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activities to a narrow range of regulatory functions, such as flood and fill control. 

Increased responsibility is falling to landowners, water users and other proponents whose 

actions can impact groundwater functioning. However, the only example of a non-government 

initiative of note, is the coalition of major farm organizations referred to earlier, that have taken 

some farm-related initiatives, with modest support of federal and provincial governments. 

As noted by Karvinnen and McAllister ( 1994) reaching the conclusion that comprehensive and 

integrated approaches are needed for management of groundwater, is not the same as taking 

action: 

It is one thing to state important principles and to improve policy guidelines. It is 
another matter altogether to see these policies successfully implemented. Success will 
depend on a number of variables, including adequate financial resources, political will, 
knowledge of the resource, an ability to generate consensus amongst diverse interests, 
and effective mechanisms that can translate policy statements into carefully conceived 
and implemented water use practices. (Karvinnen and McAllister 1994:37) 

6.6 Summary 

From an ecosystem perspective, the institutional arrangements for groundwater protection in 

Ontario are fraught with deficiencies. Federal and provincial governments have failed to 

translate expressions of concern into specific policies and actions. The primary legislation 

governing activities that impact groundwater remain virtually unchanged since enactment. 

There continues to be a disproportionate emphasis on pollution control, abatement and 

remediation. The abatement and remediation focus is suffering from reduced financial and 

staffing resources, and is giving way to reduced regulation without a re-investment in 

prevention. In addition, significant public funds continue to be invested in replacement of 

degraded groundwater supplies rather than making investments in source protection. 
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There is chronic lack of sufficient and accessible groundwater data for decision making. Initial 

work on mapping groundwater systems in the Province has given way to declining monitoring 

systems and a continued site-specific approach to assessment. Watershed studies have 

demonstrated the benefits of considering groundwater as part of the larger hydrologic cycle. 

While these studies do not consistently address groundwater issues at the same level of 

sophisticatio~ they provide an important forum for local municipalities and other core actor 

groups to develop a common vision and a practical set of guidelines for influencing human 

activities on a watershed basis. 

There continues to be confusion regarding roles and responsibilities of core actor groups. This 

has resulted in ad hoc cooperation on specific_ initiatives in a few leading municipalities or 

conservation authorities. The lack of a support from senior levels of government for 

community-based action has left the design of pro-active strategies to protect regional 

groundwater systems to local actor groups. 

There is increased potential to apply land use planning measures to implement groundwater 

protection. A number of innovative measures for encouraging land use decisions to protect 

groundwater functions over the long term need further examination, such as conservation 

easements. Regional-scale approaches to groundwater protection offer significant potential. 

However, the long term erosion of regional planning authority will reduce their ability to 

effectively influence development decisions in favour of groundwater protection. Limited 

municipal authority to control the management and use of contaminants combined with a 

reduced policy and approval function in planning could seriously undermine future 

development and implementation of pro-active groundwater policy frameworks at the regional 

level. 



CHAPTER7 
ANATOMY OF AGROUNDWATERPROTECTIONSTRATEGY: 

THE CASE OF WATERLOO REGION 

7 .1 Introduction 

In Chapter Six, current institutional arrangements for groundwater management and protection 

in Ontario were reviewed in order to provide the context for considering opportunities and 

constraints facing regional groundwater strategies in the Province. Currently, the focus and 

scope of p~otection activities in Ontario suffers from a disproportionate emph~is on pollution 

control, abatement and remediation and a general absence of an ecosystem-based approach. 

Institutional arrangements also are characterized by unclear roles and relationships, limited 

inter-agency coordination, and declining provincial involvement or support. There is no 

centralized groundwater information system, and limited groundwater mapping and monitoring 

on a province-wide basis. At the same time, ad hoc partnerships have formed to increase the 

information base in specific areas through watershed studies and various local mapping and 

modelling exercises. Changes in the regulatory regime, in the form of reduced provincial 

approvals and changes to planning legislation are placing increased responsibility at the 

community level to protect groundwater. 

Waterloo's Water Resources Protection Strategy provides an excellent opportunity to consider 

how an ecosystem approach might inform regional groundwater protection strategies in the 

Province. As noted earlier, in a short period of time the Region has moved to the forefront of 

efforts in the Province to develop a comprehensive regional strategy ( cf. Dames & Moore 

Canada 1996; Federation of Canadian Municipalities 1995; Karvinnen and McAllister 1994). 

This chapter describes the Strategy, and its major components, using key documents and 

decisions that span the period August 1990 to September 1996. Chapter Eight presents a critical 
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analysis of strengths and weaknesses of Waterloo' sapproach as well as a set of conclusions and 

recommendations. 

7 .2 Planning Context 

The Regional Municipality of Waterloo Region is located in south-central Ontario in the Grand 

River Watershed (Figure 4 ). It encompasses a land area of approximately 138,000 hectares with 

three urban municipalities (Kitchener, Cambridge, Waterloo) and four rural townships 

(Woolwich, Wilmot, Wellesley, North Dumfries) (MMA. 1995: 181 ). Its current population is 

413,300 (RMOW 1996a: 1 ). Since the mid-l 940's the Region has experienced steady economic 

and urban expansion, having one of the highest rates of population growth in the Province. For 

example, between 1961 and 1991 the Region's population increased by 106 percent while the 

population of the population for the whole of Ontario increased 56 percent(MMA 1995:7). 

Waterloo Region's population is projected to increase another 32 percent by 2011, while the 

population for the province as a whole is expected to increase by 20 percent over the same 

period (MMA 1995:8). 

The economic base of the Region has continued to grow more rapidly than the rest of the 

province. For example, its share of the provincial Gross Domestic Product increased from 3.5 

percent to 4.1 percent between 1984 and 1993 (Kitchener 1995:5). The value of all goods and 

services produced in the Region grew by 36 percent between 1984 and 1992. This compares 

with an overall increase of20 percent for Ontario as a whole ( RMOW 1996a:4). In 1993 its 

Gross Domestic Product was 11.6 billion dollars. The Region's economic base has shifted away 

from traditional manufacturing to service industries and more specialized technology-intensive 
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industry. However, it continues to have a strong manufacturing component in the regional 

economy. The most recent available data indicates that secondary manufacturing accounts for 

26 percent of total employment (Kitchener 1994: 18). This compares with approximately 17 

percent of total employment in this sector for the Province as a whole. Residential, industrial 

commercial and institutional uses in the Region's urban and rural settlement areas occupy 

approximately 15,800 hectares ofland (RMOW 1996b ). By the year 2016, an additional 6,700 

hectares are forecast to be needed to accommodate future residential and employment. Including 

the 5,900 hectares within settlement areas that have restricted use designations (e.g. hazard 

lands, flood plains and Environmentally Sensitive Policy Areas), approximately one-quarter of 

the Region has been designated for human settlement in the Region's Official Policies Plan ( 

RivlOW 1996b). 

The most recent available data indicates there are approximately 1,000 livestock operations in 

the Region and 71,000 hectares of active cropland (OMAFRA 1997). The value of agricultural 

products totalled 258 million dollars in 1991, placing it eleventh among the counties and 

regions of Ontario. The total rural population is approximately 29,000 persons, one-quarter of 

whom represent the rural farm population. 

Waterloo Region contains the largest concentration of people in Canada who depend on 

groundwater as their primary source of drinking water, with approximately 375,000 people 

utilizing the regional water supply (RMOW 1995b). In addition to the three urban centres, 

seventeen rural communities are served by Region's water supply system. Approximately 28 

percent of the total annual water supply is groundwater with the remaining 12 percent 

withdrawn from the Grand River and treated at the Mannheim facility (RMO W 1995a: 1 ). There 

are 126 municipal wells in 55 well fields throughout the Region, drawing water from four 
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different aquifer types - confined and unconfined overburden aquifers, and confined and 

unconfined bedrock aquifer. Almost three-quarters of these wells are in urban areas (CH2M 

1996: 1-1 ). There are an additional 7,000 private drilled wells and numerous older dug wells in 

the Region (RMOW nd). 

Long term water supply options for the Region have been investigated at various times going 

back 25 years and more. These protracted processes have been driven by a concern to maintain 

a secure supply of water to meet the needs of a growing population and economy. Considerable 

discussion about the long term prospects of groundwater use has been stimulated by divergent 

interests of rural and urban residents, the Regional municipality, and other actor groups. 

Already 25 years ago, the Ontario Water Resources Commission undertook groundwater 

interference investigations in Wilmot Township and Waterloo County after local residents 

expressed concern that the operation of two new municipal wells " ... would seriously affect 

surface and groundwater supplies" (OWRC 1972:69). Meetings with the public were held" ... 

to outline protection afforded to private water supplies in the event of serious interference" 

(OWRC 1972:70). The subject of water supply planning in Waterloo has been researched by 

others, and is not the focus of this case study ( cf. Badgely 1991; Hofinann 1996). Suffice to say 

that future decisions on drinking water supplies, in particular the role groundwater plays in the 

Region's water supply system, may have repercussions on the diligence with which the Region 

continues to pursue protection of its groundwater resources. 

7.3 Bio-physical Context 

The water-bearing geologic formations, or aquifers, from which the Region draws its 

groundwater are extensive and complex. The surficial and bedrock geology of the Grand River 
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watershed, and beyond, forms an important ecological context in planning for groundwater 

protection in the Region. The Grand River watershed drains 6,800 square kilometres of land, 

beginning north-east of the village of Dundalk and ending some 300 kilometres to the south 

near Port Maitland, where the Grand River empties into Lake Erie. Its four major tributaries 

include the Nith, Conestogo, Eramosa and Speed rivers. (Figure 5). The overburden, or soil and 

fragmented rock materials lying above bedrock, were deposited as a result of glacial advances 

and retreats some 14,000 to 24,000 years ago (Sibul, Walmsely and Szudy 1980:10). These 

overburden materials directly determine groundwater recharge, occurrence, movement and 

discharge. In the overburden, groundwater occupies the spaces between grains of sand and other 

unconsolidated material. Silt and clay materials do not permit rapid infiltration of water to the 

subsurface, but where sand and gravel deposits are found of significant thickness, their 

relatively large grain size and interconnected pore spaces, give them high permeability and high 

well yields (Turner 1978). 

The upper part of the watershed is gently rolling terrain that has relatively low infiltration rates 

and a well developed surface drainage network. The central part of the watershed, where 

Waterloo Region is situated, is dominated by a series of moraines, drumlins and sandhills. The 

Waterloo Moraine has the thickest overburden deposits in the basin._It provides most of the 

groundwater supplied to the cities of Kitchener and Waterloo, and several communities in 

Wellesley and Wilmot townships (RMOW l 996c:4). Waterloo Moraine's permeable sand and 

gravel cap promotes high rates of infiltration. Extensive sands and gravel units below the cap, 

intermixed with lower permeability tills, create one of the most extensive overburden aquifers 

found in southern Ontario (MNR 1984:24). 
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The rivers and streams of the watershed are hydrologically connected to the Waterloo Moraine 

as well as other aquifer units lying below the surface. For example, the groundwater divide 

along the Waterloo Moraine corresponds with the surface water drainage divide. Streams 

originating along a northwest-southeast axis either flow west toward the Nith River or east 

toward the Grand River, producing local groundwater recharge and stream discharge patterns 

(Terraqua 1995). Where sand and gravel deposits are found at surface, groundwater contributes 

a substantial portion of total flow to cold water streams (e.g. Nith River, Laurel creek. 

Strasbourg creek, upper Blair creek, Doon South creek (Terraqua 1996; GRCA 1996). South 

of the Waterloo Moraine lies the Paris Moraine and Norfolk sand plain, both of which provide 

substantial base flows to local rivers and streams. In the lower portion of the watershed, the 

Grand River traverses the Haldimand clay plain. It has moderate to poor drainage conditions 

and many water-filled depressions. Streams follow drainage channels provided by small glacial 

ridges and generally receive little groundwater discharge (GRCA 1996). 

Underlying the overburden in the watershed is bedrock. In Precambrian rock, groundwater may 

be found in rock fractures. In limestone and dolostone, groundwater may be found in openings 

created by solution channels and joints and bedding planes. Where these channels are wide and 

interconnected, significant quantities of water can be transmitted (MNR 1984 ). Cambridge 

draws most of its water from the upper layers of the bedrock sequences found below the city. 

The Guelph-Amabel aquifer is one of the major regional bedrock aquifers in southern Ontario 

with potential for high water yields. It extends from Niagara Falls in the south to Tobermory 

in the Bruce Peninsula and outcrops on the east as the Niagara Escarpment. Natural dissolution 

channels in this dolostone produce large quantities of water that is generally hard ( elevated 

concentrations of calcium carbonate) and frequently contains elevated concentrations of iron 

(Turner 1978). 
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The western edge of the Guelph-AmabelFormationruns through the centre of Waterloo Region 

and the Grand River Basin, where it is overlain by the Salina Formation. This latter formation 

is generally unsuitable for drinking water due to high salinity with high natural concentrations 

of sulphate and hydrogen sulphide gas. Regional groundwater flows within the bedrock aquifeis 

are not influenced to the same extent as overburden aquifers are by surface water features. 

Flows are in a southerly direction toward the Grand River which, in places, is hydrologically 

connected to the upper aquifer (Lotowater 1996). 

7.4 Development of Waterloo Region's Protection Strategy 

The key milestones in the development of the regional groundwater strategy between 1989 and 

September 1996 are reviewed in the following sections. For quick reference, key events or 

activities are summarized below: 

1989 - Elmira wells contaminated; poor water quality in shallow groundwater documented. 

1990 - Region issues Request for Proposals to develop a Comprehensive Groundwater and 
Surface Water Protection Strategy. 

- Consultant hired to develop Regional Water Resource Protection Strategy. 

1992 - Objectives and framework of strategy proposed in consultarit's report. 

- Draft work plans proposed for some elements of the Strategy. 

1993 - Work plans finalized for four elements of the Strategy. 

- Region forms a Water Resources Protection Group to develop and coordinate 
implementation of protection policies and programs. 

- Regional hydrogeologic studies and capture zone studies initiated. 

- RecoMaissance contaminant source inventory initiated. 

- Hydrogeological data bases under development. 
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- Groundwater treatability assessment ( ongoing). 

- Public consultation on specific studies ( ongoing). 

- Monitoring water levels, groundwater & surface water quality ( ongoing). 

- Review of policies, legislation, and other jurisdictions. 

1994 - Implementation Plan endorsed by Regional Council. 

- Water Resources Liaison Protection Committee established. 

- Wellfield risk assessment/priority setting, wellhead audits initiated. 

- Groundwater reconnaissance studies and Well field contribution studies continue. 

- Education strategy and material under development. 

1995 - Groundwater Protection Policy Options paper developed. 

- Priorities for Groundwater Protection Policy and Program Development endorsed by 
Regional Council. 

- Working groups formed to address rural, current urban and future urban sources. 

- Waterloo Moraine Aquifer study completed. 

- Middleton Street capture zone study completed. 

1996 - Regional scale hydrogeological studies continuing. 

- Detailed investigation of potential sources of initiated. 

- Preliminary delineation of capture zones for entire Region. 

- Draft policy paper on Groundwater Protection Areas. 

7.4.1 Intervention 

Throughout periods of rapid growth, Waterloo Region has demonstrated leadership in 

integrating environmental considerations in its policy framework. For example, in 1976, the 

Region was the first among its peers to develop a policy for protecting environmentally 

sensitive areas in its official plan. A more recent example of pro-active environmental policy 
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is the Region's pioneering efforts in state-of-the-environment reporting (RMOW 1991 ). 

Waterloo continues to experience growth pressures from expanding urban areas, suburban 

development, and un-serviced rural settlement areas. These pressures have added impetus to 

protect and maintain clean water supplies for a growing population. Inadequate services in parts 

of the Region also have prompted costly delays in development approvals. Further concerns 

regarding the impact of on-site septic systems led to strict requirements for development 

proposed on private services. 

The interest in planning for groundwater protection emerged in the late l 980's. Like most other 

communities that have undertaken steps to protect their groundwater, the degradation and partial 

loss of water supplies have been key motivating factors. The decision by Waterloo Region to 

pursue a groundwater protection strategy was triggered by concerns about costly and immediate 

threats to its communal groundwater supplies (RMOW 1994:1, RMOW 1995b:2). As noted 

somewhat cryptically: ··In response to concerns about potential threats to water quality the 

Region initiated work on a comprehensive surface and groundwater protection program" 

(RMOW 1995c:2). In 1989 Nitroso dimethylamine(NDMA) was found in two municipal wells 

in the town of Elmira, north of the city of Waterloo. In November of that year the wells were 

taken out of production ( RMOW 1989). One month later, the Uniroyal Chemical 

manufacturing plant in the Town was notified by the Ministry of Environment and Energy that 

it was a possible source of this contamination. An Emergency Order was subsequently issued 

to the company, as was a Director's Order, to control additional surface discharges of the 

substance and to direct a clean-up operation. The community was provided with an alternative 

water supply via a pipeline from north Kitchener. Concerns about more widespread 

deterioration of groundwater quality emerged following a survey which found elevated nitrate 

levels and almost universal bacterial contaminati>n of the shallow aquifer that underlies much 
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of Waterloo Region ~lurray 1995; Thorsen 1991 ). Also, the discovery of coal tar and related 

hazardous substances at former sites of coal gasification plants added pressure to prevent further 

groundwater contamination. 

The formal starting point coincided with the release of a Request for Proposals (RFP) by the 

Regional Municipality of Waterloo in August 1990, entitled Request for Proposals to develop 

a Comprehensive Groundwater and Surface Water Protection Strategy. The purpose of the 

contract was to help the Region identify a set of tasks and priorities for implementing a 

comprehensive strategy that focussed on groundwater ( RMOW 1990:S). The Region required 

that the strategy and work plan address groundwater, surface water, data management, public 

participation and education. It identified groundwater quality as a critical concern, including: 

potential contaminant sources, monitoring, remedial measures, and operating practices at 

municipal wells. A second set of issues was hydrogeological setting, including mapping of 

aquifer units, identifying groundwater flow patterns and recharge areas, assessing susceptibility 

to contamination and surface water-groundwaterrelationships. A third set of issues was aquifer 

management, including optimal sustainable supply, new groundwater sources, and storm water 

management impacts. The fourth groundwater issue identified for the consultants was 

groundwater protection policies, including a review of existing regulations, policies and 

approaches for protecting water resources, and identification of gaps, limitations and possible 

remedies ( RMOW 1990:6-11). 

While the Strategy was intended to focus primarily on issues of groundwater quality and 

protection, it also was expected to generate information relevant to surface water management 

and protection. Prospective consultants were directed to consider the existing surface water 

monitoring network, point and non-point discharges to the Grand River, and to examine 
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groundwater-surfacewater interactions influencing the flow characteristics of smaller tributary 

waters, particularly in the vicinity of extraction wells ( RMOW 1990: 12). Consultants also were 

directed to consider a mechanism for managing the data bases generated in implementing a 

water resource protection strategy, including evaluating the potential role of the Region's 

current Geographic Information System ( RMOW 1990:12). 

The Region established a steering committee to oversee the consultant's work. Membership 

included regional staff, three elected Regional Councillors, and representatives from the Grand 

River Conservation Authority, the Ontario Ministry of Environment, and the Waterloo Centre 

for Groundwater Research, based at the University of Waterloo( RMOW 1990:12).An external 

advisory panel of three independent water resources specialists also was established to provide 

advice to the consultant and to the steering committee. Both committees became inactive 

following completion of the consultant's report (RMOW 1994:8). 

7.4.2 The Golder Report 

Approximately seventeen months after it was hired, a team of consultants, led by Golder 

Associates, completed its report (Golder 1992).61 The Golder report outlined a protection 

strategy consisting of the following elements: water resources definition, contamination sources 

identification, monitoring and management of water quality, data management, integrated 

watershed management, policies and legislation for water resources protection, emergency 

Golder Associates is an international company that was formed in 1959 as a geo-technical 
engineering firm. It consults extensively on groundwater-related issues, including water supply 
issues, wellhead protection, groundwater modelling, and contaminant hydrogeology. Currently, 
Golder has 1,800 staff in offices located in Canada, the United States, Australia and Europe 
(Petrie, pers. comm.). 
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preparedness and response, and community consultation and awareness. 

7.4.2.1 Water Resources Definition 

The Golder report emphasized the importance of having adequate information on the water 

resources of Waterloo Region. It characterized existing groundwater information as incomplete 

and fragmented, and requiring considerable effort to better define the Region's groundwater 

resources (Golder 1992:7). Specific informationneeds identified included: determining the areal 

extent and thickness of regional aquifers, the location of recharge and discharge areas, the 

sensitivity of aquifers to contamination, groundwater flow patterns around municipal well 

fields, and data on groundwater quality and quantity across the Region (Golder 1992:viii-ix, 2). 

