
A BOTTOM UP APPROACH TO EVALUATE RISK ASSESSMENT TOOLS  

 

FOR DRINKING WATER SAFETY IN FIRST NATIONS COMMUNITIES 
 
 
 
 
 
 
 

A Thesis 
 

Presented to 
 

The Faculty of Graduate Studies 
 

of 
 

The University of Guelph 
 
 
 
 
 
 

By 
 

JANICE CATHERINE LEVANGIE 
 
 
 
 

In partial fulfillment of requirements 
 

For the degree of  
 

Master of Science 
 

October, 2009 
 
 
 

© Janice C. Levangie, 2009 



ABSTRACT 
 
 
 

A BOTTOM UP APPROACH TO EVALUATE RISK ASSESSMENT TOOLS 

FOR DRINKING WATER SAFETY IN FIRST NATIONS COMMUNITIES 
 
 

Janice Catherine Levangie    Advisor: 

University of Guelph, 2009    Dr. K. Farahbakhsh 

 
Safe drinking water is a basic need; and risk assessment tools may assist in prioritizing 

actions to improve water safety.  The objective of this research was to determine the 

appropriateness of current risk assessment approaches for First Nations drinking water 

systems.  Criteria to evaluate risk assessment approaches were developed by combining 

common elements from literature, key informant interviews, and surveys.  The criteria 

were compared against selected tools for drinking water risk assessment, including tools 

developed by Australia, Montana, Indian and Northern Affairs, and the University of 

Guelph.  None of the tools, as available, met all of the criteria.   

 

Important considerations were found to include the operator, monitoring and 

recordkeeping, maintenance, technical considerations, emergency response plans, and 

source water protection.  The tools were generally weak in assessing some potential 

challenges facing small, remote, and First Nations communities; including financial 

constraints, and taking a holistic view of water. 
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1.0 Introduction 

 

Access to safe drinking water is a basic human right, and therefore it is essential to ensure 

that everyone has safe drinking water, regardless of the community in which they live.  

Canadians generally have access to safe drinking water (Health Canada, 2008 a) but some 

areas, including some small, remote and First Nations communities do not have reliable 

access to this basic human need.  In fact, boil-water advisories were in place on more 

than ninety Canadian First Nations communities in 2008, and one community has been 

living with an advisory since 1995 (Eggertson, 2008).  The rest of Canada had over 1,760 

advisories at a similar time (Eggertson, 2008 b). 

 

Finding the root causes of unsafe water can be complex, and requires consideration of 

factors beyond basic technical issues.  Governance, jurisdiction, and constraints to 

financial and human resources can complicate provision of safe drinking water.  As well, 

environmental conditions including source water quality, quantity, community layout, 

remoteness, and large temperature variations in some more northern communities can be 

challenging.  These challenges may be exasperated by climate change.  Therefore, the 

unique socio-political and technical water management challenges in small, remote, and 

First Nations communities should be considered when attempting to meet the ultimate 

goal of safe drinking water for all communities. 

 

It is widely agreed that safe drinking water is not risk free (Szewzyk et al., 2000; Hunter 

and Fewtrell, 2001; Hrudey and Hrudey, 2004; Hrudey et al., 2006; O’Connor, 2002; 
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Swain et al., 2006), but there is less agreement on what risk is acceptable and how to 

make water management decisions to increase water safety.  Many cultures are becoming 

increasingly risk adverse, but individuals (and communities) often lack a clear 

understanding of risk and the ability to make meaningful decisions about risk in their 

communities.   

 

Risk assessment tools (or approaches) can help communities understand and mitigate 

water related risks (make water safer), as part of a decision making process (O’Connor, 

2002; Byleveld et al., 2008; Pollard et al., 2007; Pollard, 2008).  Risk assessment tools, 

however, are often designed from the perspective of scientists and policy makers to 

analyze and rank risk objectively or reduce liability.  This approach, although useful for 

assessing the rational aspects of risk, can ignore that risk as a whole is inferred (Hrudey 

and Light, 1996).  In addition, the priorities of those who have made the risk assessment 

tools may influence the tool.  Their priorities may conflict with the priorities of 

community members, who are most affected by both the risks and the use of the tools.   

 

The priorities of First Nations communities should influence the decisions made for their 

water supplies.  The diversity among First Nations communities also means that there is 

no “one size fits all” approach to managing water-related risk. 

 

Approaches to examining risk should not only assess the level of risk, but also empower 

communities to understand risk, to make decisions to manage risk, and to enact positive 

changes to their water systems.  Effective tools should communicate risks, enabling 
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communities to make positive decisions based on a sound understanding of drinking 

water both technically and culturally. 

 

1.1 Objectives and scope 

The primary objective of this research was to evaluate current risk assessment tools and 

approaches for small water systems using both ‘traditional scientific’ and First Nations 

perspectives.  A secondary objective was to conduct research in a manner that would be 

beneficial to participants, through sharing information and increasing participants 

understanding of risk. 

 

The literature review component of this thesis explores various perspectives of risk, 

outlines existing risk assessment tools, reviews some of the challenges and hazards facing 

First Nations communities, and identifies some possible solutions to the challenges and 

hazards, as part of the multiple barrier approach.  Criteria were developed during the 

literature review, interviews and Delphi, as discussed further in Chapters 2 and 3. 

 

The criteria were used to evaluate current risk assessment tools used in Canada and 

internationally.  This evaluation identified the strengths and weaknesses of several tools, 

and provided specific recommendations for the tool developed by Indian and Northern 

Affairs Canada (INAC). 

 

Throughout the report, reference is made to First Nations communities, or remote, small, 

and First Nations communities.  Many remote and small communities face similar 
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challenges in the provision of safe drinking water.  However, this report focuses mainly 

on First Nations communities, who may face further challenges such as jurisdictional 

issues.  The term First Nations is used in this report instead of Aboriginal except in 

contexts of particular references.  It is understood that First Nations on-reserve do not 

represent the entire Aboriginal population who may face challenges in obtaining safe 

drinking water (as outlined by NAHO, 2002 and Hanrahan, 2003).  However, it is hoped 

that this research may be helpful to a wide range of communities.  

 

1.2  First Nations communities and traditional knowledge 

The First Nations perspective provides a holistic understanding of water systems.  While 

science and governance often compartmentalize aspects of water (such as drinking water, 

fisheries, navigation, irrigation etc), First Nations traditional knowledge brings an 

understanding of water as a life force and its interactions through the whole environment 

(Chiefs of Ontario, 2007; Notzke, 1994).  It is important to recognize, however, that First 

Nations are diverse in perspectives and experiences, and traditional knowledge varies 

from community to community (Chiefs of Ontario, 2007). 

 

Traditional knowledge has been described as knowledge systems and cultural practices 

“based on traditional belief systems, relationships to the environment, and community 

practices.” (Chiefs of Ontario, 2007:6). 

 

Although not always implemented in the Canadian context, it is generally recognized that 

First Nations communities have certain rights to water, self-governance, and to have 
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traditional knowledge respected in their own terms (Chiefs of Ontario, 2007; Kempton, 

2005; Notzke, 1994).  Notzke (1994:7) argues that “native rights to ownership and 

management of water resources, as compared to other natural resources, are even less 

well defined or documented by case law”.  She outlines three main sources of water 

rights in Canada; as part of aboriginal title to ancestral lands; from the establishment of a 

reserve (by treaty), and riparian rights “derived from their occupation of lands adjoining a 

body of water” (Notzke, 1994:8).  Of these, Aboriginal and treaty rights are unique to 

First Nations, while all riparian rights are common law (Notzke, 1994).  Rights related to 

traditional knowledge have been identified by the UNESCO Universal Declaration on 

Cultural Diversity and the International Convention on Biodiversity (Chiefs of Ontario, 

2007).  As well, “the ability of indigenous people to influence government policy on their 

own terms using their own forms of cultural knowledge has been recognized as a matter 

of both human rights as well as an important aspect of maintaining the environmental 

integrity of the planet” (Chiefs of Ontario, 2007:7). 

 

INAC (2007:84) recognizes some of the non-financial and non-technical aspects of water 

and sanitation, such as “existence value (people value the fact that the environmental 

good exists) and bequest value (people want future generations to be able to enjoy it)”.  

INAC also reported that First Nations individuals “repeatedly testified to the cultural 

value of water and the holistic role it plays in their societies” and that “other outcomes of 

the program, such as increasing capacity within First Nations communities to monitor the 

quality of drinking water, could be considered as benefits with inherent, non-monetary 

value” (INAC, 2007:84).   
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Consideration must be made that each First Nations community is unique and has its own 

set of values and goals for drinking water, which evolve over time.  Cotruvo et al. 

(1998:preface) indicate that: 

 

“the improvement of a water supply is primarily a community decision.  Thus, for 

any technology to be successfully applied, the community must understand the 

need and must be actively involved in its selection.  Technologies must be based 

on the financial and educational capabilities of the community to support their 

operation and maintenance.  Finding the proper solution requires an understanding 

not only of the availability of possible technologies, but also of the population’s 

culture, history, social systems, resources, capabilities to operate and maintain the 

water system and the value they place on safe water.”  

