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MESSAGE FROM THE CHAIR

As Chair of the National Round Table on the Environment and the Economy, I am pleased 
to present Changing Currents: Water Sustainability and the Future of Canada’s Natural Resource 
Sectors, the first of two reports examining the future of Canada’s water supply.

The world’s supply of freshwater is limited and finite. While Canada is blessed with an 
abundance of freshwater, an expected increase in the development of the natural resource sectors 
begs the question of whether our country has enough to support economic growth while also 
maintaining the health of our ecosystems. We need to know whether we are in a position to 
sustainably manage our water resources for future generations and if we have the capability to 
deal with issues like an anticipated change in precipitation patterns caused by climate change.

While many of the challenges we found in our work are regional in nature, they risk becoming 
national problems if we do not move quickly to deal with them. They include issues like water 
governance, allocation, and access to water-use data.  We plan to deal with some of these matters 
in our next report.

We also believe that governments and industry still have many options available to them to 
resolve the issues in the most effective and efficient manner, before water availability and 
ecosystem degradation become country-wide problems.

The NRTEE believes that the opportunity is now to put Canada on a policy path to ensure 
sustainability of our water and natural resource sectors. There is a clear urgency in proceeding 
on this task to ensure sufficient clean water for future generations.

Bob Page 
NRTEE Chair



MESSAGE FROM THE PRESIDENT AND CEO

Water is essential for the operation and growth of Canada’s natural resource sectors.

And as world-wide demand for our country’s bounty of minerals, forest products, agricultural 
goods and energy continues to grow, so will the need for water.

This report, Changing Currents, is the first of two reports that will examine the importance of 
water use by our natural resource sectors. It sets out the NRTEE’s findings for further study to 
protect this important resource and the natural ecosystems it supports.

New stresses and demands are likely to pose a significant challenge to the sustainability of 
Canada’s water resources if action is not taken now.

Water underpins our economy – whether it is used for raising crops, developing the oil sands, 
or producing the forest products that build our homes. We must ensure that it is protected from 
overuse. We need to understand the future impacts on water quantity of issues like climate 
change, energy use and governance.

To ensure that it continues to play these roles, we need to get a better handle on how much 
water we use, who governs it and manages its allocation, and how much of it will be needed.

Knowing how water is used by our critical national resource sectors and how it is managed 
across Canada is our first step to ensuring a truly sustainable resource for Canadians.

David McLaughlin
NRTEE President and CEO



NATIONAL ROUND TABLE ON THE ENVIRONMENT  

AND THE ECONOMY: ABOUT US

Emerging from the famous Brundtland Report, Our Common Future, the National Round 
Table on the Environment and the Economy (NRTEE or Round Table) has become a model 
for convening diverse and competing interests around one table to create consensus ideas and 
viable suggestions for sustainable development. The NRTEE focuses on sustaining Canada’s 
prosperity without borrowing resources from future generations or compromising their ability 
to live securely.

The NRTEE is an independent policy advisory agency that advises the federal government on 
sustainable development solutions. We raise awareness among Canadians and their governments 
about the challenges of sustainable development. We advocate for positive change. We strive to 
promote credible and impartial policy solutions that are in the best interest of all Canadians.

We accomplish that mission by fostering sound, well-researched reports on priority issues and 
by offering advice to governments on how best to reconcile and integrate the often divergent 
challenges of economic prosperity and environmental conservation.

The NRTEE brings together a group of distinguished sustainability leaders active in businesses, 
universities, environmentalism, labour, public policy, and community life from across Canada. 
Our members are appointed by the federal government for a mandate of up to three years. 
They meet in a round table format that offers a safe haven for discussion and encourages the 
unfettered exchange of ideas leading to consensus. 

We also reach out to expert organizations, industries, and individuals to assist us in conducting 
our work on behalf of Canadians. 

The NRTEE Act underlines the independent nature of the Round Table and its work. The 
NRTEE reports, at this time, to the Government of Canada and Parliament through the 
Minister of the Environment. The NRTEE maintains a secretariat, which commissions and 
analyzes the research required by its members in their work.
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EXECUTIVE SUMMARY  

As Canada’s largest water user, 
growth in our natural resource 
sectors means we must think 
fresh on how to ensure strong 

water management so that 
use of this precious resource 
is made sustainable for our 
environment and economy.



Access to clean, sustainable supplies of water is essential for the operation and growth of 
Canada’s major natural resource sectors — energy, mining, forest, and agriculture. The health 
of our ecosystems is also dependent upon those same clean, sustainable water supplies, creating 
the potential for competing uses. With development of the natural resource sectors on the rise, does 
Canada have enough water to support economic growth while maintaining the health of our country’s 
ecosystems? And are we in a position to sustainably manage our water resources for future generations? 
Canada’s apparent water abundance masks a looming scarcity challenge for our important 
natural resource sectors and for certain regions of our country. 

The National Round Table on the Environment and the Economy (NRTEE) is conducting 
a two-year program on Water Sustainability and the Future of Canada’s Natural Resource 
Sectors. The overall goal of the program is to address the above questions while increasing 
public awareness of how our natural resource sectors use and manage water. Phase I of the 
program, the findings of which are included here, examined principal water uses by Canada’s 
natural resource sectors and identified the key water issues flowing from these. Phase II of 
the program will include research into the potential solutions to these critical issues. These 
efforts will result in recommendations to governments and industry on policies, approaches, and 
mechanisms through which water can be better managed to foster both ecosystem health and 
the natural resource sectors economic sustainability. 

Executive Summary



	 NAT IONAL ROUND TABLE ON THE ENVIRONMENT AND THE ECONOMY 	 15

Changing Currents is the result of over a year of research and engagement involving some of 
the country’s leading experts on water management and policy, and collaboration with key 
industry representatives and associations. The focus and approach of the program was guided 
by the NRTEE’s Expert Advisory Committee. The NRTEE held seven consultation meetings 
across the country in 2009-2010, involving over 150 experts and stakeholders. Finally, the 
findings and conclusions of this report were peer-reviewed by specialists in the different areas 
of investigation. 

Setting the Scene

Canada is blessed with a bounty of forests, minerals, metals, energy sources, and agricultural 
products, yet its most valuable natural resource is its water. In 2009, just over half of Canadians 
polled ranked freshwater as the country’s most important natural resource, ahead of forests, 
agriculture, oil, and fisheries.1 Water is a critical component of the development of the energy, 
forest, mining, and agricultural products that contribute to Canada’s economic wealth and social 
well-being.

There is a misperception that Canada’s water is a plentiful and secure resource. Canada, with 
one-half of one per cent of the world’s population, is fortunate to have 20% of the world’s 
freshwater, but this equates to only seven per cent of the world’s renewable supply. While 
approximately 60% of fresh surface water flows north, 85% of Canada’s population and many 
of our economic activities are present in the south. And so our water resources are not located 
where they are needed for many of our uses. Water scarcity is not a national problem in Canada, 
but it is certainly a regional one and this can be of national significance. One need only look to 
the prairies of Alberta and Saskatchewan and to British Columbia’s Okanagan Valley to witness 
clear examples of regions facing water shortages. Between now and 2050, Canada’s population is 
expected to increase by 25%, the Canadian economy is predicted to grow approximately 55% by 
2030, and climate change is anticipated to increase temperatures, change precipitation patterns, 
and increase the frequency of extreme weather events such as floods and droughts. These stresses 
will impact Canada’s watersheds and create new pressures on the long-term sustainability of our 
water resources. 

The natural resource sectors studied in this report are the greatest water users and consumers 
across Canada. In 2005, collectively, they accounted for approximately 84% of Canada’s gross 
water use — the total volume withdrawn from water bodies. Of all the water consumed in Canada, 
the natural resource sectors accounted for 84% of the total — that is, water that was withdrawn 
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and not returned to a water body after use. The thermal power generating sector was responsible 
for the greatest gross water use, while agriculture accounted for the majority of national water 
consumption. 

The natural resource sectors make a significant contribution to the Canadian economy. In 2009, 
these sectors accounted for approximately 12.5% of the country’s gross domestic product (GDP). 
The long-term economic growth of these sectors is anticipated to be substantial with growth 
forecast to be about 50% to 65% by 2030. This level of development will mean more pressure 
on our water resources. Overlay this projected growth with already existing pressures on water 
usage, and one can start to see the potential for future conflicts over water availability. 

Further pressures exerted by climate change on water resources are also expected to be felt 
across the country. There is broad agreement from the scientific community in Canada and 
internationally, that we are now seeing global changes to the climate and hydrological cycle 
and that freshwater ecosystems are likely vulnerable.2 Climate models show that changes 
in temperature and precipitation are likely to continue affecting the following: run-off and 
evaporation patterns; the amount of water stored in glaciers, snowpack, lakes, wetlands; soil 
moisture; and groundwater. The key impact from climate change on water will come in the form 
of extreme events such as droughts and flooding, seasonal shifts in flow regimes, and reduced 
winter ice coverage. The impacts of climate change on water resources will vary across the country 
due to regional differences in hydrological characteristics, water demand, and management 
practices.3 The response of water users to climate change, including the implementation of 
adaptive management approaches, will be critically important to the future sustainability of our 
water.4

Water is a common good and governments have a duty and a responsibility to protect it 
and manage it for future generations. And so the sustainability of water resources relies on 
governance. The governance and management of water resources in Canada is complex and 
multi-jurisdictional involving all levels of government. In many cases, the laws and rules are 
outdated and in need of renewal. At the policy level, some governments are taking action by 
developing new approaches and strategies. For its part, industry is taking a lead to improve 
water management on an operational level, as is exemplified by the implementation of best 
management practices, technology development and deployment, public-private research, and 
sustainability reporting. However, at a national level, a concerted, strategic approach to water 
governance and management has not been undertaken. 
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Findings

In order to understand the linkage between water sustainability and Canada’s natural resource 
sectors, the NRTEE examined (1) the importance of freshwater to our ecosystems, (2) the 
governance structures managing water in Canada, and (3) the most important water uses and 
critical issues within each of the natural resource sectors. 

In considering the sustainable development of our natural resources and water requirements, 
we must first recognize and accept the importance of ecosystem needs with respect to water. 
Water is essential for all living things. Canada’s ecosystems cannot function properly and deliver 
ecosystem services without adequate, reliable, and clean sources of freshwater. Second, we need 
to understand the complexity of governance around water in this country, so that we ensure it 
is managed sustainably. Water is one of the most challenging resources to govern and manage 
due to the division of power and shared responsibilities for management among all levels of 
government. 

The natural resource sectors all rely heavily on reliable, clean supplies of freshwater. The use of 
water and the effects on it by the natural resource sectors vary considerably across the country, 
from a gross and consumptive use perspective. The sectors operate in different regions across 
this vast land, and this regional distribution directly influences where the pressures on water 
resources are felt. The complexity of this picture is complicated by the numerous and varied sub-
sectors that operate in each region, each having differing uses and impacts on water resources. 
All things considered, these factors make for a very complex “water story.” 
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In order to understand the complexity of this “water story” the NRTEE has examined the 
individual sectoral uses and highlighted the most important water issues. 

The thermal electrical power generation sector is highly reliant on water availability. In 2005, 
this sector was responsible for withdrawing 64% of water across Canada, making it the greatest 
water user in the country. The sector was also the second largest consumer of water. Finally, 
this sector also has important effects on aquatic ecosystems they are located on, with concerns 
related to thermal and chemical discharges. 

water use and canada’s natural resource sectors

HYDRO
POWER

THERMAL 
POWER

OIL & GAS AGRICUL- 
TURE MINING FOREST

Percentage 
of National 
Gross  
Water Use

Unknown* 64% Unknown* 10% 4% 5%

Percentage 
of National 
Consumptive 
Water Use

Unknown* 12% Unknown* 66% 3% 2%

Regions 
Most 
Implicated

BC, AB, MB, 
ON, QC, 
Atlantic

Territories, 
AB, ON, 
Atlantic

AB, BC, SK Prairie 
Provinces

BC, AB, SK, 
Territories

All 
provinces

Operations & 
Sub-sectors 
Included in 
This Report

Storage-
based;  

Run-of-river

Fossil fuel 
plants; 
Nuclear 
power
plants

Oil sands; 
Shale gas; 

Enhanced oil 
recovery

Primary 
production; 

Manufacturing

Metals; 
Minerals

Forest 
manage-

ment;  
Pulp &  
paper

Water 
Quality  
Issues 
Noted

In-stream 
flow needs; 

Fisheries

Thermal & 
chemical 

discharges

Ecosystem 
impacts; 

Mine tailings

Non-point 
source 

pollution

Ecosystem 
impacts; 

Mine 
tailings

Effluent 
discharge 
effects on 

ecosystems

* 	These sectors are not included in the Statistics Canada Survey so the national use is unknown.  
	 Water use may be known at provincial or facility levels.



	 NAT IONAL ROUND TABLE ON THE ENVIRONMENT AND THE ECONOMY 	 19

Similarly, the hydroelectric power generation sector is completely reliant on the availability of 
plentiful sources of water. Unlike the thermal power sector, hydro facilities are not significant 
consumers of water. But they do have important impacts on ecosystems and downstream users. 
Given the strong reliance of both hydro and thermal facilities on water availability, future 
expansions will need to give due consideration to this factor, especially in areas where competing 
uses for water are anticipated, and where water shortages may be expected.

On a national level, the oil and gas sector uses small overall volumes of water in comparison 
with the other sectors, leading to water quantity concerns being more localized. As with hydro 
power, quantitative water use at a national level is unknown, but is more likely understood on 
a provincial and operational basis. The key water issue for the oil and gas sector centres on 
the potential impacts on water quality and ecosystem integrity, particularly on a regional and 
watershed basis. With significant growth anticipated for the sector, particularly in oil sands and 
shale gas, issues of both water quantity and quality are likely to continue. 

Next to the power generation sectors, agriculture is the most important user of water across the 
country. In 2005, it was responsible for 10% of the gross water use. It is the most significant 
water consumer in the country, accounting for 66% of water consumption, largely due to crop 
irrigation. Water availability is currently an issue for farms in water-scarce regions of Canada. 
As the sector’s need for irrigation increases, due to the demand for higher-value crops and 
efforts to convert dryland operations, the risks associated with water limitations will continue 
to rise and potentially spread to other regions of the country. The sector may also be at risk 
from climate change resulting in reduced spring runoff and prolonged cyclical drought. Water 
availability will continue to be a dominating issue for the sector, and as such, is a key driver for 
water efficiencies and conservation.  

Finally, the mining and forest sectors are relatively small users of water in comparison with 
the other natural resource sectors. For both sectors, water availability does not appear to be 
a constraint to future operations. However, both sectors do have the ability to significantly 
impact water quality in the regions and watersheds where they are located, and this is one 
of the most important aspects of water management for both. The potential for long-term 
effects of operations on the health of the surrounding ecosystems is of particular concern, due 
to contaminants that may be introduced to the environment.  

While the issues noted here are currently of a regional and/or sectoral scope, increasing 
pressures due to population and economic growth and a changing climate could transform them 
into national issues if not addressed now. Governments and industry still have many options 
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available to them to resolve the problems in the most effective and efficient manner, before 
water availability and ecosystem degradation become national problems. 

Conclusions 

The NRTEE has identified four water sustainability issues that are of national importance, 
cutting across all natural resource sectors and jurisdictions. These are water governance and 
management, the impacts of climate change, the water-energy nexus, and the public licence  
to operate. 

The governance and management of water is very complex, within which reside a number of 
challenges. First and foremost, water governance in Canada is a complicated and fragmented 
collection of statutes and policies, involving all levels of government. Second, the water allocation 
approaches in most of the country are outdated and may no longer be appropriate given the 
pressures and competing interests that now exist. Third, Canada currently uses a limited suite of 
policy instruments, largely restricted to regulations. Economic instruments could play a larger  
role, but this has generally not been explored in Canada. Fourth, knowledge of actual water use 
and access to data held by most of the natural resource sectors is limited. Finally, there is an overall 
lack of capacity and expertise across the country to effectively manage water resources. This is 
reflected in the reduction of scientific capacity as well policy expertise within governments.

Climate change is emerging as a key factor expected to transform the way we manage water 
resources. Impacts of climate change on water resources are likely to affect all regions of the 
country, but will manifest themselves in different ways. The uncertainty regarding the severity, 
timing, and frequency of events — and their subsequent impacts —  is the main challenge. Having 
robust and adaptive water management plans will help prepare industry for the uncertainty and 
risks that lie ahead.

Another important issue for water policy development is the water-energy nexus. From the 
industrial processing and production side, water is needed to produce energy and energy is 
needed to produce useable water. Financial savings, gained through energy conservation and 
efficiency, is a key driver for improving water use for all of the natural resource sectors. Some 
opportunities, such as conservation practices, simultaneously reduce water and energy use. 
However water conservation may not always lead to energy savings. Climate change is often 
linked to discussions about the water-energy nexus due to the greenhouse gas emissions that 
result from energy production. Therefore, the linkage between future energy requirements and 
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anticipated water uses warrants more analysis in Canada, especially as policies and approaches for 
reducing greenhouse gas emissions and exploring alternative energy sources are contemplated. 

Public pressure to better manage water use is unanimously felt across all the natural resource 
sectors. Industry must assess various signals such as societal pressure, demands from other 
sectors in the value chain, future regulatory shifts, or price signals, in order to best integrate 
water considerations into strategic planning and operations. Responding to societal concerns is 
very important to businesses, not only from a public relations perspective but also as a means to 
address customer and shareholder expectations. Financial markets are also starting to examine 
the way in which companies address water-related risks, adding to this public pressure to 
sustainably manage natural resources.

Next Steps

The NRTEE believes that the opportunity is now to put Canada on a policy path to ensure 
sustainability of our water and natural resource sectors. We must ensure that Canada’s ecosystem 
services are protected to ensure the long-term health of our natural environment. At the same 
time, we need to ensure that our natural resources are developed in a sustainably responsible 
manner, and do not significantly impact upon our natural environments including our water 
resources. To do so, Canada needs to put in place a national framework for integrated water 
governance and management and should do so before water availability is constrained. 
Governments and water users are currently in a position to consider trade-offs of water use as 
well as future options.

Of the four national issues identified in our research, the NRTEE has decided to further 
explore the key challenges surrounding governance and water management. Governance at a 
national level is not currently positioned to respond to expected increasing pressure on our 
water resources. This is largely due to jurisdictional complexity, inconsistent approaches across 
the country, policy fragmentation, a lack of resources, and insufficient technical, scientific, and 
policy capacity. By addressing these specific challenges, governments will be able to establish 
more effective governance structures that will enable industry to develop solutions at the regional 
scales where they operate. 
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In order to provide advice that will assist in the development of a national water framework, 
the following key issues related to governance and water management will be explored: water 
allocation schemes, integrated collaborative governance approaches, collection and management 
of water data, and policy instruments. In Phase II of the NRTEE’s water program, we will 
undertake to: 

•	 Evaluate current water allocation approaches across the country to determine if they 
remain effective and appropriate means of managing water, and identify opportunities for 
improvement to water allocation going forward.

•	 Explore collaborative governance approaches for integrated water management.

•	 Investigate strategic approaches to the collection and management of water-use data.

•	 Evaluate a full suite of policy instruments for water management in Canada, from 
traditional regulatory and voluntary conservation efforts to pricing and market-based 
instruments. 
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CHAPTER ONE
INTRODUCTION AND PURPOSE
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Water is essential for the operation and growth of Canada’s energy, 
agriculture, mining, and forest sectors, which account for  

over 80% of Canada’s gross water use.

Water availability is an issue in the interior of  
British Columbia, the southern regions of Alberta, Saskatchewan,  

and Manitoba, and to a lesser degree in some areas of Ontario  
and Southern Québec.

In order to ensure the economic sustainability of the natural  
resource sectors, water use must be managed with the maintenance  

of ecosystem integrity as a core principle.



INTRODUCTION AND PURPOSE

INTRODUCTION

Canada is a country rich in natural resources with its most valuable being water. Freshwater 
provides many benefits that humans rely upon, some of which are visible, such as drinking 
water or hydroelectric production, while others are less obvious, such as erosion control and 
water retention. These services that are imperative to all life on Earth depend upon the health 
and functionality of ecosystems. Alterations to the timing and volumes of flow, quality, and 
temperature of freshwater, create incremental effects to both aquatic and terrestrial ecosystems. 
In order to safeguard water resources for present uses and the future, water use must be managed 
with maintenance of the integrity of ecosystems as a core principle.

Canada is fortunate to have a significant proportion of the world’s freshwater; however its 
renewable supply is not as abundant as many would believe. Over half our fresh surface water 
flows to the north, while most of our population and many of our economic activities are located 
along our southern border (see Figure 1 for Canada’s drainage basins). The majority of the water 
is not located where it is needed most by Canadians.
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Figure 1

Source: Natural Resources Canada, Atlas of Canada, 2004.5
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Figure 2 illustrates the proportion of surface freshwater that is used by Canadians within each 
of Canada’s major drainage basins. The river basins in the Prairies, Southern Ontario, and 
Southwestern Québec are under the greatest stress. That is, the water taken out of the watersheds 
in these regions is greatest relative to the volume of water flowing into them, with the greatest 
pressures felt in the prairie regions. 

Figure 2
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Water is essential for the operation and growth of Canada’s natural resource sectors — energy,  
mining, forest, and agriculture — as they all rely on access to clean, sustainable supplies of water  
to extract or work with raw materials and process goods. In 2005, these sectors together 
accounted for the greatest gross water use* across Canada, amounting to 84%. These sectors 
were also responsible for 84% of the water consumption in Canada — which is defined as the 
amount of water that is taken from a source and not returned. Agricultural irrigation activities 
alone accounted for almost 66% of national water consumption, with the remaining sectors 
accounting for approximately 18% of national consumption. 

While the withdrawal alone is an important indicator of water pressures, knowledge about 
the cumulative impacts on water resources, including timing of the withdrawals, return flows, 
and quality of water returning to the system, is necessary in order to understand the regional 
effect of water use on the ecosystems. Increasing pressures on water resources due to industrial 
uses, climate change, population growth, and a general lack of capacity to manage the impacts 
of industrial developments on a regional basis will all have an impact on Canada’s watersheds. 
These stresses are likely to pose a significant challenge to the sustainability of Canada’s water 
resources if action is not taken now to address the shortfalls of our governance and management 

systems.

*	  Withdrawals that are taken from surface and/or groundwater resources.

Water Use:  Definitions used in this report

Water use is often characterized as non-consumptive and consumptive. Non-
consumptive use is also referred to as “water intake” or “gross water use” 
and represents the total amount taken from surface water bodies or aquifers. 
Consumptive water use represents the amount of water intake that is not returned 
to the source, and which is generally lost to evaporation or contained within 
wastewater or products. 
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Purpose of Report

In November 2008, the National Round Table on the Environment and the Economy (NRTEE) 
initiated a research program on Water Sustainability and the Future of Canada’s Natural Resource 
Sectors (agriculture, forest, mining, and energy) to identify what is known about the main uses 
of water by the natural resource sectors. The program has two high level objectives: 

1.	 To raise the profile of the importance of water management in this country and some of 
the key water issues relative to Canada’s natural resources sectors; and 

2.	 To provide recommendations to governments, industry and water management authorities 
on policies, approaches and mechanisms through which water can be better managed to 
foster both ecosystem health and the natural resource sectors’ economic sustainability. 

The program is divided into two phases. Phase I (2009–2010) sets out to identify key issues 
related to the sectors’ water uses, as well as the barriers, drivers, risks, and opportunities 
associated with the sustainability of Canada’s freshwater as they relate to the natural resource 
sectors. Phase II (2010–2011) will focus on exploring options and proposing solutions to some 
of the key issues identified in this Phase I report.

This report sets out to present the most important uses of water by the natural resource sectors, 
highlight the current and emerging uses that are important for the sustainability of the water 
resources, and identify critical issues common to one or more of the sectors. 

Changing Currents provides a description and overview of the relationship between Canada’s 
natural resource sectors and water, focusing on the current and emerging key water issues facing 
the sectors. It specifically synthesizes information on the following: 

•	 the sectors’ growth and what this means to increased water demand; 
•	 the most important sector activities that use and/or impact water resources; 
•	 the key current or emerging water issues in each sector; and
•	 potential drivers and opportunities for improvement to water use and efficiency. 

The NRTEE set out to explore water uses by the natural resource sectors from a quantity 
perspective. Through our research, it became apparent that the sectors can also have significant 
impacts on water quality, and that the linkage between water quantity and quality is important 
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to consider. Therefore, some of the most important water quality issues related to the natural 
resource sectors are noted in this report, specifically where they interfere with water availability 
for other usages, including ecosystem needs. 

The report is the result of extensive research and consultations with water and governance 
experts, the natural resource sectors themselves, as well as with the NRTEE’s Water Expert 
Advisory Committee.* An initial national expert workshop was held in February, 2009, to help 
the NRTEE scope out the water program. Based on advice from this meeting, the NRTEE 
partnered with the natural resource sectors’ industry associations,† to hold six roundtable meetings 
in the fall of 2009 to discuss the key water uses and issues pertaining to their sectors. This series 
of meetings verified the in-house findings of the NRTEE and enhanced the understanding of 
the key issues from the perspective of the industry stakeholders. The meetings also provided 
for open, transparent dialogue among small groups of stakeholders on which key water issues 
required attention. These meetings confirmed for the NRTEE that there is an interest and need 
for exploring sustainable water use by the natural resource sectors.