Daily recharge to the groundwater flow system was estimated on the basis of a calculated rate 

of infiltration to groundwater, minus withdrawals. The report suggested that additional recharge 

to the flow system was available for extraction, subject to certain physical, chemical and policy 

constraints. One environmental constraint identified was the need to maintain baseflow to 

smaller streams and creeks and environmentally significant areas to the protect water quality 

and habitat (Golder 1992:3). The report recommended that a number of studies be undertaken 

to better define water resources in specific parts of the Region. It recommended installing 

observation wells and a hydrometric network beyond municipal well fields to better characteriie 

regional hydrogeology, assessing hydrogeological conditions in certain areas, and conducting 

aquifer recovery tests at selected municipal well fields to identify zones of capture and estimate 

ground water yields. Preparation of a preliminary region-wide map outlining areas at risk of 

groundwater contamination from land use activities, particularly in rural areas, was also 

recommended. 
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7.4.2.2 Contaminant Source Identification 

The Golder report characterized past and present industries in the Kitchener-Waterloo­

Cambridge area as significant potential sources of contamination. It observed that both point 

and non-point sources could result in serious contamination and that the threat was particularly 

serious in urban areas adjacent to existing or potential well fields (Golder 1992:ix). Another 

concern was contaminant pathways to groundwater created through human neglect, such as 

improper well abandonment (Golder 1992: I 0). A further concern was poor water quality in 

some rural domestic wells. A detailed inventory of existing and historic land use practices was 

recommended, including assessing proposed land uses for their potential to contaminate 

groundwater (Golder 1992:12). 

The report observed that the Region was acqwnng information concerning potential 

contaminant sources, and argued for a more complete listing of data sources together with 

assessment of the data. The report also suggested that the Region should combine these findings 

with aquifer sensitivity mapping to guide the review and approval of new development (Golder 

1992: 12). A number of specific recommendations were made for individual well fields, 

including assessing possible on-site sources of contamination and potential migration pathways, 

as well as identifying and ranking potential contaminant source areas within areas of influence 

around the wells. It also recommended that possible correlations between documented well 

contamination, well attributes, biophysical and land use conditions be investigated. Analysis 

of potential groundwater and surface water contaminants in rural areas also was recommended, 

including development of a data base of the types, loading rates, and distribution of potential 

contaminants. In addition it was recommended that methods be developed for assessing impact 

relationships between municipal wells and rural land use activities. 
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7.4.2.3 Water Quality Monitoring 

The Golder report argued that a coordinated and up-to-date monitoring network was important 

to provide the monitoring data necessary to support measures for protecting water quality. It 

noted that there was an existing program to monitor water quality in wells, and ongoing 

sampling of water from regional pumping wells and reservoirs. However, the report observed 

that the monitoring network provided little advance warning of groundwater contamination 

(Golder 1992: 18). It argued that monitoring should be expanded at strategic points, up-gradiem 

of existing well fields, that would permit characterization of background levels, analysis of 

trends, and provide an "early warning" capability to allow opportunity to take action before 

contaminants exceeded drinking water objectives (Golder 1992:21 ). It also recommended that 

site-specific water quality objectives be developed, based on provincial and federal water 

quality objectives and guidelines, taking into account land uses, historic water quality, and 

specific uses being protected (Golder 1992: 19). 

A monitoring plan was recommended for one specific well-field of concern ( Green brook) along 

with a treatability assessment to describe existing water quality issues and identify preferred 

treatment options (Golder 1992:Workplan GB-4). The report supported an accessible, up-to­

date and integrated data management system for decision making purposes (Golder 1992:x). 

It noted the ongoing work of the Region to develop various groundwater data bases as well as 

a state-of-the-art geographic information system to manage this information (Golder 1992:24 ). 

7.4.2.4 Integrated Watershed Management 

The report argued that the watershed was the most appropriate boundary within which to 
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consider all aspects of the water protection strategy (Golder 1992:51 ). The important role 

played by small streams and creeks in groundwater recharge and discharge was noted. The 

report also noted the significant impact of urban development on ground and surface water 

flows, in the form of reduced recharge and increased runoff. Member municipalities were 

encouraged to participate in setting targets and management guidelines for the protection of 

surface and groundwater, which could subsequently be incorporated into the policies of the 

Region and area municipalities (Golder 1992:xi). Other specific recommendations included 

identifying the impacts of rural land use on surface water, evaluating altemati\e rural pollution 

control measures, and examining ways to increase the assimilative capacity of the Grand River 

(Golder 1992:31 ). 

7.4.2.5 Emergency Response 

Ongoing land uses and industrial practices were seen to account for the majority of situations 

where water resources were threatened. The report also flagged the importance of being able 

to respond to imminent threats posed by spills or other contamination events (Golder 1992:43). 

It noted the emergency planning underway in the Region, including adoption of a Regional 

Emergency Plan, development of a contingency plan for oil and related spills, as well as 

adoption of an emergency response plan for incidents that could endanger the Mannheim water 

intake. The main challenge noted was to fully integrate water-related emergency responses into 

the existing general system of emergency planning in the Region (Golder 1992:52). 

7.4.2.6 Policies and Legislation for Water Resources Protection 

The report identified several areas to be addressed in legislation and policy for protecting the 
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water resources of the Region including: priority point and non-point sources, protection of 

known recharge areas, protection of high sensitivity aquifers, modifying existing and future 

high-risk land uses, addressing surface water and groundwater, considering the requirements 

of both rural and urban areas, and the need for a high level of public consultation (Golder 

1992:34). 

It concluded that most of the policy and regulatory framework needed was already in place at 

the provincial and municipal levels, but that it may have been overlooked, ·used for other 

purposes. or never enacted (Golder 1992: xi). Regional sewer-use bylaws were identified as 

having the potential to reduce the likelihood of future contaminant releases from industrial and 

commercial operations. The report noted that, while it had never been done before, the sewer 

use by-law provided for best management practice plans to address material storage areas, 

loading and unloading areas, plant site run-off, in-plant transfer process and materials handling 

areas, sludge and hazardous waste disposal areas (Golder992:37-38). The Region's process for 

designating Environmentally Significant Protection Areas also was identified as having 

potential for protecting sensitive groundwater areas, although this was not fully explained. 

7.4.2.7 Community Consultation and Awareness 

The support and understanding of key actor groups in the community was seen as critical to 

successful implementation of the Strategy. The three objectives were to create awareness of the 

importance of protecting water resources, provide reassurance that stakeholder interests are 

being protected, and develop support through participation by the different sectors of the 

community in implementing the Strategy (Golder 1992:46). Identified interests included the 

manufacturing and agricultural sectors, commercial enterprises, educators and rate-payers 
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(Golder 1992:46). The report recommended that the Region identify target audiences, develop 

appropriate messages for each, and liaise with other agencies (Golder 1992:52). 

7.4.3 Water Resources Protection Strategy Implementation Plan 

In February 1994, Regional Council adopted a ten million dollar Implementation Plan (RMOW 

1994). The Plan was based on a detailed review of the work plans contained in the Golder 

report, as well as a review of groundwater protection programs in the United States. The 

elements of the comprehensive strategy outlined in the Golder report and the Implementation 

Plan, are reflective of leading reports and studies on the subject in the United States. This 

includes, for example the U.S. Environmental Protection Agency's work on strategic activities 

related to comprehensivegroundwaterprotection(EPA 1992), as well as the recommendations 

of the U.S. National Research Council (1986) and the U.S. Conservation Foundation (1987) 

( see Chapter F our).62 The Region, however, did not mechanically replicate nor limit itself to the 

American approach. Key concepts appearing in the U.S. literature were translated and modified 

to fit the priorities of the Region and to reflect the institutional context in Ontario. The Plan 

was organized around the framework developed in the Golder report, key components of which 

are reviewed below.63 

The document states: '"This implementation plan includes all aspects of these successful 
groundwater protection programs [in the United States]" (RMOW 1994:4). 

The Implementation Plan distinguished monitoring from management activities by replacing 
Golder's two categories of monitoring & management of water quality and integrated watershed 
management, with water quality monitoring/assessment and water quality management. 
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7.4.3.l Water Resources Definition • 

Definition of regional groundwater resources was planned in two stages. Regional-scale 

hydrogeologicalstudies were planned for the three areas containing the highest concentration 

of municipal wells (Figure 6). One study area encompassed much of the Waterloo Moraine, 

with boundaries coincident with the central core and eastern and western flanks of the Moraine 

where eight major well fields are found. The second study area encompassed the major well 

fields in the upper bedrock supplying the city of Cambridge. The third regional-scale study area 

encompassed two major well fields in the southeastern portion of the Waterloo Moraine in the 

south Kitchener(the Parkwayarea).The regional studies were to provide the hydrogeological 

context and technical basis for more detailed studies at individual well fields by defining the 

major aquifers and aquitards, regional recharge areas, groundwater flow paths, approximate 

capture zones of municipal well fields, and possible impacts from municipal pumping ( RMOW 

1994:5, A-1). Detailed studies planned for each of the fifty-five municipal well fields were to 

identify the land areas contributing water to these wells (i.e. capture zones), local groundwater 

flows, and estimated time of travel of water within the aquifer. In tum, findings of the detailed 

studies were to form the basis for delineating specific Wellhead Protection Areas wherein land 

use activities deemed to pose a threat to groundwater would be controlled ( RMOW 1994:A­

l ). 6-i 

7.4.3.2 Contaminant Sources Identification 

The assessment of threats to groundwater was planned at two scales: region-wide and at 

Wellhead protection reflects both the terminology and approach first defined in amendments to 
the U.S. Safe Drinking Water Act in 1986 (See Chapter 4). 
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individual well fields. A region-wide reconnaissance inventory of potential contaminant sources 

was to provide preliminary information on the type and distribution of potential sources of 

contamination to ground and surface water throughout the Region. It was to involve collecting 

and organizing existing data and previous research into past and present uses of land, and 

interpreting and presenting information in a series of digital maps. The relative concern 

associated with each source or type of source also was to be estimated (RMOW 1994:A-2). A 

separate inventory of threats to surface water quality also was planned. It was to provide 

estimates of the relative contributiais and loadings from point and non-point sources in urban 

and rural areas to surface water (RMOW 1994 A-2). 

Following the delineation of well field capture zones and definition of Wellhead Protection 

Areas, detailed inventories of contaminant sources were planned. Well fields were prioritized 

on the basis of three factors: those having limited natural protection, those threatened by many 

potential sources of contamination, and those deemed essential to the operation of the water 

supply system. (RMOW 1994:5). General estimates of the risk of contamination were to be 

determined on the basis of the results of the initial inventory of potential contaminant sources, 

existing hydrogeological information, and discussions with agencies and land owners. Audits 

also were planned of the water systems operating at each municipal well to identify potential 

on-site contaminant sources and any required mitigation. Treatability assessments were to be 

continued for wells and well fields having water quality concerns. Alternatives for resolving 

current water quality concerns also were to be identified, including preferred treatment methods 

and treatability testing (RMOW 1994:A-6). 
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7.4.3.3 Monitoring 

The Region planned to continue monitoring groundwater levels and quality at its production and 

observation wells. In additio~ a network of permanent, representative observation well sites 

in the Region was proposed. Water table and piezometric data would be collected from these 

sites to record the effects of natural recharge and long term pumping on regional aquifers 

(RMOW 1994:A-l). Surface water quality also was to be monitored at significant locations. 

Groundwatermonitoringplans were to be developed for each well field following delineation 

of capture zones. These plans were to be based on a review of the water quality data, 

hydrogeological data, and potential contamination sources (RMOW 1994:A-4). 

A data management system was planned that would provide access to, and the ability to 

analyze, water resources data including geological, hydrogeological and water quality 

information (~{OW I 994: Table I). The plan was to create and maintain a system that 

included six electronic data bases: high quality borehole logs, updated water well records, 

construction details and testing results for all regional production wells, water levels and 

pumping volumes in production and monitoring wells, the location and condition of various 

monitoring wells used by the Region, and groundwater interference complaints in the Region 

(~OW 1994:A-5). 

7.4.3.4 Emergency Preparedness and Response 

The Implementation Plan listed a number of activities under the heading of Emergency 

Preparedness and Response. Two major components were maintaining up-to-date contingency 

plans for responding to emergencies which might threaten water resources, and developing 

-- --- ----------
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plans for providing emergency water supply where contamination forced a shutdown of major 

water supply sources (RMOW 1994: Table 1). Water supply contingency plans were to be 

updated for wells and well fields deemed most susceptible to contamination from spills. 

Contingency plans were also planned for those wells considered most important from a system 

operation perspective, either due to large volume pumping or to their strategic location. Roles 

and responsibilitiesofRegional staff and other agencies in responding to emergencies were to 

be clarified, and information provided to responsible agencies on wellhead areas with little or 

no natural protection (RMOW 1994:A-l 0). 

7.4.3.5 Policies/Legislation/Management for Water Resource Protection 

A significant number of new policies and programs for protecting groundwater were envisioned 

(RMO W 1994: 1 ). Preparatory steps included: evaluating pollution control measures for priority 

urban and rural sources of contamination; reviewing water resource protection experiences in 

other jurisdictions; and, examining existing bylaws, policies and legislation at municipal and 

senior levels of government which could be used to protect water resources (RMOW 1994:6, 

A-7/8/9). 

The focus of groundwater protection policy was to be management of land uses in Wellhead 

Protection Areas. Some measures identified for consideration in urban areas included 

prohibiting certain activities, establishing reporting requirements for potential polluters, 

adopting best management practicefS, audits and cleanup of contaminant sources. Measures for 

rural areas included unspecified "changes" in agricultural practices (RMOW 1994:A-7). For 

surface water concerns, protection measures cited included watershed studies, modification of 

The term best management practices is not operationally defined. 
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land uses, and stream protection and rehabilitation (RMOW 1994: Table 1). 

7.4.3.6 Community Consultation and Awareness 

A variety of community consultation and awareness activities were planned to inform key actor 

groups about water protection issues and involve them in decision making. The Implementatim 

Plan proposed that a Water Resources Protection Liaison Committee be established. The 

purpose of. this Committee was described as follows: " ... provide a forum for discussion of 

water resource protection issues, ... provide advice to Regional staff, and through staff to 

Council, on the development and implementation of water resource protection programs and 

policies" (RMOW 1994:8). Ongoing cooperation with local and Provincial agencies also was 

deemed necessary to successfully develop and implement a range of measures. Examples of 

areas for cooperation included: 

• local municipal policies to implement the Region's water resource protection policies; 

• site inspections/audits/clean-up of high risk contaminant sources; 

• technical reviews of hydrogeological reports for privately serviced developments and 
remediation projects; 

• watershed management plans; 

• spill response; and 

• conducting educational programs 

(RMOW 1994:A-9 -A-11). 

Various actions were planned to increase awareness and support among key actor groups. An 

educational program was planned to provide general information on water resources and the 

protection strategy, as well as specific information on individual wellhead protection areas. 
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Specific activities included such things as the development of educational materials for target 

groups and ongoing consultation on specific studies and issues ( RMOW 1994:A-l l). 

7.4.4 Groundwater Protection Policy Options Paper 

The first major stage in the policy development process was production of a Groundwater 

Protection Policy Options paper by regional staff in February 1995 ( RMOW 1995b). It was 

organized around major types of contaminant sources, including historic, current and future 

urban point sources (e.g. industry), rural point sources (e.g. septic systems), urban non-point 

sources ( e.g. storm water) and rural non-point sources ( e.g. pesticide applications). Options and 

tools for addressing each source type were identified, including an initial evaluation of the 

advantages and disadvantages of each ( RMOW l 995b:3). Approximately forty-five possible 

protection tools were identified and reviewed on the basis of the following criteria: 

• effective in controlling potential contamination sources; 

• have an objective basis; 

• the Region has the authority to implement measures; 

• can be administered and implemented efficiently; and 

• likely financial and other impacts on affected landowners are equitable 

(Ri'AOW l 995b:9) 

Few options for protecting groundwater from historic urban point sources were deemed to be 

available, and it argued that there was no Regional mandate to address them (RMOW 

1995b: I 0). Options identified for managing historic urban point sources included encouraging 

or requiring site audits and on-site monitoring. However, it was noted that existing Provincial 
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requirements to address these sources only applied where contamination was suspected of 

causing off-site environmental impacts (RMOW 1995b: l 0). The report endorsed use of 

voluntary audits by property owners (RMOW 1995b:l l). 

Numerous options were identified for addressing current urban point sources. The list included 

regulating placement of underground storage tanks, controls on storage and use of chemicals 

in certain areas, hazardous materials registration and inspections, best management practices, 

household hazardous waste collection, land acquisition,and public education. The options paper 

concluded that it was unclear whether the Region had the authority to implement bylaws, or 

equivalent regulations, to control use and storage of chemicals. Also it concluded that 

"considerable effort" would be required to develop, implement, monitor and enforce regulatory 

controls and standards for the use and management of hazardous substances ( RMOW 

l995b:l l-l2). 

The option of land acquisition was deemed an effective groundwater protection measure, but 

was seen as an economic loss in terms of property tax revenue and an administrative burden ( 

RMOW 1995b:13). The three options for current urban point sources assigned the fewest 

limitations included an expanded household hazardous waste collection program, public 

education to encourage voluntary actions by homeowners, and development of industrial best 

management practices to encourage voluntary actions. 

In addition to some of the options already identified, measures for managing future urban point 

sources included: designating and zoning groundwater protection areas, special permitting to 

restrict certain land uses, use of holding zones as an interim step to delineating protection areas, 

subdivision and site-plan control, performance standards, and conservation easements ( RMOW 
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1995b: 15-17). The key concerns with designating and zoning groundwater protection areas 

were the "considerable time, effort and budget" involved in developing technically defensible 

boundaries for these areas and in preparing comprehensive lists of prohibited uses. Another 

concern was the inability of zoning to effectively control the activities that could legally occur 

within broad designations. 

The use of special permitting to restrict certain land uses in designated areas was seen as a 

flexible tool, but resource intensive to administer and enforce due to its site-specific approach. 

Subdivision control and site plan review were seen as useful tools to address concerns such as 

servicing requirements and stormwater management. The use of performance standards and 

criteria for potential contaminant sources also was seen as a potentially useful measure if used 

in combination with other tools. Conservation easements were identified as an effective measure 

for permanently restricting development to specified uses. locations and densities on all, or a 

portion o[ a valued site ( RMOW 1995b: 17). 

In addition to previously identified measures. options for managing rural point sources included 

increased requirements for septic system use and maintenance, tighter controls on well 

construction and abandonment, private wellhead protection, and agricultural best management 

practices ( RMO W 1 995b: 18-19). Strengthened regulatory requirements for septic systems, for 

private well construction, and well abandonment, was deemed to require "considerable" 

resources to monitor and enforce ( RMOW 1995b: 18). Encouraging or requiring the use of best 

management practices for agriculture in sensitive areas was seen as feasible for the Region to 

pursue, in co-operation with farm organizations and government agencies ( RMOW 1995b: 19). 

For rural areas, non-point sources of concern were application of sewage sludge, fertilizer use 
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and pesticide use. Restricting land application of sewage sludge in certain sensitive areas was 

identified as an option, as was the use of best management practices for fertilizer and pesticide 

applications. Two non-point sources of concern in urban areas were lawn care practices and 

stonnwater management. For both sources the development of guidelines and other forms of 

encouragement were deemed most appropriate ( RMOW l 995b:20). 

7.4.5 Program and Policy Development Priorities 

In October 1995, Regional Council endorsed a report entitled Priorities for Groundwater 

Protection Program and Policy Development. Based on feedback received on the Options 

paper, a set of principles for selecting management and protection measures were enumerated. 

These included: 

• proactive protection efforts are preferred over remediating contamination; 

• take action on protection measures that are currently within the Region's authority; 

• use a balance of regulatory and cooperative/voluntary measures; and 

• investigate regulatory options and advocate new regulations if required. 

( RMOW l 995c:4) 

The three priority sources were future urban point sources, current urban point sources, and 

rural non-point sources. Future urban point sources were viewed as a priority based on the 

Region's ability to influence future development. Current urban point sources were identified 

as a priority based on current problems in urban areas arising from spills and poor housekeepi~ 

practices at current commercial and industrial operations. Rural non-point sources were a 

priority based on the potential impact of farming activities on groundwater resources. 

Actions proposed for future urban point sources include: 
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• amending the Regional Official Policies Plan to establish Wellhead Protection Areas; 
and define (un)acceptable land uses for these areas; 

• working with area municipalitiesto implement regional policies through zoning by-laws 
and development approvals; and 

• evaluating Provincial. Regional and local municipal regulations to control future land 
use activities. including the use of specific chemicals ( RMOW l 995c:5). 

