.org/irrigation/Report/conserv.rpt980728.pdf. This report outlines irrigation
best management practices that are most appropriate for the arid southeastern United States
area (specifically Georgia). However some of the irrigation systems and tools can be used in
other areas, including Ontario during the dry summer months. The report details measures that
can be implemented by various types of farmers including orchards and vegetable crops.
Best Management Practices for Irrigation Management
This document was prepared by the Colorado State University Cooperative Extension in August
of 1994. This report presents a series of methods, structures or practices that are designed to
prevent or reduce water pollution, and to manage the timing and amount of water being applied
to farm crops. The report discusses flood or furrow irrigation BMP’s, sprinkler irrigation BMP’s,
chemigation as well as fertigation BMP’s. The report is available at:
http://www.ext.colostate.edu/Pubs/crops/xcm173.pdf
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