The discussion of water use and availability in this report is largely focused on surface waters, 
rather than groundwater supplies, simply due to the scope of research of the report. However, 
the NRTEE recognizes the critical importance of the connection between surface flows and 
groundwater, as many streams receive at least half their total flow from groundwater.7 The 
complex linkage between groundwater systems and surface streams in Canada, while recognized, 
is not well understood and requires further study.8

The report also looks at ecosystem needs and services, and highlights the jurisdictional complexity 
of the governance and management of water resources in Canada and what this means. Finally, 
the report concludes by identifying the most pressing issues that need to be addressed in the 
short term, together with policy conclusions on our next steps for research. 

There is a need for better information regarding current and potential future water use in this 
country, so that it can be better managed and so that citizens can understand how and why water 
is used. This will lead to a more informed debate regarding future water use and allocation in 
the country, especially in those areas that are now or may soon face water shortages. It is the 
NRTEE’s belief that addressing some of the critical issues now will enable Canada to avoid the 
challenges other countries are already facing.

*	 See Appendix for list of Expert Advisory Committee members.

†	 Mining Association of Canada; Canadian Nuclear Association; Canadian Association of Petroleum Producers; Canadian Federation of  

Agriculture; and Forest Products Association of Canada.
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HIGHLIGHTS

The health of Canada’s ecosystems and the ability to deliver ecosystem 
services is critically dependent upon clean, sustainable water resources.

Watersheds deliver ecosystem services to society that, when valued  
economically, often far exceed the value of water allocated for other uses.

Ecosystems are resilient and can cope with degrees of human-induced 
change, but these changes must be managed with careful monitoring  

and responsive adaptive management programs.

Water cannot be sustainably managed into the future solely through  
on-going efforts to improve and increase water supplies. Greater emphasis 

must also be placed on reducing water demand to avoid  
problems for future generations.



ADDRESSING NATURE’S  
WATER NEEDS

Ecosystem Services

Freshwater is vital to ecosystems, biodiversity, and human well-being. Without water, there is no 
life. Water is also a critical component of Canada’s natural resource sectors. And so the implicit 
fact is that water must be managed sustainably to ensure the continued economic prosperity of 
these sectors. International experience has demonstrated that managing water from a supply 
perspective alone can pose risks to both the environment and society when there is little to no 
consideration for the needs of the natural environment. The sustainable use of water by the 
natural resource sectors cannot be achieved in the absence of considerations of the integrity of 
ecosystems and the services they provide. 

The concept of ecosystem services was created to encourage a dialogue about the human dependence 
on and value of the natural environment, both socially and economically. Ecosystem services are 
the benefits provided to people, both directly and indirectly, by ecosystems and biodiversity. 
Direct economic benefits are those materials gained  through the use of natural assets (e.g., 
water, trees, and crops) that provide inputs to production. Indirect benefits refer to all those 
natural goods and assets that keep soil intact, assimilate pollutants, pollinate plants, provide 
oxygen, and lead to regeneration of natural assets (Figure 3). These latter functions are a crucial 
foundation of the economy and human well-being. Moreover, their absence from the price of 
goods and services, market value, and policy decisions surrounding market drivers, result in 
numerous hidden costs to society and industry. 
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Figure 3

The UN Millennium Ecosystem Assessment identifies four types of ecosystem services provided 
by freshwater: provisioning, regulating, cultural, and supporting services (Table 1). 

Human alterations to the timing, volumes, quality, and temperature of water can impair ecosystem 
health and ultimately the services they provide, and the direct economic benefits they bring.10 

Conventional financial markets do not capture the value of these services, yet the value provided 
to society by freshwater cannot be underestimated. In regions where ecosystems are severely 
degraded, the economic costs associated with lost ecosystem services and efforts to restore them 
are considerable and can far outweigh benefits of other water uses. The sustainability of Canada’s 
water resources is directly related to the ecosystem services they provide to society, and should 
be placed in that context. 

A CONCEPTUAL FRAMEWORK FOR ECOSYSTEM SERVICES
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Manufactured goods
Cultural / Aesthetic
Future options

NATURAL ASSETS

Soil
Biota (vegetation and fauna)
Streams, lakes, wetlands
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ECOSYSTEM SERVICES
Inputs to Production

ECOSYSTEM SERVICES
Maintaining Natural 
Assets: Regeneration

ECOSYSTEM SERVICES
Maintaining Natural Assets: 
Assimilation of By-products

Source: Abel et al., 2003.9 
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Table 1 

Ecosystem Services Provided by Freshwater

Ecosystem Service Examples

Provisioning services Goods such as drinking water, food,  
and fibre

Regulating services In support of those biophysical processes  
that control natural processes  
(i.e., erosion and climatic control)

Cultural services Recreational and spiritual

Supporting services Those underlying processes that support  
all life such as photosynthesis and  
nutrient cycling

Definition of Watershed & Integrated Water  
Resource Management

The term watershed (also called a drainage basin or a catchment) is defined as  
an area of  land that intercepts and drains precipitation through a particular river  
system or group of  river systems. All land that is connected by rivers and streams 
could therefore be considered a watershed.
   
Integrated Water Resources Management is defined “as a process, which promotes 
the coordinated development and management of  water, land, and related resources 
in order to maximize the resultant economic and social welfare in an equitable 
manner without compromising the sustainability of  vital ecosystems.”11
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Human activities that affect ecosystem services

Understanding the nature of water and its movement through the hydrological cycle is necessary 
to recognize how water can be managed to capitalize on its many uses. Although water is a 
finite element, its location and availability is constantly shifting. Water circulates from oceans 
and land to clouds, falls back onto land as rain or snow, absorbs into soils and feeds runoff, with 
each of these phases playing an important role in supporting ecosystems. It cannot be managed 
simply as a resource that regenerates in a predictable manner.

Even in watersheds that have been relatively unaltered by human use, freshwater ecosystems are 
constantly changing. A healthy aquatic ecosystem gains stability from complex interactions of a 
dynamic series of chemical, biological, and physical fluctuations. In essence, these interactions 
are the life-support system for all species and maintain a sort of equilibrium. It is the ability of 
ecosystems to change and adapt that makes them resilient.12 And it is this resiliency that makes 
them capable of handling changes in flow, temperature, sedimentation, vegetation composition, 
and other conditions, such as diminished wetlands and contaminant inputs. However, the timing, 
frequency, and intensity of each of these pressures, separately and cumulatively, determine the 
degree to which the health of the ecosystem is compromised.13 Human activities that occur in 
one part of a watershed can have effects on other parts of the ecosystem and so are not isolated 
in geography or time.

Clearly, human water uses and land management decisions change the ecosystem services 
provided by freshwater. Table 2 illustrates some of these impacts. Within limitations, the 
environment can adapt to pressures, provided that we take measures to minimize impacts and 
prevent irreversible damage. However the failure to address cumulative effects of fragmenting 
waterways — reduced variability in natural flows and increased contamination —  in concert 
with the effects of climate change have already put many of Canada’s rivers and watersheds 
under considerable stress. When the health of a freshwater ecosystem is compromised and its 
productivity is diminished, there is a risk that the ecosystem will no longer be able to provide 
the full range of ecosystem services to humans. To manage these watersheds into the future, a 
shift away from supply-management toward an approach that is based on demands, including 
ecosystem needs, is necessary.
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Table 2 

Examples of Human Impacts on Ecosystems

Human activity  

related to the  

natural resource  

sectors and water use

Impact on  

Ecosystems

Ecosystem services  

at risk

Dam location, construction,  
and operation 

Alters the timing and 
quantity of river flows, water 
temperature, nutrient and 
sediment transport, delta  
replenishment, and blocks  
fish migration. Flooding of  
ecosystems (previously upland,  
wetland or riparian)

Provision of habitat for native 
species, recreational and  
commercial fisheries,  
maintenance of deltas and their 
economies. Transportation,  
recreation and tourism

Dike and levee construction Fragments hydrological  
connection between river and 
floodplain habitat

Natural flood control, habitat, 
sport and commercial fisheries, 
natural floodplain  
water variation

Diversions Diversion takes water from 
one system and places it in 
another; therefore one system 
is depleted, while the receiving 
system gets more flow

Enables invasive species to 
migrate from one system to 
another

Habitat, sport and commercial 
fisheries, recreation,  
pollution dilution, hydropower,  
transportation

Draining of wetlands/ 
Conversion to other land uses

Eliminates key component of 
aquatic ecosystem

Natural flood control, habitat, 
recreation, natural water 
purification

Deforestation/land use Alters runoff patterns, inhibits 
natural recharge, fills water 
bodies with silt, changes  
water temperatures

Water quality and quantity,  
fish and wildlife habitat,  
transportation, flood control

Release of polluted water 
effluents

Diminishes water quality Water supply, habitat,  
commercial fishing, recreation

Adapted from Postel and Richter, 2003.14 
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Ecosystems management in the context  
of competing interests

The challenge in ecosystem management is that ecosystem services do not function in isolation. 
The services provided by ecosystems are interdependent and often interact in complex ways. 
Decisions that negatively affect one aspect of an ecosystem will likely negatively affect others; 
and likewise, those decisions that restore or improve one aspect of the ecosystem will almost 
certainly have multiple benefits. For example, years of phosphorous pollution from sewage 
treatment plants and agricultural runoff in Lake Erie caused a biological reaction that lowered 
levels of dissolved oxygen in the bottom layers of the lake. The low levels of oxygen suffocate 
many bottom-dwelling species, which provide food for other species. Long-term impacts cause a 
decline in all lake species, which ultimately impairs the ability of the lake to provide clean water 
for drinking, fish, and recreational use.15 Careful monitoring and research of various components 
of freshwater systems is required in order to recognize when key thresholds of resiliency have 
been affected and to determine what decisions are required to reverse the changes.

Understanding the quantity and movement of water is a critical component of ecosystem 
management. Removing or restricting the movement of water from groundwater, lakes, 
wetlands, or rivers can impact the amount of oxygen in the system, water temperature, and 
species composition, among other things. Knowing the water requirements to sustain a healthy 
ecosystem — the “environmental flows” — is critical to water management. To understand 
requirements for environmental flows, managers must first have a basic knowledge of the 
ecological functions provided by the watershed. 
* 10

*	 The Brisbane Declaration is a non-binding commitment signed by more than 800 delegates from 57 countries, including Canada, in 2007. It 

focuses on collaborative work to protect and restore the world’s rivers and lakes.

Definition of environmental flows

As defined in the Brisbane Declaration,* “environmental flows” describe the 
quantity, timing, and quality of water flows required to sustain freshwater and 
estuarine ecosystems and the human livelihoods and well-being that depend on 
these ecosystems.16
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In Canada, governments in many parts of the country are responding to the concept of  
environmental flows and acknowledge the interactions between water quality and quantity in  
surface and groundwater at the watershed level.17 British Columbia is currently reviewing  
regulatory tools to legislate environmental flow, and Québec’s Bill 27 (An Act to Affirm the  
Collective Nature of Water Resources and Provide for Increased Water Resource Protection) provides  
the legal grounds to restore a water body to its original or a similar state. Yet, no province, to  
date, has legislated environmental flow protection measures. Canada has yet to develop a  
widely-acceptable science-based policy framework to define methods for determining  
environmental flows to be used by provinces and complement the general provisions of the  
federal Fisheries Act. Evidence and experience therefore point to the need for a national strategy 
to address environmental flows. 

Alberta’s Water Act provides an example of a provincial measure that enables the protection of 
the aquatic environment in specific watersheds, as witnessed in the Athabasca. The Act enables 
the Crown to develop in-stream flow requirements and withhold up to 10% of flows through 
the use of a water conservation objective if it is in the public interest. But specifications for in-
stream flow requirements are not in themselves legislated.

A key challenge of managing watersheds is addressing not only individual impacts, but 
cumulative ones as well. This requires current and future assessments of the sectors and other 
users in consideration of the interdependency of cumulative stream uses, as well as groundwater 
resources.18 The Mackenzie River Basin demonstrates this well, as it is affected by the upstream 
development of oil sands on the Athabasca River and the Bennett Dam on the Peace River, and 
could be further impacted if proposals for hydroelectric development move forward on the Slave 
River. Governments of British Columbia, Alberta, Saskatchewan, the Northwest Territories, and 
Yukon recognized the need to work collaboratively to manage water and ecosystem requirements 
of the Mackenzie River Basin and have been doing so since the 1970s. 

Human use of water causes changes to natural systems, but much can be done to ensure that 
alterations to freshwater flows don’t compromise the resiliency of the ecosystem.19 Decisions 
about water allocation, the scale and placement of development, and the location, design, and 
operation of in-stream infrastructure are all important aspects of sustainable water management. 
Monitoring and assessment of measurements pertaining to hydrology, physical habitat, water 
quality, and biological function are needed to inform management decisions and monitor changes 
in the system.20 To determine what changes are acceptable requires judgment on the adequate 
quantity, quality, and timing of flows in rivers required to maintain ecological resilience. As with 
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all quantitative assessments, historical measures based on consistent, reliable data and capacity 
to assess and communicate results are required to address watershed trends. But ultimately, the 
determination of ecosystem water requirements will involve societal decisions on the desired 
condition of the ecosystem and water uses.21 By making environmental flows a key principle of 
water policies, stakeholders at the watershed level will have flexibility to make societal judgments 
about future water uses before those uses are in direct competition with ecosystem needs.

Addressing the value of freshwater  
ecosystem services

Economic valuation of freshwater ecosystem services, or natural capital, is one method that 
builds upon the science of watershed assessments, bringing them into the realm of economic 
decision making. Economic valuation is useful in informing cost-benefit analyses and scenario 
analysis for land management, restoration, and development decisions. In Canada, valuation 
studies of freshwater ecosystem services have been conducted in the boreal forest, the Mackenzie 
River watershed, Lake Simcoe Basin, and in many settled areas of the country.22, 23 

Because valuation of ecosystem services attempts to put a price on those things that are not 
normally valued in the marketplace and may not provide consistent “worth” across different 
landscapes, this type of assessment has certain limitations. Most of the attempts to date have 
been site-specific. The challenge is to expand these very local economic evaluations to larger 
scales in a meaningful fashion. Even at the local scale, barriers such as the lack of data and 
information about the resource and ability to assess ecosystem services in the context of the 
entire flow regime exist. Without this information, it is difficult to examine the trade-offs 
between multiple water uses and to make quantifiable determinations of those services (e.g., 
assessing the potential value of draining a wetland to expand agricultural land). Even with a 
service value in hand, the transaction of payments for watershed services is complex, although 
this is a field quickly developing at the regional level.

Ecosystem valuation is just one way markets can be used to conserve nature. Where markets 
exist for ecosystem services, the economic value of such services can be reflected in prices. Such 
markets exist in Canada for wetlands providing waterfowl habitat. Outside of Canada, they are 
increasingly common for in-stream flows protecting fish. An assessment of such instruments used 
to preserve water for ecosystem services is an area that requires greater attention in Canada.
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Addressing ecosystem needs is a foundational area of policy research that has not received 
significant attention in Canada. Much can be learned from regional efforts to improve and 
incorporate ecosystem needs in watershed planning. Examples such as the proposed changes 
to the regulation of the Moses Saunders dam on the St. Lawrence River25 and the process 
to incorporate “ecosystem base flow” for the Lower Athabasca River demonstrate this well.26 
Canada has yet to broadly incorporate environmental flows into existing policies. Ecosystem 
services valuation and environmental flow assessments hold promise in supporting Integrated 
Water Resource Management. But there is a need to better understand the outcomes of such 
mechanisms, the most effective roles and responsibility for planning and implementation in 
watershed management, and the information requirements to achieve these ends. There is  
also a need for improved knowledge about how to address the economic and environmental 
trade-offs that come with various water uses.

Example of valuation of ecosystem services  
in New York

To help inform a decision on how best to purify local drinking water, the City of 
New York conducted a comparative study to determine the costs of restoring the 
Catskill watersheds versus the cost of developing a water treatment plant.  The 
study showed that the watershed could be restored to levels under which it could 
continue to provide natural water purification for a $1 to $1.5 billion investment, 
whereas the water filtration plant would cost an estimated $6 to $8 billion.24  The 
ultimate decision to restore the watershed was thus made on an economic basis.
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HIGHLIGHTS

Water management in Canada is complex, fragmented and lacks 
coordination between and within the various levels of government.

Mechanisms in place across Canada do not allow the collection and 
sharing of reliable information on actual water use by natural resource 

sectors and other water users.

Current water management rests on a strong regulatory framework 
across Canada, with limited use of market-based instruments. 

The emergence of collaborative governance models provides an 
opportunity to improve water management in Canada.



Water Governance and 
Management in Canada

Water governance and management are central to ensuring sustainable water use by Canada’s 
natural resource sectors. Water governance refers to the processes and institutions through 
which decisions are made about water. This includes the range of political, organizational, and 
administrative processes used to make and implement decisions, as well as how decision makers 
are held accountable. Management refers to the operational, on-the-ground activity to regulate 
the water resource and the conditions of its use.27 In the past century, formal water governance 
models have increasingly centred on a top-down approach where governments made all the 
decisions. There is a movement now toward collaborative governance models where the authority 
and responsibility for decision making is shared among levels of government, individuals, firms, 
and non-governmental organizations. This chapter describes the governance and management 
of water relative to quantitative uses, not qualitative, and largely focuses on water allocation and 
permitting/licensing roles and responsibilities. 

Division of responsibility for water management

The Constitution Act does not refer directly to responsibilities pertaining to water resources, 
although the constitutional authority for water belongs primarily to the provinces as they 
exercise direct control over the natural resources — including water resources — within their 
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borders. Responsibility for water management is shared between the provinces/territories 
and the federal government, which retains authority over fisheries, navigation, transboundary 
issues, federal lands, and Aboriginal matters. The federal government also shares jurisdiction 
with the provinces/territories on other water-related issues such as agriculture, health, and 
environmental protection. In some areas of federal jurisdiction, such as fisheries management 
and fish habitat protection, the federal government has entered into agreements with certain 
provinces, delegating some of its authority to the provincial governments. This has necessarily 
led to a very complex legislative and policy water management framework across Canada, with 
shared and sometimes duplicative authorities. 

Aboriginal water rights are increasingly considered in water management in Canada. Aboriginal 
rights and treaty rights became constitutionally protected in 1982. This means that any rights, 
including water rights, that have not been extinguished before 1982 cannot be infringed upon 
by governments. Any activity that could potentially infringe on Aboriginal rights requires 
consultations with the Aboriginal rights holders, and this includes water management decision-
making processes. 

In many regions across Canada, First Nations are engaging directly in water governance, working 
with or encouraging collaboration with  other governments and partners through watershed 
planning, water source  protection planning, and water management initiatives. For example, 
a very successful collaboration has been in place in the Northwest Territories (NWT) since 
2006 when Aboriginal peoples formally asserted the need for, and have since been integrally 
involved in, the development of the NWT government’s Water Stewardship Strategy.  First 
Nations and Indigenous  knowledge can contribute to our understanding of the health and 
workings of the watershed, to our approaches for effective collaboration, to identification of 
values and priorities, and to successful, cooperative implementation of actions and solutions. 

Federal jurisdiction and responsibilities

The federal government exercises its constitutional authority on water through a number of 
legislative, regulatory, and policy instruments. At least 20 federal agencies have responsibilities 
regarding water management, covered under 11 different pieces of federal legislation. 
Environment Canada is the lead federal department responsible for water. Natural Resources 
Canada, Fisheries and Oceans Canada, and Indian and Northern Affairs Canada also have 
central responsibilities. 
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One of the key federal documents on water management is the 1987 Federal Water Policy. The 
overall objective of this policy is to encourage the use of freshwater in an efficient and equitable 
manner consistent with the social, economic, and environmental needs of present and future 
generations. The policy identifies five strategies to reach its stated objective: water pricing, 
science leadership, integrated planning, legislation, and public awareness.

A recurring criticism of the federal water strategy is that, while the federal government has 
expended substantial resources in the past 25 years to define and develop the strategy, few 
actual policies or actions on the ground have been implemented.28 It has been suggested that 
the challenge of coordinating the work of many federal agencies and the lack of political will 
may be the main reasons for the limited action from the federal government. Some successful 
initiatives must be noted, however, such as the recent Canada-wide Strategy for the Management 
of Municipal Wastewater Effluents, which was developed under the leadership of the federal 
government through the Canadian Council of Ministers of the Environment (CCME).

Federal laws involved in freshwater management

The main pieces of federal legislation relevant to freshwater are:

• 	 Canada Water Act
• 	 Fisheries Act
• 	 International Boundary Waters Treaty Act
• 	 International River Improvements Act
• 	 Mackenzie Valley Resource Management Act
• 	 Navigable Waters Protection Act
• 	 Northwest Territories Water Act
• 	 Nunavut Waters and Nunavut Surface Rights Tribunal Act
• 	 Canadian Environmental Protection Act
• 	 Canadian Environmental Assessment Act
• 	 Canada National Parks Act
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Provincial jurisdiction and responsibilities

Provinces are mainly responsible for water management in Canada. Three frameworks in Canada 
define the principles under which water allocations are determined (Figure 4):

1.	 The First in Time, First in Right (FIT-FIR) approach is in effect in British Columbia, 
Alberta, Saskatchewan, and Manitoba. This approach is based on the principle of prior 
appropriation, which gives the licensee exclusive rights to use the water in a system 
of seniority based on the age of the licence. In Yukon, the Northwest Territories, and 
Nunavut, where a public authority (various Water Boards across the territories) makes the 
decisions about water, priorities are also established through the FIT-FIR principle.

2.	 The principles of the Common Law of Riparian Rights are the basis of the water-user 
permit systems in Ontario, New Brunswick, Nova Scotia, Prince Edward Island, and 
Newfoundland and Labrador. Under the common law, which was developed before water 
rights were legislated, individuals who own or occupy land beside lakes and rivers have 
the right to the natural flow of the water adjacent or through their property, unchanged 
in quantity or quality. The provinces have responsibility for administering water and 
supervising its allocation; their legislative jurisdiction over water is to be exercised in a 
manner equitable to all.

3.	 In Québec, water use permitting is based on Civil Law principles. Québec’s civil law states 
that water is not owned by anyone, but rather its use is common to all. The province 
therefore has a guardianship role to play to ensure the common good.

All provincial and territorial water allocation systems involve either a licensing or permitting 
system, for both surface and groundwater in all jurisdictions, except in British Columbia where 
there are no provisions for groundwater. 

Water-use licence fees exist in all provinces and territories but they differ significantly. In most 
cases, these are one-time fees payable at the time of the application, supplemented with annual 
fees in certain situations. Some provinces have fixed prices while others have variable fees, 
depending on the volume of water used and type of use, such as: industrial, power generation, 
or agriculture. Generally speaking, fees are low, ranging from $20 to a few thousand dollars. In 
certain cases, such as in Ontario and Saskatchewan, some specific activities including agriculture 
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Figure 4
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are exempted from the fees. Revenues from water-use fees generally go into provincial general 
revenue funds. One notable exception is in Prince Edward Island, where the revenue from 
water withdrawal permits is used to offset the costs associated with the administration and 
implementation of the government’s water-monitoring program.

All jurisdictions have the legal framework to require water licensees to report on the amount 
of water actually used. However, this does not appear to be a common requirement of licences 
and permits across the country. In reality, water use reporting requirements vary greatly among 
provinces and territories in terms of the obligation to report and the expectations for the accuracy 
of reporting. Reporting requirements are specified through legislation and/or regulations (in 
Ontario, Québec, the Northwest Territories, and Yukon) or as conditions in permits or licences 
(in the rest of Canada, except in New Brunswick where there are no reporting requirements). 
Prince Edward Island has reporting requirements only for groundwater. The requirements for 
accuracy also vary greatly across Canada, making the interpretation and comparison of data 
quite difficult.

In regions where water allocation is based on prior appropriation, there has been recent progress 
on developing a water market, or transferrable water rights. Alberta has incorporated water 
transfers into its water-use legislation and is now exploring an expansion of this system more 
broadly in the province. In British Columbia, the “transfer of appurtenance” provision, which 
allows licence holders to change the location of use of their water right, has been interpreted to 
allow some water transfers. Currently no such water markets are permitted in other provinces; 
however, both Manitoba and Saskatchewan are considering this option. In the Territories, water 
licences are transferrable with approval from the Water Boards that issue the licence.

In recent years, a number of provincial governments have invested significant resources in the 
development of comprehensive water policy frameworks, including the Québec Water Policy 
(2002); Alberta’s Water for Life Strategy (2003); Ontario’s Clean Water Act (2006), enabling 
source water protection; British Columbia’s Living Water Smart (2008); Northwest Territories’ 
Water Stewardship Strategy (2009); and Nova Scotia’s Water Strategy (to be released in 2010). 
These attempts to revise existing water management differ in the details but they all call for 
the following principles to be broadly recognized and incorporated into water decision-making 
processes:

•	 water management at the watershed scale 
•	 shared authority/collaborative governance models allowing greater stakeholder 

engagement and accountability
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•	 integration of water management planning with land use planning
•	 integration of surface water management with groundwater management
•	 inclusion of environmental water requirements as part of the water allocation schemes

Moving from such broad concepts to specific targeted actions requires a significant amount 
of human and financial resources, which do not seem to be readily available. In most cases, 
progress has been slow, as water managers and stakeholders are still struggling to translate those 
well-intended strategies into concrete action. 