 

The Chiefs of Ontario report on Aboriginal Traditional Knowledge and Source Water 

Protection (2007:8) states:  

 

“Present policies governing environmental management in Canada are based on 

scientific methods that highly value universality and neutrality. Thus, these policy 

regimes strive to be politically, culturally and historically neutral. On the other 

hand, Aboriginal ways of knowing and valuing lands, resources, and ecosystems 

are the opposite. ATK [Aboriginal Traditional Knowledge] is culturally, 

historically, and politically determined. It is location-specific and thus reflects the 
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unique conditions of unique cultures and peoples in specific geographic 

locations.”  

 

Thus, while knowledge exists on a scientific basis, and on a traditional basis, the 

challenge lies in examining risk and drinking water for First Nations communities using 

both perspectives.  Traditional knowledge should be incorporated into all types of 

environmental decision making process, both because it is a right of First Nations 

peoples, and because it will result in more effective policy and better decisions (Chiefs of 

Ontario, 2007).  Therefore, this work attempted to consider First Nations as well as 

conventional scientific perspectives of water related risk.   

 

1.3   Risk 

It is widely agreed that safe is not the same as zero risk, as identified earlier, but there is 

less consensus on who should make decisions about water safety and what level of risk is 

acceptable.  Risk issues are also often emotional and contentious (Ropeik and Gray, 

2002).  Society is increasingly risk adverse, but individuals (and communities) often do 

not have a clear understanding of risk, or the ability to make meaningful decisions about 

risk in their communities.   

 

Risk is often approached from the perspective of scientists and policy makers who aim to 

analyze and rank risk objectively, or to reduce liability.  This approach, although useful 

for assessing the ‘rational’ or ‘objective’ aspects of risk, can ignore that risk as a whole is 

inferred (Hrudey and Light, 1996), assessments are often made for society as a whole, not 
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on an individual basis (Ropeik and Gray, 2002), and risk analysis includes subjective 

factors (Haas, 2002).  “The management of risks to public health is a value-driven 

exercise that must be informed by and must respond to the views of the public, just as it 

must call on the best that science can offer” (O’Connor, 2002). 

 

Risk assessment tools have been the recent focus of policy makers concerned about water 

safety.  Risk assessment tools can help in understanding and mitigating water related 

risks, as part of a decision making process (O’Connor, 2002; McBean and Rovers, 1998; 

Pollard et al., 2007; Pollard, 2008).   

 

However, conflicting priorities may exist between those who make and use risk 

assessment tools, and those who are most affected by the tools.  The priorities of those 

who have made the risk assessment tools likely affect the tool.   

“Professionals derive their own values from a variety of sources.  … These values 

will have a strong role in influencing the advice that experts give and the 

processes they go through to arrive at this advice.  Consequently, we have to 

accept that experts form just one of several different stakeholder groups that does 

not necessarily have higher status over other stakeholders.” (Hunter and Fewtrell, 

2001:222).   

First Nations communities may have different priorities from those who created risk 

assessment tools, and First Nations priorities should influence the decisions made for 

their water supplies.  
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Concentrating on risk assessment tools as simply providing objective information about 

risk ignores important perspectives of community members.  It is also a less participatory 

approach; instead of empowering community members to play an active role in decisions 

about drinking water, scientists and policymakers decide which risks are most important 

and what actions to take.  Community members are impacted the most, and may have 

valuable input into decision making if included in a participatory approach instead of a 

top-down approach.   

 

Far from mere assessment of risk, risk assessment tools should be linked to risk 

management approaches designed to empower communities to understand risk, to make 

decisions to manage risk, and to enact positive changes to their water systems.  Effective 

tools will communicate risks so that communities can make positive decisions based on a 

sound understanding of drinking water, both technically and culturally.  A bottom-up 

approach may help to meet these requirements and ensure that approaches are flexible.  

First Nations communities are diverse, with varied experiences and perceptions of risk, 

and therefore the “one size fits all” approach may not be suitable in managing water-

related risks.  

 

1.3.1  Definitions 

Risk, and terminology involving risk, has different interpretations and scopes based on 

the context, industry, location, and author.  Both Goldman (2003) and Pollard et al. 

(2007) identified a lack of consistency in risk related terminology, although some 

attempts at standardization have been made (Pollard et al., 2007).  Although many 
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authors have identified the steps of risk assessment/analysis and risk management as 

important in the study of risk, (Bartram et al., 2001; McBean and Rovers, 1998; NRC, 

1983; Tchobanoglous and Burton, 2003), there is no solid agreement to what these steps 

entail, or the terminology related to each. 

 

There is some level of agreement on the definition of risk itself, as can be seen from the 

following definitions of risk: 

“the likelihood of a specified undesirable event occurring within a specified 

period or under specified circumstances” (Pollard, 2008:7); 

“the likelihood of identified hazards causing harm in exposed populations in a 

specified time frame, including the magnitude of that harm and/or the 

consequences” (WHO, 2004:52); 

“the probability that exposure to a hazard will lead to a negative consequence” 

(Ropeik and Gray, 2002:4); and  

“the probability of occurrence of a particular adverse effect on human health or 

the environment as a result of exposure to a hazard” (Schierow, 2001).   

 

For the purposes of the following discussions, the term ‘risk’ will be used to indicate the 

likelihood that exposure to a hazard will have a negative effect.  The term ‘hazard’ will 

indicate the various pathogenic, chemical, physical or radiological (radioactive) agents 

that could cause harm.  The term ‘risk assessment’ will be used to indicate any attempt to 

quantitatively or qualitatively estimate risk, while the term ‘risk analysis’ will only be 

used as referred to by a source.  The term ‘risk management’ will be used to indicate 
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attempts to prioritize, make decisions, and take actions to reduce risks to ‘acceptable’ 

levels. 

 

Engineering and scientific literature identifies a number of ways to examine risk, 

presented in the above definitions.  The perception and acceptance/tolerance of risk can 

vary based on individual values and judgements, although risk-based evaluations are seen 

as a way to make decisions more objective (Hrudey and Light, 1996).  Values play a role 

in all risk assessment (Hrudey and Light, 1996).  Approaches to determine acceptable 

levels of risk can be broken into two main categories; approaches emphasizing formal 

analysis, and approaches emphasizing the political bargaining process (Hunter and 

Fewtrell, 2001:222).  Acceptable levels of risk may also be approached from the top-

down and bottom-up, described below. 

 

1.3.2 Organizational approaches to risk 

Judgments on what risk is tolerable and how to manage risk can also be considered from 

the top-down or bottom-up.  Both top-down and bottom-up approaches to management 

and planning have benefits and shortcomings, and can be used in a complementary 

manner.  As with most terminology, there are a variety of interpretations of “top-down” 

and “bottom-up”.  The top-down approach has been called the “rational model” (Brown 

and Harris, 2005), and “holistic” (Young, 2002; Brechignac, 2002).  The bottom-up 

approach has been called “reductionist” (Young, 2002), but also “participatory” and part 

of “co-management”.  For the purposes of this discussion, top-down approaches are 

considered to be “regulatory, imposed, and uniform” and bottom-up approaches are 
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considered to be “educative, voluntary and differentiated” as described by Connor and 

Dovers (2004:80).  As well, for the purposes of this discussion, top-down approaches are 

considered to incorporate participation later in the planning or development process, if at 

all, while bottom-up approaches incorporate participation early in the process.   

 

Top down approaches to risk can be useful in providing more objectivity (Young, 2002), 

incorporating a holistic “eco-system” approach instead of extrapolating from individuals 

(Brechignac, 2002), aligning business goals with safety goals, and considering inherent or 

high level risks.  Consultation takes place later in the process, allowing top-down 

approaches to be developed more rapidly.  “In effect, planning is performed by a small 

but specialized sector of society for the benefit of the greater good” (Brown and Harris, 

2005:97).  Top-down or rational planning theoretically avoids problems such as ‘the 

tragedy of the commons’, saving time, energy, and resources (Brown and Harris, 2005).  

Approaches to determining acceptable levels of risk that emphasize formal analysis may 

fit mainly into the top-down approach, but approaches emphasizing the political 

bargaining process may also be top-down, if politicians make decisions about acceptable 

risk with less consultation from citizens.  Pollard et al. (2007:34) indicates that although 

many do not necessarily oppose stakeholder involvement in all areas of business, “many 

in the water utility sector are protective of their risk information and sceptical about 

allowing stakeholders to have far-reaching roles in risk based decision making.”   

 

However, top-down approaches may face challenges.  For example, communities may 

feel that their perspectives are not taken into consideration.  Brown and Harris (2005) 
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describe challenges to the top-down approach, including lack of communication and 

discontent that impedes cooperation between citizens and planning authorities.  Current 

top-down risk assessment tools and approaches were designed for specific goals that were 

sometimes not shared with the community.  As well, the concepts used by government 

and professionals to understand problems in a community can be different from what 

community members experience (Beazley and Ennew, 2006).  Pollard et al. (2007) 

speculated that many risk frameworks or standards were mainly designed for 

administrators and policy makers rather than those ‘on the ground’ who have limited 

knowledge of these frameworks.  Brown and Harris (2005) mention that planners often 

are not directly impacted by their own plans and therefore cannot completely understand 

the challenges or problems their plans create (unless directly measurable).  Differences in 

goals, values and perspectives of those affected by risk assessment tools and those 

creating the approaches can therefore reduce the effectiveness of approaches when 

designed from the top down. 