Actions proposed to address current urban point sources revolved around use of best 

management practices. particularly in Wellhead Protection Areas: 

• developing information packages to encourage best management practices; 

• education/awareness program for businesses; 

• evaluating the need for financial incentives to encourage implementation of best 
management practices among businesses; 

• evaluating the ability of Province or Region to require best management practices; 

• advocating new regulations for groundwater protection if necessary; and 

• targeting household hazardous water collection through depots and advertising. 

( RMOW l 995c:5-6) 

Actions proposed to address rural non-point sources in partnership with farm organizations and 

other levels of government revolved around use of best management practices. particularly in 

Wellhead Protection Areas: 

• developing information packages advocating best management practices; 

• education/awareness programs for the rural community; 

• evaluating the need for financial incentives to encourage farmers to implement best 
management practices; 
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• evaluating regulatory options to require best management practices; 

• advocating Environmental Farm Plans; 

• initiating demonstration program for nitrogen use efficiency; and 

• evaluating the impact of land applications of sewage sludge. 

( RMOW l 995c:6) 

Three source types assigned a low priority included historic urban point sources, rural point 

sources, and urban non-point sources. Historic urban point sources were accorded a lower 

priority because of the perceived technical and legal obstacles to compelling property owners 

to investigate and remediate contamination. Rural point sources were deemed to have lessor 

significance when compared with rural non-point sources or urban point sources. Similarly, 

urban non-point sources were accorded lessor significance when compared with rural non-point 

sources or urban point sources ( RMOW 1995c:5). 

7.4.6 Current Situation 

The Region has invested over four million dollars in developing its Protection Strategy. 

Responsibility for providing leadership rests with the Water Resources Protection Group in the 

Water Services Division of the Regional Municipality of Waterloo. Its formal mandate is•• ... to 

develop and to coordinate the implementationofpolicies and programs to protect the Region's 

surface and groundwater resources" ( RMOW 1994:4). To date the bulk of the Region's time 

and resources have been directed toward completion of technical studies, with most of the 

available funds directed toward hydrogeological studies.66 The Region has adjusted its 

For example, between 1993 and 1995, out of a total expenditure of approximately $3.4 million, 
less than ten percent was spent on other major activities, including: identifying potential 
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implementation schedule a number of times since adopting its Implementation Plan in 1994. 

Four factors contributing to the delays included the extra time needed to complete technical 

studies, staff shortages, the complexity of developing new protection policies and programs, and 

the need for public consultation ( RMOW l 996c:3). 

7.4.6.1 Water Resources Definition 

As of September 1996, one of three regional-scalehydrogeologicalstudies was completed. The 

Waterloo Moraine study was completed in 1995. Its key objectives were to delineate major 

aquifers and aquitards, define regional recharge areas, estimate capture zones and existing risks 

to groundwater, and estimate impacts from municipal pumping (Terraqua 1995:72). 

The major sand and gravel aquifer, exposed at surface and extending throughout most of the 

study area, was identified as the main aquifer providing water to well fields located on the 

Moraine. A conceptual model of the hydrogeology of the Waterloo Moraine was developed as 

the basis for defining the relationship of individual well fields to major underlying groundwater 

units (Figure 7). Within the Moraine, a regional recharge area was identified corresponding to 

an area of high topographic relief. Potential capture zones were identified for each major well 

wherein a mix of local recharge and regional groundwater contribution occurred. 

Water quality concerns identified for some well fields in the Moraine included elevated nitrate 

and/or chloride concentrations. Agricultural practices and road salting activities, respectively, 

were identified as possible major contributors (Terraqua 1995: 61, 77,80). Qualitative estimates 

contaminant sources ($150,000), public education ($70,000) and surface water activities 
($85,000) (Hodgins pers. comm.) 



248 

FIGURE 7 : CONCEPTUAL MODEL - WATERLOO MORAINE 
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of potential risk to contamination within identified capture zones were provided, based on 

interpreted recharge conditions and the presence or absence of an aquitard of clays or silty-clay 

tills. These deposits provide a natural barrier against the movement of water and potential 

contaminants down into the aquifer below (T erraqua 1995 :26). The study also reported on the 

effect of groundwater pumping on base flow to streams and interference with private wells. 

Evidence of historic impacts on a few individual wells in the immediate vicinity of some wells 

was reported, as were historic impacts on base flows to individual creeks. The study reported 

no significant volumes of water being taken from groundwater storage and ·no large scale 

depletion of the aquifer reservoir (Terraqua 1995:80). A program to monitor water level 

fluctuations throughout the Region was recommended to separate natural fluctuations from 

those related to municipal pumping of groundwater. Water quality monitoring was 

recommended in three areas: the zones of influence of individual pumping wells, regionally­

based flow field capture zones, and regional recharge areas contributing to well fields (Terraqua 

1995:84). Monitoring of nitrate and chloride distributions in the main recharge area was 

recommended to determine if the mass of nitrates and chlorides were increasing, and to provide 

a basis for developing protection strategies for these areas (Terraqua 1995:84). 

Preliminary well field capture zones have been delineated for all of the Region's water supply 

production wells ( RMOW 1996c:4 ). It involved computer-assised modelling of two-year and 

ten-year capture zones. This provided a rough estimate of lands that could potentially be 

affected by groundwater protection policies. These preliminary areas are to be used as the basis 

for assessing risks and setting priorities for undertaking detailed capture zone studies. Capture 

zone studies are intended to provide the technical basis for three activities: delineating wellhecd 

protection areas, developing monitoring programs, and conducting detailed contaminant sources 

inventories. 
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As of September 1996, the Middleton Street Well field capture zone study in Cambridge was 

the only detailed capture zone study completed. This well field is a high priority area because 

it supplies nearly one-half of the city's water demands, has proximate contaminant sources, has 

shown low levels of volatile organic compounds, and lacks information on its vulnerability to 

contamination (Beak 1995 :ES 1 ). Four capture zones for the Middleton Street Well field were 

identified, corresponding to one-year, five-year, ten-year and twenty-year travel times. Under 

average pumping conditions, these zones correspond to the average length of time it would take 

water from each zone to reach the well intake. However, the report also noted a measure of 

uncertainty regarding these estimated capture zones and identified additional information needs 

(Beak 1995:ES 1.8).67 

Approximately twenty additional detailed capture zone studies for individual well fields are to 

be initiated over the next three years, with a further ten studies to be undertaken each following 

year, until all the Region's well fields are completed ( RMO W 1996c: I). 68 The Region plans to 

hire groundwater specialists from the United States review its groundwater modelling activities 

and to confirm the technical validity of the findings (Hodgins pers. comm.). 

For example, more information is needed on the hydraulic properties of the bedrock Guelph­
Amabel Formation, its horizontal and lateral extent, its thickness, vertical hydraulic conductivity, 
and its flow porosity. 

Two capture zone studies underway include the Baden and Wilmot Centre well fields in Wilmot 
Township. The Baden well field is experiencing high nitrate concentrations and the Wilmot 
Centre well field is nearby (RMOW l 996c:5). 
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7.4.6.2 Contaminant Sources Identification 

A regional survey of potential contaminant sources was completed in April 1996. The goal of 

the study was to compile a region-wide inventory of known and potential sources of surface and 

groundwater contaminants, based on existing data bases and previous studies (CH2M 1996). 

The results of the inventory are intended to help the Region assess the relative risks posed by 

potential contaminant sources, prioritize areas for more detailed investigations, evaluate and 

implement land use management options (CH2M 1996: 1-2). lnformationon three types of point 

sources were compiled in digital format: "known" sources, "potential present" sources, and 

"potential historic" contaminant sources. Each source was given a qualitative rating (high, 

medium, low) of risk to contaminate ground or surface water, based on a set of weighted criteria 

developed for the study.69The detailed ranking process revealed over 1,000 potential present 

contaminant sources. Of the total, 47 sites were ranked high contamination potential, 845 sites 

ranked medium and 120 sites ranked low (CH2M Table 2.19). 

Potential historic contaminant sources were ranked on the basis of a pre-coded hazard potential 

table developed from Standard Industrial Codes (CH2M 1996:2-53).70 A previous historical 

survey for Cambridge and the surrounding rural area identified 947 locations where 

contaminants may have been used, stored or disposed of. The types of activities with the largest 

number of locations included the automotive vehicle industry (including gas stations), 

For example, the criteria for "present potential" contaminant sources included the following 
categories: material characteristics (30%), material physical state (20%), material storage, 
transportation and receipt (20%), volume of material (15%), year of operation (10%), and 
number of employees (5%) (CH2M 1996:2-50). 

Standard Industrial Classification (SIC) codes are a method of grouping industries by type of 
specialization that are established by Statistics Canada (e.g. Petroleum Refining and Related 
Industries, or Chemicals and Allied Products). 
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machinery, transportation, primary metal, primary textile, and household furniture (CH2M 

1996 :2-36). For the Kitchener-Waterlooarea, earlier studies identified 1,381 locations, of which 

551 had Standard Industrial Code classifications. Of the latter, the most common activities 

included fabricated metal products, machinery, furniture and fixtures, printing and publishing 

and electrical and electronic products (CH2M 1996:2-37). 

The investigation of non-point sources focussed on rural land uses. Key sources included 

sediment less from rural areas, pesticides and chemical fertilizer use, land-applied livestock 

manure and sewage sludge (CH2M 1996:3-1 ). Potential sources were rated for their potential 

to contaminate surface water or groundwater. Maps of the Region were prepared of the 

distribution of pesticide. nitrogen and phosphorous applications including the relative risk of 

contaminating surface water and groundwater from these sources. Large blocks of rural 

Waterloo Region were identified as high risk areas. The rating system was based on an analysis 

of application rates combined with potential for soil erosion, in the case of surface water, and 

soil infiltration potential, in the case of groundwater (CH2M 1996: 1-4 ). 

The Region-wide study of contaminant sources is a precursor to more detailed contaminant 

source studies within the capture zones of specific wells. Identified sources do not necessarily 

indicate the presence of contaminants that could enter surface or groundwater, and management 

actions were not considered in assessing possible threats. Some sources, such as urban non­

point sources and septic systems, were not assessed for lack of available information (CH2M 

1996: 1-5). A detailed inventory of contaminant sources has been undertaken for the Middleton 

Street Wellfield. It provides a detailed listing of businesses and their activities within the well 

field's capture zone that may be potential sources of contamination. Direct contact with 

businesses on the list will be used as a means to inform them of their location within a sensitive 
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groundwater area and to encourage preventative action ( RMOW l 996c:6).71 Inventories of 

potential sources of contamination in rural areas will focus on confirming agricultural practices 

in well field capture zones and the potential sensitivity of soils to contamination ( RMOW 

1996c:6). 

7.4.6.3 Monitoring 

Regional water supplies are currently tested for more than 150 chemical, microbiological, 

radiological and physical parameters. Approximately 5,000 samples are collected and analyzed 

yearly ( RMOW 1995a). Microbiological testing of each water source and distribution system 

is done once per week, while testing for chemical and physical parameters are done monthly, 

quarterly or annually _n. Aesthetic objectives for hardness, iron and manganese were not met at 

several locations because of high natural mineral concentrations ( RMOW 1995d). 

The Region has a Supervisory Control and Data Acquisition System that uses remote processing 

units to enable Regional staff to continually monitor and oversee its entire water supply, 

treatment and storage system. A wall-size four screen mosaic displays over one hundred sites, 

providing operators with a geographic and technical view of pressure. zones, flows, residuals 

An inventory of potential sources of surface water contamination, and their relative contributions 
to water quality problems in the Grand River has been completed, including an initial evaluation 
of costs and benefits of various surface water protection measures (RMOW 1995a:9). The long 
term objectives are to determine what control measures are needed to protect surface water 
quality, to set priorities, and to undertake detailed studies on the impacts of various land uses on 
surface water (RMOW 1996c: 10). 

Over a recent monitoring period (Oct. 1993-Sept. 1994) water quality met or exceeded all 
health-related Ontario Drinking Water Objectives, except in two rural communities that had 
elevated nitrate levels present (Baden and Rosenville). 
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and information on the status of significant equipment. The system gives a remote operator 

manual control of certain equipment and alarm functions related to high or low pressures and 

water levels, and equipment failure.( RMOW l 995a:8). 

The Region plans to add to its network of monitoring wells at individual well fields following 

capture zone delineation. However, significant work remains to implement plans for monitoring 

water quality at strategic points up-gradient of municipal well fields so as to provide an "early 

warning" capability to allow opportunity to take action before contaminants exceed water 

quality objectives (Hodgins, pers. comm.). In addition, little progress has been made to develop 

a strategy for monitoring regional water quality trends. The Region has an ongoing program to 

continuously monitor water levels at 40 observation wells throughout the Region. Long term 

records from this monitoring are intended to help address the following issues: the ability of an 

aquifer to sustain present rates of withdrawal; the effects of pumping on private wells and 

wetlands; conceptual understanding of historic water levels around well fields; calibra~ flow 

and transport models; and providing information for various studies, rehabilitation work and 

permit requirements ( RMOW 1995d). 

7.4.6.4 Emergency Preparedness 

The Region responds to contamination events as they arise. For example, when monitoring 

found elevated nitrate concentrations in one of the Region's well fields in I 995, the 

contaminated well was shut down and a deeper bedrock well was drilled. Also, the Region 

recently completed treatment facilities to remove iron and manganese from a number of wells 

having this problem (Robinson, pers. comm.). 
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With regard to plans to improve emergency preparedness and response, contingency plans for 

individual well fields have not yet been prepared. While the Region has had internal discussions 

about how to deal with spills, it has not yet resolved the need for establishing a regional 

emergency response group. 

7.4.6.5 Policies/Legislation/Management for Water Resource Protection 

The time-line for finalizing protection policies and programs has shifted significantly from the 

original time-table approved in 1994. The Implementation Plan proposed that the review of 

existing bylaws, policies and regulations, including an evaluation of rural pollution control 

measures and urban groundwater pollution control measures, be completed by the end of 1994. 

It also indicated that water resource protection policies were to be ready for implementation by 

mid-1995. 

In January 1996 the Regional Official Policies Plan received final approval from the Provincial 

government. Under its section on Water Resources (ROPP 5.22), the Region committed to 

implement the Water Resources Protection Strategy, in consultation with government and non­

government actors. A schedule is attached to the Plan entitled "Sensitive Groundwater Areas". 

In these areas certain specified uses ( e.g. waste disposal facilities) are prohibited outright, while 

others (e.g. industrial and warehousing uses) may be permitted subject to approval of a report 

detailing the proposed activities, use of chemical substances to be used and stored, as well as 

measures to prevent and contain spills. While only the Mannheim recharge area is identified as 

a Sensitive Groundwater Area, additional areas and new policies related to these areas will be 

considered as future amendments to the Regional Plan. 
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In February 1996, Regional staff indicated that they were considering a range of options for 

defining protection areas around well fields (WRPLC l 996a:2). They began by examining how 

other jurisdictions delineated wellhead protection areas and what restrictions applied, in order 

to develop the basis for defining Wellhead Protection Areas and for restricting certain land uses 

within these areas. By May, the time-table for reviewing bylaws, policies and legislation had 

been extended to the end of 1996, while water resource protection policies were to be finalized 

and implemented by mid-1999 ( RMOW 1996c). 

In September 1996, a draft paper on land use policy was released for discussion with the Water 

Resources Protection Liaison Committee. The key recommendations put forward in that report 

addressed groundwater protection areas in well fields as well as regional recharge areas. The 

draft report recommended that Wellhead Protection Areas be established with two-year and ten­

year time-of-travel zones delineated for each regional well. These zones would be based on 

three-dimensional numerical modelling of groundwater flows in order to provide the most 

accurate method for producing defensible boundaries ( RMOW 1996d:16). The rationale for 

having these two zones was to provide the minimum and the maximum time required to take 

action, as follows: respond to a spill, detect contaminant plumes, investigate mitigation options, 

institute remedial measures, and develop alternative supplies ( RMO.W 1996d: 14 ). 

Land uses of potential concern included businesses that manufacture, handle or produce 

hazardous materials ( RMOW 1996d:14). It recommended that small, medium and large 

generators of hazardous materials be prohibited from locating in the two-year time-of-travel 

zone, and that medium and large generators be prohibited from locating within ten-year time-of: 

travel zone. While not clearly explained, the document suggested that restrictions in the larger 

ten-year zone were reduced because of the potential for "economic hardship" to the community 
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from placing the same restrictions on land uses in the ten-year zone as those used in the smaller 

two-year time-of-travel zone ( RMOW 1996d: 19). 

The draft report recommended designation of Aquifer Recharge and Surface Drainage Areas, 

arguing that existing and future water supplies could only be protected by establishing these 

protection zones for regional aquifers ( RMOW 1996d: 13). The areas would be defined to 

include locations where permeable geological materials of a regional aquifer are exposed at 

ground surface (i.e. less than two metres of till) as well as the surrounding surface area draining 

toward these permeable deposits ( RMOW 1996d: 17). The same restrictims proposed for ten­

year time-of-travel zones in wellhead protection areas were recommended for these recharge 

areas ( RMOW 1996d: 19). 

The draft report noted the need for additional work to define required land use restrictions. It 

recommended further discussions with area municipalities regarding use oflocal zoning bylaws 

to restrict new land uses, in support of the proposed Regional policy, and for discussing possible 

local mechanisms to control existing sources of contamination. The report also observed that 

discussions of preferred tools for managing contaminant sources and for implementing controls 

were underway within the working groups established by the Liaison Committee. The Region 

plans to hire groundwaterspecialistsfrom the United States provide independent advice on its 

policy options (Hodgins pers. comm.). 

7.4.6.6 Community Consultation and Awareness 

The Region planned ongoing consultations to seek input from interested groups on the 

development of the overall Strategy and the design of specific policies ( RMOW 1995a:9). In 
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1994, a public awareness program was initiated to inform and educate the public about water 

resources protection, and to develop community support for the Strategy. Three target audiences 

include urban businesses, urban homeowners, and rural residents (WRPLC 1994b ). Since that 

time, the Region has held numerous open houses and public meetings to communicate the 

results of technical projects associated with the Strategy ( RMOW I 996c: 10). A variety of 

publications also have been produced to promote education and awareness among residents. 73 

Over the last two years the focus of the Region's public awareness program has been promoting 

the month of May as Water Awareness Month. Activities include co-sponsoringand public~ 

local community events, sponsoring tours of municipal wells and Regional facilities, developing 

a logo and related memorabilia, and preparing Regional displays and presentations for 

community fairs ( RMOW 1996f). Some of the measures promoted for households include 

household hazardous waste days for chemical disposal, use of oil recycling facilities at car 

repair shops, careful storage of household and work-related chemicals, fixing leaks, using 

environmentallyfuendly substitutes for household and garden chemicals, and sealing unused 

wells (RMOWnd.b; I 996e:2). 

The focal point for core actor groups is the Water Resources Protection Liaison Committee. 

Soon after Regional Council's endorsement of the Implementation Plan in 1994, the Water 

Resources Protection Liaison Committee held its first formal meeting. The Committee is 

chaired by a staff member of the Water Services Division of the Region. Its 17 members include 

Regional Councillors,area municipal staff, one staff from each of the MinistryofEnvironmert 

Some of these publications include: Water quality data report for the Region's municipal water 
supply system, Facts about, Waterloo Region's drinking water quality, How well is your well?, 
Feed and care of your septic system, Healthy lawns and gardens with less water, 40 tips to be 
water wise, Household hazardous waste days, What's the cost of water, Guide to water softeners, 
Sewer use by-law 1-90, Water supply, treatment, distribution, integration (RMOW nd.a). 
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and Energy, the Ministry of Agriculture, Food and Rural Affairs, and the Grand River 

Conservation Authority, members of the Kitchener-Waterloo and Cambridge Chambers of 

Commerce, a member of the local APT Environment group, the Waterloo Federation of 

Agriculture, and a member of the Waterloo Centre for Groundwater Research. 74 Staff support 

is provided by various regional departments ( RMOW l 996c:7). 

At its first meeting, members of the Liaison Committee agreed it should provide a forum to 

share information, to facilitate exchange of ideas regarding water resources protection issues. 

and to provide advice, through Regional staff. to Regional Council on water resource protecticn 

policies and programs (WRPLC 1994a:4). Between May 1994 and August 1996 the Committee 

met eight times to discuss and debate a wide range of issues. Also. three working groups have 

been formed by the Liaison Committee to focus on specific tasks enumerated in the 1994 

Implementation Plan, The Future Urban Point Source Working Group, Current Urban Point 

Source Working Group and Rural Non-point Source Working Group are chaired by Regional 

staff, with representatives from various other actor groups ( RMOW 1996c:8). The Rural Non­

point Source Working Group has been the most active of the three groups. and contains the 

largest cross-section of core actor groups, including the Waterloo Federation of Agriculture, 

Ontario Soil and Crop ImprovementAssociation. Waterloo Region Stewardship Council, Grand 

River Conservation Authority, Ontario Ministry of Agriculture, Food and Rural Affairs, and the 

townships of North Dumfries, Wellesley, and Wilmot (RMOWnd.a). 