Ecosystem needs, or the allocation of water for environmental requirements, are a key 
feature of modern water management schemes around the world. In Canada, this concept is 
increasingly embedded in provincial/territorial water management systems. Some provinces, 
such as British Columbia, Alberta, Manitoba, Ontario, and Québec, have requirements for 
environmental water allocations in their licensing systems. These requirements sometimes apply 
only in certain designated areas or watersheds. In most provinces, environmental requirements 
are not automatically part of the allocation or licensing system, but are secured through other 
environmental statutes that must be triggered before issuing a new water licence (for example, 
environmental assessment requirements). Ecosystem needs may also be incorporated into water 
management systems through general provisions allowing the regulator to take any appropriate 
action deemed necessary to protect the public interest. 

Water allocations in Canada are usually done in isolation of land use planning. Not only do the 
government agencies involved in both processes differ in most cases, but the geographic scales 
upon which water management and land use planning are conducted are often dissimilar. 

Inter-jurisdictional water management

All Canadian provinces and territories (with the exception of Prince Edward Island) share 
freshwater resources with other provinces/territories and sometimes with the United States. 
In some cases, inter-jurisdictional arrangements have been put in place in Canada, addressing 
interprovincial or international boundaries. 

Provincial boundaries rarely overlap with watershed boundaries. As a result, most major water 
bodies and hundreds of streams cross jurisdictional boundaries within Canada. This may give rise 
to disputes over water uses and who decides how water will be allocated. The Master Agreement 
on Apportionment, signed in 1969 by the Prairies provinces and the federal government, is an 
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example of a successful coordination of water management systems involving several provinces. 
Under this Agreement, Alberta and Saskatchewan may each take up to one-half of the natural 
flow of water originating within their boundaries and one-half of the flow entering the province. 
The remainder is left to flow into Manitoba. The Prairie Provinces Water Board manages 
the agreement. It is composed of one representative each from Alberta, Saskatchewan, and 
Manitoba, and two representatives from the federal government.
 
A recent review of contemporary international transboundary water governance showed 
that while apportionment of transboundary water resources between countries has the potential 
for conflict, it has, for the most part, been a basis for cooperation.29 This is also true in the 
North American context. Canada and the United States have a long and successful history of 
jointly managing their transboundary water resources under the auspices of the 1909 Boundary 
Waters Treaty and the International Joint Commission (IJC) created by the treaty. In setting 
limitations on the freedom with which each country can use water, the Treaty provides controls 
on water levels and flows. Over time, the IJC has evolved into an institution providing sound 
science available to governments of both countries to support the management of Canada-U.S. 
transboundary waters and joint decision making.
 
Despite the existence of these institutions and governance mechanisms, the potential for 
conflicts still exists. Recent disagreements involving surface water illustrate the variety of issues 
that might arise, such as: the Devils Lake dispute between Manitoba and North Dakota; the 
potential transboundary pollution in the Flathead River originating from a proposed coal mine 
in British Columbia and flowing into Montana; and the continuing pollution and water-level 
issues in the Great Lakes.30

 
The challenge of managing transboundary water  is even more acute when dealing with 
groundwater. Situations where two or more provinces share groundwater from the same aquifer 
(sometimes in addition to neighbouring U.S. states) may give rise to water disputes and governance 
challenges. The case of the Abbotsford-Sumas aquifer on the West Coast is an example of 
how nitrate contamination migrates from Canada to American wells. Aquifers generally do not 
follow the same boundaries as surface watersheds. Therefore, watershed-based management, 
which is increasingly used in order to better address local and regional issues, may not be the 
best governance tool for groundwater. In recent years, a number of multi-stakeholder working 
groups have emerged in the interest of coordinated groundwater strategies.31 However, formal 
multilateral governance bodies having the authority to make decisions about groundwater do 
not currently exist in Canada.
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The Canadian Council of Ministers of the Environment (CCME) also plays a role in water 
governance in Canada. In 2009 the CCME adopted a Canada-wide vision for water, entitled 
Setting Strategic Directions for Water. It provides a strategic, forward-looking framework to  
guide its members in all future actions and activities related to water. In addition, the Council 
of the Federation, an intergovernmental initiative consisting of all provincial and territorial 
premiers, agreed to create a Water Stewardship Council in 2009. This initiative is to be based 
upon the existing Western Water Stewardship Council. Its initial focus is on water efficiency 
and conservation.

Emerging role of collaborative  
governance structures

Recent global trends show that governments are moving toward a less centralized approach to 
water management and governance. New approaches promote flexible policy processes that are 
open, adaptive, and collaborative. In Canada, several provinces are experimenting with various 
types of collaborative governance models and enhanced stakeholder engagement. For the natural 
resource sectors, this shift requires more intense engagement with stakeholders. 
 
Collaborative water governance may be broadly defined as the involvement of both governments 
and non-government organizations in water management decision making. This frequently 
implies the delegation of decision making to lower scales of governance stemming from the 
watershed, municipality, or region.32 This concept has increased in popularity over the past few 
years and is now considered an essential component of modern water governance. Collaborative 
governance structures are often associated with watershed management, as the watershed offers 
a relevant scale for the involvement of local and regional stakeholders. 

In Canada, various collaborative governance models have been or are being put in place. The 
numerous watershed organizations in Québec, the water source protection committees in 
Ontario, Alberta’s water planning advisory committees, and the Fraser River Basin Council in 
British Columbia are notable examples. The various Water Boards in the Northwest Territories, 
Nunavut, and Yukon could also be considered collaborative governance structures. 

In February, 2010, an NRTEE workshop* on the evolving role of natural resource sectors in 
Canadian water governance shed some light on the benefits and challenges of collaborative 
water governance models in Canada, and highlighted the importance of several key factors to  
 

*	  Workshop coordinated in collaboration with the Water Policy and Governance Group.
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making collaborative models successful. Some of the key factors noted were addressing divergent 
values and perspectives, ensuring clear roles and responsibilities, creating shared knowledge 
between stakeholders, ensuring accountability and legitimacy, addressing capacity issues, and 
overcoming the jurisdictional complexity. Collaborative water governance models will succeed 
and be seen as legitimate only if a number of conditions are met:

•	 they focus on a clear scope and clear outcomes;
•	 the right people are brought together, with the right convener;
•	 participants agree to fully get engaged and there is real commitment to the process;
•	 clear roles are identified for participants;
•	 the processes foster shared ownership and accountability; and
•	 an ongoing dialogue is built.

Collaborative water governance is a tool that can improve water management in Canada, as it 
allows a more regional or local planning process, which promotes better-informed place-based 
decisions and facilitates the involvement of regional stakeholders. It must, however, follow all 
principles of good governance, be used under appropriate circumstances, and involve the right 
actors. Any attempt to implement collaborative governance models without putting in place 
such conditions will only raise expectations, waste precious time and financial resources, and 
result in a loss of credibility and legitimacy of the government agencies involved. 

Key challenges, gaps, and opportunities

Canada’s water management is complex and fragmented, and lacks coordination. Water 
allocation systems in place across Canada are archaic  and have not adapted to more 
collaborative  approaches.  In  several provinces, water rights are granted based on prior 
appropriation principles (First in Time, First in Right). While certain provinces and territories  
have made progress over the past few years to renew their water management schemes, a  
systematic review of water allocation schemes in Canada is needed. Most of the systems still 
rest on a strong regulatory framework with limited use of economic incentives and market-
based instruments. Another major problem is the lack of a reliable and accurate water-use data 
collection in most provinces, as well as a comprehensive information management system.  
 
Water management, governed by political boundaries, can be a significant challenge as many issues 
are of a cross-boundary nature. Upstream and downstream impacts of surface and groundwater 
cross political jurisdictions, further emphasizing the need for multi-jurisdictional collaboration. 
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Inter-jurisdictional water management is based on a number of agreements dealing with specific 
water bodies or regions of the country. The large variations between provincial water management 
regimes, however, make inter-jurisdictional water management a challenging task. There are no 
overall direction or principles in Canada that provide guidance to the various water managers 
in a way that would facilitate the collection and exchange of comparable data throughout the 
country, or facilitate the integration of interests from all water users.  
 
The emergence of collaborative governance models provides a potential opportunity to improve 
the way we manage water in Canada and brings the flexibility required for addressing regional 
and local particularities. It will require, however, strong leadership from governments to create 
the conditions necessary for these collaborative arrangements to be successful. Lessons learned 
from governance models in Canada and elsewhere call for effective processes to be put in place, 
including clear and achievable desired outcomes, clear roles and responsibilities, and the choice 
of the right convener. Currently, the role of the federal government in water management in 
Canada  is discreet, unclear for most actors involved in water governance and sometimes at 
odds with stakeholders’ expectations. A renewed and more effective water governance model in 
Canada will require a review of the role of each level of government. 
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NATURAL RESOURCE SECTORS
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HIGHLIGHTS

The natural resource sectors are expected to grow by about 50% to 65% 
by 2030; their water uses are likely to increase with economic growth.

Water use varies considerably between the sectors, both in terms of 
their quantitative uses as well as their impacts on water quality and  

associated aquatic ecosystems. 

Water quality issues are of critical importance to the sectors.
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NATURAL RESOURCE SECTORS 
WA T E R  U S E ,  I S S U E S  &  O P P O RT U N I T I E S

The use of water and the effects upon it by the natural resource sectors vary considerably across 
the country. The regional distribution of the sectors largely influence where the pressures on 
the water resources are felt. The complexity of this picture is complicated by the numerous 
and varied sub-sectors that operate in the regions, making for a very intricate “water story.” To 
understand the complexity of water use and issues we need to disaggregate and understand the 
individual sectoral uses.

This chapter describes the natural resource sectors’ most important water uses, key issues, and 
possible areas of opportunity for improved water use. The NRTEE analyzed the following 
sectors: electricity (hydro and thermal power generation), oil and gas, agriculture, mining, and 
forest.

From a quantitative perspective, the natural resource sectors are the greatest gross water users in 
the country, accounting for approximately 84% of all water withdrawn in 2005 (Figure 5). The 
thermal power generation sector is by far the single largest gross water user in Canada. Based 
on consumptive use — meaning the volume of water that is withdrawn and subsequently not 
returned to the source — the agriculture sector is the most significant user in Canada (Figure 6). 
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These numbers provide only a partial understanding of significant water uses. First of all, the 
figures are estimates, in some cases based on modelled or proxy data. Second, the figures do not 
include information on water use by the hydroelectric sector, a significant gross water user in 
Canada. And finally, the figures tell us only part of the overall water-use story. Just as important 
are the timing of withdrawals and returning water, the quality in which water is returned to 
the systems, and the consumption of water within the context of the regional or local water 
situation (i.e., consumption is likely more important in areas where water is scarce or intake to 
flow is high). The water uses and issues by each of the natural resource sectors are unique; each 
has a different use and impact on the water resources upon which they rely, and each must be 
examined on its own. 
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As significant users of water and as drivers of economic growth, the natural resource sectors 
will likely exert increasing pressure on our water resources into the future. Despite the recession 
of 2008–09 and projected modest growth in 2010, forecasts predict a period of recovery-paced 
growth in 2010–13 for the Canadian economy as a whole and for the natural resource sectors. 
Even though natural resource sectors have been heavily impacted by the recession, very few 
sectors are expected to contract between the years 2008 to 2013.  Based on the projections 
of forecasting organizations, natural resource sectors are expected to grow about 50% to 65% 
between now and 2030. It is reasonable to expect their water uses to increase with production 
levels.

Figure 6
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As the most significant gross water user in Canada, the 
electricity sector will face choices about Canada’s future 

electrical generation mix that will have implications for the 
sustainability of water resources.

For fossil and nuclear power generation, water availability is 
a key consideration, both in terms of constraints at existing 

facilities and siting of new facilities.

Key issues facing the electricity sector include:

- Managing impacts of climate change -
- Managing impacts on ecosystems -

- Water availability -
- Impacts on water quality -

HIGHLIGHTS
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Electricity Sector

The NRTEE’s examination of water use by the electricity sector focuses on hydroelectric and 
thermal electric including fossil and nuclear. Both have similar water uses and experience similar 
water management issues.

The electricity sector is the most significant water user in the country with thermal electricity 
alone accounting for 64% of all gross water use. In order to keep up with current and future 
electricity demand the Canadian electricity system will need significant renewal and new build, 
and so the generation makeup is likely to change over the next 20 years; therefore the choices that 
will be made concerning the future generation mix may be very important to the sustainability 
of our water resources. While changes to the generation mix may not drastically alter national 
aggregate water use, the establishment of new facilities may substantially impact water resources 
on a local or regional scale. 
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Economic Importance of  
the Electricity Sector to Canada

The electric power generation (including transmission and distribution) sector contributed 
$24.5 billion to Canada’s GDP in 2009.33 Canada’s electricity supply is a diverse mix of hydro, 
fossil, nuclear, wind, and tidal power, with hydro (62%), fossil (23%), and nuclear power (15%) 
being the most significant sources (Figure 7). The generation mix varies across the country 
with hydro being most significant to British Columbia, Manitoba, Québec, Newfoundland and 
Labrador, and Ontario (Figure 8); fossil dominates production in Alberta, Saskatchewan, New 
Brunswick, and Nova Scotia (and also provides just under a quarter of Ontario’s energy supply); 
and nuclear power supplies over half of Ontario’s energy (Figure 9). 

Figure 7
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Figure 8

Source: Canadian Centre for Energy Information, 2009.34
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Canada is experiencing growing energy needs and the sector is expected to grow substantially 
over the medium and long term. The International Energy Agency (IEA) estimates that 
Canada will need an additional 74 gigiawatts (GW) of capacity by 2030 to meet both system 
demand growth and plant retirement needs35 — an addition equal to more than half our existing 
electricity capacity. The need to lower greenhouse gas emissions may further drive infrastructure 
renewal in Canada with the potential electrification of other sectors.36

This projected demand has prompted Canadian utility companies to consider investing in 
medium-term projects.37 Major hydroelectric projects are under construction in the near and 
medium term for Québec and Newfoundland and Labrador, and for Manitoba over the medium 
term. Over the longer term, Ontario is anticipated to make significant power generation 
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investments in nuclear and wind power. Investment in fossil power generation is expected to 
dominate capacity development particularly in British Columbia and Yukon. Prince Edward 
Island is expected to invest in large-scale wind energy projects, while New Brunswick is currently 
refurbishing the Point Lepreau nuclear plant and considering a second reactor.
 
One key consideration that will influence the overall electricity generation mix in the future 
is the types of electricity generation available to provide baseload supply versus peak supply. 
Baseload supply is the minimum amount of electricity constantly demanded at all times, and has 
historically been provided by hydro, nuclear, and coal-fired facilities. Peak supply is produced 
to meet peak demand requirements at certain times of the day when electricity demand is 
high, and is usually provided by oil, single-cycle natural gas, coal, and hydro facilities. Future 
changes to the generation mix will most likely be made to peak supplies, but in some cases to 
baseloads as is the case in Ontario as it moves away from coal-fired generation. The change to 
the generation mix is an important consideration because the development and extraction of the 
fuel sources (oil, gas, coal) all have different implications for water resources.  

Hydroelectricity is expected to continue to dominate future power generation in Canada and 
presents an opportunity to meet a significant portion of Canada’s increasing energy needs 
with both large scale and small hydro facilities. Canada’s hydroelectric expansion potential is 
estimated to be more than double its current capacity, with potential in all of the provinces 
and territories.38 A recently completed inventory of Canadian hydro potential determined that 
approximately 163,000 MW39 of additional capacity could be developed across the country. 

Hydroelectric Power Generation Sector
This study considers conventional hydropower electricity covering two types of operations:*

•	 Storage-based hydro, which requires dams to control water flow or increase the head of a 
waterfall, and reservoirs to store water.

•	 Run-of-river hydro, which have lower dams than storage-based hydro and either have little 
or no storage capacity (i.e., water intake roughly equals water outflow). 

Although often distinguished as different types of operations, in actuality these exist on a 
continuum (i.e., some facilities may have a few days’ worth of water storage, but are still usually 
referred to as run-of-river). 

*	  Pumped storage hydro, which pumps and stores water for reuse in periods of high demand, is not considered in this study.
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Key Water Uses

While there are no statistics to draw upon to describe the quantitative use of water by the 
hydroelectric power sector, it is obvious that the sector relies upon and uses a great deal of 
water to produce electricity; but the use is largely non-consumptive. While such use does not 
quantitatively affect rivers and streams, the large storage-based hydroelectric facilities can have 
a big impact on flow regimes and water levels in the watersheds in which they are located. 
Careful management is required to balance electricity production with the needs of other users 
including ecosystem needs.

At storage-based hydroelectric facilities, water is stored in a reservoir that could contain up to 
years of storage capacity or little more than days. To produce electricity, water from the reservoir 
enters an intake in the dam, flows through a large pipe (called the penstock), and then spins a 
turbine to generate electricity before being released back to the river, below the dam. From time 
to time, excess water may be passed through a dam’s spillway, which allows water to be spilled 
from the upstream side of the dam to the downstream side of the dam. Run-of-river facilities 
use moving water from rivers or streams to generate electricity by diverting water into turbines 
that are either placed directly in the river or off to the side of the river. The amount of electricity 
that can be produced depends on fluctuations in river flow and the capacity of the facility, as 
water is not stored for strict run-of-river facilities.

Electricity output depends on two factors: 1) the height of the dam head above the turbine, 
and 2) the volume of water flowing through the turbine. In almost all cases, water use intensity 
(per unit of energy generation) is higher for hydroelectric facilities than for nuclear and fossil-
fuel facilities. Although some very small quantities of water may be consumed at hydroelectric 
facilities for domestic purposes, all other water uses are considered non-consumptive. In some 
parts of the world, large storage-based facilities may consume roughly one to two per cent of 
dam capacity through evaporative loses from reservoirs; however, this is not the case for most 
facilities in Canada. In Canada, many reservoirs are covered in ice during the winter, and air 
and water temperatures do not get very high in the summer, so evaporation from reservoirs is 
negligible.

As large storage-based hydroelectric facilities are built and land is flooded to create reservoirs, 
the physical layout of watersheds may be drastically altered. Once hydroelectric facilities are 
operational, they can continue to impact physical characteristics of watersheds by trapping 
sediment and changing flow regimes, which may affect the structure of natural river composition. 
In addition, water chemistry may be affected as silt accumulates heavy metals and other pollutants, 
and water temperature may be affected as a result of storing water in reservoirs. 
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Key Water Issues

Main concerns about water availability for the sector include managing impacts of climate 
change and managing impacts on ecosystems. 

Managing Impacts of Climate Change

Secure water provision for the hydroelectric power generation sector is a critical issue. The 
sector sees its greatest vulnerability as any event that threatens long-term water supply. The 
sector is most interested in how extreme events (e.g., droughts, floods, early freezes, and early 
thaws) will affect systems in the future. Because hydroelectric facilities are designed to have 
about a 70–75 year lifespan, an accurate understanding of future conditions is essential for 
designing new facilities and, as such, the sector has advanced models that try to predict future 
hydrological conditions. Hydroelectric power generators in some provinces (e.g., Manitoba, 
Ontario, and Québec) are concerned about the potential impacts of climate change and the 
uncertainty associated with model predictions. 

Some utilities have noticed greater variability in weather patterns and water flows, but are 
unclear about how to incorporate this knowledge into planning. Others are used to dealing 
with considerable variability and use extreme events as design targets, but are concerned about 
whether long-term climate change impacts will pose threats beyond what has been experienced 
previously. Certain utilities may be more vulnerable to climate change impacts, such as those 
that operate in a single river basin.

As a result of more frequent or higher intensity extreme events, facilities will need to undertake 
greater efforts to manage floods and dam safety issues. This might include changing design 
standards and management practices for dams and reservoirs. The sector is undertaking research 
to examine impacts of climate change on operations and many companies are undertaking  
impact and vulnerability assessments with the intention of integrating findings into risk 
management strategies and existing operations and planning processes. Currently, some utilities 
may be incorporating some safety factors into the design of new facilities (i.e., by including a 
bigger margin of safety in design), but for the most part, hydroelectric power generators are 
simply monitoring climate science.

Despite the potential negative effects that climate change poses to the sector, opportunities 
exist to leverage changing weather patterns to generate more electricity. Most climate change 
models predict that average annual precipitation will increase in regions that have significant 
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hydroelectric development (e.g., eastern Canada) or in areas that have development potential 
(northern Canada). The purpose of reservoirs is to store water in times of low flows, to save 
it for when it is needed. With increased precipitation and more extreme events, the role of 
reservoirs may become more important and actually permit greater electricity generation in 
certain regions.

Managing impacts on Ecosystems

All types of hydroelectric facilities can block migration of aquatic organisms and impact the 
health of regional fish populations; however, these impacts can be managed more easily at run-
of-river facilities because dams are lower, making it easier to address fish passage. Run-of-river 
facilities do not create impacts to water resources on the same scale as storage-based facilities; 
however, they do alter water flows in a river and therefore, on a cumulative basis, have the 
potential to negatively affect the ecosystems and watersheds within which they are developed. 
Small run-of-river facilities have the potential to be much greater in number and pose a potential 
cumulative effect on the broader landscape. Similar to large storage-based facilities, run-of-river 
facilities undergo multiple regulatory reviews and licensing requirements in order to obtain 
approval, including a review of potential environmental effects to ensure that potential impacts 
are identified and mitigated. 

Concerns about fisheries and in-stream flow needs are placing increasing pressures on  
hydroelectric facilities to mitigate impacts and maintain certain water levels. In some provinces, 
meeting environmental requirements (i.e., in-stream flow) is the main concern. Fisheries 
considerations are strongly influencing the design of new facilities, resulting in significant 
financial costs in some cases. Some power generators also believe that commercial fishery 
interests may be resistant to new hydroelectric facility development in coastal regions. 

Ecological requirements are usually described in operating licences and identify maximum and 
minimum flows. Interested stakeholders usually direct their concerns to regulators during the 
licensing process; however, as part of the social license to operate, some facilities have been 
working with a greater number of environmental groups to address concerns. Many measures 
are implemented to mitigate impacts including regulating flows, and installing fish ladders or 
diversion nets to facilitate passage. Some operators have also developed, or are in the process of 
developing, memorandums of understanding (MOUs) with the Department of Fisheries and 
Oceans (DFO) to establish a risk-based approach to the management of fisheries issues.
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It is worth noting that the existence of dams in the Prairie provinces plays an important role 
in capturing annual spring runoff, controlling flooding and regulating flows throughout the 
summer. Without this reservoir capacity many of the downstream ecosystems and communities 
would likely be without sufficient water in dry periods. This type of situation demonstrates  
the trade-offs that are sometimes necessary when considering the effects existing dams have  
on ecosystems.

Drivers, challenges and opportunities

Although hydroelectric facilities in Canada do not consume water, opportunities for improving 
water use have been driven by finding ways to use water more efficiently. Producing greater 
electrical capacity from the same flow of water is cost effective, and thus cost savings is a major 
driver for improved water use. There are many old hydropower facilities in Canada, so several 
utilities have programs to replace old equipment with newer, efficient equipment including 
new turbines, control gates, and runners. Hydroelectric power generators have indicated that 
equipment upgrades can increase overall energy production by 10–20%.

Many utilities have also installed, or are planning to install, technologies to improve monitoring 
capabilities at facilities. Refining how they look at water management can lead to managing 
water resources more effectively. 

Thermal Power Generation Sector
In thermal power generation, fuels are combusted to either generate heat, which produces steam, 
or create highly pressurized gases, which rotate turbines to produce electrical energy. Fuel sources 
that are burned at fossil electric power facilities include coal, oil, natural gas, and less common 
forms of fuel such as biomass, biogas, municipal waste, and industrial by-products. In the case of 
nuclear power generation, nuclear fission — rather than combustion — is used to create heat to 
generate steam. Uranium is the fuel source used at nuclear power facilities. This report considers 
thermal power generation at fossil fuel combustion facilities and nuclear facilities, but excludes 
the discussion of water use at facilities that use alternate fuel sources such as biomass and biogas, 
which currently make up only a small portion of thermal power generation in Canada. Fossil 
electric and nuclear power generating stations are found across Canada (Figure 10) with many 
located close to major rivers and lakes, illustrating their reliance upon large, sustainable supplies 
of freshwater. Of the electricity produced by fossil fuel facilities in Canada, coal-fired facilities 
currently generate the most, followed by natural gas-fired facilities (with oil-fired facilities well 
behind).
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Figure 10

NUCLEAR FOSSIL ELECTRIC

Sources: Alberta, 2008;40 Atlantic Energy, 2008;41 Canadian Centre for Energy Information, 2009;42 Hydro Québec, 2000;43 

New Brunswick, 2009;44 SaskPower, 2010.45
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Key Water Uses

Relative to the hydroelectric power generation sector, the fossil and nuclear power generation 
sectors use less water but have greater consumptive use, and greater potential to negatively affect 
water quality. For both fossil and nuclear power generation, two main uses of water exist:

1.	G eneration of steam to drive turbines: Most fossil power plants and all nuclear power 
plants generate electricity by converting water into high-pressure steam, which then 
drives turbines. This steam is then condensed and recycled so that it can be reused in the 
generation process. 

2.	U se of water for cooling: Water is also used as a coolant at most facilities to condense 
steam into water. Water is drawn directly from a water body and run through a heat 
exchanger, and then either released back into the water body (once-through cooling) or 
pumped to cooling towers and recycled in the plant (closed-loop cooling). 