 

“Bottom-up”, “Participatory”, and “co-management” are all terms used to describe 

approaches that consider the perspective of the community or end-user early in the 

process, and involve end-users in decisions that affect them.  As well, bottom-up 

approaches generate knowledge from the perspective of those being researched, instead 

of the perspective of the researcher (Beazley and Ennew, 2006).  Similar approaches were 

identified by Brown and Harris (2005) and Notzke (1993), involving substantial 

stakeholder participation, decentralization and development of shared solutions.  These 

approaches have the benefit of improving public perceptions and bringing useful 
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knowledge into the decision-making process.  Bottom-up approaches are more likely to 

use the political bargaining process to determine acceptable levels of risk; however, 

communities or end-users may decide that the process should involve formal analysis and 

expert consultations. 

 

Notzke (1993:3) describes First Nations as wanting “to share in the power to make 

decisions about the fate of the land and the resources it supports … in short, they want to 

be partners in resource management.”  Brown and Harris (2005:98) describe co-

management as “not purely bottom-up” but do indicate these approaches are substantially 

different from “rational” models, because they are more democratic, incorporate local 

knowledge, create more responsible citizens, and strive to incorporate both environmental 

protection and indigenous rights through voluntary cooperation instead of enforced 

protection.  

 

Others (Gleitsmann et al., 2007; Singh et al., 2005) explore some of the complex social 

factors at play in the adoption of sustainable water management and appropriate 

technologies.  Participatory approaches can help “identify and respond to the local 

cultural, historical, socio-economic, geographical, and political factors that influence the 

behaviour and practices of the community” (Beazley and Ennew, 2006:191).  Utset et al. 

(2008) identified a bottom-up approach as essential to dealing with social issues through 

a participatory process that gives hope instead of fear to those who participate.  Bottom- 

up approaches begin with the end-user and their perspectives, and therefore take more 

time initially.  However, results from bottom-up approaches can be more lasting and 
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acceptable to end-users and can allow communities to find agreement on key issues such 

as acceptable levels of risk.   

 

Both top-down and bottom up approaches are needed to meet the challenges facing the 

provision of safe drinking water in First Nations communities.  Most current risk 

assessment tools, as discussed below, follow mainly top-down approaches.  An effective 

risk management system should also incorporate bottom-up approaches, especially 

approaches that consider the perspective of water system operators, public health 

workers, and others working in First Nations communities. 

 

1.3.3  Existing risk assessment and management tools 

Risk assessment tools or techniques provide a structured way to gather information, and 

allow water operators to understand risks, rank risks, and prioritize activities to reduce 

risk (Miller et al., 2005).  Software packages can be used to collect, store, and produce 

data during the cycle of risk management (Pollard et al., 2007).  Risk assessment and 

management tools have been developed by a variety of agencies across the world.  Each 

approach has different goals, scope, and is designed with different perspectives; there is 

no “one size fits all” decision tool.   

 

“Currently, most predefined strategies of data collection seem restricted to select 

operational risks, particularly those whose management is underpinned by formal 

analytical methodologies (e.g., reliability modeling) or subject to regulatory drivers (e.g. 

asset management, drinking water quality management).” (Pollard et al., 2007:48).  Some 
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caution should be used when comparing different risk assessment and management tools 

to consider the goals, scope, and theoretical background of the tools.   

 

Little work on evaluating tools or approaches developed specifically for drinking water 

risk assessment has been published in peer-reviewed journals or is available in the public 

domain.  One exception is a project by Health Canada, to “provide guidance on risk 

assessment tools for small systems in Canada” (D’Costa, 2009:3).   

 

The Health Canada project is based on a desire to standardize risk assessment tools that 

build awareness of risks and enable users to prioritize risks (D’Costa, 2009).  The project 

involved interviewing a developer or user for each tool, generating a report (AMEC, 

2008), and assessing the tools in a community setting.  The tools were assessed against 

criteria including ease of use, multi-barrier approach coverage, risk assessment 

methodology, and risk management/reporting features.   

 

The work involved pilot testing risk assessment tools in eight small communities to 

evaluate tools for their “appropriateness, risk identification, assessment and prioritization 

capabilities” (D’Costa, 2009:3).  Several tools were considered in the pilot studies: the 

Australia Community Water Planner, the Montana Microbial Risk Assessment Tool, 

Well Aware, and the Ontario Risk Categorization (RCat) tool.  The tools were found to 

differ in their complexity, the hazards considered, source water considered, and outputs.  

Health Canada found that none of these tools, as presently available, is ready for use 
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across Canada.  Eventually, the project will develop recommendations to adopt a tool or 

to consider adapting or developing a tool (D’Costa, 2009).   

 

Aside from the Health Canada project, there is little guidance related to appropriate risk 

assessment tools for those working in small drinking water systems.  Section 3.1.6 

examines current risk assessment tools used in Canada and internationally; and closely 

examines several risk assessment tools to determine their technical and cultural 

appropriateness for First Nations communities.  Section 3.5 later examines these 

assessment tools against criteria developed to determine their usefulness in the context of, 

and to some extent, from the perspective of, First Nations communities.  This comparison 

of the tools against the criteria may be beneficial to the creators of the tools.  If their goals 

are similar (to provide useful tools for small system operators, public health officials, 

managers, etc.) the creators of the tools may be able to modify or add to their risk 

assessment tools to accommodate some of the findings.   

 

To evaluate current risk assessment approaches, it is essential to understand some of the 

hazards and challenges facing water systems, as well as some possible barriers to increase 

water safety. 

 

1.4 Hazards and challenges 

As outlined earlier, hazards are the various agents that could cause harm to a receptor.  

Pathogens are the most common hazard to health found in drinking water globally, but 

some chemical contaminants can also be health hazards in drinking water (WHO, 2004).  
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Hazards can enter at any stage of the drinking water system; to address these hazards, we 

must also understand some of the challenges facing water systems. 

 

Many First Nations water systems face challenges common with comparable remote or 

smaller communities.  These challenges may include colder climate, community 

geography (remoteness and density), community population size, and in turn, financial 

and organizational constraints.  The unique cultural and political circumstances related to 

First Nations communities, together with complex jurisdiction over water, are also 

important considerations.   

 

These challenges may contribute as underlying root-causes of other, more widely 

documented problems facing First Nations communities.  Problems facing First Nations 

community drinking water systems have been known for some time.  Holden (1999:514) 

identified that “operation and maintenance of water and wastewater facilities in many 

native communities have been inadequate for years”, leading to health issues and 

premature recapitalization.  A 2003 INAC report indicated that 29 percent of First 

Nations communities had a potentially high risk for negatively impacted water quality, 

with another 46 percent as medium risk systems.  The water was not immediately placing 

people at risk for health consequences, but the combination of factors including lack of 

operator knowledge, poor quality water sources, inadequate treatment, lack of regular 

testing and recordkeeping all lead to higher risk for future problems (INAC, 2003).   
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Approximately 30 percent of the systems investigated in the 2003 INAC survey exceeded 

one or more of the Guidelines for Canadian Drinking Water Quality (GCDWQ) 

parameters either on an occasional or frequent basis.  The most common exceedences 

included turbidity, trihalomethanes, and microbiological parameters.  Occasionally 

selenium and radiological properties (uranium and gross alpha concentrations) were 

exceeded.   

 

National data is not readily available to compare the level of exceedances between First 

Nations and non-First Nations communities, since water quality data is gathered on a 

provincial basis.  It may also be difficult to find non-First Nations communities 

comparable to some small and remote First Nations communities (Swain et al., 2006).  

Available data does point to water quality being best in large urban centers, less 

acceptable in smaller communities and least acceptable in First Nations communities.  

For example, between June 2003 and May 2004, water systems serving populations less 

than 5,000 in Ontario had 33 exceedances per 10,000 microbiological tests; while 

systems serving populations over 50,000 had 15 exceedances per 10,000 tests (Swain et 

al., 2005).   

 

A report by Smith et al. (2006) found similar deficiencies in First Nations drinking water 

systems.  Since then, INAC has indicated some success in improving the situation.  

Recent improvements have been noted, but work remains to reduce the risk to medium or 

low in all systems (INAC, 2006, 2007, 2008; Standing Senate Committee on Aboriginal 

Peoples, 2007).  However, underlying challenges unique to particular communities may 
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be contributing to the above-mentioned problems.  Some of these challenges are 

described in more detail in section 3.1.4. 

 

To increase drinking water safety (reduce risk), approaches should be able to address the 

hazards throughout the drinking water system, while considering the challenges outlined 

above.  The multiple barrier approach, described below, is generally considered an 

adaptable and robust approach to providing safe drinking water. 

 

1.5  Multiple barrier approach 

The multi-barrier approach is widely accepted as essential to providing safe drinking 

water (CCME, 2004; WHO, 2004; Ontario Ministry of the Environment, 2004; NRC, 

2000; INAC, 2007; Pollard et al., 2007).  The multiple barrier approach is considered 

robust because the impact of failure of one component can be reduced by proper use of 

other barriers, due to inherent redundancies in a system (WHO, 2004).  The likelihood of 

contaminants progressing through the whole system is reduced; though no barrier is 

totally effective, each barrier provides protection.   