The key issues for discussion by the Future Urban Point working group include amendments 

Initially the Ministry of Natural Resources had been identified as a member of the Committee. 
However, due to significant down-sizing in its field office, no representative from the Ministry 
was appointed to the Committee (Cherry, pers. comm.). 
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to the Regional Official Policies Plan to establish wellhead protection areas, area municipal 

zoning by-laws and development control, and a review of regulatory options to control on-site 

activities ( RMOW 1996c:9). At present the two main thrusts of the Current Urban Point 

working group are to compile information on existing best management practices for industry 

falling within certain Standard Industrial Codes, and to work at educating the business 

community. However, o this point it has not been very active (Hodgins, pers. comm.). The 

Rural Non-point Source Working Group meets on an ongoing basis to provide direction on rural 

groundwater protection policy and program concerns. 

A Rural Groundwater Awareness Program is currently under development. This will provide 

information to the rural farm and non-farm communities on the need to protect groundwater, 

and will promote voluntary adoption of measures to minimize the impacts of land uses on 

groundwater quality. The program has the following specific objectives: promote family health 

benefits of farm and homestead well protection, and publicize the economic benefits of using 

best management practices (RMOWnd.b). Also, a partnership, lead by a coalition of farm 

organizations, has formed to examine the efficient use of nitrogen by operating farms in the 

Region. Five farms will participate, each using different cropping systems (Hunsberger, pers. 

comm.). 

7.5 Summary 

The formal starting point of the development of the Water Resources Protection Strategy was 

the release of a Request for Proposals by the Regional Municipality of Waterloo in August, 

1990. The purpose was to hire a consultant to identify a set of tasks and priorities for 

implementing a comprehensive groundwater strategy. The Region described the key issues that 
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the consultant's report was to address, as follows: 

• focus on groundwater, in particular quality issues, hydrogeologic setting, aquifer 
management, and groundwater protection policies; 

• generate information relevant to surface water management and protection; 

• recommend mechanisms for managing the data generated by the strategy; and 

• address public participation and education. 

The Golder: report that followed played an important role in the development of.the Strategy by 

providing an initial implementation framework for the Region. It addressed each of the issues 

identified by the Region by means of a critical commentary on the current situation and 

information gaps, by describing key elements of a comprehensive strategy, and providing 

recommendations for further study. Less than two years after the report was finalized, Regional 

Council endorsed a ten million dollar, multi-year Implementation Plan for a comprehensive 

strategy. There is basic continuity between the Golder report and the Region's Implementation 

Plan. The latter is organized around the key elements outlined in the former, and follows from 

a detailed review of the work plans contained in the Golder report. The Plan also is informed 

by a review of groundwater protection programs in the United States. The elements of the 

Strategy are reminiscent of key concepts from the U.S. literature and U.S. federal legislation, 

such as the orientation to wellhead protection. Key concepts are translated and modified to fit 

the priorities of the Region and to reflect the institutional context in Ontario. 

The Strategy sets out an ambitious agenda for the Region and its partners. Following approval 

of the Implementation Plan by Regional Council, regional staff and the Water Resources 

Protection Liaison Committee embarked on a series of studies, investigations and discussions. 

These activities added a level of detail that was previously lacking. Subsequent documents 
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increase understanding of the groundwater resources of the Region, define key concerns and 

priorities, follow up the key tasks in the Implementation Plan, and set the stage for a review of 

management and policy options. While original time-lines have slipped, the Region has 

continued to pursue the tasks it set out in its original plan. The adequacy of the Strategy, 

including the Golder report and the activities and reports which followed, is discussed in the 

next chapter. Its strengths and weaknesses are evaluated in light of the key principles of an 

ecosystem approach. 



CHAPTERS 
GROUNDWATER PROTECTION STRATEGY 

IN WATERLOO REGION: CRITICAL ANALYSIS 

8.1 Introduction 

This chapter presents a critical analysis of Waterloo Region's Water Resources Protection 

Strategy, focussing on the extent to which it incorporates guiding principles of an ecosystem 

approach. The assessment has been conducted at a relatively early stage in the evolution of the 

Strategy. Some important decisions with respect to the rules and instruments to_ be applied and 

the partnerships necessary for implementing the Strategy are pending. These future decisions 

will have a direct bearing on the extent to which additional progress can be made toward an 

ecosystem approach. 

While the evaluation concentrates on the Strategy itself, progress toward an ecosystem approach 

is influenced by the broader institutional context in which the Region and its partners function. 

Experience in other contexts suggest that obstacles to implementing an ecosystem approach are 

numerous and pervasive. Issues such as lack of information, limited understanding, confusion 

over roles and responsibilities, lack of resources for long term monitoring, and competing 

interests are common (see Chapters Three and Four). Evidence in the Waterloo case suggests 

that there are a number of similar concerns. The progress achieved to date in Waterloo is 

remarkable, given constraints such as lack of provincial support, unclear municipal authority, 

outstanding technical issues, and un-tested actor support for un-precedented policy decisions. 

Major changes within the broader Provincial sphere are contributing to uncertainty about the 

future choices available to the Region (see Chapter Six). These changes will impact the 

regulatory and decision making framework, the roles and responsibilities of key actor groups, 

and the availability of resources. 
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8.2 Analysis of the Evidence 

Theoretical grounding for addressing the question of how an ecosystem approach might inform 

the design of new strategies for protecting groundwater was provided in Chapter Three. A set 

of guiding principles were enunciated which describe an ecosystem approach. In addition, 

numerous barriers to adopting ecosystem approach were identified which present a continuing 

challenge to implementation that can impede progress toward an ecosystem approach. Chapter 

Five introduced a conceptual framework which provides the structure for defining a set of key 

questions and operational measures to evaluate the degree to which an ecosystem approach is 

reflected. 

The method for evaluating progress is described in Chapter Two. It is based on an 

understanding of an ecosystem approach as a composite whole made up of multiple and 

interconnected parts. The individual parts or constituents that together describe an ecosystem 

approach to groundwater protection are represented by twenty-one attributes. They provide a 

clear and consistent set of factors or reference points for evaluating progress toward an 

ecosystem approach. The assessment of the strengths and weaknesses of the Strategy were 

based on the presence and emphasis accorded the attributes associated :with each of the guiding 

principles (Table 7). 

Evidence garnered from written sources, supplemented with interviews, was analyzed in a 

deductive process involving two steps. The first step was a test for presence/absence to 

determine whether the Strategy incorporated guiding ecosystem principles and attributes. It 

involved a search of the evidence based on representational,or manifest, meaning contained in 

the sources (i.e. it means what it states). 



TABLE 7: 

Boundaries 

Objectives 

Functions. 

Cumulative 
Effects 

Integrated 

Adaptable 

Coordinated 

Catalytic 
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CHECKLIST FOR EVALUATION 

PRINCIPLE 

Use ecological boundaries for planning, 
recognizing a hierarchy of nested systems 
with variable physical and temporal 
scales. 

Specify objectives, indicators and targets 
related to valued ecosystem functions. 

Analyze groundwater-ecosystem 
structure, functions, processes. 

Assess and monitor potential cumulative 
effects of multiple stresses on 
groundwater ecosystems. 

Support preventative strategies with 
integrated set of instruments. 

Influence human activities through 
approaches that are responsive to new 
information, technological developments, 
changing conditions and priorities. 

Secure the participation and 
accountability of core actors for defining 
and achieving collective outcomes. 

Develop the institutional capacity to 
design and implement rules and 
instruments for groundwater protection at 
the community level. 

./ (attribute screened) 

• well-fields 
·-·--··· 

• regional systems 

• watersheds and basins 

• hydrogeological processes 

• biodiversity support 

• sustainable use 

• local and regional 
hydrogeology 

• surface water-groundwater 
interaction 

..... ••••••••••••••••••••••••••••••••••••••••• 
• aquatic and terrestrial habitat 

linkages 

• stress-response framework 
- land use stresses 
- groundwater-

ecosystem functioning 

• regulation, economic 
incentives, voluntary measures 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• .. 

• protection, prevention, 
control, remediation functions 

• flexible tools and instruments 

.............. . ........ 
• internal/external review 

• coordinating mechanisms 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• protection partnerships 

• authority and policy 
framework 

••••••••••••••••••••••••••••••••••• ••••••••••••••••••••••••••••• 
• resources 

••••••••••••• ...................... 
• information management 

system 
... •••••••••••••• 
• technical support 

.. . . ........... 
• recognition 
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The second step involved a qualitative judgement regarding the significance, or importance, 

accorded a given ecosystem principle. While the first step reflects a more or less straight­

forward test for presence or absence, the second required judgement concerning the degree of 

emphasis given a particular theme or characteristic. The significance or intensity of expression 

was inferred from terminology used, the relative attention given to something in the evidence, 

and the justification provided for certain decisions or actions. Inferences were cross-checked 

by considering supportive or contrary evidence from additional sources, particularly interview 

responses .. 

8.3 Evaluating Progress 

This section is structured around eight key questions which direct the analysis to the core 

principles of an ecosystem approach. 

8.3.1 Do the planning boundaries encompass connections among different ecosystem levels? 

The Strategy recognizes multiple ecosystem boundaries for planning within the confines of the 

Regional Municipality. It adequately addresses the boundaries principle as it applies to well 

fields and regional groundwater system, but does not adequately address linkages to the 

boundaries defined by the Grand River watershed or major bedrock aquifers extending beyond 

the Region's borders. 

In early discussions with the Water Resources Protection Liaison Committee, the Region 

identified three sets of planning boundaries, defined by regional recharge areas, capture zones 

for municipal wells, and time-of-travel zones for groundwater (WRPLC 1994a). The issue of 
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the appropriate physical and temporal boundaries have been discussed has been expressed as 

a question of planning to protect well fields versus planning for groundwater systems: 

In order to establish land use policy, such questions as the scope of protection need to 
be addressed (regional water supply versus groundwater resource) as well as the time 
frame need to be taken into account (WRPLC 1994c). 

The primary boundary for planning purposes is based on an interpretation of local 

hydrogeological conditions around each of the Region's wells, in particular those areas that 

contribute water directly to these wells. The Strategy also encompasses regional recharge areas 

associated with the Waterloo Moraine aquifer complex. However, to date most attention has 

been directed at planning around municipal well fields rather than planning for groundwater on 

a regional scale. Only a small portion of the major bedrock aquifer system associated with the 

Guelph-Amabel formation is accounted for, as it relates to Cambridge's water supply. Linkages 

beyond the borders of the regional municipality to the Grand River Watershed and the Great 

Lakes Basin of which it is a part, are not enumerated. 

Records of Liaison Committee meetings confirm that significantly less attention has been given 

to planning for regional groundwater systems than protecting well fields. Minutes of Liaison 

Committee meetings held in 1994, 1995 and 1996 indicate that regio~ groundwater systems 

were discussed directly only three times: once with regard to their coincidence with municipal 

boundaries; once with regard to protecting future water supplies; and once with regard to the 

idea of classifying sensitive groundwater areas in the Region. 

Planning for surface water and planning for groundwater are presented as separate tasks. The 

following statement illustrates the tendency to compartmentalize the two domains: 

Less effort has been spent to date on surface water protection than groundwater 
protection, for several reasons. Most of the Region's water supply is currently derived 



268 

from groundwater. Several agencies (e.g. GRCA, ~) have existing programs for 
surface water protection; and there is more legislation related to surface water than 
groundwater (RMOW 1996c:10). 

While suggesting that surface water protection activities will be implemented in cooperation 

with the Grand River Conservation Authority, there is no record of discussion about the 

relationship of surface watershed boundaries and groundwater system boundaries, and no 

recognition of the numerous sub-watershed studies that have been undertaken in the last five 

years in the Region and the Grand River watershed which incorporated groundwater concerns 

(MOEE 1997a). For example, the Laurel Creek study recommended specific design measures 

to maintain groundwater quality and quantity, and its contribution to stream flow and natural 

areas. It included recommended practices that emphasize at source water infiltration controls 

as well as restrictions on land uses in significant recharge areas posing a contamination threat 

to groundwater (Triton 1992). The willingness of the city of Waterloo to integrate specific 

goals, objectives and targets for groundwater into its municipal planning processes and policies 

represents a critical building blocks for an ecosystem approach to groundwater protection in the 

Region (Waterloo 1993). 

8.3.2 ls decision-making guided by a.full range of ecosystem objectives? 

The Strategy fails to set clear ecosystem objectives and targets. Written evidence suggests that 

the concept of ecosystem objectives are not fully appreciated or understood. The Golder report 

was written without the benefit of a clear set of objectives. It described the general goal for the 

Strategy in a single phrase: " ... to address the risk from existing sources of contamination while 

minimizing the risk of new sources of contamination occurring" (Golder 1992:vii). Subsequent 
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documents suggest that little progress has been made beyond similar broad goal statements. 7s 

Long term outcomes have not been supported by clear objectives and indicators covering the 

full range of groundwater-ecosystemfunctions. This includes neither quantitative or descriptive 

measures. 

The Strategy's focus on the Region's drinking water supplies lack measurable indicators oflong 

term sustainable yield of groundwater to ensure the system will continue to provide a secure 

source of drinking water for a growing population. The Strategy also has neglected to integrate 

goals related to healthy groundwater-ecosystems with sustainable human uses and benefits. 

Hydrogeological processes and functions are analyzed but no benchmark objectives have been 

developed. This will make it difficult to interpret the significance of detailed technical 

descriptions for planning policy. Similarly, the support provided to aquatic and terrestrial 

habitat by groundwater is addressed peripherally rather than as a core objective. The Strategy 

only goes so far as to acknowledge its 11 
••• beneficial impacts on surface water quality ... 11 

(RMOW 1995:b:2). Without agreed-to outcomes and measurable indicators it will be 

impossible to assess performance or measure the impact of decisions which might favour one 

objective at the expense of another. 

Evidence from interviews confirms minimal appreciation of the need to plan for a full range of 

ecosystemobjectives.76 When asked to describe the main objectives of the Strategy, respondents 

generally provided anthropo-centric descriptions of the objectives of the Strategy. The most 

The following is a typical statement found in Strategy documents: "The overall objectives of the 
strategy are to limit the risk of contamination of surface water or groundwater resources from 
historic, existing or future land uses" (RMOW l 995b:2; see also RMOW l 996c:2). 

For a summary of responses to all of the interview questions, see Appendix C. 



270 

common response was: "to protect the groundwater (resources) of the Region" (9 of 14 

respondents). The next most common response was: "to prevent (further) contamination of 

groundwater supplies"(8 of 14). Additional objectives identified by individual respondents 

included protecting the quality and quantity of groundwater, understanding the movement of 

contaminants in groundwater, and limiting risk to groundwater. None of the committee 

members mentioned the importance of developing objectives for maintaining a healthy 

ecosystem. 

The rationale for pursuing the Strategy is limited to groundwater' s direct use for drinking water 

supplies. Core actor groups need to develop a common set of objectives and indicators that 

affirm the goal of maintaining the full range of ecosystem functions and services provided by 

groundwater. This will involve seeking agreement on a long term vision that provides guidance 

on addressing diverse interests and priorities. 

8.3.3 How are groundwater-ecosystem processes, functions and linkages characterized? 

The Strategy displays significant effort to characterize local and regional groundwater systems. 

There has been a significant investment of resources in groundwater characterization.Its weaker 

attributes are qualitative descriptions of groundwater-surface water interactions and linkages 

to aquatic and terrestrial ecosystems. There has been ongoing discussion by the Liaison 

Committee about technical criteria for delineating capture zones and wellhead protection areas. 

Discussions at Committee have focussed on three specific issues: understandilg the concept of 

Time-of -Travel zones, justifying the selection of specific times of travel, and being satisfied 

that these zones can be technically defended in an adversarial process. Some of the challenges 

of understanding the Time-of-Travel concept are illustrated in the following statement recorded 

in the minutes of one of the Liaison Committee meetings: 
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It is not implied that a drop of water or chemical at the surface would flow to a well in 
2 and 10 years. Rather, this study is meant to outline land areas where land use 
management may be needed to ensure a long term potable water supply. It is anticipated 
that more detailed 3-D modelling of wellheads will be used to delineate capture areas 
which will form the basis for land use policies/programs (WRPLC 1996:4). 

When asked to identify major outstanding issues, interview respondents frequently identified 

technical issues and questions of justification for delineating protection zones. However, the 

issue mentioned most frequently was the controls to be applied in urban well-fields (10 of 14) 

and rural well-fields (7 of 14). The juxtaposing of technical concerns and the rules for 

protecting groundwater suggests an underlying concern for the ability to justify and defend the 

Strategy to affected landowners and against future potential opponents in forums such as the 

Ontario Municipal Board. 

In the absence of provincial standards or agreed methods for groundwater characterization, the 

Region perceives that the burden of proof rests with it, to justify any new rules related to 

groundwater protection. The Region has responded to these expressed concerns with additional 

investigations, sophisticated groundwater modelling, and introduction of a peer review process. 

More recently it has begun to tum its attention to fundamental policy decisions that are needed 

to provide a supportive context for this technical analysis and to ql,lalify the demands and 

expectations of key actor groups (see section 8. 7). 

Major hydrogeologicalfunctions, such as the movement, storage and discharge of groundwater 

are investigated at different scales. This includes factors such as the areal extent of recharge 

areas, the direction of groundwater flow systems and capture zones contributing groundwater 

to municipal well supplies. Regional systems are described in tenns of their contribution to the 

Region's producing wells, which provides the technical basis for defining local well field 
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capture zones. For example, the Waterloo moraine study noted that its characterization of the 

geologicalandhydrologicalconditionsofthe moraine:" ... have permitted a ~big-picture' to be 

developed with respect to individual well fields" (Terraqua 1995:75). Significantly less 

consideration has been given to the ecosystem support functions provided by regional 

groundwater systems. 

The bio-diversity support function provided by groundwater to aquatic and terrestrial 

ecosystems have not been characterized adequately. The Golder report described the need to 

maintain base flows provided by groundwater to local streams and rivers as a physical 

constraint that should limit the use of water resources in the Region. It notes: " ... understaming 

surface water/groundwater relationships is fundamental to prevent one resource from being 

developed at the expense of the other" (Golder 1992:4).The Waterloo Moraine study provides 

only a general description of potential interference of municipal groundwater withdrawals on 

stream flow in proximate creeks (Terraqua 1995). The draft hydrogeological study of the 

Parkway area considers ecological relationships more explicitly (Terraqua 1996). It identifies 

certain reaches in nearby streams where considerable groundwater discharge is supporting cold 

water habitat. It also identifies conditions where well fields are being recharged by surface 

water. In each case these conditions are described with reference to IQunicipal wells: 

The groundwater/surface water interaction in Blair and Doon South Creeks, while 
perhaps significant in terms of the ecological function which groundwater discharge 
plays, is of lessor importance in the evaluation of the two well fields, given the relative 
distance from production wells. (Terraqua 1996:7) 

However, the technical studies do not quantify baseflow contributions of groundwater to area 

streams and wetlands or calculate water budgets. From an ecosystem perspective, indicators and 

targets against which to evaluate the significance of these ecological functions are needed. 
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While surface and groundwatercharacterizationcan be undertaken separately, their hydrologic 

interactions have a direct bearing on both systems, and therefore require integrated analysis 

(Crowe 1996:248). A model approach to groundwatercharacterizationis provided by the work 

being undertaken independent of the Strategy by the Grand River Conservation Authority as 

part of its River Basin Management Strategy. The conservation authority is developing a 

watershed-scale assessment of groundwater systems. It is integrating information on stream 

flows and temperature, fisheries, wetlands and surface water hydrology, with hydrogeological 

considerations, such as geology and groundwater chemistry. 

This broader focus encompasses resource management issues which will include aquatic 
and terrestrial system issues in addition to the traditional groundwater availability and 
protection. This approach will require an integrated groundwater and surface water 
characterization and modelling effort. (GRCA 1995). 

The Waterloo Strategy has not yet taken this next step of complementing the considerable 

hydrogeological analysis of groundwater resources with equivalent effort to characterize the 

ecosystem and bio-diversity support functions it provides. 

8.3.4 How are the stresses associated with diverse land uses and groundwater-ecosystem 
fanctioning being assessed and monitored? 

The Strategy's strongest attributes related to assessment and monitoring are its consideration 

of multiple land use stresses, at a local and regional scale, and its attention to data collection and 

informationmanagement. The major weaknesses are the absence of an explicit framework for 

assessing potential cumulative effects on groundwater functioning and failure to establish clear 

links between assessment and decision making processes. 