Water use and water consumption at fossil and nuclear electric power facilities, and the associated 
impacts to water resources, vary considerably depending on the type of fuel, turbine, and cooling 
system used. Fossil and nuclear power facilities can be categorized according to their primary 
fuel source and the process used to generate electricity (Table 3).

Table 3 

Fossil and nuclear power water use characterization

Nuclear Fossil F uel

F uel 

Source
Uranium Coal Heavy oil Natural gas

Turbine Steam Steam 
Future: Integrated 

Gasification 
Combined Cycle 
(combustion & 

steam)

Steam Single cycle 
(combustion)

*Can also run 
on light oil for 
a limited time

Combined 
cycle

(combustion 
& steam)
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Generally speaking, coal-fired and oil-fired power plants use more water than natural gas-fired 
plants and potentially have greater negative effects on water quality.* Steam turbines use more 
water than combined-cycle facilities, which in turn use more than single-cycle combustion 
turbines. However, many special cases exist in Canada, so water use must be examined on a 
facility-by-facility basis. Coal-fired and oil-fired facilities may be equipped with wet scrubbers 
to reduce air emissions, which result in greater water use and greater consumption through the 
production of wastewater. On the other hand, if wet scrubbers are not installed, diffuse water 
pollution may occur from long-range transportation and deposition of acidic air pollutants and 
mercury. In addition to effluent streams from power plants, additional wastewater is produced 
on-site at coal-fired facilities through coal-pile drainage and stormwater runoff from the 
plant site and ash landfill. These effluent streams are collected and typically treated at on-site 
wastewater treatment facilities.

Once-through cooling systems use more water than closed-loop cooling systems, but water 
consumption is negligible. Cooling water is drawn from a water body and most is returned to 
that water body at a higher temperature, producing a thermal discharge. In some cases, chlorine 
may be released into water bodies to control mussel and bacterial growth in warmed cooling 
water.

Closed-loop systems use less water than once-through cooling systems as a result of recycling 
cooling water, but consume more water as a result of evaporative losses in cooling towers. Further, 
due to a salt build-up in cooling towers, some water is used in removing these solids (known as 
blowdown) and results in the production of wastewater. Dry cooling systems use and consume 
essentially no water, as air is used for cooling; however, as with closed-loop systems, some water 
is used for blowdown. Most of Canada’s fossil electric power facilities are located next to major 
lakes or rivers and feature once-through cooling systems; all nuclear power facilities are located 
near major water bodies due to significant water requirements of the once-through cooling 
systems. A number of closed-loop fossil electric power plants exist in western Canada. At some 

facilities, ocean water, rather than freshwater is used for once-through cooling.

Key Water Issues

As the fossil and nuclear power generation sectors have typically relied on access to large 
quantities of water, availability — both in terms of constraints at existing facilities and proper  
 
 
*	 Some water is produced as a result of burning fossil fuels. This water is released into the atmosphere through evaporation, resulting in a small 

net increase to surrounding surface water sources, but is not typically accounted for in water use calculations.
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siting of new facilities — is a key consideration for the sectors. Some members of the 
sectors do not appear to be significantly concerned about water scarcity; however, there are  
some regional and operational concerns due to recent weather conditions. The sectors’  
primary concern regarding future water management is to ensure a secure electricity supply. 
Concerns about climate change are less of a focus, but are largely related to responding to 
the potential cost of emissions and adapting to changing climatic conditions. Effects on  
water quality from thermal and chemical discharge are also important issues that the sectors 
manage. 

Water availability

Concerns about water availability prevail in some parts of the country for both existing and 
new facilities, particularly in central Canada and the Prairie Provinces where fossil or nuclear 
facilities are used to produce baseloads. Unlike hydroelectric facilities, thermal power facilities 
are usually located next to big electricity-using centres in densely populated areas. Therefore, 
in times of drought, maintaining certain water levels that take into account a variety of human 
and ecological uses can be a challenge. Competing water uses and water availability can be a 
big issue for large, older facilities because these facilities cannot be retrofitted with closed-loop 
cooling systems. It has been, and continues to be, more economical to design fossil and nuclear 
power facilities with access to lots of water so that once-through cooling systems can be used. 
Facilities that use less water can be designed, and will likely be necessary in water-constrained 
locations in the future. 

Impacts on water quality

At facilities where once-through cooling systems are used, large quantities of cooling water 
are returned to water bodies at warmer temperatures. There is the potential that warmer water 
could impact fisheries, or could cause eutrophication, changing the chemical composition of 
water. Utilities must comply with provincial thermal discharge regulations. Monitoring of 
environmental effects at facilities has demonstrated that discharges have not produced significant 
adverse effects.

Fossil and nuclear power facilities try to reduce chemical emissions to water; however, the 
release of toxins is always an issue. One of the main concerns is the release of hydrazine, which 
is used to prevent scaling and corrosion of pipes at nuclear power facilities; another is the release 
of chlorine, which is used to control zebra mussels at some thermal discharge sites. Tritium, 
which is produced at nuclear power facilities, may also be released inadvertently or accidently 
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to water bodies. Substantial detailed reporting is required for discharges, and some facilities 
are testing different management practices to reduce chemical releases, such as using predatory 
controls to manage zebra mussel populations in place of using chlorine. Wastewater is produced 
in a number of ways at fossil and nuclear power generation stations including from blowdown, 
sewage, coal-pile drainage, and stormwater runoff from the plant and ash landfill sites; however, 
wastewater is treated and tested before being released back into the environment. Groundwater 
and surface water sources that may be impacted are typically monitored at facilities on a regular 
basis.

Adapting to climate change

The potential impact of climate change on water availability is an unknown factor for most 
companies in the fossil and nuclear power sectors at this time, and needs further investigation. 
As climate change may cause an increase in air and water temperature in some regions where 
facilities exist, more water may be required for cooling processes. The unknown factor is how 
much additional water supply will be required and whether this will be available. In some parts 
of the country, the sectors are used to dealing with huge variability of water and have learned to 
manage these conditions by designing systems to operate on the lowest flows on record. These 
operators may be well positioned to deal with fluctuating water levels. 

In some cases climate change is not a concern for fossil (gas) plants because they are small 
facilities used primarily as back-up, or because they will be phased out over time. However, 
coal-fired facilities are typically designed for a lifespan of about 40 years, natural gas facilities 
for a lifespan of about 25 years, and nuclear for a lifespan of about 30–40 years. Once built, these 
facilities have limited flexibility for retrofits to accommodate significant technology changes. 
Existing facilities will likely be able to accommodate only small changes to operations if water 
requirements change. In the future, taking climate change into account, companies will need 
to make crucial decisions in the selection of appropriate cooling technologies and location of 
new facilities. Some companies are undertaking risk assessments to better understand potential 
implications for their operations.

Drivers, Challenges and Opportunities

To date, physical characteristics of the environment in which facilities have been built have 
largely influenced technology choices at thermal power facilities. Many thermal power facilities 
are relatively old and contain once-through cooling systems, which were constructed based on 
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access to a large supply of cooling water. Although cooling technologies that reduce water use 
exist, retrofitting existing facilities is usually not possible, so these technologies can only be 
incorporated into new facilities. However, technology that is less water-intensive is often more 
expensive to build, may be less energy efficient, and may result in greater water consumption (as 
is the case with closed-loop cooling systems). 

Regional water availability and conditions will likely continue to drive cooling water technology 
choices in the future. For example, provinces regulate thermal discharge from once-through 
cooling systems, and if the temperature of receiving water bodies increases (as predicted with 
climate change) this may create challenges for companies complying with regulations. In the 
U.S., regulations have largely driven greater use of closed-loop cooling technologies. Some 
industry representatives believe that restrictions on water use or some form of water valuation 
or pricing might influence how the sector develops and uses water in Canada. 

Regional water availability may also drive industry to find alternative water sources. For example, 
“grey water” (wastewater generated from domestic activities) is currently used in a few fossil-
fuel generating facilities in Alberta and Saskatchewan. In anticipation of further uses, Alberta 
is looking to develop guidelines for grey-water use. More restrictions on water withdrawals may 
push the industry to look further into using grey water in the future. However the key challenge 
remains with costs. Clean water is required in thermal power steam generation processes and 
so the added costs associated with the treatment of grey water to an acceptable quality for use 
within the plants would have to justify such a shift. 

New fuel and clean-air technologies are thought to provide promising opportunities for 
reducing air pollutants and GHG emissions at thermal power facilities, but these may or may 
not be accompanied by associated improvements to water use and impacts. Certainly, natural 
gas combined-cycle facilities use, consume, and produce fewer impacts on water than other 
fossil-fuel systems and result in fewer GHG emissions. However, the application of certain 
technologies could result in greater water use and/or the production of wastewater. For example, 
putting wet scrubbers on coal plants to reduce air emissions would result in greater water use, 
more wastewater, and the need for treatment. Further, if carbon capture and storage technologies 
for fossil power facilities are commercialized, water use could potentially increase. One new 
technology under development, Integrated Gasification Combined Cycle (IGCC), which uses 
gas produced from coal, results in fewer GHG emissions, but the amount of water needed is 
uncertain. IGCC may also result in greater impacts to water quality through the release of 
arsenic, selenium, and cyanide. One last example is found specifically in Ontario with plans to 
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substitute biomass for coal in some of its facilities. Facility-level water needs are unknown, but 
aggregate water use will likely decrease as a result of running fewer facilities in the province. 

In summary

Future trends point toward a more diversified electricity sector in Canada, which will include a 
mix of small and large facilities. Generation from both oil-fired and coal-fired plants is expected 
to decrease with growth expected from natural gas plants and hydropower. Although nuclear 
power provides a generation option that is less emissions intensive, growth of the sector may be 
difficult for economic and/or public acceptance reasons. The use of alternate fuel sources such as 
biomass or municipal waste is also expected to grow over the next 20 years, but will still remain 
small compared to conventional thermal power generation. Anticipated water use by the sector 
will be dependent upon the future generation mix, and as this is currently in the planning and 
development stages across the country, expected future water use is not known. However, given 
that the electricity sector is a major water user across the country, pressures on water resources 
can be expected to grow as a result of this sector’s activities. For both thermal and hydroelectric 
power, existing technologies and approaches hold promise for reducing water use and improving 
conservation.
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Even though the oil and gas sector uses relatively small  
volumes of water on a national scale, the anticipated strong 

growth for the sector will have important consequences  
for regional water resources.

The sector’s impacts on water quality and ecosystems  
will continue to be a challenge for the sector to manage.

Key issues facing the oil and gas sector include:
 - Water quality with respect to both oil sands and  

future shale gas developments -
- Water availability - 

- Unknown impacts on groundwater sources -

HIGHLIGHTS
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Oil and Gas Sector

The focus of the NRTEE’s review of water use by the oil and gas sector is on the upstream 
industry* with particular attention given to the unconventional development and operations. The 
main oil and gas activities considered here include oil development using water for enhanced oil 
recovery (EOR); oil sands development including both mining and in situ methods; and natural 
gas, focused on the shale gas development.

Water is an essential component of the sector. For example, in 2007, three-quarters of all 
Alberta’s oil production was water-assisted. All types of oil and gas developments use water but 
vary considerably in the sources, volumes, production uses, recycling and reuse, and treatment. 
The oil and gas sector uses small volumes of water in comparison to the other natural resource 
sectors.† In 2005, in Alberta, the oil and gas sector accounted for approximately seven per cent 
of the province’s total allocations, and in many cases companies reportedly used much less than 
the amount they were allocated.46 The key difference with the other energy sectors is that much 
of the water use for oil and gas production could be considered to be consumptive as it is either 
injected into oil reserves or stored in tailings ponds, and is not returned to the environment. 

*	 The downstream production of the oil and gas sector is an important component of the Canadian economy; however, it was not considered within 

the scope of this research.

†	 Oil and gas water use is unknown on a national level as it has not historically been part of Statistics Canada’s Industrial Water Survey.
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Economic Importance of the Oil and Gas  
Sector to Canada

In 2008, the oil and gas extraction sector contributed approximately $40 billion to Canada’s 
GDP. While it is a critical sector for the provinces of British Columbia, Saskatchewan, and 
Newfoundland and Labrador offshore, Alberta accounts for approximately 75% of the Canadian 
oil and gas production (Figure 11). Alberta enjoys the second largest oil reserves in the world with 
its oil sands reserves, containing an estimated 1.7 trillion barrels of (volume-in-place) bitumen 
of which approximately 11% is recoverable.47 In absolute terms, according to the Canadian 
Energy Research Institute (CERI), Canada produced 2.7 million barrels per day (Mbd) of oil in 
2008. Of that amount, 2.4 Mbd came from Western Canada and of that, 1.2 Mbd from the oil 
sands. Oil sands production could grow to 1.7 Mbd in 2015 and 4.5 Mbd in 2030. 

The recent global economic recession resulted in decreased demand for oil, and, on average, 
current oil prices are lower than in recent years. Furthermore, the economic downturn has 
hindered the ability of companies to acquire investment capital.48 Closer to home, the recession 
has slowed the rate of expansion of oil sands with many projects being put on hold. Over the 
medium term, the oil and gas sector is predicted to see moderate growth, and much larger growth 
over the longer term. At a provincial level, the growth is concentrated in Alberta, Saskatchewan, 
and British Columbia.

Oil Production

Forecasts indicate that Canadian oil production mix will tend increasingly toward non-
conventional oil production from the oil sands in the coming years, with conventional oil 
production expected to decline. Table 4 shows three medium-term oil production forecasts; all 
forecasts concur that conventional oil production will decrease more than 10% in the next five 
years and that oil sands will increase by at least 50%.  

The National Energy Board predicts oil production growth in Canada to be moderate over the 
medium term for the reference case, with larger increases over the longer term. The low price 
scenario sees very little growth over both the medium- and longer-term forecasts, whereas the 
high price scenario sees larger growth over both time horizons.49 A provincial analysis indicates 
that Alberta represents the main driver in the growth of oil production, with a small contribution 
coming from the Northwest Territories and Atlantic Canada for the longer-term reference case 
and high price scenarios. Overall these forecasts align with those of the Canadian Association 
of Petroleum Producers (CAPP).50
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Figure 11

OIL SANDS RESERVES POTENTIAL SHALE GAS RESERVES

Sources: Canadian Centre for Energy Information, 2009 51; CSUG, 2010. 52
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Natural Gas Production

Conventional natural gas currently supplies two-thirds of the Canadian production but this is 
expected to decline to only one-third by 2020 due to declining reserves. Increasing demand for 
natural gas, both domestically and internationally, will likely result in future development of 
unconventional gas production.53 Unconventional gases include coal bed methane (natural gas 
embedded in coal deposits), tight gas (natural gas within low permeability, usually sandstones), 
and shale gas (natural gas within relatively low permeable organic shale beds). Estimates suggest 
that shale and tight gas in Canada and the United States could contribute up to one-third of all 
North American production by 2020. Estimates of shale gas in western Canada vary significantly 
from 86 trillion cubic feet (Tcf ) to over 1000 Tcf.54 While there is huge potential in British 
Columbia and some in a few other regions of Canada (Alberta, Saskatchewan, Québec) (Figure 
11), shale gas production is in very early stages and commercial development is not likely to 
occur in the short term due to current market prices and technical challenges.55 

Key Water Uses

Water is a component of all oil and gas developments and operations. However the types of 
water uses, volumes required, and water sources all vary considerably within the sector. The 
NRTEE research considered the following sub-sectors: oil sands, shale gas, and enhanced oil 
recovery. 

Table 4 

Oil Production Growth for 2008-2013

Forecast Oil Sands Conventional Oil

National Energy Board 53% -20%

Conference Board of Canada 71% -16%

CAPP – Scenario: Growth* 55% -13%

* 	CAPP conducted a survey of oil sands producers in early 2009 to determine their plans for production of both bitumen and 
upgraded crude oil for the period from 2009 to 2025. From this data, CAPP has prepared a “Growth Case” that represents 
the expected outlook. It assumes the current investment climate will improve over time.
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Oil sands mining and in situ production

Oil can be extracted from oil sands using two methods: mining and in situ. Mining techniques 
are used where the oil sands are close to the surface and in situ techniques are used for deeper 
deposits. Currently 20% of Alberta’s total oil sands recoverable reserves are deemed to be 
mineable, the remaining 80% must be accessed through in situ techniques. In 2007, Alberta 
produced approximately 55% of its oil from the mineable oil sands, and 45% from the in situ 
areas. These proportions are expected to shift as future oil sands production moves to extraction 
from the deeper deposits using in situ methods.

Oil sands mining 

The water use in an oil sands mine is technically complex. In simple terms, water use in oil 
sands mining is similar to water use in metal mining and can be divided into three categories: 
mine water and groundwater inflow, process water (includes recycled and make-up water), and 
tailings pond water. As in other mining operations, mine water and ground water flowing into 
the mine pits must be managed so as to ensure it does not contaminate surrounding ecosystems. 
A key difference with oil sands mines is there is a “no discharge” policy in place, which doesn’t 
permit water to be discharged into surface water bodies. Water is either treated and recycled or 
reused, or it is held in long-term tailings ponds. In some operations, process water is re-injected 
into deep geological formations as an acceptable means of disposal. The focus of the rest of the 
discussion is related to the process water and the tailings pond water. 

“Process water” is critical to the separation process — it is essential in order to separate bitumen 
from the sand. The process water is a combination of make-up water, both from surface water 
or groundwater sources, and recycled water from the tailings ponds. A common misconception 
is that the water requirements involve only water from surface or groundwater sources. In fact, a 
substantial amount of process water is recycled. For example, a mature mine can use about 80% 
recycled water from its tailings ponds for the process water. Surface-mining oil sands production 
uses from 2.0 to 4.0 barrels of water (net) per barrel of bitumen produced. 

The production of bitumen from mining results in significant volumes of fluid tailings that 
include sand, fine clays, and residual amounts of bitumen mixed with water. They are held in 
long-term containment ponds called tailings ponds. While a substantial proportion of water 
from the tailings ponds can be recycled and used in process water, a significant volume of 
contaminated water remains in the tailings ponds, possibly indefinitely. Tailings management is 
a critical component of mining operations and is also one of the greatest concerns of the local 
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community and environmental advocacy groups. As such, significant research and efforts by 
industry and government bodies has been ongoing since the early days of oil sands development 
to figure out how best to manage the tailings. Over the years, the industry has invested heavily 
in new tailings technology. It continues to try to achieve “dry tailings” technologies where, 
essentially, the water in the tailings is minimal and the tailings are solid enough to be incorporated 
into a sustainable reclaimed landscape. The provincial regulators are cognizant of this issue, and 
recently initiated a more comprehensive regulatory framework for tailings management with 
the objective of minimizing and eventually eliminating long-term storage of fluid tailings in the 
reclamation landscape.    

In situ operations

Most oil sands deposits will need to be developed by drilling wells (in situ) and injecting steam 
into the reservoir. The two most common thermal in situ production processes are cyclical steam 
stimulation and steam-assisted gravity drainage, both of which inject steam into the reservoir to 
liquefy the oil and separate it from the sand so that it can be pumped to the surface. The steam 
condenses in the reservoir and is pumped back to the surface with the liquid bitumen. This is 
called “produced water” and is often treated and reused. Three types of water can be used in 
thermal in situ operations: fresh (from either surface or groundwater sources), brackish or saline 
groundwater, and produced water.
	
Estimated water use for in situ oil sands production can vary from 0.4 to 5.5 barrels of water 
per barrel of bitumen.56 The average use is about one barrel of water (net) per barrel of bitumen 
produced.57 The water use varies between facilities due to technology, use of recycling, and 
the phase of development. The start up phase of an operation requires more water, however 
this usually decreases as the project matures. In some in situ operations, saline groundwater 
replaces some or all of the freshwater requirements for extraction. In the case of those operations 
located within the Athabasca region, no water is withdrawn from the Athabasca River for in situ 
production. In situ oil sands projects can recycle more than 90% of water produced. Thus, for 
freshwater only, the average net value is 0.5 barrels of water per barrel of bitumen produced. All 
recent in situ projects are required to recycle a minimum of 90% of their produced water.

In Alberta, the Energy Resources Conservation Board (ERCB) and Alberta Environment are 
taking steps to enhance the conservation and encourage the efficient use of water sources for 
new in situ schemes.58 ERCB’s new Directive, which builds upon existing water conservation 
policies in the province,59 will require in situ operations to limit the sector’s use of fresh and 
brackish water, and maximize the recycling/reuse of produced water. Freshwater use will be 
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limited to a maximum of 10% of total make-up water; brackish groundwater will be no more 
than 25% of the total make-up water (less if freshwater is used as well). In addition it will also 
require operators to improve their measurement and reporting of all major water streams at 
thermal in situ oil sands schemes.  

Natural gas

Shale gas merits some attention as a potential unique area of development for the oil and gas 
sector in Canada, both in terms of potential for expansion and the unique water requirements 
that are associated with this type of gas production. Shale gas resources in Canada are estimated 
to be in the order of 1500 Tcf of gas in place, with the most significant known play located in 
Horn River in Northeastern British Columbia. 

Gas from shale requires fracturing of the rock in order to allow the natural gas to flow out 
— known as hydraulic fracturing (or “fracing”) — which involves the injection of fluids into 
the gas wells at very high pressure. These pressurized fracing fluids are used to crack open the 
underground formation to allow oil or gas to flow more freely and increase production. While 
some of the injected fluids are returned to the surface, some remain underground and may 
eventually seep into the groundwater aquifers. The fracing fluids often contain many additives 
such as friction reducers, biocides, surfactants, and scale inhibitors.

Shale gas development requires the drilling of multiple horizontal wells for the purpose of 
fracturing the shale beds to extract the natural gas. Thousands of wells are required for shale 
gas production to be commercially viable, and this requires significant volumes of water. Much 
of the water is not returned to source in the short term and so is considered a consumptive 
use. As the shale gas developments of Northern British Columbia and Québec are in their 
initial development stage, it is hard to predict how much water will be required, how it will be 
managed, and what effects it may have on the water resources and the surrounding ecosystems.

Water for enhanced oil recovery (EOR)

Enhanced oil recovery is the process of increasing the amount of oil that can be recovered 
from a reservoir. EOR is used to increase the productivity from conventional oil wells that 
would otherwise no longer be in production, and it can employ a number of different methods 
such as water flooding and thermal methods, involving the injection of either water or steam 
(with solvents) into the reservoir to force the oil out. Water flooding relies on the availability 
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of freshwater, but it can also use saline, recycled, or treated produced water. Steam injected 
recovery largely uses freshwater or non-saline sources, including recycled water. In comparison 
with conventional oil recovery, EOR can increase recovery from approximately 15% to 25–30%. 
Relatively small volumes of water are used for EOR in comparison with other users. Of the total 
water allocated in Alberta in 2001, the oil and gas sector actually used less than half of one per 
cent for EOR processes.* The volume of freshwater being diverted for injection has declined 
significantly over the past 30 years.60

Key Water Issues 

Water quality 
 
Oil Sands

One of the most prevalent water issues facing the oil sands industry is its impact on water quality 
rather than quantity. Water recycling and reuse is high in this industry, the result of intensive 
research and development over the years, driven more recently by increasingly stringent policy 
directives.† However, unanswered questions remain regarding the potential for oil sands mining 
and in situ production to adversely affect water quality in the region. The complexity of these 
questions is reflected in the significant effort put forward by the industry and governments to 
find answers. Since the late 1990s the Athabasca oil sands region has been the focus of substantial 
monitoring and research, much of it led by the Cumulative Environmental Management 
Association (CEMA). A number of sub-committees exist in this association, such as the Surface 
Water and Reclamation Working Groups. In addition to this association, there is the Regional 
Aquatics Monitoring Program (RAMP), a multi-stakeholder monitoring program that assesses 
the health of rivers and lakes in the region. To date RAMP has concluded that there has been 
no significant impact from oil sands development on the Athabasca River;‡ however, this is 
contested by many scientists, stakeholders, and environmental groups. Therefore, the potential 
impacts of oil sands operations on water quality in the Athabasca region continues to be one of 
the most important issues for the oil sands industry.

*	 For detailed description of water use in enhance oil recovery see Water Use for Injection Purposes in Alberta. Geowa Information Technologies Ltd. 

March, 2003.

†	 The oil sands regulator, the Alberta Energy Resources Conservation Board (ERCB), must be satisfied with operator’s plans for water use and 

disposal. Provincial regulations require operators to minimize the use of fresh make-up water and the disposal of waste water, as well as to 

maximize the recycling of produced water.