 

Conceptions of the multiple barrier approach range from layers of overlapping treatment 

to barriers from source protection to tap.  INAC (2007) identifies the multiple barrier 

approach as including source protection, water treatment, and monitoring.  The Ontario 

Ministry of the Environment White Paper on Watershed-based Source Protection 

Planning (2004) considers five types of barriers as part of a multi-barrier approach: 

• Source water protection (keeping raw water as clean as possible) 
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• Treatment (technologies to remove/reduce/inactivate contaminants) 

• Distribution system (ensure contaminants don’t enter distribution system, in 

combination with sufficient disinfectant residual) 

• Automatic control and Early Warning Monitoring (detects contaminants in 

abnormal concentrations, to provide warnings and preventative action in response 

to problems) 

• Responses to adverse conditions (prevent adverse health impacts, including boil-

water orders) 

 

The CCME (2004) indicate that elements in a multi-barrier approach should be managed 

through monitoring and management of water supplies from source to tap, legislative and 

policy frameworks, public involvement and awareness, guidelines, standards and 

objectives, and research and development, as shown in Figure 1.  Swain et al. (2006) also 

identify that the multiple barrier approach relies on effective monitoring, management, 

governance, research, and meaningful public involvement and awareness.   
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Figure 1: CCME perspective of the multi-barrier approach (Source: CCME, 2004:16) 

 

Specific barriers which may be applicable to First Nations communities are explained in 

further detail in Section 3.1.5. 
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2.0 Ethical research approach 

 

This section presents some ethical questions surrounding research, identifies the 

questions guiding the research, describes what research methods will be used and 

provides justification for the choices of methods.   

 

Some First Nations communities have extensive research conducted in their communities, 

or have outside groups acquiring traditional knowledge for material gain (Noojmowin 

Teg Health Center, 2003; Chiefs of Ontario, 2007).  Often, the community members feel 

no (or very little) benefit from the research or from contributing traditional knowledge.  

The research often was not intended to directly benefit the community, and did not lead 

to any positive changes (Noojmowin Teg Health Centre, 2003).  The collection, 

interpretation and use of traditional knowledge must be done in collaboration with and 

guided by the First Nations community (Chiefs of Ontario, 2007).  It is essential that 

research respect First Nations rights and culture and that processes are ethical. 

 

2.1  Ethical research 

“Aboriginal Peoples have an inherent right to participate as principals or partners in 

research that generates knowledge affecting their culture, identity and well-being.  This 

right is protected by the Canadian Constitution and extends beyond the interests that other 

groups affected by research might have” (Brant Castellano, 2004). 
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Many First Nations communities have protocols related to research or sharing of 

traditional knowledge, which are relevant for research related to risk in First Nations 

drinking water systems.  For example, the Noojmowin Teg Health Centre has prepared 

guidelines for culturally appropriate aboriginal health research on Manitoulin Island, the 

Committee on the Status of Endangered Wildlife has prepared a protocol to facilitate 

interactions between contractors and First Nations communities, and the Grand Council 

of the Mi’kmaq ratified a Mi’kmaw Ethics Watch which sets out principles and 

guidelines for researchers in Mi’kmaw communities (Noojmowin Teg Health Centre, 

2003; Chiefs of Ontario, 2007; Mi’kmaw Ethics Watch, 2007).  While these guidelines 

were created in consultation with specific communities, and were initially intended for 

specific groups, many of the main principles (echoed by others, including Brydon (2006) 

and Ruttan (2004)) are useful to consider when researching or consulting with First 

Nations communities.  These include: 

• Community leaders should be approached in a respectful manner and the project 

should be clearly outlined, including risks and benefits of participating; 

• An ethics review and prior informed consent should be given by participants; 

• Research should be designed to directly benefit the community or be relevant to 

the community; 

• Research should respect the differences between and within communities; 

• Research results should be compiled into documents which are useful for the 

community and agency; 

• Local capacity for research should be strengthened; 

• Research should respect traditional Aboriginal knowledge and culture; 
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• The researcher should use their own knowledge of self to sensitively interact with 

research participants and research data; and 

• The researcher should be conscious of the social and political implications of 

research, possible use or misuse and unintended consequences of the research. 

 

Even with careful consideration, it is difficult to predict unintended consequences of 

research.  It is important to have some understanding of historical context of 

communities, as each community has a unique set of historical circumstances and current 

beliefs.  Researchers should attempt to be aware of any unintended consequences of the 

research, and not make any false promises as to outcomes (Ruttan, 2004). “…in seeking 

to understand the situation, the researcher needs to be very careful not to stir things up 

and then disappear leaving the community to handle any tensions or misunderstandings 

themselves” (Ruttan, 2004:19).  Often researchers will gain much more from a 

community than they can ever contribute (Unwin, 2006).  This ethical dilemma is not to 

be dismissed, but with careful thought and a well considered participatory approach, 

research can also be beneficial to the communities who participate.   

 

2.2  Participatory research 

Participatory research has been identified as a method designed to involve people in 

decisions that affect them, and to generate knowledge from the perspective of those being 

researched, instead of the perspective of the researcher (Beazley and Ennew, 2006).  This 

should include taking part in defining the research approach, and taking an active part in 

collecting and analyzing the data (Beazley and Ennew, 2006).  The concepts used by 
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government and professionals to understand problems in a community can be different 

from what community members experience (Beazley and Ennew, 2006).  Others 

(Gleitsmann et al., 2007; Singh et al., 2005) explore some of the complex social factors at 

play in the adoption of sustainable water management and appropriate technologies.   

 

Participation has been enshrined as a human right, and “participation means that people 

must be involved in decision-making and the management of their own lives” (Beazley 

and Ennew, 2006:191).  Participatory approaches can help “identify and respond to the 

local cultural, historical, socio-economic, geographical, and political factors that 

influence the behaviour and practices of the community” (Beazley and Ennew, 

2006:191).  Chambers (1994) identifies the researcher’s role as acting as a facilitator, 

establishing trust, listening, learning, and as far as possible, ‘handing over the stick’ or 

control, to participants (as cited in Beazley and Ennew, 2006).  Researchers attempting 

participatory research should also be self-critically aware (understand their biases), not 

rush, and help participants to express themselves in their own way (Beazley and Ennew, 

2006; Mayox, 2006).  Participatory methods are seen as best for complex matters that 

require further thought and discussion (Barahona and Levy, 2002).  It is essential that 

stakeholders at all levels (from marginalized to powerful) be included in the process 

(Beazley and Ennew, 2006).  Although the up-front time and costs are often greater with 

participatory than non-participatory research, the results are usually more relevant and 

lead to more effective changes, so are more cost-effective in the long term (Beazley and 

Ennew, 2006). 
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However, researchers must use caution to avoid a number of problems with participatory 

research.  Some problems reported about the participatory approach include stakeholder 

burnout, raising expectations in communities that cannot be met, and possible 

manipulation of the participation process by the powerful in the community.  Mayoux 

(2006) indicates that participatory research in group environments may raise unrealistic 

expectations of the benefits of the research to participants.  Others (Brydon, 2006; 

Cleaver and Toner, 2006) discuss the power relationships within a community that can be 

perpetuated by participatory research, and the difficulties outside researchers have to 

understand these power structures.  Another problem is the “tyranny of participation” 

described by Beazley and Ennew (2006:189) where vulnerable people are pressured to 

participate in research that burdens more than empowers them.  Beazley and Ennew 

(2006) discuss that participants are often overburdened with their own responsibilities 

and are not given adequate resources to cope with the additional burden of participating 

in research.  Speakers discussing the Noojmowin Teg Health Center guidelines, and at the 

Ontario Association for Impact Assessment Conference (OAIA, 2007) identified the 

burden placed by research on First Nations communities who are often not given 

adequate resources to cope with the additional research requirements.  Constraints on 

time, funding, and communication are sometimes felt in First Nations communities, 

especially when overworked individuals are asked to participate in committees or advise 

and guide (Chiefs of Ontario, 2007; OAIA, 2007).  In addition, research may have 

already been conducted in a particular community and a duplication of efforts may be 

avoided by coordination between various government agencies (Chiefs of Ontario, 2007).  

These challenges should be met with well-planned research, and outcomes that are 
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realistic, planned, and clearly communicated between researchers and participants.  

Caution must be used to ensure participation does not become a tool the powerful can use 

against the marginalized of a community.  Beasley and Ennew suggest that it is possible 

to conduct research using a participatory approach, if the research is “implemented in a 

systematic, ethical and replicable way” (2006:190).   

 

Cleaver and Toner (2006) investigate if managing water through the local community 

helps to achieve goals of increased sustainability and improved equality of access to 

water, and argue that in some cases, local action does not lead to increased equity and 

sustainability.  Without external intervention to reshape power structures, Cleaver and 

Toner argue that power imbalances are replicated in water governance arrangements.  

Cleaver and Toner recommend dialogue between all levels in the community and creation 

of pro-poor spaces and activities, confrontation of social prejudice, and a supportive legal 

and policy framework to reshape the power structures.  The process of securing and 

supporting community participation takes a long time.  Gleitsmann et al. (2007) suggest 

that diverse community members must negotiate, communicate, learn and make joint 

decisions based on community preferences for a sustainable water supply.  Gleitsmann et 

al.(2007) and Singh et al. (2005) also give examples of limited community involvement 

in decision making about water resources contributing to failure of water systems to 

satisfy everyone’s needs.  Gleitsmann et al. (2007:146) state “Appropriate design depends 

upon the communities’ needs and preferences and without input from the diverse 

members of the communities it is unlikely that an externally chosen infrastructure will be 
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appropriate”.  Participation of the community only after major decisions have been made 

is also problematic; it is best to have input early in the design and planning process. 