The reconnaissance study of potential contaminant sources considers both rural and urban 

sources, and provides detailed criteria for rank-ordering them. For urban point sources, potential 
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sources are identified on the basis of individual characteristics rather than the potential 

sensitivity of proximate groundwater systems. For rural non-point sources, areas of high 

vulnerabilityto contamination are identified using a limited number of physical criteria and land 

use conditions. However, it is not clear how these identified areas at risk are related to regional 

recharge areas that are to be protected from the cumulative impacts of non-point sources. The 

detailed inventory of contaminant sources, such as for the Middleton Street well field, generate 

detailed lists of businesses and activities that could pose a concern. However, there is no 

explanation of how potential threats associated with multiple contaminant sources will be 

assessed. 

The draft land use policy paper highlights concern about hazardous waste generators in the 

vicinity of regional groundwater recharge areas and municipal wells. However, it appears to 

have overlooked a wide range of land uses that could have adverse cumulative effects. For 

example, small waste generators such as schools, offices, car washes, and residential 

development are not addressed (Ri\11O W l 996f: Table 4 ). n The common concern over potential 

contamination of groundwater has overshadowed any discussion of the potential cumulative 

effects of land use change on essential hydrogeological processes. Specifically, the potential 

impacts of urban and rural land uses on groundwater recharge, storage and discharge are not 

addressed. Nor are related impacts to the biodiversity support provided by groundwatersystems. 

An explicit framework is lacking for integrating inventories ofland use stresses with an analysis 

of potential cumulative effects on groundwater functioning. Without the benefit of such a 

framework it is not clear how cumulative effects can be anticipated and prevented. 

General zoning restrictions in place may impact on one or more of the activities not discussed in 
the policy options paper ( e.g. rural privately-serviced development). 
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A monitoring framework is needed to systematically track land use stresses over time and to 

document concomitant changes in groundwater processes and functions. This requires 

discussion and agreement among actor groups of monitoring objectives, selection of a suite of 

monitoring indicators, and setting specific targets for land use activities and groundwater­

ecosystem functions at various scales. As noted previously, the Region has an intensive 

program for monitoring the quality of the water it is supplying to its customers, and an ongoing 

program to monitor groundwater levels at various points across the Region. The Region has not 

yet addressed the issue of monitoring region-wide trends in groundwater quality, nor has it 

resolved the issue of developing an early warning system around municipal well fields. 

8.3.5 Do an integrated set of rules and instruments provide a complete range of protection 
functions? 

The types of instruments proposed in the Strategy, move well beyond traditional reliance on ad 

hoc regulation of individual contaminant sources. The Region appears to favour a precautionary 

approach to protecting groundwater to the extent that they are seeking to prohibit high risk 

activities in sensitive groundwater areas (RMOW 1996d: 18). It is committed to incorporating 

three major types of instruments: direct regulation, economic incentives, and voluntary 

approaches. Also the Strategy addresses a full range of functions including groundwater 

protection, prevention. control and remediation, with an emphasis on the former. 

The Golder report defined the Strategy largely in terms of a land use planning exercise that 

\Vould protectgroundwaterrechargeareas from "'inappropriate"'activities(Golder 1992:35). The 

subsequent rationale provided by the Region for adopting land use planning tools reflects an 

emphasis on the costs of groundwater contamination: 

The cost of researching and developing environmentally sound land use practices is far 
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outweighed by the costs involved in repairing a contaminated site. The fact that current 
technology is sometimes unable to return a location to pre-contaminated condition is 
even more reason for a long term commitment to prevent pollution. (WRPLC l 994c:2) 

The use of exclusionary zoning for certain high risk activities emphasizes controls in favour of 

long term protection and prevention. This instrument can preclude new industrial uses that 

consume large volumes of water or that manufacture or store hazardous materials. However, 

the focus on medium to large generators of hazardoll5 contaminants does not address potential 

cumulative effects of common urban and suburban land uses on groundwater~ctions. Further, 

zoning cannot deal effectively with land uses that are in place prior to adoption of new zoning. 

By-laws to protect groundwater do not prevent existing uses of land, buildings or other 

structures from continuing. Also, zoning does not readily adapt to varied site conditions or 

accommodate different management regimes, and lacks positive incentives to existing land 

users to take preventative measures. For example, zoning does not readily distinguish between 

two landowners using land for the same purpose, who may have radically different approaches 

to land management and pollution prevention. 

Records of Liaison Committee meetings and interviews with members suggest there is general 

support among core actors for placing certain restrictions on new land uses in Wellhead 

Protection Areas. Records of Liaison Committee meetings suggest there is general agreement 

that restrictive zoning will not adequately address ongoing land uses, in particular the activities 

of existing industry. The arguments offered most frequently for applying regulatory controls 

were: the limited ability _of zoning to control existing uses, the importance of controlling 

hazardous chemical use in sensitive areas, and to stimulate corrective action. 

When asked about the appropriate mix of regulation, voluntary measures and economic 

incentives, most interview respondents expressed support for the concept of a mix of regulatory 



277 

and non-regulatory measures, but had difficulty articulating what the balance should be (8 of 

14). An emphasis on education activities and raising awareness of the benefits of good 

management practice were frequently mentioned (6 of 14). A voluntary approach to 

encouraging best management practice by rural landowners was endorsed by interview 

respondents. The prime motivation was seen to be increased awareness of the benefits of 

improved management. However, some also cautioned that landowners could not be expected 

to act in ways that would hurt themselves economically. In particular, rural landowners were 

characterized as having limited financial resources or locational choices for their operations. 

Strategy documents indicate that financial incentives are being considered, and a number of 

respondents also suggested incentives would be appropriate to deal with "'hardships" placed on 

individual farm operations. 

The Region is taking a cautious approach to increasing regulatory controls for existing urban 

point sources. \Vritten evidence suggests a tendency to juxtapose voluntary measures and 

regulatory approaches, with the latter being dismissed where it is seen to be difficult to 

implement. "Voluntaryparticipationin water resources protection by the public is likely to be 

more successful in the long term than regulatory measures (RMOW l 996a:2)". The Strategy 

advocates voluntary best management practices: 

Encouraging businesses to change their chemical handling and storage practices to 
prevent groundwater contamination. and preventing new businesses from locating in 
sensitive groundwater areas will eliminate threats to groundwater resources. These 
proactive initiatives can be implemented at a fraction of the cost required to react to 
groundwater contamination (RMOW l 996a:2). 

The Strategy does not explicitly recognize that regulation can provide a base-level of protection 

and the motivation to act, while voluntary instruments increase awareness, identify 

opportunities to move beyond minimum standards, and release the creativity of individuals and 
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organizations to implement innovative solutions. 

The Liaison Committee discussed various ways of promoting best management practices, 

including use of peer groups to identify needs and deliver targeted information to key sectors. 

A few interview respondents suggested that existing regulations were adequate to accomplish 

the goals of the Strategy and expressed concern about "retro-active application" of new rules 

to existing land uses (2 of 14). Others suggested that a strong regulatory component of the 

Strategy was important (3 of 14). 

Remedial activities, such as decommissioning contaminated sites, are not a priority in the 

Strategy. One interview respondent expressed concern about lack of attention to the need to 

remediate threats posed by historic sources of contamination. This does not mean they have 

been overlooked. There are various ongoing remedial activities, such as investigations of water 

quality concerns at individual well fields, and development of treatment facilities to address 

concerns about naturally high levels of iron and manganese concentrations in water at a number 

of municipal wells. Records of Liaison Committee meetings indicate remedial issues were 

rarely discussed. 

8.3.6 Is there an emphasis on flexible tools and ongoing evaluation to adapt to new 
information and diverse conditions? 

With regard to an adaptive approach, the Strategy's major strength lies in the ongoing pursuit 

of information about the programs in other jurisdictions as well as seeking out the experience 

of knowledgeable individuals and groups. Its major weakness is lack of follow-through with 

respect to pursuing an adequate number of innovative tools that are sufficiently flexible to 

address the complex and diverse conditions found in the Region. 
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The Region recognizes that its dependence on multiple aquifer systems are complicating the 

process of defining groundwater protection areas, and that land use strategies will need to be 

tailored to specific geologic settings (RMOW 1996d: l 0). Even within fairly homogenous areas 

such as the Waterloo moraine, there are geologic discontinuities among different units of low 

permeability tills and high permeability granular deposits. In the case of bedrock aquifers, such 

as those underlying Cambridge, irregular distribution of fractures and solution-leaching 

enlargements make it difficult to define the nature and occurrence of major producing aquifers 

within bedrock sequences. The Region argues for a flexible approach that will permit 

progressively restrictive management of contaminant sources near well fields. 

Resources continue to be invested in examining groundwater protection programs that have 

been developed in other jurisdictions. The Region has investigated land use restrictions and best 

management practices elsewhere, and has adapted concepts such as wellhead protection zones 

to its purposes. In remarks to the Liaison Committee following an international groundwater 

seminar held in 1994 in Waterloo, Regional staff noted: 

There are many common elements in successful protection programs. Despite the 
common elements ... each protection plan was different due to differences in geology. 
resources, and specific local concerns. The Region will incorporate the common 
elements from other successful protection plans, but the protection plan will be modified 
to fit local needs. (WRPLC l 994b:2) 

The use of peer review during preparation of the Golder report and the commitment to external 

peer review of Waterloo's groundwater characterization and protection policy options is 

consistent with a commitment to continuous learning. Developing a mechanism for regular 

reporting and external review would ensure it continues into the future. 

Another positive element is the commitment to continue to improve upon, and adjust, the 
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Strategy based on information gathered through the implementation process. This is best 

exemplified by a continuing commitment to study a number of rural non-point source issues: 

• measuring acceptance of BMPs by rural community; 
• examining how well these practices protect groundwater; 
• investigating potential impacts of sewage sludge application on groundwater quality; 

and 
• undertaking a long term study of nitrogen use efficiency (RMOW nda). 

A similar commitment is needed to support ongoing evaluation of the need for, and 

effectiveness of , groundwater protection measures for urban land use stresses. The main 

innovation being pursued is applying groundwater time-of-travel zones as the basis for 

restricting new development around municipal well fields. While applying such zones is an 

innovation for Ontario, the concept retains elements of a more traditional approach to 

environmental management. For example, it is based on the average time to react to detection 

of a contaminant plume and to develop an alternative water supply. This assumes that 

contaminants will be detected before they are drawn into the well, which is not assured in 

complex geologic environments. The approach also is based on certain assumptions about the 

ability of time and distance to attenuate contaminants of concern. It is not clear how time-of­

travel zones address potential threats from mobile, stable or otherwise persistent contaminants 

which may not attenuate significantly within a given time span or physical distance ( e.g. 

industrial solvents, nitrates, chlorides). 

Two innovative regulatory instruments that would complement zoning for groundwater, 

deserving of further investigation,are use of alternative development standards and examinatim 

of the potential for using a development permit system in critical groundwater areas. Alternati'\e 

development standards represent an up-front commitment by a municipality to encourage 

creative development solutions that will meet environmental and other key priorities on a given 
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site. Uniform prescriptions are replaced with performance objectives that could relate to 

minimizing the development footprint in a sensitive area, that relax uniform clearing and 

grading requirements, and encouraging non-structural measures for protecting hydrologic 

functions. This approach focuses on outcomes, thereby shifting the burden of proof to potential 

stressors to demonstrate that they can meet a set of environmental performance objectives. 

Ontario has over twenty years of experience with use of a development permit system along the 

Niagara Escarpment. Development permits provide a flexible alternative to zoning controls by 

using clear criteria and performance standards to tailor approvals to site-specific conditions. 

Additional non-regulatory instruments for influencing land use decisions deserve further 

investigation. Two specific examples are conservation easements and land stewardship 

agreements. Conservation easements are voluntary legal agreements that can be negotiated 

between a landowner and a municipality, or conservation organization, to limit activities that 

might jeopardize environmental values. \Vhile voluntary, once entered into, conservation 

easements are binding on subsequent owners. Easements that are donated may qualify as a ta.'< 

benefit, or they can be sold at a negotiated price. Land stewardship agreements are verbal or 

written agreements between landowners and a third party to respect identified environmental 

values of a site. It is based on increased awareness of the benefits of environmentally 

responsible land management, and provides a non-binding, semi-formal agreement to forewarn 

of future changes to management practice. or decisions to sell a property providing a critical 

groundwater function. 

The Strategy'semphasison best management practice for industrial sources represents only a 

first step towards comprehensive pollution prevention. Voluntary best management practices 

are unlikely to be applied where short term financial benefits of improved management practice 
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are not evident. The Strategy has not adequately addressed in depth the range of pollution 

prevention measures that should be examined. lbis includes actions such as negotiating waste 

reduction and emission reduction targets for key sources, mandating facility pollution 

prevention plans as part of storm water management, and working with industry to put in place 

mechanisms for public reporting by major contaminant sources. 

8.3. 7 How does the strategy link decisions and actions among core actors and across 
jurisdictions? 

The strongest attribute reflecting the principle of coordination is the use of coordinating 

mechanisms to solicit the involvement and contribution of core actor groups. However. 

significant work is needed to develop groundwater protection partnerships to design and 

implement the Strategy with core actor groups. 

The Water Resources Protection Liaison Committee has provided an effective mechanism for 

coordinating the involvement of actor groups from government, non-profit and private sectors. 

All members of the committee interviewed expressed satisfaction with its operation and 

functions. Most described it as a forum for exchanging views and characterized the committee 

as providing decision support to Regional Council. The majority expressed satisfaction with 

their influence on the process to date ( 10 of 14 ), and satisfaction with the availability and flow 

of information from the Region (13 of 14). The concerns expressed most frequently were that 

the process was slow, that the Committee met too infrequently, and that not enough time was 

being invested by all members (7 of 14). Some interview respondents also suggested that 

information flows beyond the committee to other groups such as industry, rural politicians and 

landowners, could be improved (2 of 14 ). One expressed a concern about the technical nature 

of discussions and another expressed the need for more frequent updates on Regional decisions. 
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A second level of coordination is to be provided by the three working groups, which were 

formed to make recommendations in the three priority areas. Consideration needs to be given 

to broadening their membership to ensure that all core actor groups who should participate are 

included. These groups are in their formative stages and it is premature to consider their role 

or achievements. 

Additional work is needed to accelerate groundwater protection partnerships. Implementing 

the Strategy will require significant contributions from a range of actor groups. Few 

partnerships have developed with the Province, but an exception was identified by interview 

respondents: the Ontario Ministry of Agriculture and Rural Affairs' participation in the 

nitrogen-efficiency study. Some expressed concern about Provincial withdrawal from direct 

involvement in groundwater protection issues, and suggested the Province should develop a 

province-wide groundwater program to provide an overall framework within which 

municipalities could act (3 of 14). Other roles suggested for the Province include: giving 

municipalities the authority to work more closely with local industry (3 of 14 ), providing 

technical and financial assistance to support local implementation (3 of 14), offering training 

and education on best management practices and supporting groundwater research (2 of 14 ). 78 

While the Region has worked hard at community consultation, interview respondents identified 

the continuing need for educating landowners, citizens and businesses (8 of 14). Local 

governments as well as the Grand River Conservation Authority were identified as important 

partners in undertaking groundwater education and awareness activities across the watershed. 

While not mentioned by any committee member, there is currently an informal agreement 
between Waterloo Region and the Ministry of Environment and Energy whereby the Region 
receives and up-dates water well records that are submitted to the Province annually by well 
drillers. 
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Interview respondents also suggested that community groups could play an important advocacy 

role by providing constructive criticism and bringing to the forefront issues that might otherwise 

be ignored. An educational role for non-government organizations, including business 

organizations was identified (4 of 14). The partnership involving non-government actors 

identified by most respondents was the multi-year nitrogen efficiency study referred to 

previously. Another partnership identified was the ongoing technical input provided to the 

Region by the Waterloo Centre for Groundwater Research at the University of Waterloo. 

Three citizen-led groundwater initiatives, independent of the Strategy, provide evidence that a 

community-based network of support is emerging. Education and awareness-raising initiatives 

are being undertaken under the umbrella of the Groundwater Guardian Program of the U.S. 

Groundwater Foundation.79 Wilmot Township, under the leadership of its Council-appointed 

Environmental Committee, was among the first communities to join the North American 

Groundwater Guardian program in 1994. It sponsored a Groundwater Festival and announced 

that it would pursue a local strategy for addressing groundwater protection issues (WRPLC 

1995a:5; 1995b:3). Wooiwich Township also was among the first communities to receive 

recognition under the Groundwater Guardian Program. Under the leadership of its local 

Healthy Communities Group, a series of educational workshops were planned, with a focus on 

educating the rural community about water issues (WRPLC l 994b:6). In Cambridge, the local 

Groundwater Alert group was successful in getting the City to agree to the need for a 

comprehensive plan for groundwater protection ( Cambridge 1995: 11 ). In June 1996, City 

Council agreed to establish a sub-committee of its Environmental Advisory Committee to put 

together a proposal to become a Groundwater Guardian community. It will focus on curriculum 

development for primary school grades (Souann, pers. comm.). 

See Chapter 4, section 4.5, for a description of the Groundwater Guardian program. 
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The Strategy assumes adoption by local governments of supportive policies and development 

control mechanisms. While the Region has general authority to adopt official plan policies to 

protect groundwater areas, only local municipalities have the authority to pass zoning by-laws 

to prohibit new uses and new structures on lands that are sensitive recharge areas or contain a 

sensitive aquifer (Planning Act 34 (1) 3.1)). In general, local municipalities have adopted a 

"wait and see" approach, with few having done preparatory work to develop local policies and 

measures for implementing the Strategy. Their willingness and ability to play their part in 

implementing the Strategy has not been confirmed, and significant effort will be needed to 

garner the support of all seven local municipalities. 

While municipal participants have shown some support for the Strategy through its 

developmental stages, local support for implementing land use controls and other measures is 

untested. A large number of interview respondents identified potential reluctance of local 

municipalities to adopt development controls related to groundwater as a possible obstacle to 

implementation. The urban municipalities in the Region have shown past support for 

groundwater protection. For example, local policies have been adopted for specific areas in 

Kitchener and Waterloo that recognize the value of protecting important hydrological functiom 

in managing urban drainage (e.g. Waterloo West Side, Huron Business Park in Kitchener). To 

date, two rural Townships nominally supported community-led Groundwater Guardian 

activities. However, it is noteworthy that the two respondents from the Townships suggested 

they did not have a major stake in implementing the Strategy given their limited resources and 

few groundwater-relatedresponsibilities. There appears to be little interest in applying zoning 

controls in regional recharge areas or rural well fields. This highlights the need to work towards 

a consensus on innovative measures, other than zoning, that will positively influence land use 

activities in rural areas. A key coordinating mechanism will be the Future Urban Point Source 
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Working Group, which is focussing on regional and local official plan policies and developmea: 

control options to address new urban point sources. 

Private business organizations present another opportunity for developing groundwater 

partnerships. Interview respondents emphasized the need to increase awareness among industty 

of the potential impacts of their activities and of the benefits of voluntary environmental 

management. One opportunity identified was the potential to develop a government-private 

sector partnership to provide useful information and advice to local businesses. ·This could take 

the form of a business resource centre that provided specific information on the Strategy itself 

and also offered workshops and seminars on responsible business practice. 

8.3.8 What measures are taken to strengthen institutional capacity? 

The Strategy's strongest attribute with regard to the catalytic principle is the continued 

leadership of the Regional Municipality and its commitment of technical and financial 

resources. The weakest attributes are lack of institutional support from the Province, 

unanswered questions about the capacity of local government to implement the Strategy, and 

limited development of programs that recognize and encourage voluntary action. 

The Regional Municipality is both progenitor and custodian of the Strategy. It has invested 

significant resources to develop the information base and articulate a framework for protecting 

groundwater that continues to enjoy the support of regional decision makers. Its l 996 capital 

budget allocates approximately 1.6 million dollars to Strategy implementation (RMOW 

1 996c: 11 ). The level of investment, which accounts for 4.3 percent of the Region's water supply 

budget, is forecast to decline to 0. 7 percent of the total by 2005. The source of this revenue. 

direct billings for water use, is relatively stable and inflation-proof. However, the Region has 
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noted that additional commitments may be required, in the form of financial incentives, to 

motivate potential contaminant sources to improve their management practices and to take 

preventative or remedial actions (RMOW l 995b:2 l ). Most interview respondents suggested that 

the Region will continue to have the prime role in undertaking most of the work associated with 

the Strategy. Specific responsibilities identified included: continuing to deliver a safe source 

of drinking water, developing Regional Official Plan Policies, investing financial and other 

resources, defending the Strategy against opponents, setting the ground rules, and promoting 

education and awareness. 