‡	 RAMP’s information and technical reports may be reviewed on its website www.ramp-alberta.org/RAMP.aspx.
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Related to the water quality effects is the issue of tailings management. The production of oil 
sands mining results in significant volumes of tailings. While up to 80% of the water from tailings 
ponds can be recycled and reused in the processing, a substantial volume of contaminated water 
remains in the tailings ponds. The lifespan and long-term implications of the tailings facilities is 
the subject of significant research by the industry and governments, and continues to be a focal 
point of their efforts. A key concern of tailings ponds is related to the risks of contaminated 
water seeping into the aquatic ecosystems (surface and groundwater), particularly the Athabasca 
River. The main toxics found in the tailings include naphthenic acids and polycyclic aromatic 
hydrocarbons (PAHs) and are of high concern for the communities in the region, particularly 
those downstream of the oil sands operations. Stakeholders continue to engage in an intensive 
debate regarding the potential effects of the tailings ponds on the ecosystems within the vicinity 
of the Athabasca oil sands. In July, 2009, Environment Canada indicated it would conduct an 
independent study of leakage from the tailings ponds.61 

Shale Gas

As shale gas developments in Canada are in their infancy, it is difficult to say exactly what 
water quality issues the industry will face. However there may be some merit in looking south 
to the United States where shale gas operations are well developed. Their main operational 
issue is potential groundwater contamination due to fracing fluids and their possible impact 
on drinking water supplies. This has been of particular concern where fracturing operations 
have contaminated groundwater due to seepage of the fracing fluids or migration of natural 
gas into drinking water aquifers. This is not to say the same will happen in Canada, but a 
cautionary approach to regulating this new industry should include protective measures to 
address such possibilities. Industry and government should pay special attention to investigating 
and understanding the potential impacts to groundwater as the industry develops further in our 
country. 

Water availability

There is a perception that the water use from oil sands activities is high and unsustainable and 
many call into question the volumes of water that are allowed to be withdrawn under existing 
licences. While gross volumes taken from the river are substantial, the levels should be viewed 
with some perspective relative to other river systems in the province. The Athabasca River has 
one of the smallest water allocations of any river in Alberta and yet one of the largest flows. The 
total annual allocation of water from the Athabasca River for all uses (municipal, industrial, 
and oil sands) is less than 3.2% of flow. This is low in comparison with allocations in other 
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rivers in Alberta: 37% for the North Saskatchewan River, 60% for the Oldman River and 65% 
for the Bow River.62 All existing and approved oil sands projects will withdraw less than three 
per cent of the average annual flow of the Athabasca River. During periods of low river flow, 
water consumption is limited to the equivalent of 1.3% of annual flow.63 Therefore it does not 
readily appear that water availability is currently an issue in the northern region of Alberta 
and particularly for this sector. That said, stakeholders involved in the oil sands region, who 
have been working together for a number of years under CEMA, have substantial concerns 
about future water withdrawals and uses. Most recently CEMA undertook a three-year study 
that resulted in a comprehensive report that addresses many issues associated with oil sands 
developments including water withdrawals from the Athabasca River. As a result of this study, 
CEMA’s Phase II Water Management Framework recommended to the Alberta government 
that oil sands operators be allowed to withdraw only 4.4 cubic metres per second during low flow 
conditions of the river — almost half the current allowable rate of 8 cubic metres per second.64 
Clearly, this recommendation strongly suggests serious concerns with current water allocation 
in the Athabasca River. The Alberta government is currently reviewing the report and taking 
its recommendation into consideration. Given the potential substantial growth of the oil sands, 
future water requirements will need to be considered carefully, and not just project by project, 
but from a cumulative, watershed basis.

The question of future water use and availability for shale gas developments remains unanswered. 
The natural gas resource is significant, and under the right economic circumstances (i.e., higher 
gas prices) supported by further innovation and technology in fracturing, the potential for this 
resource development seems very plausible. This current situation presents an opportunity for 
regulators and decision makers to put in place a framework under which the resources can be 
sustainably developed. 

Unknown impacts on groundwater sources

A very important unknown cumulative effect of oil sands operations may be that of the impact 
to groundwater aquifers. The significant groundwater use by in situ operations could potentially 
affect drawdown of fresh or shallow saline aquifers, change groundwater levels, and allow 
freshwater to infiltrate voids created by bitumen removal.65 The aquifers in the regions are 
currently not accurately mapped and so the potential impact is very uncertain. The provincial 
and federal governments recognize this information gap and are now mapping some of the most 
significant aquifers in the region.
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Drivers, Challenges and Opportunities

Public acceptance

The relatively abundant supply and low cost of water have traditionally supported the 
development of water-intensive technologies for the oil and gas sector. This is now changing 
as public pressure and government policies require industry to improve its water efficiency.  
The most obvious example of this is the Alberta Government’s Water for Life Strategy,  
which sets a target of 30% for improving water efficiency for all industrial activities in the 
province by 2015. 

Technology Deployment

There are many technologies that exist, and many more that could be further developed that 
would improve the sector’s water use. The challenge is that there is no one-size-fits-all solution, 
and so many solutions need to be pursued. Not unlike other natural resource sectors,  the 
capital costs and risks associated with moving from bench-scale technology to pilot-scale — let 
alone full-scale implementation — present a barrier to full technology deployment. A second 
challenge is that of competitiveness: a competitive edge that reduces costs is not something that 
companies necessarily will share openly.

Several technologies exist to reduce water use for in situ recovery. Some technologies involve 
the use of solvents that are vaporized and injected into the bitumen to liquefy the oil. Other 
technologies being developed replace traditional steam injection with combustion or gasification, 
thus reducing water requirements. Further, methods are being pursued that use more recycling 
of produced water in the recovery process. 

EOR is moving toward the use of carbon dioxide instead of water. Notable examples can be 
found in Weyburn, Saskatchewan, and Joffre, Alberta, where CO2 is injected into depleting oil 
formations to increase production and lengthen the life of the fields. 

On the tailings management side, current efforts are underway in Alberta to develop dry tailings 
technologies that use little or no water for extraction. As an example, Natural Resources Canada 
(CanmetENERGY) is working with oil sands mining companies to develop technology that 
may reduce the water in tailings ponds, possibly resulting in dry tailings. Research such as this 
— in combination with other advancements on reclamation approaches for tailings — holds 
promise for addressing one of the most significant problems facing the oil sands industry.
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In summary

Overall, the oil and gas sector has made significant improvements in water use, particularly over 
the last 20 years within the oil sands industry, with improved recycling rates and reduced water 
intensity (consumption per barrel of bitumen). However, the oil sands is one of the world’s 
most important oil resources and therefore the pressure on the use of water will continue to 
grow. The potential for substantial oil sands and shale gas developments may mean significant 
water requirement within the provinces of Alberta and British Columbia, and so this potential 
expansion needs to be taken into account. Governments and industry both have important 
roles to determine the potential impacts of the withdrawals on the aquifers and surrounding 
areas, and to establish measures that ensure the effects are not long term or irreversible. Further 
research is necessary to ensure that not only is the water use sustainable, but that the surrounding 
ecosystems are not irreparably damaged. 

Private-Public Approach to Water Innovation

The Alberta Water Research Institute and General Electric (GE) Water & Process 
Technologies have combined forces in a multi-million dollar research agreement 
focusing on technology to improve the treatment and re-use of  water in some oil 
sands operations. The initial investment is cost-shared by GE, The Water Institute, 
and its research funding partners. Any solutions and learnings from the project 
will be publicly available. These innovative partnerships are good examples of  how 
public agencies and industry can work together to develop programs that benefit the 
environment and the economy.
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Due to irrigation, the agriculture sector consumes more water 

than any other natural resource sector in Canada.

Anticipated increases in demand for irrigation, meat, 
consumable crops, and biofuels, coupled with the pressures 

expected from the effects of climate change, will likely result in 

increased water demand by the agriculture sector.

Key issues facing the agriculture sector are:
- Climate change adaptation -

- Impacts on water quality and ecosystems -

HIGHLIGHTS
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Agriculture Sector

The NRTEE’s examination of the Canadian agriculture sector and water use focuses on two 
areas: primary production and manufacturing. Primary production refers to the traditional 
definition of agriculture (crops, red meat, dairy). Manufacturing is focused on the processing of 
biofuels. 

Although primary agricultural production accounts for less total water used in Canada than other 
natural resource sectors (10% of national use),66 it is the largest consumer of water in Canada, 
accounting for 66% of national consumption. Most of the water used by the sector is consumed 
into irrigation practices and is accounted for in plant uptake, deep percolation, and evaporation. 
However, not all primary production requires irrigation, so water use and consumption depends 
on the type of farming practices as well as climatic and regional characteristics. Agriculture 
practices may also impact water quality as they are a significant contributor of non-point source 
pollution.

Economic importance of the Agriculture  
Sector to Canada

The value and contribution of the agriculture sector to both the public and the Canadian 
economy cannot be separated from the sector’s historical, cultural, and economic roots and 
its place in the Canadian landscape. Although the number of farms in Canada has decreased 
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dramatically over time, the total area of cropland has increased.67 This trend is in part a result 
of the economic success of farms that are increasingly large and specialized and is important in 
the context of agricultural water use. It also has relevance in relation to the “public licence to 
operate” and competing water interests.

Canadian agricultural producers provide more than 70% of the food bought in Canadian stores 
(2007).68 Agricultural production of goods and services contributed $14.9 billion in 2008,69 
about two per cent of GDP, excluding food manufacturing. Its annual contribution is driven by 
many outside forces that affect the production and market value of its products such as water 
availability, temperature, humidity and frost, energy prices, and global demand and supply of 
major farm products, as manifested in their price changes in world markets.70

Highly volatile agricultural commodity prices and increased competition from other exporting 
countries challenge Canada’s growth in grain production and exports. Over the long term, 
the percentage increase in Canadian agricultural output is expected to exceed that of global 
population growth, with an average annual compounded growth rate of two per cent over 2008–
2030. The forecasts demonstrate that increasing global demand for biofuels may drive some 
crop prices up over the long term.71 This increased demand is the result of policy changes in 
the U.S., Canada, and many other developed countries. Current and anticipated growth in the 
biofuels sector is notable, given the rapid expansion of the sector since 2005. Annual production 
capacity was more than 1 billion litres for ethanol and 200 million litres for biodiesel in 2008.72 
Projections for annual production capacity are 2.3 billion litres of ethanol and 67 million litres 
of biodiesel by 2012 (if all plants under construction come into production); however, lower oil 
prices caused the development of several facilities to be put on hold in early 2009.73 Ultimately, 
the growth of the biofuel industry will largely depend on government policies for reducing 
GHG emissions and resulting market impacts.74

Key Water Uses

Clean freshwater is vital to the production of fruits, vegetables, and cereal foods consumed by 
humans, as well as the grains used for human and animal consumption. Water is also crucial to 
the production of meat and of fuel derived from crops and animal by-products. 

It is important to note that the existing data on water use vary in availability and accuracy across 
the agriculture sector. Livestock operations have a good handle on their water use, as do large-
scale irrigation districts common in Alberta. But most irrigation systems used by farmers are 
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not equipped with water meters, so accurate data on water use is unavailable. Statistics Canada 
continues to refine its Agricultural Water Use Survey.

Water use by the sector varies greatly across Canada, and by agricultural product. Together, 
British Columbia, Alberta, and Saskatchewan account for 92% of total national agricultural 
water use.75 As shown in Figure 12, crop irrigation makes up the majority of water used by the 
sector, drawing approximately 77%, while livestock farming uses 20%. Although total water 
used by agricultural greenhouse growers accounted for only one per cent, it is worth noting that 
this sector increased use by 21% between 2001 and 2006. 

Figure 12
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Irrigation is the largest consumptive use of water in Canada.77 In regions where irrigation is 
widespread, the ratio of water use to availability is higher than in other regions in Canada. 
Although the majority of farms in Canada are “dryland farms,” meaning that they rely on natural 
precipitation only, the prevalence of dryland farms is rapidly changing. By virtue of need and 
availability, irrigation practices vary greatly by region. Demand is driven by the type of crop, soil 
conditions, and the end use of the crop, in combination with climate and seasonal variations. 
British Columbia is presently more dependant on irrigation than any other provinces, with 17% 
of the total cultivated area being irrigated. This is followed by Alberta and Nova Scotia, where 
4.6% and 2.9% of the provincial cultivated area is under irrigation.78 Although water licences 

Table 5 

Water use and loss in agriculture production

Agricultural phase Typical Activities
Water use/ 

consumption /losses

Livestock production Barn yard cleaning
Water consumption,  

animal waste, evaporative 
losses, runoff

Dairy production Livestock watering and care
Water consumption,  

animal waste, evaporative 
losses, runoff

Crop production Crop frost protection
Evaporative losses,  

seepage, runoff

Crop production Tank mixing
Evaporation, plant uptake, 

seepage

Crop production Irrigation
Plant uptake, off target,  

deep percolation, evaporation, 
surface run-off

Biofuel manufacturing
Converting feedstocks to fuel  

at biorefineries 
Evaporative,  

wastewater losses
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are only proxies for actual water use, they demonstrate that irrigation nearly doubled in most 
provinces (with the exception of British Columbia) between 1950 and 2001 (Figure 13). 

Estimates from Agriculture and Agri-Food Canada show that there remain over 3 million 
hectares of land with “irrigation potential” in Canada as shown in Figure 14, half of which 
are found in Saskatchewan. Some industry estimates of potential expansion exceed these 
numbers. For example, a recent report from the Saskatchewan Irrigation Projects Association 
recommends a tripling of the irrigated areas in Southwestern Saskatchewan (the province’s most 
water-stressed region). While areas of designated irrigation potential may fall into watersheds 
that are not under stress right now, there is no framework to consider irrigation development in 
the context of current and future water needs.79

Figure 13
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Figure 14
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Livestock Production

Livestock production accounts for much less water use than irrigation, at approximately five 
per cent.82 Yet the sector is far more water-intensive than staple crop production, with most 
of this water drawn from groundwater resources. Livestock production is critically dependant 
upon a stable supply of high-quality water for animal maintenance (for digestion, absorption of 
nutrients), to deal with heat stress, as well as for cleaning and maintaining stalls. 

The impacts of livestock production on water resources are two-fold. From the perspective 
of water quality, there are issues around the management of contamination caused by animal 
wastes, antibiotics, hormones, chemicals from tanners, fertilizers. Water contamination also 
occurs as a result of pesticides used for feed crops and sediments from eroded pastures.83 Sound 
land management practices and containment can be used to control the adverse effects associated 
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with applying manure to lands and livestock grazing. However, there are fewer opportunities for 
controlling the amount of water required to maintain livestock. This is influenced by the type of 
livestock, its activity level, local air temperature and humidity, feed composition, and a variety 
of other factors.84 If Canada responds to increasing demands for meat products in emerging 
countries like China and India, demand for water will also increase.

Biofuel production

Biofuel production, whether from plant-based feedstocks or animal wastes, requires the 
same amount of water as the production of crops and livestock for other uses. Examining the 
full production process, water is also required to convert feedstocks to fuel at biorefineries, 
although relatively speaking this volume of water is smaller than the water requirements of crop 
irrigation or livestock production. The issues and impacts of processing biofuels are similar to 
those at breweries and other industrial processing facilities that require heating and cooling. 
Consumptive uses of water at ethanol biorefineries are largely due to evaporation losses from 
cooling towers, evaporation losses from drying-fluid discharge, and wastewater discharge. For 
biodiesel production, water is added as a catalyst and is consumed through both evaporative loss 
and discharge.

The biofuel sector has received attention in certain parts of the world, in particular the United 
States. The increased demand for feedstocks has been held responsible for a spike in food 
prices, creating what is known as the “food-versus-fuel debate.” Questions are also raised about 
the relative emission reductions of biofuel production, from a life-cycle perspective. It is also 
frequently pointed out that water demands have traditionally not been considered in policies 
aimed at expanding the use of biofuels. The local implications of meeting biofuel demands 
could have significant implications for water availability and potentially for water quality.

Total water use and consumption per unit of fuel produced vary by feedstock, fuel, and production 
process. Estimates of water use and consumption to convert feedstock to fuel are presented in 
Table 6. These figures exclude water uses and consumption from growing feedstocks. Estimates 
for cellulosic ethanol are expected to be refined as these processes become more mainstream.  
Table 6 is based on U.S. analysis and therefore may not correlate fully to Canadian estimates.85 

At the same time, these numbers highlight the need for further analysis within Canada in 
order to inform policy decisions for both today and the future. The Canadian government is 
beginning to examine the cumulative water impacts of future growth of the sector, but much of 
this information remains unknown today.
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Key Water Issues 
 
Climate Change Adaptation

Extreme weather events such as drought are predicted to increase as a result of climate change 
and will vary considerably from one region to another. The need to address drought potential 
has led the agricultural sector to move forward on a more sophisticated strategy for adaptation 
to climate change — more so than in other resource sectors. Producers are inclined to address 
weather and precipitation using the traditional methods of short-term adaptation with which 
they have always responded. But the relevance of the regional expression of climate change 
and the implications it will have on regional patterns on climate variability will require a more 
concerted response. 87 

The risks associated with failure to meet water demands are well known to agriculture in many 
regions of Canada. The prolonged drought of the 1930s shaped the culture of water risk for 
Canadians. And again in 2009, competition for scarce water resources forced governments to 
curtail agricultural use in British Columbia, where farmers on the Nicola River were forced to 

Table 6 

Water Use at Biorefineries by Fuel Type

F uel Type

gross Water-Use  

Estimates

(L of water / L of fuel)

Consumpti ve  

Water-Use Estimates 

(L of water / L of fuel)

Corn Ethanol 4–7 4 

Biodiesel 3 1 

Cellulosic Ethanol: Sugar 
Fermentation

9.5 2–6 

Cellulosic Ethanol:  
Thermochemical Conversion

2 2–6 

Source: National Research Council, 2008.86
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limit their use in an effort to maintain water levels for salmon spawning.88 Examples of conflicts 
over water currently exist in regions such as the Okanagan Valley in British Columbia (between 
fruit growers and residential users) and Ontario (between different agriculture producers). 
In the South Saskatchewan River Basin, where water allocations exceed environmental flow 
requirements in much of the Basin89 and where agriculture is responsible for approximately 
75% of water allocated (2006),90 water managers may be forced to make some difficult decisions 
about future water use. In Southwestern Ontario, governance mechanisms such as the Irrigation 
Advisory Committee have been put in place to avoid and resolve such conflicts.91 

As farmland becomes progressively more focused on planting higher-value crops, it is likely 
that water demand will increase and competition for scarce water resources will arise. There 
is strong evidence that the Prairie Provinces will likely face long periods of drought. Added 
pressures to water supplies including ecosystem allocations and population growth may cause a 
crisis in water quantity and quality with far-reaching implications for the sector.92 In addition 
to the risks associated with a warmer, drier climate, global climate models are also projecting 
more climate variability characterized by increased frequency of severe drought and extreme 
weather-related events such as hail and floods, which will have ramifications for crop success 
and increased run-off affecting water quality.

In general, an increase in drought conditions could lead to increased irrigation of farmland, which 
can impact water quantity (surface and groundwater levels) and quality (from increased erosion 
and runoff of eroded soil). In warmer climates, greater evaporation may also occur depending 
on the nature of the irrigation technique. Climate change impacts and competing uses in some 
regions may pose water availability or even scarcity challenges. The implications for the long-
term viability of lands and ecosystem integrity are a core challenge in these regions. Increased 
water use by the sector has historically resulted in direct and indirect wetland depletion, which 
affects water availability and quality for future generations.93

Impacts on water quality and ecosystems

In terms of environmental impacts, the challenge of contamination due to sedimentation, 
pathogens, pesticides, and nutrient loads are pervasive. In some regions of Canada, these 
impacts have become particularly pronounced, affecting the availability of clean water for other 
uses. Examples include communities in Prince Edward Island that rely on aquifers for drinking 
water,94 or Lake Winnipeg where ecosystem services have been compromised. In response, 
farmers are increasingly adopting water protection practices, such as growing buffer strips of 
vegetation around waterways and wetlands.95
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Drivers, Challenges and Opportunities

Water efficiency in the agriculture sector is driven mainly by energy costs associated with 
transporting water. Water metering is not common across most operations, with irrigation districts 
being the exception. In 2002–2003, Agriculture and Agri-Food Canada and the National Water 
Supply Expansion Program completed an extensive survey of water supply and management 
issues facing Canada’s agriculture. The study concluded that Canada’s agricultural resources 
are significantly vulnerable and current water infrastructure is insufficient. The emphasis in 
this context is often based on expanding irrigation and storage capacity. In many areas of the 
country, improvements in water-use efficiency through infrastructure, land management, and 
biotechnology could be employed to reduce vulnerability. The study suggests that deficiencies 
in current practices are often a result of the limited learning, extension, and technical assistance 
opportunities provided to producers, pointing to areas of significant opportunity. Further 
improvements in irrigation technology and scheduling, as well as a shift in where certain crops 
are grown in respect to local climate conditions, should also be part of the future solution.96

In areas where crops are grown strictly for biofuel production, the demand on freshwater could 
be reduced by irrigating with wastewater or moderately saline water.97 As cellulosic ethanol 
technologies are refined and developed commercially, the production and cultivation of less 
water-intensive feedstocks also offer a promising option for reducing the use of irrigation water. 
Over time, efficiency gains have been made in ethanol production by improving water recycling 
efforts and cooling systems.98 Further opportunities exist to improve the design of cooling towers 
and boiler-feed operations and to incorporate the use of recycled wastewater in biorefineries.99 

The improved use of market mechanisms to support both the efficient allocation of water 
across users (such as water pricing and the water market introduced in Southern Alberta), and 
improved societal and ecological services in integrated land management have been heralded 
for their potential to improve water use by the sector. Land management decisions that are 
beneficial to local water bodies and improve water use have a place in integrated watershed 
management planning and can be encouraged through market mechanisms. In general, greater 
emphasis should be put on the role of agriculture in ensuring ecosystem health at the watershed 
level.100
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In summary

Water-related issues in the agriculture sector are highly localized, but economically significant 
nationally. As the sector’s need for irrigation increases from demands for higher-value crops and 
efforts to convert dryland operations, the risks associated with water limitations will continue to 
rise. The sector is at risk because of climate-change effects that result in reduced spring runoff 
and prolonged cyclical drought. If public scrutiny over irrigation in Canada’s water-stressed 
regions continues to mount, the agriculture sector may be forced to defend its water entitlements 
in the face of other expanding social and environmental water demands. Water availability 
issues, as well as regulatory and reputational challenges, will continue to plague the sector until 
a more proactive approach is taken. There are significant opportunities for agricultural lands to 
be better utilized to protect and enhance ecosystem services.   



The mining sector is not a significant user or consumer of  
water, however mining activities can impact water quality and 

ecosystems if not managed properly.

Climate change impacts may have important consequences for 
the management and future design of mines across Canada, 

particularly in the North.

Key issues facing the mining sector include:
- Water management and quality - 

- Climate change adaptation -

HIGHLIGHTS
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Mining Sector

Mining activity occurs throughout much of Canada (Figure 15). The metals and minerals sector 
is largely made up of gold, copper, lead, zinc, iron ore, coal, asbestos, nickel, potash, titanium, 
aluminum, platinum, diamonds, and uranium.* The NRTEE’s study of water use by the mining 
sector considered mining and mineral processing at the mine site for metallic and non-metallic 
mining operations. The description of water use and issues generally apply to hard rock mining 
(metal mining), soft rock mining (coal), uranium mining, and potash mining. 

The mining sector is not a significant user or consumer of water and the mining sector does 
not see water availability as a major constraint or risk to operations in the future. However, 
as mines have the potential to significantly impact water quality and surrounding ecosystems, 
water quality is one of the most important management considerations. 

*	  Aggregate mines (e.g., sand and gravel) were not considered in this report.
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Figure 15

METAL MINE AND MILL NON-METALLIC MINE OR QUARRY COAL MINE

Source: Natural Resources Canada, 2009.101
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Economic Importance of the Mining Sector  
to Canada*

The mining industry is an important contributor to Canada’s economy. In 2008 the industry 
contributed $40 billion to Canada’s GDP which included $9 billion in mineral extraction and 
$31 billion in mineral processing and manufacturing. Internationally, Canada is one of the 
world’s leading mining countries and ranks among the largest producers of minerals and metals. 
The industry accounted for 19% of annual Canadian goods exports in 2008. 

Over the long term the mining sector is expected to see modest growth, varying among the sub-
sectors of coal, metals, non-metallic minerals, and mineral fuels. The medium-term projections 
see improvements largely due to the unprecedented amount of fiscal and monetary stimulus 
injected into the global economy. Long-term growth is expected for uranium production, 
diamond production, and potash. On the other hand, coal mining is predicted to have negative 
growth over the medium and longer terms, notably due to the anticipated shift to cleaner energy 
producing technologies. 

Key Water Uses

Mining activities can affect water resources during all phases of mining: exploration, planning, 
development and commissioning, operations, and closure. Important water considerations for 
a mine site include management of stormwater, mine water, and groundwater inflow; process 
water (includes recycled and make-up water); tailings pond overflow; and contact water. Water 
is used or managed in most aspects of the mining life cycle (Table 7). Mine development and 
Commissioning, Operations and Closure are the most important phases with respect to water 
resources.

Potential impacts to water from mining activities

Mine construction may alter both surface and groundwater flows due to development of access 
corridors (roads), mine site facilities, and discharges from the mine site into the streams/rivers. 

*	 Information on the economic state of the mining sector was taken from “A Report on the State of the Canadian Mining Industry. Facts and Figures 

2009.” The Mining Association of Canada. Accessed from http://www.mining.ca/www/media_lib/MAC_Documents/Publications/2009/2009_F_

and_F_English.pdf. 
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The greatest potential for long-term impact to surface water and groundwater flows occur within 
the local watersheds and to river systems downstream from the mining operation. All water that 
comes into contact with ore or waste rock requires some treatment before discharge; the risk is 
higher with sulphide ore mines. All mining activities, such as site preparation, mining of ore 
and waste rock, mineral processing, tailings management and transport of mineral products, use 
water but at different levels of intensity (m³/tonne of ore).