 

2.3  Quantitative and qualitative research 

Traditionally, two main research methods have been identified, qualitative and 

quantitative.  Debate exists about the differences between these two methods, their 

definitions (Nelson, 2008), and which method is most appropriate, even for risk 

assessment tools (Pollard et al., 2007).  ‘Qualitative’ is defined by the Merriam-Webster 

Dictionary as “of, relating to, or involving quality or kind” while Mikkelsen (2005:141) 

has identified qualitative research as being associated with “interpretive and critical 

research”, focusing on social reality or cultural meaning; with methods including 

documentary, cases, local and life histories.  Participatory research methods are often 

referred to as qualitative, and can produce results on a local level (Barahona and Levy, 

2002).  ‘Quantitative’ is defined by the Merriam-Webster Dictionary as “of, relating to, 

or involving the measurement of quantity or amount”.  Mikkelsen (2005) has identified 

quantitative research as positivist, empirical, and statistical; measuring objective facts, 

and being value free.  Often survey-based research (Barahona, and Levy, 2002), as well 

as more traditional engineering research is classified as quantitative.  However, 

engineering texts relating to risk have also identified the benefits of qualitative research, 

for example, Pollard et al. (2007:23), states “qualitative tools may also be valuable at the 

program level where data may be limited or when used as a first step”.  Pollard et al. 

(2007:24) also state “the most popular and most effective risk assessment tools used by 

water companies are also qualitative or semi-quantitative in origin…This may be partly 
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due to their simplicity, ease of use, and relevance for many common problems.”  Some in 

the water management industry believe that quantitative tools could help make more 

credible decisions, others believe problems with data quality and quantity, complexity of 

tools, and “apparent ease in which the numbers can be manipulated” make quantitative 

tools less desirable (Pollard et al., 2007:31).  Some in the risk management industry value 

subjective judgement in decision making, as an over-emphasis on hard data can lead to “a 

failure to adopt a systems view of their business” (Pollard et al., 2007:31).  There is also 

mistrust that risk assessment software will reduce understanding of the root causes of 

problems, or relieve the duty of practitioners to “really analyse what they’re doing” 

(Pollard et al., 2007:32).   

 

A growing body of thought argues that quantitative and qualitative research are 

complementary, and have more in common than traditionally recognized (Carvalho and 

White, 1997; Beazley and Ennew, 2006; Mayoux, 2006; Mikkelsen, 2005).  Beazley and 

Ennew, (2006) indicate that the line between qualitative and quantitative methods for 

development research is not as rigid as many believe, and that quantitative methods are 

not necessarily better than qualitative methods.  They postulate that all research data is 

both qualitative and quantitative.  Beazley and Ennew (2006) argue that more than one 

method should be used to collect data for reference and comparison, and Mayoux (2006) 

also states that a variety of methods can provide better data.  Mikkelsen (2005:144) 

argues that quantitative and qualitative methods should be combined to produce more 

flexible research, combining interdisciplinary methods, and creating research where “the 
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people being researched are seen as subjects rather than objects and are often involved in 

the research process”.  

 

It is argued that research should be valid (measure what it “purports” to measure), reliable 

(Colton and Covert, 2007), and rigorous.  Triangulation, feedback, and standardization of 

use of tools are some methods suggested for such rigour.  Mikkelsen (2005:96) describes 

triangulation as “looking at things from different points of view – or multiple strategies” 

to overcome limitations of only using one perspective, a small sample, or a single 

investigator.  “Triangulation helps to validate observations and information” (Mikkelsen, 

2005:96), but others argue that triangulation is an alternative to validation to gain greater 

insight through crystallization of various views or methods (Denzin and Lincoln, 2005).  

To obtain rigorous results, Barahona and Levy (2002) recommend using tools in the same 

manner, collecting the same type of information and level of detail.  Details of the tools 

to be used to conduct research and steps to be followed should be outlined before 

sampling (Barahona and Levy, 2002). 

 

A wide variety of research or sampling methods are available to researchers, ranging 

from surveys or questionnaires, interviews, discourse analysis, and the wide range of 

quantitative research methods.  Each method has strengths and weaknesses, and is more 

suitable for some types of information gathering than others.  Surveys or questionnaires 

have been identified as most appropriate for information that can be gathered by closed-

ended questions (with limited choice of answers that have been established by previous 

research) (Barahona and Levy, 2002).  However, Beazley and Ennew (2006) caution 
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against using questionnaires as the sole research method, at the start of research, or with 

vulnerable groups at any time.  Barahona and Levy also caution against using surveys 

when researching a particular community; they instead recommend key informant 

interviews or research using participatory methods.  As they state, “Surveys collect 

simple pieces of data using questionnaires.  Research using participatory methods studies 

uses discussions to explore deeper matters, often with tailor-made ‘tools’ or ‘techniques’” 

(Barahona and Levy, 2002:9).  

 

2.4  Delphi method 

The Delphi method has been identified as a systematic, iterative method to reach 

consensus among experts (Clark et al., 2006; Kennedy, 2004), historically used to predict 

the outcome of actions where data was lacking (MacMillan and Marshall, 2006).  

Although the Delphi method has been used since the 1950s for forecasting, some debate 

exists about the definition and scope of the method, as outlined by Mullen (2003) and 

Rowe and Wright (1999).  As pointed out by Mullen (2003) there is also a large range of 

terminology related to the Delphi method (technique, approach, panel, inquiry etc).  

There is also a range of terms used for those who participate in such research (expert, 

panellist, participant, or respondent).  The present research uses the terms “Delphi 

method” and “participants” for simplicity.   

 

Linstone and Turoff (1975) produced important work on the method that is still cited 

(Schmoldt and Bradshaw, 1989; Mullen, 2003, Clark et al., 2006; Kennedy, 2004) which 

includes the attributes of the Delphi method.  Linstone and Turoff (1975) state that the 
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Delphi method should not be narrowly defined, but should include ‘structured 

communication’ through provision of feedback on individual contributions; some 

assessment of group judgement; opportunities for individuals to revise their views; and 

some level of anonymity of responses.  The general form of the Delphi method has 

experts participate in an anonymous process with controlled feedback from the main 

facilitator (Clark et al., 2006).  Often, the response mechanism is a questionnaire (Mullen, 

2003; Rowe and Wright, 1999).  The responses are collated, and another questionnaire is 

sent out, possibly revised, and usually with an anonymous summary of responses from 

the previous round (Mullen, 2003).  Participants are asked to re-evaluate their choices, 

either confirming or revising based on consideration of other participant’s comments 

(Mullen, 2003; Clark et al., 2006; Kennedy, 2004).  Participants might be asked to give 

an explanation or reason for their response (Mullen, 2003).  This is repeated several 

times, either for a pre-determined amount of time, or until a specified criteria is satisfied 

(such as a consensus or stability of responses) (Mullen, 2003; Kennedy, 2004). 

 

The number of participants in the Delphi method ranges significantly in the literature, 

from four experts to several thousands (Mullen, 2003) with four being chosen by 

Schmoldt and Bradshaw, (1989), 21 participants to the study described by Clark et 

al.(2006), and 10 being cited as appropriate by MacMillan and Marshall, 2006:12). 

 

Some benefits of the Delphi method include the ability to obtain group decisions without 

face-to-face meetings, and avoid group dynamics and pressure to conform unduly 

influencing the outcome (Schmoldt and Bradshaw, 1989; Mullen, 2003).  The Delphi 
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method has been viewed as building knowledge of all participants as part of the iterative 

process (Kennedy, 2004), or as an educational tool for participants (Linstone and Turoff, 

1975).  Taylor and Ryder (2003), for example, chose the Delphi method because the 

complex issues related to water resources required an interdisciplinary approach that 

considered values.  In addition, results can be obtained from experts relatively quickly 

and efficiently, with greater agreement between parties who might otherwise have severe 

disagreements (Taylor and Ryder, 2003).  The expertise of Delphi participants may also 

provide further benefit over input from non-experts (Rowe and Wright, 1999), both from 

their experiential and educational knowledge.  Expert knowledge can provide explanation 

for some of the trends or ideas captured by the Delphi technique. 

 

The Delphi method has been used in water resource issues, natural resource management 

and for various wildlife assessments where decision making is complex due to sometimes 

conflicting priorities and lack of appropriate data (Taylor and Ryder, 2003; Alessa et al., 

2008; Clark et al., 2006; MacMillan and Marshall, 2006).  It has also been used in many 

other fields including health (Kennedy, 2004; Mullen, 2003) and forecasting (Rowe and 

Wright, 1999).  The method has been modified into forms such as the cumulative Delphi 

approach (Schmoldt and Bradshaw, 1989), fuzzy Delphi method (Vatalis and 

Kaliampakos, 2006) and a variety of others (Mullen, 2003).   