Limited financial resources was identified by interview respondents as a potential obstacle to 

implementing and enforcing the Strategy (6 of 14). The Region continues to be looked upon 

to cover most of the costs of implementation. However, it has begun to raise the issue of "who 

pays" for taking the required actions. Some potential revenue sources identified by the Region 

include regional and local tax levies, water and sewer charges, special levies to fund 

groundwater projects. and government grants or loans to affected businesses for clean-up and 

mitigation activities (RMOW 1995b:21). 

As noted previously, uncertainty inherent in planning for groundwater protection has 

implications for the role played by technical information in the decision making process as well 

as the way in which rules and instruments are applied. However, no direction or guidance has 

been provided by the Province regarding appropriate protection policies or technical 

approaches. Neither has it given any formal recognition or encouragement of voluntary actions 

to protect groundwater resources. Without a supportive provincial system, the Region has been 

left to develop and defend the Strategy on its own merits and in forums which do not recognize 

the precautionary approach. Questions also remain regarding the authority of the Region to 
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work with local industry on its use of haz.ardous substances and to promote advanced 

environmental management practice. The reticence of the Region may stem from the 

uncertainty surrounding its current legal authority to control land practices and existing uses to 

protect groundwater. A recent analysis suggests that many of regulatory tools are currently 

available exclusively to provincial or other government agencies (Willms and Shier 1997: 19). 

There is no consensus among core actors on the need to pursue additional regulatory authority 

through the Province. 

With regard to an informationmanagementsystem, the Region appears to have made progress 

integrating groundwater-related data into a common environmental information system. The 

Region· s Geographic Information System provides a mechanism to integrate diverse data sets 

for planning purposes, facilitate modelling of spatially related data, allow for building up 

records over time, and enable sharing of complete, accurate and timely data between key actor 

groups. However, it is not clear how this information will be applied by the Region in concert 

with other actors, to policy development and to management decisions related to groundwater 

protection. 

Interview respondents suggested that the greatest potential obstacle to implementing the 

Strategy was resistance from businesses and landowners directly impacted by the Strategy (9 

of 14). Two specific areas highlighted were the potential for conflict with agricultural 

operations in rural well fields, and potential conflict with businesses in urban well fields. A 

number of respondents suggested that this would be particularly acute if measures were taken 

to regulate changes in management practice. 

The numerous public education and awareness efforts of the Region need to be complemented 
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with ways of recognizing and encouraging voluntary action among core actors. As the focus 

shifts to implementatio~ public recognition will play an important role in empowering core 

actors, landowners and individuals at the community level. Most interview respondents 

advocated education and awareness-raising activities for overcoming potential resistance to the 

Strategy (8 of 14). It was suggested that, given adequate information and time to make 

behavioural adjustments, most individuals and organizations would respond positively. Some 

respondents specifically addressed the need to involve businesses in developing solutions ( 4 of 

14), and the importance of educating business on the economic benefits of improved 

environmental management practices (3 of 14). 

8.4 Findings and Conclusions 

The results of the analysis are presented in tabular form in Table 8. An overview of the major 

findings and conclusions are presented below. 

Boundaries 

The Strategy is noteworthy for its attention to multiple groundwater systems and multiple 

scales. While most of the attention has centred around well fields, planning to protect regional 

groundwater systems will need equal effort. Similarly the Grand River Watershed, and the 

major aquifer systems underlying it, provide an important bio-regional context for the Strategy. 

Given the discontinuities between surface waters and groundwater boundaries, additional 

consideration needs to be given to planning for the aquifers that extend beyond the borders of 

the Region. At the broadest scale, the Guelph-Amabel Aquifer can be viewed as a planning unit 

for protection and management. The Strategy should provide a solid foundation for inter-
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TABLE 8: SUMMARY EVALUATION 

PRINCIPLES ATTRIBUTES Present Adequate 

Boundaries well fields .[ .[ 

regional systems .[ .[ 

watersheds & groundwater basins .[ 

Objectives hydrogeological processes 

biodiversity support 

sustainable use 

Functions local and regional hydrogeology .[ .[ 

groundwater-surface water .[ 

relationships 

aquatic and terrestrial habitat .[ 

Cumulative stress-response framework 
Effects 

Integrated protection, prevention, control, .[ .[ 

remediation 

regulation, economic, voluntary .[ 

instruments 

Adaptable flexible tools 

internal/external review .[ .[ 

Coordinated coordinating mechanisms .[ .[ 

protection partnerships .[ 

Catalytic authority & policy 

resources .[ .[ 

information management system .[ 

technical support .[ 

public recognition 

·For the explanation of the checlcmarlcs, refer to the text of this chapter and methods section of 
Chapter 3. 
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municipal planning exercises at the watershed and groundwater basin scales. 

Objectives 

A major weakness of the Strategy is its failure to adequately define a set oflong term outcomes 

that are based on a broadly-supported vision for a dynamic ~d self-sustaining groundwater­

ecosystem. A public process is necessary to secure broad agreement on valued ecosystem 

functions as well as a set of specific indicators and targets for measuring progress toward each 

objective. This will require increased awareness of and appreciation for the role of groundwater 

in maintaining a healthy ecosystem that can sustain human uses and benefits. Measurable and 

descriptive ecosystem objectives should be articulated for all the major functions provided by 

groundwater. This includes sustainable use objectives for drinking water, agriculture, and 

industry, essential hydro geological processes, such as recharge, storage, and discharge, and bio­

diversity-support functions for aquatic and terrestrial habitat. 

Functions 

The Strategy demonstrates commitment to understanding local and regional groundwater 

systems. However, it would be strengthened by directing more attention to the processes that 

link groundwater and surface water systems at local and regional scales. This requires improved 

characterization of these inter-dependencies and their relationship to healthy terrestrial and 

aquatic ecosystems. An analysis of this sort also would provide a stronger technical basis for 

defining appropriate indicators of ecosystem health in the Strategy. 

The groundwatercharacterizationactivities undergirding the Strategy need a supportive policy 
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framework that enumerates expectations and technical requirements. Endorsement of a 

precautionary approach could help scope the level of technical analysis required. A policy 

commitment is needed that decisions will favour conservation and prevention under conditions 

of uncertainty regarding the impact of potential multiple stresses on groundwater ecosystem­

functions. The need for such a supportive policy framework is heightened by the lack of 

agreed-to methods for groundwater characterization, for defining sensitive areas, or for 

assessing potential cumulative effects of multiple groundwater uses and land use activities. 

Cumulative Effects 

A framework for assessing the potential cumulative effects of land use stresses is needed which 

includes assessment of impacts of land use stresses on essential hydrogeological processes, and 

biodiversity support functions as well as quality impairment. While there has been significant 

effort to catalogue potential contaminant sources, a systematic means of assessing the individual 

and collective threat they pose to groundwater is lacking. It is recognized that there are 

significant challenges inherent in defining cause-effect relationships and in predicting 

groundwater-ecosystem responses in complex subsurface environments. Iterative analysis is 

needed that builds upon current understanding of hydrogeological processes and that also 

considers potential pathways by which multiple sources of contaminants enter and degrade 

groundwater over the long term. 

The monitoring program should contribute to ongoing assessment of potential cumulative 

effects and be linked to decisions to act to prevent loss or impairment of groundwater system 

functions. The traditional focus on monitoring raw and treated drinking water is not sufficient. 

Monitoring for quality and quantity should be supported by a suite of indicators and targets 
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which are representative of land use stresses and ecosystem processes. Such a monitoring 

system would provide an early warning system of potential loss or impairment of functions 

provided by groundwater-ecosystems at a regional scale. The assessment and monitoring 

activities should be integrated with key decision processes for defining desired outcomes as 

well as the selection of instruments for influencing human activities. 

Integrated 

The Strategy is moving toward an integrated system of rules and instruments by incorporating 

a range of protection, prevention, control and remediation activities. However, the potential 

dichotomy between regulatory controls and voluntary instruments needs to be redressed. The 

Region should build on the acceptance by core actor groups of the importance of ensuring a 

base level of environmental protection through regulatory means while, at the same time, 

guarding against the temptation to impose inflexible controls. The Region needs to pursue an 

integrated package of measures wherein regulation performs the following functions: provides 

a mandate to protect groundwater, spurs action by all sectors, and maximizes choice. Voluntary 

measures and economic instruments should perform the following functions: increase 

awareness, stimulate action beyond minimum requirements, and support innovative solutions. 

One specific option available to the Region for addressing regulatory requirements is to secure 

the agreement of existing authorities, such as the Ministry of Environment and Energy, to focus 

their inspection and prevention programs in areas identified as critical to protect groundwater. 

Another option is for the Region to secure the agreement of existing authorities to delegate 

authority for promoting improved environmental management practice by land users and 

potential contaminant sources. Specific areas that could be pursued approval of water takings, 
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powers of inspection for contaminant sources, and the ability to order preventative action to 

protect groundwater before irreparable harm occurs. 80 

With regard to economic incentives, various creative options should be explored, above and 

beyond option of direct grants to certain landowners being considered by the Region. These 

include the following: issuing income tax receipts for donations of lands supporting essential 

hydrogeological processes, applying property tax benefits for landowners protecting designated 

groundwater areas, and helping finance a voluntary program of public or private conservation 

easements in sensitive groundwater areas. 

Adaptable 

There is a need to experiment with more innovative and adaptive measures for managing land 

use change. In addition to zoning, two regulatory options that should be examined more closely 

include adopting alternative development standards and examining the potential for designing 

a development permit system for critical groundwater areas. This could be used effectively to 

address concerns related to potential impacts on hydrogeological processes as well as potential 

contamination of groundwater. Waterloo Region and its member municipalities should pursue 

discussions with the Province to give them the ability to establish a development permit system 

to control development in critical groundwater areas. This would provide municipalities with 

an approach that is considerably more flexible and adaptable to local conditions. 

Significant additional work is needed to develop a more comprehensive approach to pollution 

These powers are currently the prerogative of Directors and Provincial Officers appointed 
pursuant to the Environmental Protection Act and Ontario Water Resources Act. 
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prevention. Best management practices do not reflect the full range of prevention tools that 

could be applied. Specific measures that should be explored include: facility-specific targets for 

water use, waste generation, and emission reduction, substitution of hazardous chemicals in all 

sectors, encouraging pollution prevention plans for sources in critical groundwater areas, and 

regular public reporting by facilities of progress toward pollution prevention targets. 

The commitment to continue to learn from other jurisdictions and improve measures and 

techniques is commendable. The use of peer review early in the process during preparation of 

the Golder report, and the commitment to external peer review of groundwater characterization 

and policy options is consistent with a commitment to continuous learning. Regular public 

forums should be instituted through the implementation process, as should mechanisms for 

periodic external review of the Strategy. 

Coordinated 

The Water Resource Protection Liaison Committee appears to be working well as a multi­

stakeholder forum. It is providing a mechanism for exchanging information, for increasing 

appreciation among key actors of issues and options, and for providing decision support to 

Regional Council. The three working groups offer the promise of a deeper level of cooperation 

among core actors on specific elements of the Strategy. A key to their success will be to ensure 

that key government and non-government actors are represented and that they are given 

authority to negotiate agreements-in-principle on behalf of their sending organizations. 

Consideration should be given to expanding their mandate to negotiate specific protection 

partnership agreements for implementing elements of the Strategy. 
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There is un-tapped potential to connect with community-based organizations to promote the 

strategy. For example, the Groundwater Guardian initiatives in the Region should be 

developed into a full partnership for implementing a long term vision for groundwater­

ecosystems. There also exists the potential to partner with business organizations to develop 

support networks that promote protection and pollution prevention activities. Such groundwater 

partnerships should enable the business community to become co-educators with community 

groups and public agencies on cost-effective measures and options to address groundwater 

priorities. 

Catalytic 

The leadership of the Regional municipality has been critical to the progress made thus far. For 

the foreseeable future, the Region will continue to be the custodian of the Strategy. While 

necessary. its technical expertise, financial resources, and policy commitments will not be 

sufficient to ensure the Strategy is fully implemented. The support and participation of other 

government and non-government actors will be essential to achieve a community-based 

approach that is sustainable over the long term. 

The willingness and capacity among local municipalities to assume significant responsibility 

for implementation is not confirmed. There are positive indications. particularly among the 

urban municipalities, of the capacity to protect groundwater. However, it is clear that they will 

need to be satisfied that the landowners most directly affected are willing participants in the 

implementation process. Also, there needs to be a willingness to invest the required time and 

creativity to support the design of innovative measures for managing land uses beyond standard 

development control. The limited resources and expertise among the rural municipalities 
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suggests a need for significant technical and administrative support. 

In addition to applying regulatory instruments and economic incentives to establish a base level 

of groundWctter protection, public recognition programs should be developed. Such programs 

would publicly recognize the annual contribution of individuals, landowners and groups to 

protecting groundwater. This would complement the current commitment to increase awarenes.5 

of the need and benefits of prevention and also would support community-based solutions for 

protecting the Region's groundwater ecosystems. In addition, support networks within and 

among key sectors should be developed to communicate critical information and encourage 

responsible action. 

8.5 Summary 

The Water Resources Protection Strategy of Waterloo Region is distinguished by the degree to 

which it embodies many aspects of an ecosystem approach. While the Strategy does not addres.5 

all principles and attributes adequately when compared against the ecosystem framework, this 

should not be interpreted as failure. Experience in many other contexts suggests that the 

ecosystem approach has rarely been applied comprehensively (cf .. Lee 1993; Gunderson. 

Holling and Light 1995). The Strategy's strongest attributes are its attention to multiple 

groundwater boundaries and its characterization of groundwater systems. The principles of 

integration and coordination are moderately well developed as are the catalytic principle and 

principle of adaptation. The Strategy's weakest attributes are its lack of ecosystem objectives 

and targets, and its lack of a framework for assessing potential cumulative effects. 

There are a number of difficult decisions ahead, particularly regarding the rules and instruments 



298 

to be applied, and regarding the best means for building a community-based approach to 

implementation. The most significant challenges to be addressed include: seeking consensus 

on a full range of ecosystem objectives and targets; improved characterization of functional 

relationships between groundwater and surface water systems; effectively linking the Strategy 

to planning for groundwater protection throughout the Grand River Watershed and beyond; 

developing a framework for assessing and monitoring cumulative effects; testing a broader 

range of innovative regulatory and non-regulatory instruments for influencing land use practice; 

pursuing grpundwaterprotection partnerships more aggressively;and empowering local actions 

through technical support and public recognition. Future decisions related to implementing the 

Strategy will determine whether it will be strengthened relative to an ecosystem approach. 

The ability to improve the Strategy points to the larger system of rules and actors that impinge 

upon the Regional Municipality of Waterloo. For example, there remains the need to seek the 

cooperation of provincial agencies such as the Ministry of Environment and Energy to provide 

a supportive policy framework and to be a catalyst for community action. As noted previously. 

the Ministry of Environment and Energy has a variety of powers to prevent groundwater 

contamination. The Ministry also could increase awareness and support for the Strategy by 

designating Water Supply ProtectionAreas, under the authority of the Ontario Water Resources 

Act, consistent with critical areas identified in the approved Strategy. The next and final chapter 

brings together the major findings and recommendations that flow from the case study, the 

analysis of the broader institutional context, and the Ecosystem Approach Framework. 



CHAPTER9 
FINDINGS AND RECOMMENDATIONS 

9 .1 Introduction 

The purpose of this inquiry was to investigate the potential application of an ecosystem 

approach to planning for groundwater protection in Ontario. Two basic questions framed the 

investigation: What strategies have emerged to address deficiencies in planning for 

groundwater protection?, and How might an ecosystem approach inform the development of 

such strategies? In pursuing answers to these questions, the inquiry faced a number of 

significant challenges. From a conceptual standpoint, current research in environmental 

planning and institutional analysis presents many challenges because of weak theoretical 

development, unknown variables, and application of disparate evaluation criteria ( cf. Mitchell 

1989; Ingram 1990; Gormley 1987; O'Toole 1993; Cortner and Marsh 1987). 

With few notable exceptions, the development of regional groundwater protection strategies in 

Ontario is in its infancy. Given the limited theoretical development and few practical 

applications to planning for groundwater protection, the approach taken was necessarily 

descriptive and exploratory. This chapter includes a summary of the Ecosystem Approach 

Framework, key findings from the case study of the Water Resources Protection Strategy of 

the Regional Municipality of Waterloo, Ontario, recommendations for implementing an 

ecosystem approach in Ontario, and areas for further study. 
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9.2 A New Paradigm in Planning for Groundwater 

9.2.1 Guiding Principles 

It is critical that research be anchored in an explicit conceptual framewor~ and it is in this 

context that the Ecosystem Approach Frameworkwas developed. The purpose of the Ecosystem 

Approach Framework is to advance a more coherent and complete representation of an 

ecosystem approach than has been available to this poin~ and particularly as it applies to 

planning for groundwater. The state of knowledge regarding the ecosystem approach reflects 

an amalgam of concepts and ideas that are not fully mature. Also there is virtually no 

substantive literature applying ecosystem principles to planning for groundwater protection. 

The Ecosystem Approach Framework offers new ways of analyzing problems with the promise 

of constructive solutions. It is pioneering in that it integrates diverse ecosystem principles with 

the specific challenges of planning for groundwater protection. The framework is based on an 

understanding of an ecosystem approach as a composite whole made up of multiple and 

interconnected parts. The individual parts or constituents are defined by a set of strategic 

activities, eight key principles, also expressed as research questions, and a set of attributes. 

which are specific properties of an ecosystem approach to groundwater protection. 

The guiding principles combined with strategic elements of groundwater protection provide a 

nonnative framework for describing an ecosystem approach to groundwater protection. It has 

implications for the boundaries selected for planning, the information sought, the type of 

objectives pursued, the way in which potential effects of human activities are assessed and 

monitored, the types and mix of rules and instruments selected, the accountability of core actor 

groups, and implementation. Key principles of an ecosystem approach that should be 
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incorporated in the design and implementation of groundwater protection strategies are 

summarized below. 

• The ecosystem approach recognizes the need to plan across jurisdictional boundaries to 

encompass ecological processes and functions directly related to the goals and 

objectives being pursued, as well as the activities that are impacting valued ecosystem 

functions. 

• The ecosystem approach bridges sustainable human uses with a long term vision for 

maintaining and restoring healthy ecosystems. It advocates dialogue to define objectives 

not only for human use, but also for maintaining essential ecological functions, 

recognizing that these are inextricably linked. 

• In contrast to the conventional practice of collecting data on discrete physical, chemical 

or biological parameters, the ecosystem approach integrates information on components 

of the ecosystem through analysis of processes that knit them together. It includes, for 

example, the movement, storage and cycling of water, the support provided to biological 

habitats and the provision of clean drinking water for human use. 

• The ecosystem approach seeks to understand complex relationships among multiple 

human stresses and concomitant changes in groundwater-ecosystem functioning over 

time. It considers effects at multiple levels of ecosystem organization, from the local to 

the regional, and includes past, present and future change. 

• The complex and dynamic nature of ecosystems means that institutions must "expect 

the unexpected". It rejects a one-size-fits-al/ mentality, in favour of precautionary and 
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flexible measures that ensure future options are not precluded by a failure to act in the 

absence of complete information and understanding. Innovative and creative solutions 

are encouraged that adapt to different contexts and dynamic conditions, including 

continuous review and evaluation of objectives, measures and results. 

• The ecosystem approach favours strategies that apply an integrated set of instruments 

that work together to achieve the long term vision through four key management 

fu.n,ctions: protection, prevention, control and remediation. Regulatory controls are 

transformed from a constraining role to providing the mandate for implementing 

preventative strategies. 

• The ecosystem approach re-defines notions of accountability and governance. 0 ld forms 

of governance characterized by central control and dictated prescriptions are replaced 

with rules and instruments that support responsible action. The imperative of realizing 

a long term vision for the ecosystem is pursued by increasing the responsibility and 

accountability of all actor groups for achieving collective outcomes. Attention shifts 

from the centre to communities to interpret and apply ecosystem principles in their 

context. Mechanisms and partnerships are required which facilitate exchange of 

information, discussion of common interests, and collaborative decision making in the 

interests of system-wide goals. 

• The ecosystem approach recognizes the need to build institutional capacity to sustain 

implementation by providing a mandate to act, as well as information, technical support, 

and other resources that recognize and encourage ecosystem perspectives. Differing 

capacities will impact the intensity and scope of protection efforts. Fully integrated 
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strategies begin with the most feasible steps combined with actions that foster and 

support community-based solutions. Over time, the level of effective integration and 

coordination should increase as the benefits of this approach are demonstrated and 

embraced by core actors. 

9.2.2 Key Activities 

The ecosystem approach is as much a practical response to extant problems as ~t is the product 

of extensive theorizing. There are a number of recurring challenges confronting efforts to 

improve the management and protection of groundwater, that can be summarized as follows: 

moving from the site-specific orientation to a groundwater system focus; integrating goals of 

human health and ecosystem integrity; improving the characterization of groundwater systems 

and potential cumulative threats; transforming reactive controls to preventative planning; 

coordinating activities of different actor groups; and addressing limited institutional capacity 

for implementation.Attention to the guiding principles and attributes of an ecosystem approach 

provide clues for addressing these deficiencies. 