Table 7 

Water Use by Mine Phase and Activity

Mine Phase Typical Activities Water Use

Exploration
Subsurface investigations (drilling, 
exploration pits, adits, or shafts)

Water for exploration drilling

Planning
Feasibility studies including  

further drilling
Water for drilling, dust control

Development and  
Commissioning

Construction (mine infrastructure, 
processing plant, tailings storage, 

and water treatment facilities)

Geotechnical drilling,  
dust control

Operations

Mineral extraction, ore transport
Ore body dewatering, drilling,  

dust control. Water not used for  
ore transport

Mineral processing
Process water added during size 

reduction and used in mineral 
extraction processes

Development of waste facilities 
(waste rock, tailings storage)

Process water for tailings slurry. 
Some water retained within tailings 
and is not recycled to process plant 

Product transport
Low, usually transported dry  

in Canada

Closure
Decommissioning: Dismantling of 

site infrastructure, site reclamation
Water lost during long-term tailings  

consolidation 
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In most types of mining, relatively little water is used in actual ore excavation/production. Its 
principal use is for drilling and dust control. A notable exception is potash solution mining 
found in Saskatchewan. 

Most mines process the minerals on site. The mined particle size from typical hard rock mines 
measures several centimetres up to a metre, thus requiring reduction of particle size so that 
minerals can be separated from waste and recovered in downstream processing. During particle 
size reduction in grinding mills, water is added and further mineral recovery is carried out in 
the aqueous medium. Water is also used for dust control. After the mineral recovery processes 
the waste (tailings) is usually transported through a pipeline as an aqueous slurry to the tailings 
storage facility where the solid fraction settles out and as much water as possible is recycled to 
the processing plant for use as process water.

To the extent possible, mining operations maximize recycling of water in order to minimize 
both their freshwater make-up requirements from either surface or groundwater sources and 
water treatment requirements. This is accomplished within constraints imposed by water quality 
requirements, water availability, and discharge considerations. Surplus water collected from the 
mine area is discharged (and treated first if necessary) if it is not needed to operate the mine 
and associated mineral processing systems. During the closure phase, water management is 
important to ensure no negative long-term impacts result from water coming into contact with 
potentially acid-generating ore and waste material. 

Key Water Issues

The primary water issue facing the mining industry is the management of water whose quality 
has been adversely affected by mining operations and the potential release of these waters back 
into the environment. The key issues for a mine are two-fold: water management and climate 
change adaptation.

Water Management

For most mining operations in Canada, the key issue is too much water rather than a scarcity of 
it (with exception of the Prairies and the North). Therefore, water management and particularly 
the segregation of clean and “contact” water by upstream diversion of clean runoff is one of the 
most important issues from an operational perspective.  
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The “site water balance” is an important tool for water management in mining operations, and 
refers to the need to account for all water in and out of the site. The challenges of a site water 
balance include extreme events (the result often being large volumes of water entering the mine 
site), annual snow melt, and the mine site location, requiring the companies to deal with the 
associated site hydrology. 

While the mining sector’s consumptive water use is relatively small, a mine’s water management 
can have a significant effect on a region’s water quality if contaminated water is released to the 
surrounding environment (via surface water runoff or wastewater discharge). This in turn can 
affect downstream water users and the health of the ecosystem. One significant issue related to 
water and mining is the use of natural lakes for tailings impoundment areas,* an option that is 
considered by some mines in Canada but rarely allowed by federal regulators. 

Water treatment is costly so mines make great efforts to manage the water footprint of a site to 
both reduce costs of water treatment and to minimize impacts to downstream water quality. As 
part of this effort, mines segregate clean and used waters in order to reduce the volume of water 
to be treated.

Climate Change Adaptation

Important climate change effects relevant for mining operations include changes in the amount 
of precipitation, changes in the timing of precipitation, and an increase in the frequency of 
extreme events. As the NRTEE’s True North report on adapting infrastructure to climate change 
in Northern Canada found, melting permafrost will have a serious impact on the stability of 
engineered structures.102  This will affect the design of future tailings impoundment facilities 
to avoid the failure of tailings impoundment dykes, which could result in a release of tailings 
and impact the environment. In light of potential increased precipitation volatility this issue 
may become more prevalent in future mining operations. Having a robust and adaptive water 
management plan will help prepare industry for this uncertainty.

A recent study found that (1) while the effects of climate change are not well understood, the 
majority of mining operations will be affected by climatic hazards including vulnerabilities in 
the closure phase, and (2) climate change is a minor concern in this sector and there is limited 
adaptation planning occurring.103 However, a number of recent initiatives and/or reports take 
climate change into consideration for mining practices and guidelines.† 

*	  The use of freshwater lakes in Canada for tailings impoundment areas is allowed under regulation of the federal Fisheries Act. 

†	  Environment Canada’s 2009 Environmental Code of Practice for Metal Mines; the Canadian Dam Association’s Dam Safety Guidelines; the Mining 

Association of Canada’s Guide to the Management of Tailings Facilities.
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Drivers, Challenges and Opportunities

The main driver for improving water efficiency by the mining sector is energy costs associated 
largely with water treatment. A secondary driver for improvement comes from the pressure put 
on the industry to improve its overall environmental management practices as water quality from 
mine sites can have a significant impact on the surrounding aquatic ecosystems. There appear 
to be opportunities for further improvements in water efficiencies in the mine processing phase. 
Many companies are working toward this goal and identifying corporate targets for improved 
water efficiency. Some companies are participating in the Global Reporting Initiative. On the 
whole, the industry is trying to improve upon its sustainable practices and gain greater social 
licence to operate.

In summary

Water availability in Canada is not likely a factor that will limit the sustainability of the mining 
sector because the sector is not a significant water user. The most important issue facing the 
mining sector is its potential impacts on the watersheds within which the mines are located. 
Water quality is, and will continue to be, one of the most critical components of the industry’s 
operational and strategic goals. While not a significant user of water on a consumptive basis, the 
sector is very aware of the amount it does use and continues to strive for improved use through 
both voluntary means and regulatory requirements. Past experience in this sector has shown that 
there are benefits to be had in pursuing best management practices and innovative solutions. 



Pulp and paper manufacturing industries have significantly  
improved their water use practices and account for 

approximately five per cent of gross water use in Canada,  

of which only two per cent is consumptive. 

Canada’s forests play a crucial role in influencing the quality and 
quantity of water resources; in light of climate change impacts, 

more research is needed to better understand forest-water  

resource interactions.

Key water issues for the forest sector include:
- Pulp and paper mill effects on water quality  

and aquatic ecosystems -
- Limited knowledge of forest-water resource interactions -

- Public licence to operate -

HIGHLIGHTS



	 NAT IONAL ROUND TABLE ON THE ENVIRONMENT AND THE ECONOMY 	 117

Forest Sector

The NRTEE’s examination of water use by the forest sector focuses on both forest management 
activities such as harvesting and tree planting, and forest products manufacturing industries. The 
manufacturing sector largely involves wood and paper manufacturing including pulp and paper 
mills, softwood lumber, and other wood products. Water use for the production of engineered 
wood products, softwood lumber, and structural panels is typically extremely low (roughly one 
per cent of that used in pulp and paper104) and is expected to stay low in the future, so this sub-
sector is not discussed further in this report. 

Both forest management and manufacturing activities affect water resources, but in very different 
ways. Sustainable forest management has a critical influence on the hydrology and water quality 
of watersheds. Pulp and paper manufacturing uses water in a similar manner to the mining 
sector, with substantial gross water use but low consumptive rates. Overall water intake is not 
viewed as a high priority issue by the sector, given that most of the water withdrawn is returned 
to surface waters.105 For most operations, their location on large waterways in regions that are 
not currently experiencing water shortages diminishes their concern about water availability. 
However, facilities on smaller waterways, or waterways with seasonal flow changes, are very 
concerned about effectively controlling water use. Water management, in terms of conservation 
and wastewater treatment, are important areas of focus for these industrial operations.
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Economic Importance of the Forest Sector to Canada

In 2008, total industry contribution to the GDP was almost two per cent, with wood and 
paper manufacturing accounting for 11% of the country’s manufacturing GDP.106 The forest 
products industry is active in 12 of 13 provinces and territories in Canada, with the majority of 
forest-reliant communities located in British Columbia, Ontario, Québec, and New Brunswick  
(Figures 16 & 17). 

Internationally, Canada is the world’s largest exporter of forest products, with exports totalling 
$30.2 billion in 2008. It is the largest exporter and second-largest producer of softwood lumber 
and wood pulp, and the world’s largest producer and exporter of newsprint. The United States 
is the largest importer of Canadian forest products, with Asian countries also being major 
importers.

The industry has been facing economic decline for some time. The pulp and paper industry in 
particular has faced considerable long-term structural challenges since the mid-1990s. Natural 
Resources Canada reports that since 2003, over 300 plants (pulp mills, paper machines, sawmills, 
etc.) have closed, and approximately 33,000 mill jobs have been lost. Job losses accelerated through 
2006 and 2007.107 The recent economic challenges are expected to keep the industry’s growth 
down. These include a continued depressed housing market in the U.S., a continuing decline 
in demand for newsprint due to online media competition, high energy prices, increasing fibre 
costs due to saw mill closures, and a continuing strong Canadian dollar affecting exporters.

Serious supply and demand constraints are anticipated to restrict the growth of the industry 
over the medium and long terms. With the recent global economic recession the forest sector 
does not expect short-term growth; however, the eventual rebound of the forest products sector 
may be anticipated for the medium to long term.

Key Water Uses

The key water uses considered in this overview are forest management and pulp and paper 
manufacturing.
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Figure 16

FOREST PRODUCT MILL

Source: Global Forest Watch Canada, 2003.108
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Forest management

Forest land management plays an important role in regulating water quantity and has a critical 
impact on the timing of surface flows, water quality, groundwater recharge, and floodplain 
maintenance. At a basic level, forests affect water resources by intercepting precipitation and 
capturing transpiration of soil moisture. It is estimated that half the precipitation that falls on 
Canadian forests is intercepted, allowing the rest to enter surface and groundwater.109 Forests 
improve soil infiltration and prevent erosion and therefore provide ecological services in relation 
to water management. 

All forested lands provide these ecosystem services, however the boreal forest is a noteworthy 
example. Canada’s boreal forest contains the world’s largest area of peatland which is critically 
important for flood control and water filtration. Recent studies demonstrate that Canada’s boreal 
forests store an estimated 208 billion tons of carbon — more carbon than any other terrestrial 
ecosystem on Earth.110 Therefore land management decisions in boreal forests are of national 
and global significance.

The main forest management activities that can affect water resources include construction 
of access roads, harvesting, re-planting, and pesticide application. While forest management 
activities use limited quantities of water, they can and do have a significant effect on the water 
quality within watersheds. Watersheds across Canada have been extensively developed by forest 
harvest developments (Figure 17). However, regulations and guidelines exist for these activities 
and so the negative effects can be minimized if managed responsibly. The structure of the forest, 
including replanting, has an important influence on the watersheds, and therefore remains an 
important consideration for sustainable development of forests and ecosystems.

Pulp and paper manufacturing

Large volumes of water are used in the pulp and paper manufacturing industry, accounting 
for five per cent of gross water use in Canada, however the majority of this water use is non-
consumptive, and nearly 90% is returned to surface waters after treatment. In addition, water 
recycling rates within the mills are high. Overall gross water use, water-use intensity (water use 
per unit of production) and water withdrawals by forest products manufacturing have declined 
substantially since the 1980s.111

In simple terms, pulp production involves chemical and/or mechanical processes to separate and 
recover cellulose fibres from lignin and other wood constituents; both processes involve large 
volumes of freshwater. Water serves four main functions in pulp and paper mills — chemicals 
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Figure 17

 OVER 50% DEVELOPED

25 TO 49% DEVELOPED

10 TO 24.9% DEVELOPED

0.1 TO 9.9% DEVELOPED

NO KNOWN DEVELOPMENT

Source: World Resources Institute and Global Forest Watch Canada, 2000.112
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make-up, transport of material flows throughout the production process, materials separation, 
and cooling.113 Water used in processing and cooling represents the most significant demand on 
quantity. Water that is added through the use of water-containing chemicals compensates for  
the small amount of water that may be consumed by the production process.* Water conservation 
is critical in mill operations, with processing and cooling waters segregated as much as possible. 
In addition to recycling, both efforts reduce the amount of water that has to be treated, and 
subsequently the energy requirements involved. Wastewater from a mill is a critical component 
of a facility’s water management. It is treated before release in order to comply with the federal 
Pulp and Paper Effluent Regulations. 

Key Water Issues

Pulp and paper mill effects on water quality  
and aquatic ecosystems

The key environmental concerns relate to effluent from pulp and paper mills and the need 
to mitigate any potential negative effects to aquatic organisms and to minimize nutrient 
enrichment. The effluent entering a water body can contribute biochemical oxygen demand 
(BOD), total suspended solids (TSS), and chlorinated organics, with possible effects on fish 
and benthos, and the effects can be negative if released in amounts that cannot be assimilated 
by the aquatic environment. As a result of the combination of strict regulations and monitoring 
requirements,† and the industry’s response in reducing these releases, the effluent from pulp and 
paper operations has greatly improved over the last 15 years.‡

Limited knowledge of forest-water resource interactions

It is broadly acknowledged that not enough is known about forest-water resource interactions 
and that most forest management decisions are based on outdated research. Canadian research on 
forest hydrology was robust in the 1960s and early 1970s, but has been scaled back significantly 
since that time. The potential for climate change impacts underpins the need for renewal of 
this work in Canada. The increasing prevalence of forest fires, insect disturbances, and changes 
to forest species will have dramatic effects on freshwater resources. There are two challenges  
to overcome:

*	  For a full description of water use in pulp and paper mills see Water Use Performance and Practices at Low Water Use Mills. Technical Bulletin No. 

968. National Council for Air and Stream Improvement (NCASI). November 2009.

†	 This aspect of the sector is regulated by the federal government under the Pulp and Paper Effluent Regulations of the Fisheries Act, as well as 

other regulations under various provincial regulations. In addition mills must participate in a federal environmental effects monitoring (EEM) 

program.

‡	 Recognition of these improvements has led the federal government to recently reduce the broad EEM requirements and have more site specific 

monitoring programs to address specific issues.
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•	 Forest management typically is orchestrated at the stand level, rather than the watershed 
level and this needs to change.

•	 Research in this area in Canada is underfunded and there is a deficit of expertise.

The National Council for Air and Stream Improvement recently assessed the effects of forest 
management on hydrology and water quality, in both Canada and the U.S. It concluded that 
effects of forest management on hydrology and water quality are highly variable across Canada 
in both magnitude and duration. Due to this variability the report recommends that watershed 
studies should be conducted in the ecozones in which the results will be applied for forest 
management.114 Continued data collection is needed to better understand the effects of forestry 
on water resources, and this presents an opportunity for better management resulting from 
ongoing research efforts. 

Public licence to operate 

The forest sector has a long history of demonstrating significant environmental improvements 
as a result of public interest. The public concern about water most often focuses on water quality 
and health issues rather than on concerns about water withdrawal and quantity. Most recently, the 
sector has been tasked with addressing issues related to water quality and endocrine disruption. 
In cases where local communities have demonstrated concerns over the volume of water use, 
the sector has taken efforts to share information on water use and Environmental Effect 
Monitoring results. Improvements and advancements by the sector have been incorporated into 
third-party certification, sustainability reporting, and eco-labelling schemes. Some facilities are 
also now making a voluntary effort to participate in the Alliance for Water Stewardship and to 
incorporate the World Business Council for Sustainable Development’s Global Water Tool to 
communicate their water use. In order to stay competitive, the Canadian forest sector is looking 
closely at its water “footprint” and possible requirements to improve its water use, as a direct 
result of customer demands.

Drivers, Challenges and Opportunities

Economic and environmental improvements are the driving forces for water reduction at pulp 
and paper mills. Reduced water requirements result in lower costs of water treatment and energy 
use. Strict environmental regulations and standards can also be drivers for improvements to 
water efficiency. 
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The key challenge for the sector right now is economics; given the market situation the sector 
is in, capital investment in research and development for new technologies and innovation is 
limited. Despite this, multiple opportunities exist for research and development of innovative 
water-use technologies115 for pulp and paper mills. These largely involve process water recycling 
and reuse, or finding innovative effluent processes such as low-effluent mills. However, the sector 
argues that, given its economic situation, it needs incentives and assistance from government to 
help the industry pursue these opportunities. 

One particular aspect of the effluent quality requirements under the federal Fisheries Act is viewed 
as a barrier by the industry to improvements to its water use efficiency. Current regulations 
require that effluent from a mill meets certain test requirements involving acute toxicity testing. 
In order to meet these requirements, the mills must ensure that their effluent meets the regulated 
levels before discharging it to surface waters. The industry believes that the nature of the toxicity 
regulatory requirements prevent them from achieving greater water use reductions and advocate 
for a different approach to determining effluent concentrations. 

In summary

Due to the recent decline in the industry, and limited growth anticipated in the next few 
years, particularly for pulp and paper mills, water use by the sector is not expected to increase. 
However, the sector is likely to rebound over the long term and there is a concern from the 
sector surrounding the future availability of water resources at that point. Existing or recently 
closed mills currently have water allocations; the question is whether they will continue to have 
the right to use their water allocations into the future? Both pressure from the local public 
and international customers will continue to insist that the sector continue to address water 
management responsibilities including its water use. 
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National Water Issues

Many of the sector-specific water issues identified in Chapter 4 are of a regional nature. Through 
its investigation of water issues and Canada’s natural resource sectors the NRTEE identified a 
number of critical issues that are of national importance, cutting across sectors and political 
boundaries. These are: 

governance and management; 	

the impacts of climate change on water resources; 	

the water-energy nexus; and 	

the public licence to operate. 	

Governance and Management

The governance and management issue is the most complex of the four issues and is defined by: 

•	 complicated and fragmented  statutes and policies surrounding water use across the 
country; 

•	 outdated and possibly inappropriate water allocation systems in some parts of the country;
•	 limited policy instruments and narrow approaches to manage water resources;
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•	 limited knowledge of actual water use and availability (surface and groundwater); and
•	 a general lack of capacity and expertise.

Statutes and policies

Current water policies and regulations in Canada are burdensome and complex, due to the 
jurisdictional division of powers between the federal and provincial governments and to the 
fact that provinces also delegate some of their authority to municipalities. Even within one 
order of government, responsibilities for water management are usually shared between several 
agencies. The natural resource sectors, critical water users in Canada, must deal with a multitude 
of statutory and policy instruments managed by various government and non-government 
participants, often without adequate coordination. 

Water allocation systems

As explained in Chapter 3, water allocation systems vary across the country. In recent years, 
there have been numerous calls for a modernization of allocation practices in certain parts of 
the country. Faced with serious water shortages in the southern part of the province, Alberta 
has undertaken a review of its water allocation management system. This will allow government, 
communities, industry, and the public in this province to explore options to better meet future 
water needs and support regional outcomes. Similar initiatives that assess and improve the 
existing allocation systems are being contemplated in other provinces such as British Columbia. 
There is a need to assess current allocation systems across Canada. The time to do so is now, 
before water shortages become more prevalent in the country and conflicts over allocations 
arise.

Policy instruments

Throughout the last century, water management in Canada was increasingly achieved through 
regulatory and legislative tools. To enable a more flexible and adaptive policy approach that 
recognizes regional and local particularities, a move toward a broader suite of policy tools for 
water management is needed. This requires identifying and evaluating economic and fiscal policy 
instruments in a Canadian context. Canada needs a more complete investigation of regulatory 
and non-regulatory instruments along with an examination of the potential implications these 
types of water management instruments might have on the natural resource sectors. 
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Knowledge base

Good, reliable data and information about the availability of ground and surface water as well as 
accurate measures of water use are necessary to ensure informed decisions. But a real challenge 
exists in accessing, understanding, and interpreting water information pertaining to the natural 
resource sectors’ uses. 

Overall, most sectors have a good understanding of their operational water uses, which they 
collect from primary sources such as metres, or proxy sources such as pump data and effluent 
discharge volume. Through water-use permits and licences, provinces and territories collect 
a great deal of water-use data, across these sectors, but the nature of that data, consistency of 
approach, and accuracy vary across the country. What is known about a sector’s water use is 
often based on water permits and licences, which are an indication of water allocation, and not 
the actual water use. In some provinces (e.g., British Columbia) water drawn from groundwater 
sources is exempted from the permit process and therefore not monitored. Actual water use at 
regional and national levels remains uncertain. 

Given the shared nature of water governance, information sharing between jurisdictions 
merits some attention and consideration. Integrating data on water use, availability, and flow 
measurements is necessary for informing place-based decisions and integrated watershed 
management. Furthermore, this kind of integration is necessary to examine the costs and 
benefits associated with certain decisions that will impact water resources. The movement 
toward the integration of databases across jurisdictions does not yet exist in Canada but is being 
contemplated. Creating integrated databases, especially between organizations and even more 
so across jurisdictions, will be a significant challenge — from the perspective of data quality and 
control, to resourcing and management.

Capacity and expertise

There is an increasing recognition that governments do not have the capacity – in terms of 
human resources, expertise, financial resources, and management systems – to act alone and 
properly manage water resources. Collaborative governance models, under which the authority 
over water is shared with water users and other stakeholders within a watershed, are seen as a 
better approach to developing policies and managing our water resources. Such approaches are 
increasingly implemented in Canada and other countries, and show promise of being successful. 
But some experience has demonstrated that delegation to a local authority can fail if not properly 
resourced with adequate capacity and expertise.
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Impacts of Climate Change on Water Resources

Climate change is emerging as a key factor expected to change the way in which we must 
manage water resources. Although water scarcity is not currently a problem across the country, 
broad agreement from the scientific community in Canada and elsewhere has demonstrated 
that large-scale hydrological cycles driven by climate change are occurring and are anticipated 
to continue to change in the future. 

Over the next century, Canada is likely to experience warming at twice the global average, 
with more northern regions experiencing the greatest increases.116 Changes in precipitation 
and evaporation are anticipated as a result of the temperature change,117 as well as changes in 
the frequency, extent, and severity of many climatic extreme events including droughts, heat 
waves, and intense storms. The effects on Canada’s water resources will vary across Canada and 
will be highly localized, given the complex and evolving nature of the natural processes that 
regulate hydrology. The same forecasts suggest that increasing water shortages (both ground 
and surface water) will be a key issue in many parts of Canada. Experts have acknowledged that 
past hydrological experience will be insufficient to provide a good guide to future conditions. 
For the natural resource sectors the uncertainty and risks associated with these changes is a 
challenge.

Research on the physical impacts on water resources in Canada highlights potential changes 
to precipitation events and regional hydrology (Figure 18). Overall precipitation is expected to 
increase slightly in the north and decrease slightly in the south and west, with less in summer, 
and more during intense events. Winter warming is expected to reduce snow accumulations in 
alpine areas118 and across the Prairies. This will cause declines in annual streamflow and a shift 
in streamflow timing to earlier in the year, resulting in lower summer water supplies. In addition, 
Canada is already experiencing the effects of glaciers retreating. In the future, glacier melting 
will be accompanied by an increase in runoff for a period until the runoff declines as glaciers are 
depleted.119 While many western Canadian rivers are currently experiencing an increased flow 
phase from glacial melt, some are already showing evidence of this decline.120  The results of this 
decline in water availability will be significant. British Columbia is expected to face increasing 
water shortages, particularly during periods of peak demand.121

Water shortages will also be exacerbated in the Prairies due to continued glacier retreat and 
reduced runoff. Lower summer stream flows will be experienced in an already arid Prairie 
region. By 2020 annual flow of the main rivers is expected to be reduced.122 Reduced discharge 
and increasing frequency of dry years will increase both soil water deficits and surface water 
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deficits with implications for all users.123 As glacier melting increases, the degree of dryness on 
the Prairies is expected to increase by 50% by 2050. The drought frequency is expected to double 
and stream flow and soil moisture are expected to decline 30%.124 

In Ontario, ground water recharge will be decreased.126 The Great Lakes are expected to 
experience lower net basin supply and an increase in the frequency of low water levels.127 To 
the east, the Maritime Provinces are projected to experience increases in both precipitation 
and temperature.128 Seasonal and yearly variations in precipitation will combine with higher 
evapotranspiration to induce drier summer conditions.129 

Figure 18

IMPACTS ON WATER RESOURCES IN CANADA 
DUE TO CLIMATE CHANGE

Source: National Round Table on the Environment and the Economy (forthcoming).125  
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Regions with reduced water supplies and increased demands will likely experience competition 
among users. Water quality in many regions will be compromised by lower water levels, warmer 
temperatures, and more intense precipitation.130 Warming will likely compromise water quality 
through the intensification of thermal stratification, contributing to oxygen depletion.131  

Overall, the natural resource sectors, with their significant reliance on water, will be affected by 
reduced water supplies. Presently, some sectors are very concerned about the impacts of climate 
change on water availability and others less so, but all sectors struggle with incorporating 
uncertainty of climate change predictions into management practices. In general, it will require 
a more concerted response from industry to assess potential risks and develop adaptation 
strategies. As both local and regional hydrology is anticipated to change, water managers will 
need to consider how to adapt. Thinking about these issues now will permit earlier and more 
effective adaptation.132 Governments have a responsibility to better understand the potential 
changes for water resources and should respond accordingly by changing their water policies. 
These new polices need to be flexible enough to adapt to the changing physical environment and 
evolving activities of the natural resources sectors, and robust enough to protect the ecosystem 
and services upon which communities rely.