 

A few drawbacks to the Delphi method have been noted, including “reliability of results, 

definition of consensus, and stability of group responses” (Schmoldt and Bradshaw, 

1989:62), and subjectivity (MacMillan and Marshall, 2006).  However, the Delphi 
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approach “is intended to operate in a data poor environment that precludes the 

development of empirical models and where the alternative is to rely on an informal 

knowledge-based process” (MacMillan and Marshall, 2006:17).  As well, empirical 

models are also somewhat subjective in the choice of data attributes and interpretation of 

results (MacMillan and Marshall, 2006).  The iterations (feedback) reduce the chances 

that the model is “unduly influenced by expert subjectivity” (MacMillan and Marshall, 

2006:17).  The anonymity and release from peer pressure can be seen as a positive 

attribute of the Delphi method (removing biases or constraints caused by dominant 

voices), or a negative attribute (due to a lack of responsibility and accountability for 

responses) (Kennedy, 2004).  MacMillan and Marshall note that the Delphi method 

allows “open dialogue between researchers and practitioners” and “the Delphi process is 

inclusive and can accommodate all stakeholders by helping to break down barriers based 

on perspective, prejudice or language” (MacMillan and Marshall, 2006:18).   

 
2.5  Chosen methodology for research  

The following section discusses the methodology chosen for this research, based on the 

above discussions.  Investigation of the both the quantitative and qualitative aspects of 

water and risks are important to this work because water must not only be safe, people 

must also believe it is safe.  If a community member does not believe their tap water is 

safe, they may decide to drink water from another source.  Other sources, such as nearby 

surface water, could be much less safe, and bottled beverages are less sustainable.  This 

research uses both qualitative and quantitative research methods and works with a small 

group of key informants (those who work in the field of First Nations drinking water), to 

reach conclusions about risk assessment approaches that can benefit First Nations 
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communities as a whole.  The research included participatory approaches wherever 

possible.  Similar to Barahona and Levy (2002), this research worked with participants 

who are part of the community, but the research is “not community-led in the sense of 

having an agenda determined by the participants and evolving in response to local 

development needs”.  The input by the key informants shaped the agenda to some degree, 

but the key questions were set by the researcher, after Barahona and Levy (2002).  

Although the key informants have not totally shaped the research, “…the facilitators 

should allow participants to develop the discussion in the way which deals with their 

concerns as well as those of the researchers” (Barahona and Levy, 2002:58). 

 

The key issues researched included the following two main questions with sub-questions 

for further investigation: 

• What do First Nations see as key problems (priorities) related to water? 

• Are current tools for risk assessment appropriate for First Nations community 

drinking water systems? 

o What criteria would make a risk assessment tool /approach useful to First 

Nations communities?  

o What are current risk assessment tools, who are using them, why? 

o Which communities might be suitable to investigate the tools in? 

 

Individuals involved in First Nations drinking water (experts) were consulted.  Some 

possible concerns about consulting individuals include the representativeness of experts 

or leaders for the whole community.  Participation in the research was voluntary, so 



 

 37 

participants were not selected randomly.  Probability based selection of participants was 

not used, therefore the objectivity of selection might be questioned (not all members 

could have a chance to be part of the sample).  Researcher bias may be possible, since 

remote communities, or those who do not want to work with this project due to political 

reasons or resource constraints may not be fairly represented in this study.  As well, the 

sample size may not be large enough to capture the main features and variability of the 

population. Probability based selection, sample size, and bias are discussed by Barahona 

and Levy, (2002).  Given the time needed to gain the trust of participants, and that 

drinking water risk assessment has a significant technical portion, experts were selected 

based on previous connections with the researcher and through the “snowballing 

technique” (where participants refer other participants to the researcher).  However, these 

problems do not mean that the results are not meaningful: “If the information belongs to 

the community and can be provided in an unbiased way by key informants or groups of 

key informants, there is no reason to select these informants at random” (Barahona and 

Levy, 2002:21).  “In these cases, as long as the participants are believed to know about 

the issue under discussion, the fact that they are volunteers does not affect the validity of 

the information” (Barahona and Levy, 2002:21).  As well, the use of experts provides 

validity to the research; the selected experts had a variety of experiential knowledge and 

professional qualifications which were important in their understanding of traditional and 

current perspectives of drinking water.  Participant’s comments were held confidential 

unless expressly identified otherwise, to allow for honest and complete answers; their 

comments throughout this report are identified as personal communication. 
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The research methodology, based on the above discussion, is outlined in Figure 2, below.  

A thorough literature review compared common ideas on First Nations water and risk 

assessment tools with the ideas identified from interviews and the Delphi method.  To 

ensure the research approach was inclusive and bottom-up, work began with the potential 

users of the tool.  Both informal interviews and the Delphi method were used to identify 

criteria to evaluate current risk assessment tools from the users’ perspective.  The Delphi 

method portion of this research was prepared following the processes outlined by Mullen 

(2003); Plummer and Armitage (2007); and Clark et al. (2006).  The criteria emerging 

from this research project was used to assess the current risk assessment tools.  
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Figure 2: Research methodology 
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2.5.1 Literature Review 

The literature review included reviewing journal articles, written texts, and reports issued 

by governments and non-governmental organizations.  Both applied and social science 

texts were investigated.  The search investigated several topics relevant to risk assessment 

for drinking water in First Nations communities.  These topics included First Nations 

communities and traditional knowledge, risk approaches related to water and wastewater, 

challenges facing remote and First Nations water supplies, and potential barriers that may 

be used as part of the multi-barrier approach to meet the challenges. 

 

2.5.2 Informal Interviews 

Selected experts in First Nations drinking water, who acted as key informants, were 

interviewed informally.  Interviewees were chosen based on their knowledge and 

willingness to share their expertise with the researcher, and included members of First 

Nations and federal government organizations.  Interviewees were contacted via 

telephone and interviews occurred either in person or over the telephone.  Five 

interviewees provided information at this stage of the research. 

 

The interviews familiarized the participants with the research, and allowed participants to 

contribute ideas, goals, and perspective before the research was formalized.  The informal 

interviews also provided researcher with contacts across Canada for further stages of 

research.  Participants provided informed consent following an ethics protocol approved 

by the University of Guelph. 
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2.5.3 Delphi 

The goals of the Delphi were to explore issues related to First Nations drinking water, 

identify criteria to examine and improve current risk approaches, and to move towards 

agreement on these issues.  The Delphi method was chosen because it enabled all 

participants to learn from each other, allowed everyone equal say, and provided the 

researcher contact with participants from across Canada.  This allowed the researcher to 

meet the objectives of learning from, and building capacity of participants. 

 

Participation was solicited from both First Nations and non-First Nations water experts.  

The results from each group were initially maintained separately to take cultural 

background into account and reduce bias from unequal size of participant groups.  Each 

group had a target size of 8 to 12 experts.  Participants were selected from a variety of 

backgrounds, geographical locations, types of expertise (from water operators, 

environmental health officers (EHOs), engineers to policymakers, and across genders).  A 

total of 25 respondents provided responses.  However, representation from specific 

geographical regions was not obtained at proportionally representative levels, and 

representation from some geographical regions (Nunavut, Newfoundland and Labrador) 

was not obtained.   

 

When soliciting participants, the researcher outlined the research process, and ensured the 

participants understood they could gain some insight from the process, through a letter 

outlining the process.  Communications via telephone, visit or email between the 

researcher and participants always ensured the participant’s comments remained 
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anonymous to each other.  Participants provided informed consent according to an ethics 

protocol approved by the University of Guelph. 

 

The first round of questions was open ended to increase the participatory aspect of the 

research and to ensure the set of choices was close to the participants’ thoughts (see 

Mullen, 2003; Plummer and Armitage, 2007).  The first round allowed the participants to 

identify the important issues and criteria.  The survey (found in Appendix A) asked the 

following questions: 

a. List some key issues about water (in general, or drinking water specifically) in 

First Nations communities (provide comments if desired) 

b. List some important characteristics for water related risk assessment tools 

appropriate for First Nations communities (provide comments if desired). 

c. List any communities you would recommend the researchers ask to participate 

further in the study (due to their representative nature, ability, resources, 

success, or problems)   

d. List any other people you think could answer these questions as well. 

e. Do you consider yourself to be First Nations or Other (Non-First Nations)? 

 

It was mandatory to answer questions a. and b., while questions c. and d. were used for 

generating further participation, where possible.  

 

Twenty-five responses were received.  Once the responses were received, they were 

coded into themes.  The responses were entered into a spreadsheet with each separate 
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point in a separate cell.  The points were inspected for common themes that emerged.  

These themes were highlighted and each point was then categorized as fitting under one 

or more of the themes.  A colleague provided feedback on the categorizing of themes, and 

two key informants were asked about the categories (if they were logical, and if they 

would break into any other categories).   

 

The issues identified in the first round were sent for reconsideration in the second round 

to the same respondents.  The goals of the second round were to examine the themes 

identified in the first round, identify priorities and emerging trends, and allow participants 

to move towards agreement.   

 

The second round asked two main groups of questions; corresponding to questions a. and 

b. of the first round.  The first focused on general issues (key concerns) and the second on 

characteristics of risk assessments.  The responses from questions a. and b. from the first 

round were listed in no particular order within each section (based on Mullen, 2003; 

Plummer and Armitage, 2007).  All responses from the first round were compiled 

together, both non-First Nations and First Nations.  The participants were asked to 

establish the importance of every issue identified in the first round based on a 4 point 

scale.  The scale ranged from “very important”, “important”, “somewhat important” to 

“not important”.  A scale was chosen instead of rankings based on the reasoning of 

Barahona and Levy (2002) that scores are absolute and can be compared more accurately.  

Participants were given space to explain their choices for each decision, but were not be 
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required to do so.  The survey was conducted online using “LimeSurvey” software.  A 

copy of the survey is available in Appendix B. 