Each of the guiding principles of an ecosystem approach has its corollary in practical actions 

for implementing regional groundwater strategies. Specifically, strategies for protecting 

groundwater should include the following critical elements: 

• characterizing groundwater-ecosystems; 

• monitoring and assessing groundwater stresses and ecosystem responses; 

• developing a long term vision supported by measurable outcomes; 

• instituting a system of rules and instruments to manage human activities; and 

• building capacity to sustain implementation. 
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The attributes associated with the guiding principles for an ecosystem approach to groundwater 

protection are summarized below. 

Boundaries: Use multiple ecological boundaries and scales for planning to protect 
groundwater systems, recognising a hierarchy of nested systems and scales. 

When designing a protection strategy, planning and analysis activities should encompass well 

fields, local and regional groundwater systems and boundaries that recognize linkages to surface 

watersheds _and major groundwater basins. 

Objectives: Develop a long term vision for groundwater that encompasses a full range of 
ecosystem objectives. 

Planning for groundwater systems requires measurable objectives for human benefits and long 

term ecological integrity. Objectives, indicators and targets should be defined for sustainable 

human uses, essential hydrogeological processes, and bio-diversity support functions provided 

by groundwater systems. 

Functions: Inform decisions through analysis of ecosystem processes and.functions that link 
physical, chemical and biological components of the ecosystem, that are of 
direct human benefit and that maintain ecosystem integrity. 

Improved characterization of groundwater systems is needed to address local and regional 

hydrogeology, groundwater-surfacewater relationships, and to define functional linkages with 

aquatic and terrestrial habitat. This should include analysis of the level of groundwater­

ecosystem functions provided in different geographic areas. 

Effects: Identify complex relationships among multiple land use stresses and associated 
short term and long term responses of groundwater-ecosystems. 
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An essential component of a groundwater strategy is developing a framework for assessing and 

monitoring the type and intensity of land and water uses at local and regional scales, and the 

potential pathways through which groundwater functions may be degraded or otherwise altered 

The link between assessment and monitoring activities to decision making processes should be 

specified. 

Adaptable: Adopt a precautionary approach that can accommodate diverse conditions and 
is responsive to new information and changing circumstances. 

Pursue innovative and flexible solutions, given limited understanding of groundwater systems 

and functional responses to land use change. Maximize choices and encourage creativity to 

address groundwater concerns. Establish mechanisms for ongoing review and evaluation that 

facilitate continuous learning and adaptation. 

Integrated: Support preventative strategies with an integrated system of rules and 
instruments that work together to achieve the long term vision. 

Groundwater strategies should provide a supportive framework that mandates, recognizes and 

encourages public and private protection initiatives through a mix of regulatory, economic and 

voluntary measures. Regulatory controls should mandate ecosystem-wide perspectives and 

support other instruments, including zoning for groundwater, alternative development standards, 

development permit systems, conservation easements, tax incentives and other economic 

incentives, and pollution prevention planning for contaminant sources. 

Coordinated: Secure the participation and accountabilityof core actor groups and sectors for 
defining and achieving collective outcomes. 

Better coordination of programs and activities of government and non-government actor groups 
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is paramount, with a focus on strengthening community capacity for action. Develop 

mechanisms which coordinate the involvement and contributions of core actor groups from 

vision development through to monitoring of implementation. Include the following functions: 

appreciation,resource sharing, decision-support.Establish protection partnerships for deliverirg 

key components of the groundwater strategy. 

Catalytic: Develop the institutional capacity to sustain implementation by providing a 
mandate to act, as well as information, technical support, and other resources 
that recognize and encourage ecosystem perspectives. 

Existing authority and policy, technical and financial resources will affect the intensity and 

scope of protection efforts. Various forms of support from senior levels of government are 

critical, including enabling legislation which provides authority required to implement 

protection measures, transfer of responsibilities downward where communities and individuals 

have demonstrated a willingness and a capacity to protect groundwater, ensuring means are 

available to finance protection activities at the community level, providing base-line standards, 

information and mapping, technical assistance and training where needed. 

While immediate needs are often the catalysts for action, approaches to groundwaterprotectim 

should increase the scope and level of integration over time. This recognizes the importance 

of adjusting strategies to varied conditions and circumstances while, at the same time, building 

in a commitment to strengthen and expand protection initiatives beyond priority threats. In this 

way groundwater's diverse ecological functions and human uses will be better protected over 

the long term. 
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9.3 Water Resources Protection Strategy: Waterloo, Ontario 

9.3.1 Major Findings 

The case study of the Water Resources Protection Strategy in the Regional Municipality of 

Waterloo provides an excellent opportunity to consider how an ecosystem approach might 

inform the development of regional groundwater strategies in the Province. Waterloo Region 

contains the largest concentration of people in Canada who depend on groundwater as their 

primary source of drinking water, with over 400,000 people in three urban mwµcipalities and 

four townships. There are over fifty municipal well fields in the Region and thousands of 

private wells drawing water from confined and unconfined overburden aquifers and confined 

and unconfined bedrock aquifers. 

The decision by Waterloo Region to pursue a groundwater protection strategy was triggered by 

contamination of Elmira's municipal wells in the late 1980s with industrial organic 

contaminants. Pervasive degradation of the quality of the region's shallow aquifers by bacterial 

and nitrate contaminants, as well as discovery of coal tar and related hazardous substances at 

former sites of coal gasification plants added pressure to prevent further loss of groundwater 

resources. The six year effort to put in place a groundwater strategy was the subject of the case 

study. 

Waterloo Region's strategy is distinguished by the degree to which it embodies many aspects 

of an ecosystem approach. While not all principles and attributes are addressed equally or 

adequately when compared against the ecosystem framework, this should not be interpreted as 

failure. Experience in many other contexts suggests that the ecosystem approach has rarely been 

applied comprehensively ( cf. Lee 1993; Gunderson, Holling and Light 1995). 



308 

The Strategy's strongest attributes are its focus on multiple aquifers at local and regional scales, 

supported by extensive characterization and modelling of groundwater. At the same time, 

groundwater' sproperties present unique challenges. The ability to redress lack of understan~ 

or appreciation for its many values and benefits is complicated by the complexity and variabiliW 

of groundwater's occurrence, movement and chemical evolution. For example, the bedrock 

formations from which Cambridge draws much of its water supply were laid down some 400 

million years ago. The surficial deposits of the Waterloo Moraine that provide another major 

source of water for the Region were formed less than 100,000 years ago. Some portion of the 

water being withdrawn has lain underground for perhaps millions of years, while other water 

being withdrawn fell as precipitation a few short years ago. Extensive regional and site-specifc 

investigations reveal complex interactions and flows between aquifer units as well as between 

groundwater and surface water which were influenced by natural conditions as well as 

groundwater withdrawals. 

The case study illustrates the tendency of priorities related to human consumption of 

groundwater to overshadow consideration of the full range of groundwater services and 

functions provided by healthy groundwater-ecosystems.The evidence suggests a prime concem · 

for maintaining an adequate supply of good quality drinking water. The tendency to focus on 

consumptive use of groundwater is common to most groundwater strategies. However, even in 

this regard, objectives, indicators and targets related to sustained or optimal yield are missing 

from the Strategy. In addition, the role of groundwater in maintaining essential ecological 

processes is not adequately accounted for and spelled out in the Strategy. 

From a technical perspective, the Strategy has not yet taken the next step of complementing the 

considerable hydrogeological analysis of groundwater resources with equivalent effort to 
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characterize the linkages with surface water and the bio-diversity support functions provided 

by groundwater. Unlike the watershed studies in the Region, the technical studies for the 

Strategy do not quantify basetlow contributions of groundwater to area streams and wetlands, 

nor calculate water budgets. There has been little effort to integrate information on stream flovvs 

and temperature, fisheries, wetlands and surface water hydrology, with hydrogeological 

considerations, such as geology and groundwater chemistry. Analysis of this type would 

demonstrate equal regard for these ecological dependencies. 

The case also illustrates the need for a supportive policy framework to guide decisions, 

heightened by the lack of agreed-to methods for groundwater characterization, for assessing 

potential risks, and for protecting groundwater functions. In Ontario there is little experience 

with planning policy for protecting groundwater systems, especially with regard to its 

hydrogeologic functions and the linkages between groundwater and surface water systems. Few 

rules or instruments are applied beyond the direct regulation of major point sources by 

provincial authorities. Perhaps as a result, the investment in technical analysis and groundwater 

characterization has far outweighed analysis of policy options. 

The Strategy appears to favour a precautionary approach to protecting groundwater from 

contamination to the extent that it is seeking to prohibit certain activities in sensitive 

groundwater areas. There is an express commitment to incorporating three major types of 

instruments: regulation of new urban land uses, economic incentives for existing rural land uses, 

and voluntary approaches for existing urban point sources. The primary focus is on management 

of land uses in the vicinity of municipal wells, and secondarily on regional recharge areas. The 

application of zoning to preclude medium and high risk activities is an innovation for Ontario, 

which has been widely used elsewhere. However, zoning is not a particularly flexible 
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instrument. It doesn't make any distinction between different management practices, doesn't 

address current uses, nor can it readily adapt to diverse site conditions. Also the use of Time-of: 

Travel as the basis for defining these zones belies a tendency to fall back to a system based on 

the ability to react to spills or detection of contaminants before they reach a well. 

The Strategy also shows a tendency to juxtapose legislated solutions with other measures. The 

need to "draw lines on maps" (i.e. zone) to protect groundwater in recharge or other critical 

areas is seen to impose liabilities on those falling within the zones, and could sp~wn exhausti~ 

technical battles among opposing interests. While zoning is an important tool available to local 

municipalities, it could result in tremendous energy being expended to define who is "caught" 

Y.iithin these zones, and inadvertently contribute to the perception that those who fall outside 

these lines need not concern themselves with groundwater. Without a supportive policy 

framework that is grounded in the precautionary approach, the uncertainty will work against 

pro-active measures to protect groundwater systems. 

Finally, the case study demonstrates the value of strong leadership at the regional level. The 

Regional Municipality of Waterloo is both progenitor and prime custodian of th~ Strategy. 

Under its leadership there has been significant progress. However, Waterloo Region cannot 

implement the Strategy alone. The Strategy is at a relatively early stage in its evolution, and 

there remain a number of difficult decisions ahead, not the least of which relate to final 

decisions on the measures for implementation. The participation and support of core actor 

groups, particularly area municipalities, land owners and private sector will be critical to its 

success. In addition, the ability to sustain the effort in the midst of significant institutional and 

structural changes related to governance is not assured. The uncertainty being generated by the 

broader institutional context also must be addressed (see section 9.4.4). 
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9.3.2 Priorities For Waterloo Region's Groundwater Strategy 

The previous chapter included a detailed discussion of strengths and weaknesses of Waterloo 

Region's Water Resources Protection Strategy. A number of significant deficiencies were 

identified. In particular, four priority areas require attention: 

I. Develop a Comprehensive Vision 

One of the Strategy's weakest attributes is the lack of a long term vision supported by clear 

outcomes and objectives. Whether by accident or design, the absence of measurable or 

descriptive objectives and targets leave the Strategy without a clear frame of reference or guide 

for making difficult decisions within an ecosystem context. A public process is necessary to 

secure broad agreement on valued ecosystem functions as well as a set of specific indicators and 

targets for measuring progress toward each objective. This will require increased awareness of 

and appreciation for the role of groundwater in maintaining a healthy ecosystem that can sustain 

human uses and benefits. Measurable and descriptive ecosystem objectives should be articulatoo 

for all the major functions provided by groundwater. This includes sustainable use objectives 

for drinking water, agriculture, and industry, essential hydrogeological processes, such as 

recharge, storage, and discharge, and bio-diversity-supportfunctions for aquatic and terrestrial 

habitat. 

2. Accelerate Partnerships 

Protection partnerships with key actor groups should be accelerated to secure participation and 

accountability for implementing the Strategy. There is un-tapped potential to connect with 
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community-based organizations to promote the strategy. For example, the citizen-led 

Groundwater Guardian initiatives should be developed into a partnership for promoting a long 

term vision of the Region's groundwater-eca;ystems. Increased effort also is needed to secure 

the cooperation of area municipalities. There are positive indications, particularly among the 

urban municipalities, of the capacity to protect groundwater. But it is clear that area 

municipalities will need to be satisfied that the landowners most directly affected are willing 

participants in the implementation process. 

Support networks within and among key sectors should be developed to communicate critical 

information and encourage responsible action. Partnerships with business organizations should 

be pursued to increase awareness of the benefits of protection and pollution prevention 

activities. Such groundwater partnerships would enable the business community to become co­

educators with community groups and public agencies on cost-effective measures and options 

to address groundwater priorities. 

3. Pursue Innovation 

The potential to apply more innovative measures for managing land use change should be 

assessed in detail. Given the limited appetite for additional regulatory controls, creative and 

effective means must be found to foster accountability for protecting groundwater ecosystems 

which extend beyond the confines of properties directly affected by zoning bylaws or equivalent 

measures. Increased attention should focus on assessing measures that would maximize choice 

and flexibility in addressing groundwater concerns throughout the Region. One example is 

applying a development permit system in specific areas that defines permitted uses, 

development criteria and targets. There are other creative measures, such as public or private 
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conservation easements in critical groundwater areas, and pollution prevention planning for 

point and non-point sources of contaminants. 

In addition to applying regulatory instruments and economic incentives that establish a base 

level of groundwater protection, public recognition programs should be developed. Such 

programs would publicly recognize the annual contribution of individuals, landowners and 

groups to protecting groundwater. This would complement the current commitment to increase 

awareness of the need and benefits of prevention and also would support coty1II1unity-based 

solutions for protecting the Region's groundwater ecosystems. 

4. Develop and Test Cumulative Effects Assessment Framework 

There has been significant work to date on identifying potential contamination threats to 

groundwater in the Region. The value of this work is being undermined by the absence of an 

integrative framework for assessing and monitoring cumulative effects of multiple land use 

stresses, such as effects on essential hydrogeological processes including recharge, storage and 

discharge. Little is known about the potential cumulative effects of multiple land use stresses 

and activities on groundwater hydrogeology and chemistry. The heterogeneity of the geologic 

environment and associated physical and chemical processes, combined with the many potential 

pathways for contaminants, make the task of defining the sensitivity of groundwater systems 

and planning for human activities extremely difficult. Notwithstanding, the Region should 

investigate leading efforts in this area such as the cumulative effects monitoring program on the 

Niagara Escarpment (Whitelaw, Neufeld and Carty 1995). 
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9.4 Implementing An Ecosystem Approach in Ontario 

Specific recommendations for developing and implementing an ecosystem approach to 

groundwater protection in Ontario are provided below. The discussion is organized on the basis 

of core actor groups. 

9.4.1 Municipalities 

The first municipalities to talce action in Ontario have been those that directly rely on 

groundwater for public water supplies. The equal, if less direct, benefits of groundwater to 

sustaining surface water and maintaining a healthy ecosystem suggests that planning for 

groundwater is vital in other contexts as well. In Ontario, leadership for developing regional 

groundwater strategies should come from upper tier municipalities. The responsibility to plan 

for infrastructure, protect public health, and manage growth provide them with the mandate and 

authority to take action. In addition, they provide an important mechanism to foster inter­

municipal dialogue and decision-making among area municipalities. 

Infrastructure investments are a key tool available at the upper tier level.81 The responsibility 

for providing sewage and water works provide the basis for directing growth and for making 

strategic investments to protect groundwater that is a direct source of drinking water or that 

indirect! y sustains surface water systems. For example, a portion of the revenue from providing 

water and sewage services can be directed towards the following: 

• characterizing groundwater sources including delineating key geographic areas 

Under the Municipal Act and the Public Utilities Act, some local municipalities and utility 
commissions retain the authority to acquire, establish, maintain and operate water works. 
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providing hyclrologic and hydrogeologic benefits for public and private water supply 
(e.g. well capture zones, local and regional recharge and discharge areas); 

• assessing and monitoring existing and potential uses of groundwater and potential 
threats or stresses to groundwater; 

• reviewing current protection methods used to protect the water supply and evaluating 
the application of new tools or methods for source protection; and 

• developing partnerships and building local capacity for implementing source protection 

With regard to the latter, various incentive programs should be considered ~t promote land 

stewardship to protect groundwater functions. While there is no evidence that it has been used 

to protect sensitive groundwater areas, the Planning Act permits municipalities to acquire any 

land, building or structure that is used for a purpose that does not conform to its bylaws. Other 

measures that are beneficial include public recognition of responsible landowners, tax 

incentives for conserving critical groundwater areas, and support for the establishment of a 

public/private conservation easement program. 

Another key tool at the upper tier level is the authority to adopt regional/county official plan 

goals, objectives and policies to manage and direct physical change and the effects on the 

groundwater ecosystems of the municipality. Official plans at both the upper and lower tier 

should designate areas that provide critical groundwater functions, outline policies to guide 

future development in these areas, and provide the basis for the adoption of legally enforceable 

zoning by-laws at the local municipal level to restrict the use of land, the erection, location or 

use of buildings or structures, and the density of development. 

In addition to their responsibility to adopt official plans, local municipalities should take 

advantage of their ability under the revised Planning Act to pass zoning by-laws for prohibit~ 
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land uses and buildings or structures on land that is contaminated, that is a sensitive 

groundwaterrecharge area, a head-water area, or on land that contains a sensitive aquifer. Local 

municipalities also control the division of land through approval of plans of subdivision. 

Municipalities prescribe the information that must accompany an application, including 

environmental information such as soil conditions, water supplies, and sensitive natural 

features. Where they exist, information and recommendations from watershed and related 

studies that address groundwater should be used to encourage altemativedevelopmentstandard5 

that are based on meeting specific performance criteria to protect identifi~d groundwater 

functions. The processes around the Laurel Creek study in Waterloo provide one example of 

integrating watershed recommendations with municipal policies for protecting groundwater 

recharge, discharge, and habitat support functions from the impacts of site clearing and grading. 

drainage, creation of impermeable surfaces, and from the potential introduction of contaminan1S 

to the ground and subsurface. 

Creative and effective means must be found to foster accountability for protecting groundwater 

ecosystems which extend beyond the confines of properties directly affected by zoning bylaws 

or equivalent measures. One example is the need to develop pollution prevention programs that 

target potential groundwater stressors. The existing authority for regulating industrial waste 

discharged into sewer systems should be used to require waste survey reports by dischargers 

containing description of waste discharge rates, contaminant concentrations, and discharge 

points. It also should be used to require plans for activities associated with on-site industrial 

operations, for example: in-plant transfer, process and material handling areas, waste disposal 

areas, and policies for pollution control. 
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9.4.2 Conservation Authorities 

Conservation authorities play an important role in supporting inter-municipal approaches to 

groundwater protection. They provide another mechanism through which municipalities can 

gain a holistic understanding of groundwater systems that traverse municipal boundaries. 

Watershed studies often reflect a partnership among conservation authorities, municipal 

government, and other actor groups. These studies foster increased awareness of the importance 

of groundwater, define objectives and recommend specific measures for pr9tecting valued 

ecosystem functions. At the same time, the effectiveness of these studies relies on the goodwill 

of participants, the persuasive powers of participating agencies, and a willingness of local 

municipalities to reflect their guiding principles in planning decisions on a daily basis. 

The future role of conservation authorities in basin-wide groundwater initiatives is unclear. 

Recent decisions to eliminate provincial funding may limit their ability to launch new initiatives 

in this area. At the same time, the gap created by the withdrawal of the Province from land use 

planning could create opportunities for conservation authorities to promote groundwater­

ecosystem considerations through their provision of information, review of planning . 

applications and technical assistance to municipalities and landowners. 

9 .4.3 Non-Government Organizations 

While not the focus of this inquiry, non-government organizations can also play an important 

role in protecting groundwater. As discussed previously in the Waterloo case, three citizen-led 

groundwater initiatives, independent of the Strategy, provide evidence that a community-based 

network of support is emerging. Teams with representation from citizen organizations, business, 
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agriculture, education and government are responsible to work with community leaders to 

develop and implement local goals, objectives and long term plans for protecting groundwater 

through a set of results-oriented activities. These activities include public awareness, 

conservation, pollution prevention, land use policy, and best management practice. Each 

activity should include measurable objectives, implementation timetables and methods for 

evaluating results. 

While there are relatively few programs that promote land stewardship. for protecting 

groundwater resources, the work of the Ontario Farm Environmental Coalition and related 

organizations is notable. Individual Environmental Farm Plans identify potential pollution 

problems on specific farms and outline action plans to address them. The Well Steward Project 

is also noteworthy for its effort to heighten awareness, offer education and demonstrate methods 

for protecting farm wells. Simple techniques are recommended to upgrade existing wells and 

reduce risk of groundwater contamination, including plugging abandoned wells and upgrading 

dug and drilled wells. 