The Water-Energy Nexus

An important issue for water policy development is the linkage between water and energy (or 
the “water-energy nexus”). Climate change is often linked to discussions about the water-energy 
nexus due to the greenhouse gas emissions that result from energy production and the impacts 
that occur to water resources as a result of climate change. This has been referred to as the 
water-energy-climate change feedback loop.133

From the industrial processing and production side, water is needed to produce energy (i.e., to 
extract and produce fuel and to generate power) and energy is needed to produce useable water 
(i.e., to access, treat, and distribute water). Indeed, the electricity sector is the most significant 
user of water in Canada, and energy requirements to manage and transport water can be a major 
component of total energy use by natural resource sector operations. Representatives across 
sectors commonly identify financial savings through energy use reductions as the main driver for 
improving water use. While some opportunities such as conservation practices simultaneously 
reduce water and energy use, other opportunities pose trade-offs between water and energy use. 
For example, closed-loop and dry cooling systems are frequently identified as technologies that 
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use less water, and could be used as alternatives to once-through cooling systems that require 
large amounts of cooling water. However, closed-loop and dry cooling systems require greater 
energy use than once-through cooling systems, resulting in decreased plant efficiency and 
increased greenhouse gas emissions. Therefore, water use, energy use, and associated greenhouse 
gas emissions objectives may sometimes be in conflict at the production level.

From the policy and regulatory perspective, climate change mitigation, energy security, and 
sustainable water use are all issues that governments must manage. However, policies are 
usually developed in isolation and often by different departments. Without integrated policy 
development, future policies may end up imposing conflicting requirements on the natural 
resource sectors or creating unintended negative impacts to other resources. For example, as the 
Canadian government seeks opportunities to reduce greenhouse gas emissions, it has supported 
the growth of the biofuels industry, but little is known about how this will affect water resources. 
Another example is the electricity sector: as electricity demand grows in Canada, it is likely that 
pressures on water resources will increase, possibly creating water supply challenges or leading 
to degraded water quality. 

The linkage between future energy requirements and anticipated water uses warrants further 
detailed analysis in Canada, especially as policies and approaches for reducing greenhouse gas 
emissions and exploring alternative energy sources are contemplated. Taking the opportunity 
now to address the integration of energy, water, and emissions policies could encourage the 
implementation of complementary objectives in future policies.

Public Licence to Operate

In addition to actual, measurable water issues, the natural resource sectors must also address 
public perceptions on how they use water. Public pressure can be a powerful driver. More than 
eight in 10 Canadians currently believe that Canada will have a freshwater shortage problem if 
conservation measures are not put in place.134 Despite the rigour most companies demonstrate 
in meeting regulatory requirements, only 30% of Canadians currently believe that corporations, 
businesses, and industry are making reasonable efforts to conserve freshwater.135 For industry, 
statistics such as these may signal reputational and even future regulatory risks if they are not 
adequately addressed.  

Public pressure to better manage water use is unanimously felt across all the natural resource 
sectors in Canada. Outside of improvements to lower overhead costs, industry must assess 



	 NAT IONAL ROUND TABLE ON THE ENVIRONMENT AND THE ECONOMY 	 135

various signals (e.g., societal pressure, demands from other sectors in the value chain, future 
regulatory shifts or price signals) to integrate water into strategic planning. Such planning may 
result, in:
•	 improved measurement, monitoring, and reporting on water use; 
•	 conservation of water by increased recycling and reuse, decreasing contamination, and 

changing production processes to be more efficient; 
•	 increasing collaboration with government and public groups to improve knowledge  

exchange; 
•	 coordination with suppliers and purchasers in the value chain to create awareness of future  

water issues; and
•	 investing in further research and innovation where needed.136 

Although not well developed in Canada, financial markets are also starting to examine the  
way in which companies address water-related risks. In some cases, these are restricted to  
those risks related to physical limitations to water access, but may also extend into analysis of 
regulatory compliance and exposure to reputational concerns. In this way, investor groups use  
their influence to encourage disclosure of water risks and to credit companies that demon- 
strate progress. The “public licence to operate” in this instance extends into the realm of 
shareholder approval.

The Canadian resource sectors are responding to public pressure to improve water use and are 
also investing in water management based on other factors. For example, the forest sector is 
working to develop quantitative profiles of water uses by forest products in Canadian operations 
in an act of voluntary transparency. The oil and gas sector has partnered with the Alberta 
government to invest in furthering shared innovation and in technology for increased water 
efficiency. The mining sector is developing methods for integrating water use and efficiency 
in its sustainability reporting standards. In Southwestern Ontario, agricultural producers have 
mobilized with public authorities to engage the public on allocation decisions during seasonal 
drought.137 As issues of water scarcity and quality increase across the country, such actions will 
be increasingly important for the sectors to demonstrate their corporate responsibility and keep 
their public licence to operate.
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Findings and Conclusions 

Findings

The natural resource sectors are very important for Canada’s economic prosperity and will continue 
to be a dominant factor in the country’s economic profile over the long term. As significant users 
of  water already, anticipated growth of  the sectors will likely result in increasing pressure on our 
water resources. However, specific details regarding where and when these impacts may be felt 
are lacking. Due to limited, dated information and data regarding water availability (surface and 
groundwater) and industrial water use on regional and national scales, the sustainability of  the 
country’s water resources becomes a question. 

Sector-specific findings

The water uses of, and issues pertaining to, each of  the natural resource sectors are unique. Each 
has a different use and impact on the water resources on which they rely. The issues are largely local 
and/or regional rather than national, in comparison with the issues identified in Chapter 5. With 
increasing pressures due to population and economic growth, and a changing climate, these matters 
could develop into national issues if  they are not addressed now.
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Hydroelectric Power Generation

Water is critical for hydroelectric power. Because this sector will be a significant future energy 
source in Canada (for both internal use and export), and in light of  the drive for lower-emission 
energy sources, it is reasonable to expect water use by the sector to rise substantially over the 
medium to long term. As this sector’s water use is largely non-consumptive, impacts on regional 
water quantities do not readily appear to be of  concern. However, the timing of  use is an important 
consideration for hydroelectric power operations and therefore will continue to be a key issue in 
watersheds where there are competing uses for the water. 

As hydroelectric facilities can have significant effects on flow regimes and water levels within 
watersheds, these considerations must be carefully managed on a facility and on an individual 
watershed basis. Prudent management is necessary to balance electricity production with the needs 
of  other users while also considering ecological needs and fisheries requirements. Moving forward, 
management of  hydropower facilities should be considered on a watershed basis, particularly where  
there are multiple facilities and users on the same river system, to address potential cumulative effects.

Fossil and Nuclear Electric Power Generation

Water availability is also a major requirement for fossil and nuclear electric power. Relative to the 
hydroelectric power generation sector, the fossil and nuclear electric power generation sectors 
use less water (intake) but have greater consumptive use, and greater potential to negatively affect 
water quality. These sectors will continue to count on water availability into the future. Water 
availability will also remain a key consideration for siting new facilities. The sector does not appear 
to be significantly concerned about water scarcity overall, but rather is focused on future water 
management to ensure a secure supply of  electricity. The need to refurbish and rebuild the Canadian 
electricity infrastructure may alter the sector’s water use over the medium to long term. How 
those developments impact water use remains to be seen, and is difficult to predict at this point 
without knowing the future generation mix, including hydropower. The key challenge of  balancing 
electricity production with the needs of  other users, including ecosystem needs, will remain into 
the future. The effects on water quality from thermal and chemical discharges continue to be an 
important issue that the sector needs to manage to ensure ecosystems are not adversely affected. 
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Oil and Gas

On both a national and regional basis, the oil and gas sector uses small volumes of  water in 
comparison with the other natural resource and energy sectors. As such, the sector does not perceive 
water availability to be a critical issue. It’s impact on water quality and aquatic ecosystems remains 
the primary issue. This is particularly true for the oil sands sub-sector, which anticipates significant 
growth. This pace of  development will exert increasing pressures on the ecosystems on a regional 
basis. Similarly the anticipated development of  shale gas in Western Canada warrants attention, both 
because of  potential effects on water quality and quantities in the region. A proactive approach to 
planning for further oil sands expansion and new developments in shale gas in British Columbia is 
necessary to ensure sustainable management of  the water resources in those respective regions. 

Agriculture

Water is crucial to the development of  products and fuel derived from crops and animal by-
products. While not the largest gross water user of  the natural resource sectors, agriculture is the 
largest consumer of  water largely due to crop irrigation. Water availability is currently an issue 
for farms in water-scarce regions of  the country. As the sector’s need for irrigation increases 
because of  demand for higher-value crops and efforts to convert dryland operations, the risks 
associated with water limitations will continue to rise. The sector may be at risk from climate 
change (resulting in reduced spring runoff) and prolonged cyclical drought. Water availability will 
continue to be a dominating issue for the sector, and as such is a key driver for water efficiencies 
and conservation.  

Mining

Relative to other natural resource sectors, the mining sector is not a significant user of  water, 
gross or consumptive. As such, water availability does not appear to be a constraint or risk to 
future operations. Mines have the ability to significantly impact water quality in the regions and 
watersheds where they are located, and therefore water quality is one of  the most important aspects 
of  water management for this sector. The potential for long-term effects of  mine operations on 
the health of  the surrounding ecosystems is of  particular concern due to contaminants that may be 
introduced to the environment as a result of  mining activities.  

Mining operations will need to consider the effects of  climate change on a mine’s water management 
practices. Particular effects of  interest include change in the amount of  precipitation, change in 
the timing of  precipitation, and an increase in frequency of  extreme events. Having a robust and 
adaptive water management plan will help in addressing the uncertainty related to such events. 
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Forest

Both forest management and manufacturing activities affect water resources, but in very different 
ways. Forest harvesting activities can have significant impacts on the hydrology and water quality 
of  watersheds; therefore, sustainable forest management strives to protect forest health and build 
in water protection measures to minimize these impacts. The pulp and paper manufacturing sector 
uses large volumes of  water but with very low consumptive rates. Overall water conservation 
is not viewed as a high priority issue by the sector, given that most of  the water use is non-
consumptive and because most operations are located on large waterways in regions that are not 
currently experiencing water shortages. Similar to mining, the pulp and paper sector’s primary 
water issues pertain to water quality related to discharges and the potential effects on downstream 
aquatic ecosystems.

The pulp and paper industry is reinventing itself  in the wake of  the recent economic downturn. 
The sector’s recovery into new markets and product lines is uncertain, and as such its future growth 
and the potential implications for water resources and impacts on ecosystems remain largely 
unknown. 

Opportunities for Innovation

Significant economic barriers for broad implementation of water-efficient technologies exist 
for all sectors. However, some important drivers are resulting in advancement of better water 
conservation and management:

•	 The sectors are acutely aware that water efficiency is closely tied to energy efficiency.  
The water-energy nexus is a key driver of water conservation efforts. 

•	 Public pressure in some cases has led to the development and implementation of a number 
of technologies to improve the way water is used.

•	 Water quality is more closely regulated, and as such has garnered significant investment 
for effluent treatment and containment measures. 

Still, further opportunities for improving Canadian innovation in water management continue 
to exist for all sectors. Although there is no one-size-fits-all approach or method for improving 
water use, a greater emphasis on increased knowledge transfer, research, leveraged funding 
through private-public partnerships, and economic instruments are examples that could enable 
industry to reduce its absolute and relative water footprints. This in turn will help ensure that 
there will be water — in the required quality and quantity — for the environment and future 
development.



142	 CHANGING CURRENTS: WATER SUSTAINABIL ITY  AND THE FUTURE OF CANADA’S NATURAL RESOURCE SECTORS 	

Conclusions

The natural resource sectors are a vital part of  the Canadian economy and are anticipated to grow 
by as much as 50 to 60 per cent by 2030. As the most significant users of  our water resources, these 
sectors’ growth can be expected to put increasing pressure on our water resources. Exactly how 
much pressure and exactly where it will be exerted is unknown. This is due to a lack of  reliable, 
accurate data on our actual water resources, and data on actual water use by the natural resource 
sectors. 

While certain areas of  the country are responding to these concerns, governance at a national level 
is not currently positioned to respond effectively to this problem due to jurisdictional complexity, 
inconsistent approaches across the country, policy fragmentation, and a lack of  resources and 
technical, scientific, and policy capacity. By addressing these specific challenges, governments 
will be able to establish more effective governance structures that will enable industry to develop 
solutions at the regional scales where they operate. 

The NRTEE has determined that in order to address the issue of  water sustainability and the 
future of  the natural resource sectors, the following four key challenges related to governance and 
water management will be explored  in Phase II of  the NRTEE’s Water Program:

•	 We will evaluate current water allocation approaches across the country to determine 
if they remain effective and appropriate means to manage water, and we will identify 
opportunities for improvement to water allocation going forward.

Most of the water allocation approaches in Canada are based on historical policies. They were 
developed in response to the division of water resources to encourage settlement and development 
of this country, created at a time when water was plentiful, with few if any competing uses on 
any given water body. This is no longer the situation. There are now competing uses for water, 
the prospect of increased demand and a likely reduction in supply. In light of these changing 
circumstances, we need to explore other water allocation approaches beyond what we have 
in Canada today. And specifically we need to understand how such approaches might affect 
Canada’s natural resource sectors.



	 NAT IONAL ROUND TABLE ON THE ENVIRONMENT AND THE ECONOMY 	 143

•	 We will further examine collaborative governance approaches for integrated  
water management.

Water governance is changing across the country, with varying approaches due to differing 
regional demands and challenges, as well as differing watershed characteristics. Part of the 
change involves “collaborative” governance, resulting in the inclusion of more stakeholders in 
decision making than ever before. While differences exist between regional approaches, many 
governance issues are common across the country, including access to and understanding of 
good science, availability of data and information, policy fragmentation, regulatory incoherence, 
dispute resolution, political engagement, and financial support. Good collaborative governance 
principles and models exist and can be applied. The challenge is to figure out how to overcome 
the barriers that are preventing implementation of potential solutions. 

•	 We will investigate strategic approaches to the collection and management  
of water-use data.

The evidence to date suggests that accurate, reliable data and information regarding actual water 
use by the various resource sectors is quite variable. Each of the sectors appear to have different 
regulatory requirements pertaining to water use, which differs between sectors and varies across 
jurisdictions. The reporting requirements also vary significantly. As a result, some sectors have 
a good understanding of their water use and potential areas for improvement (e.g., pulp and 
paper sector). Other sectors may not collectively have a solid understanding of their actual 
water uses, but on an individual operational basis, some proactive operators do understand and 
appreciate their water use. If Canada is to fully understand water use now and into the future, 
a comprehensive picture of actual usage across the country is necessary. This in turn must be 
paired with other monitoring data to ensure ecosystem flows are accounted for. This is not a 
simple, easy task — it will require resources, time, and commitment. Investigation of a strategic 
approach on how this may be accomplished is warranted.
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•	 We will explore a full suite of policy instruments for water management in Canada,  
from traditional regulatory and voluntary conservation efforts to pricing and  
market-based instruments, which will be necessary for implementation of effective  
policies and strategies.  

While conventional regulatory approaches play an important role in water management, 
market-based instruments could serve a function that to date has largely not been used in 
Canada. Putting an economic “value” on water may be an important approach to improving the 
demand-side management of the resource, both to encourage efficiency and to account for the 
many non-market ecological goods and services provided by water. Water “valuation” can also be 
used to ensure that costs or benefits associated with changes in the environment are considered. 
Research suggests this approach may improve conservation efforts and contribute to pollution 
prevention. 

The NRTEE believes that there is an opportunity now to put Canada on a policy path to ensure 
sustainability of our water and natural resources sectors. Canada needs a national approach to 
water governance — complemented by effective management systems — while governments 
are still in a position to consider all possible options and before water availability becomes 
constrained and turns into a critical national economic and environmental issue. 
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Glossary

ADAPTIVE 
MANAGEMENT

The implementation of policies as experiments. A methodological approach to resource management 
whereby management decisions can be adjusted based on outcomes.

ALLOCATION The process of determining who is given access to an amount of water from a surface or ground water 
source, how much that amount is, and when it may be used. 

AQUIFER A subsurface layer or layers of rock or other geological strata of sufficient porosity and permeability 
to allow either a significant flow of groundwater or the abstraction of significant quantities of 
groundwater. 

CONSUMPTIVE WATER 
USE

The amount of that water intake that is not returned to natural sources, generally lost to evaporation 
or contained within wastewater or products.

DRAINAGE BASINS A geographical area that drains all precipitation received as a runoff or base flow (groundwater 
sources) into a particular river or set of rivers. 

EFFLUENT A liquid, solid, or gaseous emission, such as the discharge or outflow from an industrial process.

ENVIRONMENTAL FLOW The quantity, timing, and quality of water flows required to sustain freshwater and estuarine 
ecosystems and the human livelihoods and well-being that depend on these ecosystems.

ECOSYSTEM RESILIENCE The capacity of an ecosystem to cope with disturbances, such as storms, fire, and pollution, without 
shifting into a qualitatively different state. A resilient ecosystem has the capacity to withstand shocks 
and surprises and, if damaged, to rebuild itself.

ECOSYSTEM SERVICES The benefits provided to people, both directly and indirectly, by ecosystems and biodiversity. Direct 
economic benefits are those materials gained through the use of natural assets (e.g., water, trees, 
crops) that provide inputs to production. Indirect benefits refer to all those natural goods and assets 
that keep soil intact, recycle pollutants, pollinate plants, provide oxygen, and lead to regeneration of 
natural assets.

GROSS WATER USE The total amount of water taken from a source (ground or surface).

HYDROLOGICAL CYCLE The cycle in which water evaporates from the oceans and the land surface, is carried over the earth 
in atmospheric circulation as water vapour, precipitates again as rain or snow, is intercepted by trees 
and vegetation, provides runoff on the land surface, infiltrates into soils, recharges groundwater, 
discharges into streams, and ultimately, flows out into the oceans, from which it will eventually 
evaporate again.

INTEGRATED WATER  
RESOURCE 
MANAGEMENT (IWRM)

A process that promotes the coordinated development and management of water, land, and related 
resources in order to maximize the resultant economic and social welfare in an equitable manner 
without compromising the sustainability of vital ecosystems.
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MAKE-UP WATER Water (not produced water) that is injected into an oil-bearing zone to enhance the operation of an 
enhanced oil recovery project. Make-up water is new water needed to replace the volume of oil and 
gas produced in conventional enhanced oil recovery projects, and replace volumes of produced water 
that are lost in the treatment and steam generation processes for thermal in-situ projects (oil or 
crude bitumen). In electrical generation, the term is also used to describe the largest volume of water 
required by an electric generator, which typically will be used in the cooling tower. 

PRODUCED WATER Water that is extracted from the subsurface along with oil, gas, or other hydrocarbons. 

PROCESS WATER Water that is used in the manufacturing process.

RECIRCULATED WATER Water that is used more than once, often for different processes. Recirculated water can also refer to 
water that leaves a particular process and then re-enters that same process, including water that is 
discharged to a cooling pond and is later reused.

RETURN FLOW Water that is withdrawn but returned to its source or to another body of ground or surface water as 
opposed to being consumed or lost via evapotranspiration.

SALINE WATER 
(BRACKISH)

Water that contains a significant concentration of dissolved salts. In Alberta, this refers to 
groundwater that has >4000 mg/L total dissolved solids.

TAILINGS Ground rock and process effluents that are generated in a mine processing plant.

TAILINGS 
IMPOUNDMENT

Structures functionally pertaining to tailings, including (but not limited to) dams, spillways, and decant 
structures.

WATER ALLOCATION The quantity of water available to be taken under a water access licence.

WATER BALANCE An equation used in hydrology to describe the flow of water in and out of a system.

WATER DISCHARGE Water that is withdrawn, used, and then returned to the natural environment.

WATER EFFICIENCY The accomplishment of a function, task, process, or result with the minimal amount of water feasible. 
The term water efficiency can also be used as an indicator of the relationship between the amount of 
water required for a particular purpose and the amount of water used or delivered. 

WATER FOOTPRINT The total volume of freshwater that is used to produce the goods and services consumed by the 
individual or community (measured in cubic metres per year).

WATER INTAKE OR 
WITHDRAWAL

The total amount of water extracted for use in an establishment or industry.

WATERSHED An area of land that intercepts and drains precipitation through a particular river system or group of 
river systems. 

	 THE NATIONAL ROUND TABLE ON THE ENVIRONMENT AND THE ECONOMY 	 151



152	 CHANGING CURRENTS: WATER SUSTAINABIL ITY  AND THE FUTURE OF CANADA’S NATURAL RESOURCE SECTORS 	

references 

1 	 Ipsos-Reid, “Canadian Water Attitudes Study” (Commissioned by Unilever and Royal Bank 
of  Canada, 2009).

2 	 Intergovernmental Panel on Climate Change (IPCC), Technical Paper on Climate Change and 

Water. ( 2008) Accessed from www.ipcc.ch/pdf/technical-papers/climate-change- 
water-en.pdf.

3 	 S. Cohen & K. Miller, “North America,” in Climate Change 2001: Impacts, Adaptation  
and Vulnerability, ed. J.J. McCarthy et al.  Contribution of Working Group II to the Third 
Assessment Report of the Intergovernmental Panel on Climate Change (Cambridge: 
Cambridge University Press, 2001), 735–800). See Figure 15-1.

4 	 Natural Resources Canada, “Water Resources,” in Climate Change Impacts and Adaptation:  
A Canadian Perspective (Ottawa, 2004).

5 	 Natural Resources Canada, Atlas of Canada, Drainage Basins (2004), Accessed from  
http://atlas.nrcan.gc.ca/site/english/maps/environment/hydrology/drainagebasins.

6 	 Statistics Canada, Environmental Accounts & Statistics Division. Human Activity and the 
Environment: Annual Statistics 2009, Map 3.1, Accessed from http://www.statcan.gc.ca/
pub/16-201-x/2009000/maps-cartes-eng.htm.

7 	 T.C. Winter, J.W. Harvey, O.L. Franke, & W.M. Alley.  “Ground Water and Surface,” in  
Water, ed. U.S. Department of the Interior, A Single Resource (U.S. Geological Survey, 1998).

8 	 Council of Canadian Academies, The sustainable management of groundwater in Canada, 
Report of the Expert Panel on Groundwater (2009).

9 	 N. Abel, S. Cork, R. Gorddard, J. Langridge, A. Langston, R. Plant, W. Proctor, P. Ryan, 
D. Shelton, B. Walker,  M. Yialeloglou. (2003). Natural Values: Exploring options for 
enhancing Ecosystem Services in the Goulburn-Broken Catchment. Final Report to the 
Land and Water Resources Research and Development Corporation. Commonwealth 
Scientific and Industrial Research Organisation (CSIRO) Sustainable Ecosystems, 
Canberra, Australian Capital Territory.

10 	 International Union for Conservation of Nature and Natural Resources, Flow: The 
Essentials of Environmental Flows (Switzerland and Cambridge: 2003). Accessed from 
http://data.iucn.org/dbtw-wpd/edocs/2003-021.pdf.

11 	 UN-Water & Global Water Partnership (GWP), “Roadmapping for Advancing Integrated 
Water Resources Management (IWRM) Processes” (2005). Accessed from http://www.
gwpforum.org/gwp/library/Roadmapping%20for%20Advancing%20IWRM.pdf.



	 NAT IONAL ROUND TABLE ON THE ENVIRONMENT AND THE ECONOMY 	 153

12 	 C.J. Krebs, Ecology, 5th ed. Menlo Park, California: Benjamin Cummings, (2001).
13 	 World Resources Institute, “Millennium Ecosystem Assessment” in  Ecosystems and 

Human Well-being: Wetlands and Water Synthesis (2005). Accessed from http://www.
millenniumassessment.org.

14 	 S. Postel & B. Richter, Rivers for Life: Managing Water for People and Nature (Washington, 
DC: Island Press, 2005).

15 	 U.S. Environmental Protection Agency, “Dissolved Oxygen Depletion in Lake Erie” 
(2010). Accessed from http://www.epa.gov/glindicators/water/oxygenb.html.

16 	 The Brisbane Declaration. Proclaimed at the 10th International River symposium 
and International Environmental Flows Conference, Brisbane, Australia, 3–6 
September, 2007. Accessed from http://www.riverfoundation.org.au/index.
php?Itemid=65&id=71&option=com_content&task=view.

17 	 R.C. de Loë, J. Varghese, C. Ferreyra, & R.D. Kreutzwiser, “Water Security in Canada: 
Initiating a Policy Dialogue for the 21st Century” (2007). Accessed from www.
environment.uwaterloo.ca/.../1-de_Loe_et_al_2007_Final_Report.pdf.

18 	 Stockholm International Water Institute (SIWI) & International Water Resources 
Association (IWRA), Toward Upstream/Downstream Hydrosolidarity (Stockholm, Sweden: 
SIWI/IWRA proceedings, 1999).

19 	 B.D Richter, R. Mathews, D.L. Harrison, R. Wigington, “Ecologically Sustainable 
Water Management: Managing River Flows for Ecological Integrity,” Journal of Ecological 
Applications, 13 (1), 207 (2003).