 

The results from the second round were compiled when 19 responses were obtained.  The 

results from the second round were communicated to all participants, and time was 

provided for feedback to ensure participants could review the researcher’s interpretation 

of the data.  Feedback about the results was also requested from some “key informants”.  

Outliers were explored by asking participants who had identified any criteria as “not 

important” to expand on their reasoning.   

 

Although initial plans had identified three rounds for the Delphi, based on similar work 

outlined in Mullen (2003); Plummer and Armitage (2007); and Taylor and Ryder (2003), 

time constraints and a high level of agreement on most topics indicated that the third 

round was not practical. 

 

2.5.4 Development of criteria 

Results from the Delphi technique, key informant interviews, and literature review were 

used to establish criteria for evaluating various risk assessment tools.  The criteria 

developed are discussed further in Section 3.4.   

 

The criteria were developed in several stages.  The first stage involved a thorough review 

of engineering and social science literature.  Important points were identified in the 

literature and highlighted in the boxes as criteria for risk assessment approaches/tools.  
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Next, the interviews were analyzed for criteria.  Then the results and comments from 

stage one and two of the Delphi technique were reviewed and coded into criteria.  The 

criteria arising from the interviews and Delphi were compared and combined with those 

arising from the literature review.  Several other criteria were identified by the researcher, 

as additional common-sense issues, or questions arising from comments.  The criteria 

were sorted into two groups; those that were answerable in a desk-top exercise 

comparison, and those that required actual testing in the community water system.   

 

The criteria were combined and re-organized for conciseness, and re-phrased to be as 

objective as possible.  This involved re-wording questions to be answered with a three 

point scale – 1 being “yes, directly”, 2 being “somewhat or indirectly” and 3 being “not at 

all”.  Other criteria could not be re-worded to be answered with yes or no, and were 

included as subjective questions.   

 

To determine which comments warranted being criteria, and which were too detailed, 

further coding of the categories was carried out.  The number of times each item was 

mentioned in the Delphi first round, Delphi second round, and if it was identified in the 

key informant interviews or literature review was recorded.  Items that were mentioned 

only in one source were designated as supplementary questions, while items that were 

mentioned in both the Delphi and the interviews or literature review were designated as 

criteria.  In a few cases, criteria which did not meet the requirements for number of 

sources were included in the criteria based on the judgement of the researcher.   
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2.5.5  Evaluation of risk assessment and management tools 

Tools for this evaluation were chosen because of their availability to the researcher and 

the size of communities for which the tools were designed.  These tools include a tool 

developed by researchers at the University of Guelph; the Microbial Risk Assessment 

Tool developed by Montana State University; the New Zealand Public Health Risk 

Management Kit; the Australia Community Water Planner; and the Indian and Northern 

Affairs Canada (INAC) Risk Level Evaluation.  Other tools or approaches exist, but were 

not available to the researcher at the time of writing.  These tools include the Ontario 

Risk Categorization Tool and tools by Health Canada and University of Alaska.  

Approaches from Scotland, the World Health Organization, and Ontario (Well-Aware) 

are also briefly outlined to provide context, although these tools are not as applicable in 

scope. 

 

Table 1 provides a brief overview of the theoretical background, format, intended users, 

and output of several tools. 
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Table 1: Overview of selected risk assessment tools 

Tool Theoretical 
background 

Tool format Intended uses Tool output 

University of 
Guelph Risk 
Assessment  

Unable to 
determine 

Excel 
Spreadsheet, 
printed 
worksheet 

EHO’s of First 
Nations systems 

One or two pages 
chart of site 
specific 
information 

INAC Risk 
Level 
Evaluation 

Unable to 
determine 

Excel 
Spreadsheet, 
written 
manual 

Inspectors of First 
Nations systems, 
with consultation 
of communities 

Small chart with 
risk rankings 

Montana Water 
Center 
Microbial Risk 
Assessment 
Tool 

Unable to 
determine 

Spreadsheet, 
interactive 
flash, 
printed 
worksheets 

Operators of 
small community 
systems with 
<5000 
consumers1 

Several tabs in 
worksheet with 
summary charts 
and graphs 
indicating higher 
and lower risk 
areas  

Australia 
Community 
Water Planner 

Unable to 
determine 

Manual with 
CD 
(computer 
based) 

Operators of 
small community 
systems with 
<1000 consumers 

Approximately 30 
pages of 
information, some 
specific, some 
generic  

New Zealand 
Small Drinking-
water Supplies 
Public Health 
Risk 
Management 
Kit 

semi-
quantitative 

Printed 
worksheet 
PowerPoint 
Website 
Flow chart 
Guides, 
framework 
etc 

Operators of 
small systems 

Approximately 
50+ page 
document specific 
to the community 

1 – based on AMEC Earth & Environmental, 2008 

 

2.5.5.1  Guelph Risk Assessment Tool 

Researchers at University of Guelph developed a risk assessment tool after experience 

inspecting drinking water systems in several of Alberta’s First Nations communities.  The 

tool follows a spreadsheet format to assist in risk assessment for small drinking water 

systems.  A detailed questionnaire is also available to assist in the data collection process.  
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Results are output in the spreadsheet, enabling the testing of alternatives to improve the 

overall score ranking.   

 

The tool examines background information, source water, treatment process, microbial 

reduction, reservoir and distribution, finished water storage, operational maintenance and 

training, monitoring and reporting, non-treatment infrastructure, overflows and bypasses; 

and presents a final risk assessment.   

 

2.5.5.2  INAC - Risk Level Evaluation 

INAC developed guidelines for assessing risk for water and wastewater treatment 

systems in First Nations communities (Risk Level Evaluation), in collaboration with 

Public Works and Government Services Canada, Environment Canada, and Health 

Canada (INAC/PWGSC, 2005).  The goal of the guidelines can be described as system 

management; the tool is designed to assess how well the system is managed through the 

multi-barrier approach (Confidential personal communication, 2008).  The guidelines 

also aim to provide “a clear and nationally-consistent method of evaluating the risk of a 

water or wastewater system in First Nation communities” (INAC/PWGSC., 2005:i).  The 

risk levels obtained from the guidelines are then “used as part of the priority ranking 

framework for capital and operation and maintenance projects” to correct the systems at 

risk (INAC/PWGSC., 2005:i). 

 

The INAC Risk Level Evaluation is intended to be conducted “using the information 

currently available to the regional office”, and therefore should not require “any type of 
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detailed engineering assessment of the water and wastewater systems” (INAC/PWGSC, 

2005:2).  However, information from previous detailed assessments or inspections can be 

used in the assessment (INAC/PWGSC, 2005).  The risk assessment “should be 

performed by the regional technical expert”, generally a PWGSC engineer working with 

INAC, in collaboration with other experts from INAC, Health Canada, Environment 

Canada, the Circuit Rider Training Program trainers, or First Nation technical advisors 

(INAC/PWGSC, 2005:2).   

 

Five factors are used to evaluate risk in First Nations drinking-water systems.  These 

factors include water source, system design, operations (and maintenance), reporting 

practices, and operator training and certification (INAC/PWGSC, 2005).  A score 

between 1 and 10 is given for each of the factors.  High-risk systems have a score of eight 

or higher, medium have a score of 5-7, and low risk have a risk of four or less (INAC, 

2007, INAC/PWGSC, 2005).  A weighting system was included giving system design 

and operations factors each a weighting of 30 percent, operator training and certification 

20 percent, and the water source and reporting practices each 10 percent of the overall 

risk (INAC/PWGSC, 2005).  The reasoning for this breakdown is explained in the Risk 

Level Evaluation Guidelines, but has been the subject of some debate externally (see 

Sections 3.2 and 3.7 for more details). 

 

The overall score is then broken into low, medium, and high-risk: 



 

 50 

Low-risk: system has minor deficiencies and meets the quality parameters 

specified by the appropriate Canadian guidelines (typically the GCDWQ and the 

1976 Effluent Guidelines for wastewater effluent). 

Medium-risk: system has one or more deficiencies and poses a moderate risk to 

water quality and human health. The system would not typically require 

immediate action, but action is needed to avoid future problems. 

High-risk: system has one or more major deficiencies, poses a significant risk to 

water quality and may cause health, safety and environmental concerns.  Public 

alerts, such as boil-water advisories, may be required. The state of the system may 

also result in water quality advisories against drinking the water, repetitive non-

compliance with guidelines, and inadequate water supply. Regional officials, in 

collaboration with First Nations, are required to take immediate corrective action. 

(INAC, 2007:64). 

 

The use of this tool has been somewhat contentious.  The Standing Senate Committee on 

Aboriginal Peoples (2007) indicated significant concern about the measurement and risk 

assessment tools used by INAC.  The Committee stated that INAC had not “adequately 

identified existing deficiencies with respect to the ability of the plant to produce the 

quantity and quality of water required (Standing Senate Committee on Aboriginal 

Peoples, 2007:4).  The Committee expressed concern that Parliament is not getting “full 

and accurate information about the quality and safety of drinking water in First Nations 

communities” (Standing Senate Committee on Aboriginal Peoples, 2007:4).  
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The approach by INAC has also been critiqued as lacking inclusion, as some 

communities identified as high risk by other groups (AFN, for example) were excluded 

from INAC’s Risk Level Assessment because they did not have any communal water 

system (Standing Senate Committee on Aboriginal Peoples, 2007, Senate of Canada, 

2007).  The AFN, appearing before the Committee (Senate of Canada, 2007) identified 

concerns that the scope of the tool leaves out communities that do not have drinking 

water systems, or those that use private wells and septic systems or raw water.  The AFN 

recommends that each First Nations water system should be assessed by a professional 

engineer (Senate of Canada, 2007).   