There also appears to be untapped potential to form partnerships with industry associations to • 

promote voluntary actions that conserve and protect groundwater. ~ increasing number of 

companies and institutions consider pollution prevention to be an important emerging issue, and 

there is increased emphasis on reporting environmental performance as an essential component 

of pollution prevention. The direct benefits of pollution prevention and ecological efficiencies 

can encourage voluntary measures. At the same time, industry has acknowledged the need for 

a supportive regulatory context that provides motivation to act. 

Until a few years ago, the ability to hold a conservation easement in Ontario was restricted to 
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the Crown and its agencies. Under amendments to the Conservation Land Act in 1995, non­

profit organizationsas well as municipalities and conservation authorities are authorized to hold 

conservation easements for the purpose of "conservation, maintenance, restoration or 

enhancement" of land or wildlife" (s.3(2)). There are more than a dozen "land t.usts" in 

Ontario, which are non-profit organizations set up specifically for the purpose of saving or 

managing land to protect ecological, agricultural or other social values. They may seek to 

conserve land through fee simple ownership of special areas by purchase or donation, as well 

as through _conservation easements. There is a need to test the application of private land trusts 

and related programs to areas providing critical groundwater-ecosystem functions in Ontario. 

9.4.4 Senior Governments 

The broader institutional context in Ontario affects the ability to implement regional 

groundwater strategies. Federal and provincial governments have failed to translate expressions 

of concern into specific policies and actions. This disinterest in groundwater is partly a 

reflection of the fundamental retreat of senior governments from the broader field of 

environmental planning and management. There remains confusion and disagreement about • 

the appropriate role of the federal government in grotmdwater manage1:11ent and protection. As 

noted earlier, while both internal and external evaluations have advocated increased federal 

presence in this policy area, there has been a steady decline in federal activities. One of the few 

remaining areas is a federal research function related to improving scientific understanding of 

groundwater contamination and remediation. The responsibilities of the federal government 

under the Fisheries Act to protect fish habitat provides a clear mandate to address groundwater­

surface water relationships. Notwithstanding its formal commitments under inter-jurisdictional 

agreements, such as under the Great Lakes Water Quality Agreement and the Canada-Ontario 
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Agreement Respecting the Great Lakes the federal government is abdicating responsibility for 

groundwater issues. Given the steady retreat at the provincial level in addressing groundwater 

issues there is little room for optimism. regarding leadership from senior governments. 

The Province has many functions that are poorly coordinated and which are not consistent with 

an ecosystem approach. At present there is a collection of disparate and declining activities by 

autonomous agencies and branches within agencies. There is limited inter-agency coordination 

and no me~hanisms for integrating actions across related programs and levels. of government 

to achieve prevention, control and remediation objectives. Provincial capital spending on 

infrastructure, its regulatory responsibilities for point source contaminants, and provincial 

planning responsibilities are not woven together to support an ecosystem approach. Reforms 

related to environmental protection, municipal planning and governance are creating significart 

uncertainty about the re-alignment of roles and responsibilities, changing approval processes, 

and shifting accountability for environmental protection and prevention. 

Since the mid- l 980's the provincial government has largely withdrawn from its earlier role in 

groundwater availability studies and mapping. Approval and planning reforms of the l 990's has 

accelerated the trend toward reduced provincial involvement in deci~ions that could impact 

groundwater. This is occurring primarily through exemptions from approval for various types 

of activities and Provincial withdrawal from land use planning. The abatement and remediaticn 

focus is suffering from reduced financial and staffmg resources, and is giving way to reduced 

regulation without a re-investment in prevention. In addition reduced government dollars 

continue to be invested in reactive replacement of degraded groundwater supplies rather than 

making investments in source protection. There are few Provincial incentives for municipalities 

to adopt preventative planning strategies or use the legal tools at their disposal. There is little 
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technical guidance or other support being provided by the Province in this area 

Reduced involvement and support from senior levels of government have, of necessity, 

generated community-ledresponses without the requisite authority, policy framework. base-line 

standards, technical assistance or financial support from senior levels of government. In the 

midst of major institutional change there is a need to ensure that the reforms strengthen and 

support collective action to protect groundwater-ecosystems. The provincial government has 

significant legal authority to enact laws and regulations governing humaQ activities and 

managementofland and resources that have a bearing on groundwater-ecosystems. It also has 

responsibility to provide guidance, technical support and other incentives to encourage actions 

that protect groundwater. The following recommendations identify improvements and changes 

at the provincial level required to support regional groundwater strategies. 

1. Develop a legislative and policy framework that defines roles and accountability 

relationships of local, regional and provincial governments, non-profits, and the private 

sector, based on the guiding principles of an ecosystem approach. 

2. Acknowledge provincial responsibility for characterizing major groundwater basins, 

including uses, stresses and vulnerability, and initiate a consultation process for 

developing ecosystem objectives and targets for these large aquifer complexes. 

3. Commit the Province to re-direct a portion of its capital spending away from end-of­

pipe remedial projects, and invest in planning for the protection of groundwater systems. 

4. Coordinate field inspection and prevention activities with identified goals and priorities 
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of regional groundwater strategies. Negotiate agreements with interested and capable 

Regions who have adopted groundwater strategies, to transfer specific powers of 

inspection, issuing preventative orders, and directing remedial activities in critical 

groundwater areas. 

5. Provide technical support by outlining a range of accepted techniques for characterizing 

delineating and protecting groundwater systems that could be adapted by communities. 

6. Demonstrate practical approaches for assessing and monitoring cumulative effects on 

groundwater-ecosystems and enter into partnerships with municipal, private and non­

government actors to demonstrate innovative protection measures, such as applying 

conservation easements in critical groundwater areas 

7. Maintain the ability regional municipalities to exercise leadership in the development 

of cross-municipal strategies by retaining their policy review and plan approval function 

under the Planning Act, and encourage use of joint planning mechanisms provided in 

the Planning Act to address inter-municipal groundwater issues. 

8. Support application of innovative and flexible tools for managing growth to protect 

groundwater-ecosystems by: 

drafting and consulting on a regulation pursuant to the Planning Act, that would 
enable municipalities to implement development permit systems in specified 
areas, 

making conservation easements and designated groundwater areas eligible for 
tax exempt status as conservation lands under the regulatory provisions of the 
amended Assessment Act; 
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developing a process for designating water supply protection areas, under the 
authority of the Ontario Water Resources Act, to increase awareness and support 
for regional groundwater strategies; and 

introducing regulatory and fiscal inducements and other supports for pollution 
prevention measures by groundwater coritaminant sources. 

9.5 Further research 

The Ecosystem Approach Framework developed through this inquiry has advanced a new 

paradigm in planning for groundwater protection. The Framework provides a bridge to new 

approaches to address existing deficiencies. Having said this, much work remains, particularly 

in moving from an exploratory stage to being able to explain the presence or absence of certain 

variables and predict successful outcomes. 

Although the framework presented here is a useful normative guide, the formative state of 

knowledge in this field suggests that the conceptual framework be viewed as descriptive and 

exploratory rather than as an explanatory or predictive tool. A major challenge is enumerating 

positive or dependent relationships among the different principles. To make this possible, 

further analysis and testing of the principles and attributes is needed to refine them and to 

identify key elements. 

Each of the principles and many of the identified attributes have multiple elements that 

confound measurement. This is particularly the case for the principles related to the rule systems 

that influence human activities and to institutional capacity building.For example, the principle 

of integration encompasses considerations both of the types of instruments being applied 

(regulation, economic and voluntary) as well as the functions being addressed (protection, 

prevention, control, remediation). The principle of coordination incorporates coordinating 
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mechanisms which play multiple functions (appreciation, resource sharing, decision support) 

and protection partnerships, which involve multiple actors at different stages of the process 

(agenda setting, solution development, implementation). 

While presented as discrete elements, some of the principles are closely related. For example, 

the principles of ecosystem boundaries, functions and cumulative effects each contribute to the 

larger understanding of how groundwater-ecosystems function and how they respond to a 

variety of h~an activities and stresses. The fact that they share a common interest in holistic 

description and analysis of groundwater ecosystems and processes make them difficult to 

separate in practice. Additional testing of the principles and attributes in a variety of settings 

would explicate and operationalize key concepts. The effect of additional research would be to 

move closer toward explaining causal factors behind decisions taken, and increase the 

confidence in predicting successful outcomes. 

The Waterloo Strategy is at a relatively early stage in its evolution, and there remain a number 

of difficult decisions ahead, not the least of which relate to final decisions on the measures for 

implementation. The Region's commitment to learning from other jurisdictions, its use of peer 

review at various stages in the process, and its coordinating mech~sms for soliciting the 

participation of core actor groups, bode well for the future progress toward an ecosystem 

approach. A future time-series analysis could examine how difficult decisions not yet made 

were resolved in light of an ecosystem approach. 

Another area for productive research is to investigate the potential application of specific 

innovative tools. Additional case studies could be used to draw cross-comparisons with the 

Waterloo case. This could include in-depth analysis of cases which have employed alternative 
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development standards, conservation easements, and pollution prevention planning for 

protecting groundwater through watershed studies and other means. Each of these, to varying 

degrees, reflect key principles of an ecosystem approach, particularly as adaptive and flexible 

instruments. 

Additional research is needed to identify opportunities to link ecological approaches to 

groundwater protection with other compatible objectives. For example, the interest in public 

authorities and large water users in avoiding the cost of remediating contaminat~d groundwater 

or replacing groundwater supplies should generate support for investments in prevention. 

Similarly, the benefits of applying innovative development standards to protect groundwater 

may increase efficient use of land and infrastructure, and may enhance marketability. The 

potential convergence of these and similar mutually reinforcing objectives could accelerate 

progress toward an ecosystem approach. 

Finally, investigation is needed of the impact of a policy framework that incorporates 

precautionary principles in the decision making processes affecting groundwater. For example, 

the land use planning process in Ontario does not reflect a precautionary approach in so far as · 

the burden of proof continues to rest with those who are concerned about potential cumulative 

effects. In the case study, evidence suggests that the need for the Region to defend the Strategy 

in a forum which does not recognize the precautionary approach is retarding implementation 

of pro-active measures to protect groundwater systems. The costs and benefits of such an 

approach deserve further analysis. 
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9 .6 Concluding Remarks 

An ecosystem approach defines problems and opportunities in a way that bridges societal and 

ecosystem needs, recognizes the imperative of planning at multiple levels and scales, informs 

decisions through an understanding of ecosystem functions and processes, favours a 

precautionary and adaptive approac~ links actors across jurisdictions and sectors, and utilizes 

a wide range of policy instruments to prevent loss or degradation of ecosystem functions. 

This inquiry found evidence that elements of an ecosystem approach are being incorporated in 

progressive contexts, even if partially. A critical challenge will be securing and sustaining the 

commitment to move forward. Much remains to be learned and acted upon. Recognized 

deficiencies in past practice and crises arising from loss or impairment of groundwater will 

continue to reinforce the need to adopt an ecosystem approach. The ecosystem approach offers 

a coherent vision that will inspire and guide action. Nothing less will foster the shared 

accountability and long term perspective that is needed to successfully protect healthy 

groundwater-ecosystems and ensure sustainable human uses and benefits over the long term. 

Where it offers the promise of workable solutions to recognized limitations of past approaches 

and demonstrates positive results, the ecosystem approach will contin_ue to gain currency. 
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To Members of the Water Resource 
Protection Liaison Committee 

REGIONAL ~ll.i'NICIPALITY OF \VATERL.00 
150 Frederick Street. Kitchener. onrario '.'."2G -1-J3 

Telephone: 15191 575-4-1-26 
Fax: 15191 375-4-1-52 

August 2, 1.996 

File: A02-40\WRPLC 

As part of the Region's involvement in promoting water resource 
protection in Southern Ontario, we have had frequent discussions 
with t~e Ministry of Environment and Energy's Policy and Planning 
Branch. It is through this forum that we have crossed.paths with 
Mr. David Neufeld, a planner in the above office. Mr. Neufeld is 
currently working on a Ph.D. in Planning at the University of 
Waterloo examining strategies for protecting groundwater in urban 
regions. As part of his research, he is studying the progress that 
has been made in Waterloo Region to develop a strategy to protect 
groundwater. 

As part of his research, Mr. Neufeld would like to interview 
members of the Water Resources Protection Liaison Committee. These 
interviews will be an important source of information concerning 
the perspectives of key stakeholders, especially with regard to the 
rules and approaches proposed for protecting the Region's 
groundwater systems, the roles identified for public and private 
groups, and the cooperation required to implement different 
elements of the Strategy. These comments will provide a critical 
source of information for his analysis. 

To maximize your convenience, and the efficiency of the process, he 
is planning to conduct the interviews by phone and will be 
contacting you in the near future to set up a mutually agreeable 
time for the interview. He will provide a copy of the results of 
the Waterloo Region case study to all interviewees who request it. 

Yours truly, 

Eric Hodgins, M.Sc. 
Manager, Water Resources Protection 
Water Services Division 

EH/pp A02-40\WRPLC\NEUFELD.EH 
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• Understanding and support of the goals and objectives of the Water Resources 
Protection Strategy. 

• Agreement with current priorities. 

• Satisfaction with the emphasis of the Strategy and its mix of regulation, voluntary 
measures and economic incentives. 

• Functions played by the Water Resources Protection Liaison Committee and 
working groups. 

• Participation in joint projects or other partnerships related to the Strategy. 

• Appropriate roles for the private sector, landowners, interest groups, different levels 
of government in achieving the goals of the Strategy. 

• Current performance of the identified roles by above groups (private and public). 

• Un-resolved issues related to the Strategy. 

• Obstacles to successful implementation of the strategy in short and long term. 

• Means for addressing obstacles. 

• Other comments 

November 1, 1996330 
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How would you describe the main objectives of the Region's Water Resources Protection 
Strategy? 

Protect the groundwater resources of the Region 9 

Protect the drinking water supplies of the Region 5 

Prevent (further) contamination of resources/drinking water supplies 8 

Protect groundwater quality and quantity 4 

Limit risk to groundwater 2 

Understand groundwater flows and the movement of contaminants 2 

Protect sensitive groundwater areas I 

Correct current problems I 

Do you support these objectives? Do you see any potential conflict with the interests of 
your organization? 

Unqualified support for objectives of the Strategy 6 

Qualified Support for objectives of the Strategy 

- potential for conflict with active farming operations in rural well fields 3 

- potential for conflict with owners/businesses in urban well fields 
2 

- potential conflict over the means to achieve objectives 

I 

No position until see final policies proposed by the Region 2 

Attachment C 
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Are you satisfied with the way the Water Resources Liaison Protection Committee, 
and working groups have operated and the functions they have played to date 
(information sharing, opinion exchange, decision support)? Are you satisfied with 
vour influence on decisions made to date? 

Committee provides a forum for information exchange 12 

Committee provides decision support role for Regional Council 9 

Committee provides educational role for members 6 

Satisfied with functions played by committee 14 

Satisfied with influence on decisions to date 10 

Satisfied with flow of information between Region and members 13 

Committee process too slow, meets too infrequently, limited investment of 7 
time by members 

Are you satisfied with the mix of regulation, voluntary measures and economic 
incentives being considered? e.g. use of regulations to control behaviour versus 
voluntarv agreements. If not. what should be the appropriate mix? 

Support expressed for mix of regulatory and non-regulatory measures 8 

Emphasize voluntary measures, education and awareness of benefits of 6 
goof management practice 

Economic incentives to address hardships placed on individual land owners 4 

Zoning is of limited use for existing uses 3 

Regulate chemical use in sensitive urban areas 2 

Have adequate regulation now. 2 

Regulation currently isn't strict enough 2 

Use regulations to stimulate/motivate action 1 

Attachment C 
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How important is the strategy to your organization? Will it have a major impact on 
vour 01"2anization lhow vou operate. what you do in the future)? 

Important or very important to organization. 12 

Do not have a large stake in the Strategy 2 

Will not have a major impact on future activities of organization. 10 

Will have a major impact on future activities of organization. 4· 

Groups likely to be most affected by Strategy 

-business/industry 4 
- Regional municipality 3 
- farming operations 3 

Are you involved in any partnerships or joint projects that are underway or planned 
as part of the strategy? (developing policy/implement options, data sharing, research, 
demonstration projects, education/awareness). Please describe your contributions. e.g. 
information, money, expertise. 

Groundwater Guardian Program 3 

Farm nitrogen efficiency study 3 

watershed planning 3 

groundwater modelling with Region 1 

What issues have not yet been resolved to your satisfaction? e.g. goals of strategy, the 
rules to implement it (policies, regulation, BMPs), who is responsible for 
implementing it. 

Controls to be applied in urban well fields 10 

Controls to be used in rural well fields 7 

Potential impacts of any new rules on farm operations 5 

Groundwater time-of-travel concept - calculation, justificatio~ rationale 4 

Resources that will be made available to implement strategy 3 

Getting cooperation from all sectors to implement strategy 2 

Attachment C 
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What roles should the private sector play in achieving the goals of the strategy e.g. 
deciding what is to be don~ paying for it, and actually doing it? 

Voluntary cooperation with Strategy 4 

Increase awareness of impacts of activities on groundwater 4 

Invest some funds in clean-up activities 4 

Participate in deciding how best to achieve goals 3 

Adopt improved environmental management practices 2 

What roles should rural landowners play in achieving the goals of the strategy e.g. 
deciding what is to be done, paying for it, and actually doing it? 

Make some adjustments in land management practice 11 

increase awareness of impact of activities on groundwater 3 

take action if provided economic incentives for hardship 3 

What roles should interest groups play in achieving the goals of the strategy e.g. 
deciding what is to be done, paying for it, and actually doing it? 

Constructive criticism/advocacy role 7 

education role 4 

What roles should the Province play in achieving the goals of the strategy e.g. deciding 
what is to be done, paying for it, and actually doing it? 

Provide Region legal authority to regulate chemical use by industry 3 

Provide technical assistance 3 

Establish Province-wide framework for local/regional activities 3 

Provide financial assistance to support local implementation 3 

Undertake groundwater research 2 

Attachment C 
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What roles should the Region play in achieving the goals of the strategy e.g. deciding 
what is to be done, paying for it, and actually doing it? 

Play lead role in implementation of Strategy 7 

Continue to deliver safe drinking water 4 

Develop regional official plan policies 4 

Invest financial resources 3 

Education and awareness role 2 

Defend the strategy against opponents 2 

Establish some level of regulatory control 2 

What roles should local government play in achieving the goals of the strategy e.g. deciding 
what is to be done, paying for ii and actually doing it? 

Adopt local policies that conform to regional policies 5 

Institute development controls through zoning or site plan control 5 

Educate landowners, citizens and business 5 

Attachment C 
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What things, at present and in the future, might impede successful implementation of 
the strategy and achieving its goals? (authority, policy, technical, financial resources, 
support of public, actors and decision makers) 

Resistance by businesses and landowners directly impacted by Strategy 9 

Lack of financial resources for implementation 6 

General lack of awareness among population 3 

Getting support for legislative changes 2 

Accepting limits to growth 1 

Communicating technical information effectively 1 • 

How could these obstacles or impediments be overcome? 

Education and awareness raising activities 8 

Educate business on benefits of improved environmental management 3 

Involve business in developing the solutions 4 

Involve supportive businesses in education process 2 

Local municipalities should test limits of their authority under Planning 1 
Act to be innovative 

Take short term actions that are feasible while working on longer term 1 
issues 

Attachment C 
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I. Drew Cherry. Area Supervisor. Waterloo-Wellington/Brant Area Team, Ministry of 
Natural Resources, Cambridge, ON. 

2. Peter Fischer. Executive Officer. Environmental Compensation Corporation, Ontario 
Ministry of Environment and Energy. Toronto. 

3. Eric Hodgins. Manager. Water Services Division, Regional Municipality of 
Waterloo. Waterloo, ON. 

4. Ken Hunsberger. Waterloo Federation of Agriculture. Waterloo, ON. 

5. Kent Novakowski. Chief. Groundwater Remediation Project. Canadian Centre for 
Inland Waters. Burlington, ON. 

6. John Petrie, Golder Associates Inc., Toronto, ON. 

7. Jim Robinson. Engineer. Water Services Division, Regional Municipality of 
Waterloo. Waterloo, ON. 

8. Della Ross. Planner. Planning and Culture Department, Regional Municipality of 
Waterloo. Waterloo, ON. 

9. April Souann. Environmental Coordinator. City of Cambridge. Cambridge, ON. 

10. Kim Yee. Water Well Management Coordinator, Ontario Ministry of Environment 
and Energy. Toronto, ON. 
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