20 	 G3 Consulting Ltd., Ecosystem Needs of Water Resources. Prepared for the National Round 
Table on the Environment and the Economy (NRTEE) (Ottawa: 2009).

21 	 B.D. Richter, R. Mathews, D.L. Harrison, R. Wigington, “Ecologically Sustainable 
Water Management: Managing River Flows for Ecological Integrity,” Journal of Ecological 
Applications, 13 (1), 207 (2003).

22 	 M. Kennedy & J. Wilson, Natural Credit: Assessing the Value of Natural Capital in the Credit 
River Watershed. (Pembina Institute & Credit Valley Conservation, 2009). Accessed from  
http://pubs.pembina.org/reports/natural-credit-report.pdf.

23 	 M. Anielski & S. Wilson, The Wealth of the Mackenzie Region. (Ottawa: The Canadian 
Boreal Initiative & Pembina Institute, 2009). Accessed from http://www.borealcanada.ca/
documents/MackenzieReport_09_enFINAL.pdf.

24 	 NRC (National Research Council), “Valuing Ecosystem Services: Toward Better 
Environmental Decision Making,” Washington, DC: National Academies Press (2005).

25 	 R.E. Grant & Associates, “St. Lawrence River Discussion Papers: Fish Habitat Changes – 
Thousand Islands, Middle Corridor, and St. Lawrence” (2002). Accessed from  
http://www.glfc.org/lakecom/loc/habitat.pdf. 



154	 CHANGING CURRENTS: WATER SUSTAINABIL ITY  AND THE FUTURE OF CANADA’S NATURAL RESOURCE SECTORS 	

26 	 Department of Fisheries and Oceans, Joint AENV-DFO water management framework. 
Accessed from http://www.dfo-mpo.gc.ca/regions/central/pub/water-eau/section3 
-eng.htm.

27 	 L. Nowlan & K. Bakker, “Delegating Water Governance: Issue and Challenges in the BC 
Context,” Report for BC Water Governance Project prepared by UBC Program on Water 
Governance (2007).

28 	 Gordon Water Group of Concerned Scientists and Citizens, Changing the Flow: A 
Blueprint for Federal Action on Freshwater (2007).

29 	 R. C. de Loë, Sharing the waters of the Red River Basin : a review of options for 
transboundary water governance. Report prepared for the International Red River Board of 
the International Joint Commission (2009).

30 	 International Joint Commission, Draft report on the status of groundwater in the Great Lakes 
Basin, ed. Science Advisory Board to the International Joint Commission (2008).

31 	 Council of Canadian Academies, The Sustainable Management of Groundwater in Canada, 
(2009). Accessed from http://www.scienceadvice.ca/en/assessments/completed/ 
groundwater.aspx.

32 	 L. Nowlan & K. Bakker, “Delegating Water Governance: Issue and Challenges in the BC 
Context.” Report for BC Water Governance Project prepared by UBC Program on Water 
Governance (2007).

33 	 Statistics Canada, Energy Statistics Handbook, (Ottawa: 2008).
34 	 Canadian Centre for Energy Information, “Canada’s Energy Map, 2009”, Accessed from  

http://www.centreforenergy.com/FactsStats/ (accessed May 4, 2010).
35 	 International Energy Agency, World Energy Outlook 2008. (2008) Accessed from  

http://www.worldenergyoutlook.org.
36 	 Canadian Electricity Association, “Building Tomorrow’s Electricity System: Electricity 

Fundamentals for Decision Makers” (2009).
37 	 Conference Board of Canada, “Provincial Outlook 2009. Long-Term Economic Forecast” 

(Ottawa: 2009).
38 	 ÉEM, Survey of Canadian Hydropower Potential (2006). Accessed from http://www.eem.

ca/index2.php?option=com_content&do_pdf=1&id=41.
39 	 Ibid.
40 	 Alberta, “Alberta Energy Industry: An Overview 2008,” Accessed from  

http://www.energy.gov.ab.ca/Org/pdfs/Alberta_Energy_Overview.pdf.
41 	 Atlantic Energy, “Energy Hub Map,” 2008, Accessed from http://www.atlanticaenergy.

org/pdfs/ace_energy_hub_map.pdf.



	 NAT IONAL ROUND TABLE ON THE ENVIRONMENT AND THE ECONOMY 	 155

42 	 Canadian Centre for Energy Information, “Canada’s Energy Map, 2009”, Accessed from  
http://www.centreforenergy.com/FactsStats/ (accessed May 4, 2010).

43 	 Hydro Québec, “Electricity Generating Atmospheric Emissions,” (December 2000), ed. 1, 
Accessed from http://ussdams.com/ussdeducation/Media/hydroquebec.pdf.

44 	 New Brunswick, “Energy Landscape,” Accessed from http://www.gnb.ca/0085/
Landscape-e.asp (accessed May 5, 2010).

45 	 SaskPower, “Saskatchewan Electrical System Map,” (2010), Accessed from  
http://www.saskpower.com/aboutus/corpinfo/transmission_and_distribution/
saskatchewan_electrical_system_map.shtml.

46 	 Alberta Environment, Water for Life: Current and Future Water Use in Alberta  
(Edmonton: 2007).

47 	 Energy Resources Conservation Board,  Alberta’s Energy Reserves 2007 and Supply/Demand 
Outlook 2008–2017 (2008). Accessed from http://www.eub.ca/docs/products/STs/st98_
current.pdf.

48 	 Canadian Association of Petroleum Producers, Crude Oil – Forecasts, Markets & Pipeline 
Expansions (Calgary: 2009).

49 	 National Energy Board. (2009). 2009 Reference Case Scenario: Canadian Energy Demand 
and Supply to 2020. Calgary, AB. Accessed from http://www.neb-one.gc.ca/clfnsi/

	 rnrgynfmtn/nrgyrprt/nrgyftr/2009/rfrnccsscnr2009-eng.pdf.
50 	 Canadian Association of Petroleum Producers, Crude Oil – Forecasts, Markets & Pipeline 

Expansions (Calgary: 2009).
51 	 Canadian Centre for Energy Information, “Canada’s Energy Map, 2009”, Accessed from  

http://www.centreforenergy.com/FactsStats/ (accessed May 4, 2010).
52 	 Canadian Society for Unconventional Gas (CSUG), Shale Gas Potential of Canada (Tcf ). 

Opportunities and Challenges. Michael Dawson, President, CSUB. (2010), Accessed 
from http://www.csug.ca/images/CSUG_presentations/2009/NBF%20luncheon%20
presentation%20final.pdf.

53 	 National Energy Board. (2009). 2009 Reference Case Scenario: Canadian Energy Demand 
and Supply to 2020. Calgary, AB. Accessed from http://www.neb-one.gc.ca/clfnsi/

	 rnrgynfmtn/nrgyrprt/nrgyftr/2009/rfrnccsscnr2009-eng.pdf.
54 	 Alberta Energy, “Shale Gas,” (2010). Accessed from http://www.energy.alberta.ca/

NaturalGas/944.asp.
55 	 Conference Board of Canada, Canadian Industrial Outlook: Winter 2009 Canada’s Gas 

Extraction Industry, (Ottawa: 2009). Accessed from http://www.conferenceboard.ca/
documents.aspx?did=2962.

56 	 J. Moorhouse, M. Huot, & S. Dyer, The In Situ Oil Sands Report Card.  
(Pembina Institute: 2010). 



156	 CHANGING CURRENTS: WATER SUSTAINABIL ITY  AND THE FUTURE OF CANADA’S NATURAL RESOURCE SECTORS 	

57 	 Ibid.
58 	 Alberta Environment, “Requirements for Water Measurement, Reporting, and Use for 

Thermal In Situ Oil Sands Schemes,” Draft Directive. (February 2009).
59 	 Government of Alberta, “Water Conservation and Allocation Guideline for Oilfield 

Injection” (Alberta  Energy Resources Conservation Board: 2006).
60 	 Geowa Information Technologies Ltd., “Water Use for Injection Purposes in Alberta” 

(2003).
61 	 Letter from Environment Canada to Matt Price, Environmental Defence, July 2009.
62 	 Alberta Environment, Water for Life:  Current and Future Water Use in Alberta  

(Edmonton: 2007).
63 	 Government of Alberta, “Alberta’s Oil Sands. Opportunity. Balance,” (2008). Accessed 

from http://www.environment.alberta.ca/documents/oil_sands_opportunity_balance.pdf.  
64 	 D. Ohlson, G. Long, & T. Hatfield, Phase 2 Framework Committee Report. (Fort 

McMurray: Cumulative Effects Management Association, 2010).
65 	 M. Griffiths, & D. Woynillowicz, Troubled Water, Troubling Trends. Technology and Policy 

Options to Reduce Water Use in Oil and Oil Sands Developments in Alberta. (The Pembina 
Institute: 2006).

66 	 Statistics Canada. M. S. Beaulieu, S. Martin, C. Fric, F. Soulard, “Estimation of Water
	 Use in Canadian Agriculture in 2001,” Agriculture and Rural Working Paper Series,
	 Statistics Canada Catalogue no. 21-601-M, (2007) Ottawa.
67 	 Statistics Canada, Catalogue no. 16-201-v. Human Activity and the Environment (2009), 

16–17.
68 	 Ibid, 11.
69 	 Statistics Canada. B. Saha & V.V. Mitura, “The Agri-Food Industry and the Farm 

Community” in Canadian Agriculture in 2008: An Overview of Key Events.  
Catalogue no 21-004-X, 11–12.

70 	 Ibid.
71 	 Conference Board of Canada, “Provincial Outlook Executive Summary 2009”  

(Ottawa: 2009).
72 	 T. Laan, T.A. Litman, & R. Steenblik, “Biofuels – At what cost? Government support 

for ethanol and biodiesel in Canada: One of a series of reports addressing subsidies for 
biofuels in selected OECD countries.” (Geneva, Switzerland: International Institute for 
Sustainable Development, Global Subsidies Initiative, 2009). Accessed from http://www.
globalsubsidies.org/en/research/biofuel-subsidies.

73 	 Ibid.



	 NAT IONAL ROUND TABLE ON THE ENVIRONMENT AND THE ECONOMY 	 157

74 	 F. Forge, “Biofuels – An energy, environmental or agricultural policy?” (2007). Library 
of Parliament. PRB 06-37E.  Accessed from http://www2.parl.gc.ca/Content/LOP/
ResearchPublications/prb0637-e.htm.

75 	 Statistics Canada. M. S. Beaulieu, S. Martin, C. Fric, F. Soulard, “Estimation of Water 
Use in Canadian Agriculture in 2001,” Agriculture and Rural Working Paper Series, 
Statistics Canada Catalogue no. 21-601-M, (2007) Ottawa.

76 	 J. Walker, Prairie Farm Rehabilitation Administration, & Brace Centre of Water 
Resources Management of McGill University, Analysis of Issues Constraining Sustainable 
Irrigation in Canada and the Role of Agriculture and Agri-Food Canada (2005).

77 	 Environment Canada, “Introduction to Water Use.” Accessed from http://www.ec.gc.ca/
eau-water/default.asp?lang=En&n=00EEE0E6-1.

78 	 J. Walker, Prairie Farm Rehabilitation Administration, & Brace Centre of Water 
Resources Management of McGill University, Analysis of Issues Constraining Sustainable 
Irrigation in Canada and the Role of Agriculture and Agri-Food Canada (2005).

79 	 R.C. de Loë, Presentation made at Canadian Water: Towards a New Strategy 
(Montreal: McGill University, March 26, 2010). Accessed from http://bcooltv.mcgill.ca/
Viewer2/?RecordingID=45511.

80 	 J. Walker, Prairie Farm Rehabilitation Administration, & Brace Centre of Water 
Resources Management of McGill University, Analysis of Issues Constraining Sustainable 
Irrigation in Canada and the Role of Agriculture and Agri-Food Canada (2005).

81 	 J. Walker, Regina: Agriculture and Agri-Food Canada, 2005.
82 	 Statistics Canada.  M. S. Beaulieu, S. Martin S., C. Fric, F. Soulard, 2007, “Estimation 

of Water Use in Canadian Agriculture in 2001,” Agriculture and Rural Working Paper 
Series, Statistics Canada Catalogue no. 21-601-M, Ottawa.

83 	 M.L. Looper & D.N. Waldner, “Livestock Impacts on the Environment” (Food and 
Agriculture Organization, 2006). Accessed from http://www.fao.org/ag/magazine/ 
0612sp1.htm.

84 	 M.L, Looper & D.N. Waldner, “Water for Dairy Cattle” (Las Cruces, New Mexico:  
New Mexico State University, College of Agriculture and Home Economics, 2007). 
Accessed from http://aces.nmsu.edu/pubs/_d/D-107.pdf.

85 	 International Water Management Institute (IWMI). “Water implications of biofuel crops:  
Understanding tradeoffs and identifying options” in Water Policy Brief, 30 (2008).

	 Accessed from http://www.iwmi.cgiar.org/Publications/Water_Policy_Briefs/index.aspx.
86 	 National Research Council (NRC), “Water implications of biofuels production in the
	 United States,” (Washington: National Academies Press: 2008). Accessed from http://
	 www.nap.edu/openbook.php?record_id=12039&page=R1. 



158	 CHANGING CURRENTS: WATER SUSTAINABIL ITY  AND THE FUTURE OF CANADA’S NATURAL RESOURCE SECTORS 	

87 	 The Canadian Climate Impacts and Adaptation Research Network (CCAIRN), Climate 
Change Adaptation- A Producer Perspective on Policy and Programs (2004). Accessed from 
http://www.c-ciarn.ca/pdf/meeting_2004.pdf.

88 	 K. Mercer, “Water Shortages blamed for irrigation cutbacks,” The Province, Sept 21, 2009, 
A10.

89 	 World Wildlife Fund-Canada, River at Risk: The Status of Environmental Flows in Canada 
Technical Report (2009), 57–59. Accessed from http://assets.wwf.ca/downloads/wwf_
canadas_riversatrisk_technicalreport.pdf.

90 	 Alberta Environment, State of the Environment: Water (2007). Accessed from  
http://www3.gov.ab.ca/env/soe/water_indicators/26_SouthSask_sub.html.

91 	 R. Shortt, W.J. Caldwell, J. Ball, & P. Agnew, “A Participatory Approach to Water 
Management: Irrigation Advisory Committees in Southern Ontario.” Canadian Water 
Resources Association Annual Congress proceedings (2004). Accessed from  
http://www.c-ciarn.uoguelph.ca/documents/shortt.pdf.

92 	 D.W. Schindler & W.F. Donahue, “An impending water crisis in Canada’s western prairie 
provinces” in , PNAS (Proceedings of the National Academy of Sciences of the United States of 
America) 103(19): 7210–7216. (2006). doi: 10.1073.

93 	 Environment Canada, Water: Wetlands. (2010).  Accessed from http://www.ec.gc.ca/eau-
water/default.asp?lang=En&n=27147C37-1.

94 	 M. Savard, G. Somers, D. Paradis, E. van Bochove, H. Vigneault, R. Lefebvre, G. 
Theriault, R. De Jong, Y. Jiang, B. Qiang, J.M. Ballard, R. Cherif, N. Ziandi, J. MacLeod, 
O. Pantako, J.Y. Yang, “Consequences of climatic changes on contamination of drinking 
water by nitrate on Prince Edward Island.” (Natural Resources Canada and the Geological 
Survey of Canada: 2007).

95 	 Agriculture and Agri-Food Canada (AAFC), “Sector Outlook Review,” (2009).
96 	 Environment Canada, National Water Research Institute, “Threats to Water Availability 

in Canada,” (2004). Accessed from http://www.ec.gc.ca/INRE-NWRI/default.
asp?lang=En&n=0CD66675-1.

97 	 National Research Council (NRC), “Water implications of biofuels production in the 
United States,” (Washington: National Academies Press: 2008). Accessed from  
http://www.nap.edu/openbook.php?record_id=12039&page=R1.

98 	 U.S. Government Accountability Office (GAO), Energy-Water Nexus of Biofuels, Energy 
Bulletin, Report to the Chairman, Committee on Science and Technology (U.S. House of 
Representatives 2009). Accessed from http://www.energybulletin.net/node/50988.



	 NAT IONAL ROUND TABLE ON THE ENVIRONMENT AND THE ECONOMY 	 159

99 	 Environment Canada, National Water Research Institute, “Threats to Water Availability 
in Canada,” (2004). Accessed from http://www.ec.gc.ca/INRE-NWRI/default.
asp?lang=En&n=0CD66675-1.

100 	M. Beveridge & D. Droitsch, Making the Connection: Water and Land in Alberta  
(Water Matters Society of Alberta, 2010). Accessed from http://www.aref.ab.ca/Stories/
Water%20Matters%202010.pdf.

101 	Natural Resources Canada, Minerals and Metals Section, National Energy Board, 
Geological Survey of Canada, “Principal mineral areas of Canada,” “A” Series map 
900A, (ed. 50), 2009. Accessed from http://geopub.rncan.gc.ca/publist_e.php?_
m=1&term=sector.

102 	National Round Table on the Environment and the Economy, 2009.  True North: Adapting 
Infrastructure to Climate Change in Northern Canada.

103 	David Suzuki Foundation, “Climate Change and Canadian Mining: Opportunities for 
Adaptation,” (2009).

104 	National Council for Air and Stream Improvement (NCASI).  “Water Profile of the 
Canadian Forest Products Industry” (NCASI: Technical Bulletin No. 975, 2010).

105 	 Ibid.
106 	 Statistics Canada, “Gross domestic product by industry” (2008). Accessed from http://dsp-

psd.tpsgc.gc.ca/Collection-R/Statcan/15-001-XIE/15-001-XIE.html.
107 	Canada’s Forest Industry: Recognizing the Challenges and Opportunities, Report of the 

Standing Committee on Natural Resources, (Ottawa: June 2008). Accessed from http://
www2.parl.gc.ca/content/hoc/Committee/392/RNNR/Reports/RP3534643/rnnrrp03/
rnnrrp03-e.pdf.

108 	Global Forest Watch Canada, “Forest Product Mills in Canada by province.” Accessed 
from  http://www.globalforestwatch.ca/mills/mills-map1.png.

109 	National Council for Air and Stream Improvement (NCASI), “Water Profile of the 
Canadian Forest Products Industry,” (NCASI: Technical Bulletin No. 975, 2010).

110 	M. Carlson, J. Wells & D. Roberts, The Carbon the World Forgot: Conserving the Capacity 
of Canada’s Boreal Forest Region to Mitigate and Adapt to Climate Change. Boreal Songbird 
Initiative and Canadian Boreal Initiative, Seattle, WA, and Ottawa. (2009).

111 	Natural Resources Canada, “Water Use by Canada’s Natural Resources Sectors – Facts” 
(Ottawa: NRCan, 2009).

112 	W. Smith, B. Evans, T. Wilson, A. Nikiforuk, K. Baltgailis, A. Brady, L. Brewster, T. Gray,
	 W. Horter, P. Lee, R. Livernash, C. McGlynn, S. Minnemeyer, A. O’Carroll, A. Penn, G.
	 Quaile, M. Sawyer, E. Selig, & D. Bryant. (World Resources Institute & Global Forest
	 Watch Canada, 2000). Canada’s forests at a crossroads: An assessment in the year 2000.



160	 CHANGING CURRENTS: WATER SUSTAINABIL ITY  AND THE FUTURE OF CANADA’S NATURAL RESOURCE SECTORS 	

113 	CH2M HILL, Water Use in Industries of the Future: Forest Products Industry (2003).
114 	National Council for Air and Stream Improvement (NCASI), “Effects of forest 

management on water resources in Canada. A research review” (NCASI: Technical 
Bulletin No. 969, 2009).

115 	CH2M HILL, Water Use in Industries of the Future: Forest Products Industry (2003).
116 	D.S. Lemmen,  F.J.Warren,  J. Lacroix, & E.Bush, (eds.), “From Impacts to Adaptation: 

Canada in a Changing Climate”, 2007.
117  	Ibid.
118 	 S. Lapp , J. Byrne, I. Townshend & S. Kienzle. 2005. Climate warming impacts on 

snowpack accumulation in an Alpine watershed: a GIS based modeling approach. 
International Journal of Climatology, Vol. 25, no. 3, p. 521.

119 	A. Pietroniro, M.N. Demuth, P. Dornes, J. Toyra, N. Kouwen, A. Bingeman, C. 
Hopkinson, D. Burn, & B. Brua, “Streamflow shifts resulting from past and future glacier 
fluctuations in the eastern flowing basins of the Rocky Mountains” (National Water 
Research Institute Internal Publication, Contribution Number 06-026, 2006).

120 	K. Stahl, & R. Moore, 2006. Influence of watershed glacier coverage on summer 
streamflow in British Columbia, Canada. Water Resources Research, 42: W06201, 
doi:10.1029/2006WR005022.

121 	 I.J. Walker, & R. Syndysmith, “British Columbia”  in From Impacts to Adaptation: Canada 
in a Changing Climate, Ed. D.S. Lemmen, F.J. Warren, J. Lacroix, & E. Bush (Ottawa: 
Government of Canada, 2008), 329–386.

122 	L. Martz, J. Brunneau, & J.T. Rolfe, “Climate Change and Water,”  SSRB Final Technical 
	 Report (2007). Retrieved November 27, 2009, from http://www.usask.ca/geography/

giservices /images/SSRB_Final_Report.pdf.
123 	 J. Bruce, I. Burton, H, Martin, B. Mills, & L. Moitsch, “Water sector: vulnerability and 

adaptation to climate change. Final Report” (2000).  Accessed January 7, 2010, from 
www.c-ciarn.mcgill.ca/watersector.pdf.

124  D. Sauchyn, S. Kenney, & J. Stroich, “Drought, climate change, and the risk of 
desertification on the Canadian plains” in Prairie Forum 30(1): 143–156.

125 	National Round Table on the Environment and the Economy, “Degrees of Change: 
Climate Warming and the Stakes for Canada,” (forthcoming).

126 	R. Kreutzwiser, L. Moraru, L., R.C. de Loë, & K. Schaefer. “Drought sensitivity of 
municipal water supply systems in Ontario,” The Great Lakes Geographer 9(2):59-70. 
(2003).



	 NAT IONAL ROUND TABLE ON THE ENVIRONMENT AND THE ECONOMY 	 161

127 	W. Schertzer, R.  Rouse, D. C. L. Lam, D. Bonin, & L. Mortsch,  “Threats to Water  
Availability in Canada,” (Burlington, ON: National Water Research Institute, 2004). 
NWRI Environment Canada. Scientific Assessment Report Series No. 3 and ACSD 
Science Assessment Series No. 1.

128 	L. Vasseur & N. Catto,  “Atlantic Canada” in From Impacts to Adaptation: Canada in 
a Changing Climate. Ed. D.S. Lemmen, F.J. Warren, J. Lacroix, & E. Bush (Ottawa: 
Government of Canada, 2007) 119–170.

129 	 Ibid.
130 	L. Mortsch, M. Alden, & J. Scheraga, Climate change and water quality in the Great Lakes 

region—risks, opportunities and responses.  (Report prepared for the Great Lakes Quality 
Board of the International Joint Commission, 2003).

131 	C.B. Field, L.D. Mortsch, M. Brklacich, D.L. Forbes, P. Kovacs, J.A. Patz, S.W. Running 
& M.J. Scott, 2007: North America. Climate Change 2007: Impacts, Adaptation and 
Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change, M.L. Parry, O.F. Canziani, J.P. Palutikof, 
P.J. van der Linden & C.E. Hanson, Eds., Cambridge University Press, Cambridge, UK, 
617-652.

132 	R.C. de Loë &  A. Berg, “Mainstreaming Climate Change in Drinking Water Source 
Protection in Ontario.” Prepared for Pollution Probe & the Canadian Water Resources 
Association (Ontario Branch). (Ottawa: Pollution Probe, 2006).

133 	R. Cohen, B. Nelson, & G. Wolff,  “Energy Down the Drain: The Hidden Costs of 
California’s Water Supply,” (Natural Resources Defense Council, 2004). Accessed from 
http://www.nrdc.org/water/conservation/edrain/contents.asp.

134 	 Ipsos-Reid, Canadian Water Attitudes Study. (Commissioned by Unilever & Royal Bank 
of Canada, 2009).

135 	 Ibid.
136 	World Business Council on Sustainable Development, “Fact and Trends: Water, Version 

2.” (2009). Accessed from http://www.wbcsd.org/plugins/DocSearch/details.asp?type=Doc
Det&ObjectId=MTYyNDk.

137 	R. Shortt, W.J. Caldwell, J. Ball, & P. Agnew, “A Participatory Approach to Water 
Management: Irrigation Advisory Committees in Southern Ontario.” Canadian Water 
Resources Association Annual Congress proceedings (2004). Viewed at http://www.c-
ciarn.uoguelph.ca/documents/shortt.pdf.



OUR ENVIRONMENTAL 
COMMITMENT 

This book is printed on EcoLogo and FSC  

certified paper. The Forest Stewardship Council (FSC)  

is an international, not for profit organization whose  

mission is to promote the responsible management  

of the world’s forests. Products carrying the FSC label  

are certified to assure consumers that they come from  

forests that are managed to meet the social,  

economic and ecological needs of present  

and future generations.

Printed on Rolland Opaque50, which contains 50% post-consumer fibre, 

is EcoLogo as well as FSC Mixed Sources certified and manufactured in 

Canada by Cascades using biogas energy.

BioGaz





WWW.NRTEE -TRNEE .CA