 

The Committee also expressed concerns about the lack of comprehensive information, 

and recommended a professional audit of water system facilities and an independent 

needs assessment, with First Nations representation, “of both the physical assets and the 

human resource needs of individual First Nations communities in relation to the delivery 

of safe drinking water” (Standing Senate Committee on Aboriginal Peoples, 2007:5).  

The Committee also recommended dedication of funds needed to provide resources 

identified by the audit (2007). 

 

Another critique raised of the current use of the Risk Level Evaluation is that funding is 

tied to the tool output (Confidential personal communication, 2008).  A focus on high-

risk systems means that well operating systems will not receive funding for their systems 

even if the facilities themselves are in poor condition. 
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2.5.5.3  The Montana Water Center Microbial Risk Assessment Tool 

The purpose of the Montana Water Center Microbial Risk Assessment Tool is to help 

small water treatment operators identify vulnerable areas in the water treatment system 

and help in the decision making process.  The tool is equipped with a Microbial Risk 

Assessment Guide (in Flash) and the Ranking Tool (in a spreadsheet format) (Butterfield 

and Camper, 2004).  

 

The guide is a tutorial to allow users to gather data and enter it into the Ranking Tool.  

The purpose was to help small water treatment operators identify vulnerable areas in the 

water treatment system, and help in the decision-making process.  The guide may be 

helpful to those with basic knowledge of spreadsheets or computers in general.  It 

proceeds through each topic with background information such as definitions and 

examples.   

 

The survey is composed of six parts: general; water source; treatment; pumping and 

storage; transmission and distribution systems; and water quality monitoring.  The tool 

gives numerical scores for each water system component, and suggestions to improve the 

system.  The program encourages users to print off the checklist versions of the survey 

before completing the spreadsheet.  

 

Results are output in the spreadsheet in the form of charts, relative risks of overarching 

elements and a total weighted score.  The higher the weighted score, the greater is the 

risk.  Sources are compared directly with each other and the total score is weighted based 
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on each source’s contribution to the total supply.  The charts can be updated to show 

changes if an answer is changed, enabling the testing of alternatives.  Comments are also 

generated for suggestions for system improvement, based on the user’s response.  If users 

do not use the accompanying guide in flash and or have not completed the printed 

checklists, they may find the interpretation of results to be complex.  D’Costa (2009) 

found the input to be technical and comparatively time consuming, and the output 

requiring careful review, but found the output useful to aid in prioritization. 

 

As indicated by the title, the tool focuses on microbial risk assessment.  While microbial 

hazards cause most water-related health problems (as discussed in Section 3.1.3), the 

focus on microbial hazards may not be appropriate for some communities. 

 

2.5.5.4  Australia Community Water Planner 

Australia addresses drinking water in small, remote and indigenous communities with the 

Community Water Planner – A Tool for Small Communities to Develop Drinking Water 

Management Plans (Byleveld et al., 2008).  The Australia Community Water Planner was 

endorsed in 2005, with the purpose of helping managers of small (less than 1000 

consumers) drinking water supplies to provide safe, good quality water to the community.  

The Community Water Planner “is a CD-based tool that helps smaller water suppliers 

identify potential hazards and their sources, assesses the risk associated with these 

hazards, and helps evaluate existing preventative strategies and the need for additional 

measures” (Byleveld et al., 2008:3).  A user manual is provided with the CD to assist 
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with using the tool; it contains detailed installation instructions, a glossary and step-by-

step instructions on the tool’s use.  The tool is also available in a paper version. 

 

The output of the Community Water Planner tool is a water supply management plan 

which includes the water supply from source to tap, infrastructure, and incident/ 

emergency management (Byleveld et al., 2008).  The output is generally about 40 pages, 

and contains some site-specific risk information.   

 

D’Costa (2009) indicates that Health Canada’s investigations found the Australia 

Community Water Planner to be simple, requiring less up-front detail than the other tools 

examined.  Their findings also indicated that the output required careful review to 

correctly interpret and follow the output management advice.  Prioritization of activities 

was not provided.  The transferability was somewhat hampered by Australia-specific 

elements, and considerations related to operator training, operational or design 

challenges, and environmental or source water quality challenges (D’Costa, 2009). 

 

2.5.5.5  New Zealand Public Health Risk Management Kit 

The New Zealand Ministry of Health created a group of documents, published in 2005 to 

help water system operators prepare a public health risk management plan for drinking 

water supplies.  These documents include a framework for creating a plan for water 

supplies in general, a document targeted for small drinking-water supplies, several 

worked examples of small systems, guides on specific components of a water supply, and 

a template for the plan.  The Small Drinking-water Supplies Public Health Risk 
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Management Kit (2008) is considered the tool for the purposes of this study.  The 

Drinking-water Standards for New Zealand 2005 provide standards for the quality of the 

water.  

 

Each point in the water system (ranging from source and treatments to distribution) has a 

number of guides that can be examined based on the type of system in use.  The guides, 

available online, are mainly charts which examine possible events that might lead to 

hazards entering the water system.   

 

Terminology used in the New Zealand and Australian water industry differs slightly from 

that used in North America, which may be challenging if tools are used in Canada 

without modification.  Terms such as ‘reticulated water’ (supplied through a piped 

network from a water utility or local council, as opposed to non-reticulated water not 

supplied via pipe (NSW Food Authority, 2006)) or ‘determinand” (a constituent or 

property of the water which is determined or estimated in a sample, for example, total 

coliforms, chloride etc” (Davies et al., 2001:vi)) may cause confusion.   

 

The 2005 version of New Zealand risk management and regulatory guidelines for 

bacterial drinking water safety are “based on a precautionary approach” (Ministry of 

Health, 2005 b.:42) that includes a “multi-barrier and process-control risk management 

mechanism” (Kouzminov et al., 2007:279).   
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2.5.5.6  Others 

 

A variety of other risk assessment and risk management approaches are used both locally 

and internationally.  The approaches discussed below either were not available in full for 

the researcher to investigate, or were less comparable than the above approaches.  

However, a brief review of these tools provides context of the approaches available. 

 

2.5.5.6.1 WHO Water Safety Plan 

The WHO Water Safety Plan is designed to increase water safety in a manner comparable 

to the HACCP system used in other industries (Howard et al., 2006).  The water safety 

plans are guided by health-based targets and verified by independent surveillance 

(Howard et al., 2006).  As part of the water safety plan, quantitative risk assessments can 

validate the plan and set health based targets (Howard et al., 2006). 

 

The WHO Guidelines for Drinking-Water Quality include the Water Safety Plan and 

Framework for Safe Drinking Water (Byleveld et al., 2008).  The Framework for Safe 

Drinking Water includes five key elements: 

1. health-based targets based on an evaluation of health concerns; 

2. system assessment to determine if the drinking water supply (from source to 

treatment to the point of consumption) can meet the health-based targets; 

3. operational monitoring of control measures in the drinking water supply; 

4. water safety (or management) plans documenting the system assessment and 

monitoring plans and describing actions to be taken in normal operation and 
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incidents, including upgrade and improvement, documentation and 

communication; and 

5. a system of independent surveillance that verifies that the above are operating 

properly” (Byleveld et al., 2008:2). 

 

The water safety plans focus on preventative risk management and planning for adverse 

events and emergencies, building on the principles of multiple barriers and HACCP 

(Byleveld et al., 2008).  The Water Safety Plans and Framework for Safe Drinking Water 

are incorporated into guidelines or regulations in many countries, including Australia, 

China, Iceland, New Zealand, Sweden, and the UK (Byleveld et al., 2008). 

 

2.5.5.6.2 Scotland (Owner/User Risk Assessment for Private Water 

Supplies) and Private Water Supplies Technical Manual 

Scotland provides an owner/user risk assessment and a professional guide and assessment 

for private water supplies, with guidance published in 2006 as a technical manual.  This 

tool is intended to protect public health and focuses on systems “not provided by a 

statutory water undertaker and where the responsibility for its maintenance and repair lies 

with the owner or person who uses it.” (Scottish Executive, 2006:1-5).  Private supplies 

can range in size from a single household to many properties, or commercial or industrial 

premises and provide from less than 1 cubic meter of water a day to over 1000 cubic 

meters per day (Scottish Executive, 2006).  A nine-page owner/user risk assessment is 

available for individuals to complete, with guidance for a more in-depth assessment if 

warranted.  
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The approach to the professional guide is semi-quantitative, based on the WHO Water 

Safety Plan and includes chemical, microbial, and other contaminants (Scottish 

Executive, 2006). The tool uses an index scoring system which multiplies the likelihood 

(of a hazard occurring) and severity (of consequences).  The Scotland tool produces a 

Hazard Assessment Score, which is an index with “no implied mathematical relationship 

to risk” (Scottish Executive, 2006:4-42).  The score is a method to prioritize actions to 

effectively target resources to those areas that pose the most critical risks to the source 

(Scottish Executive, 2006).   

 

2.5.5.6.3 Health Canada 

Health Canada has several tools with goals of public health.  The tools are designed to 

give early warning of potential risks to public health and determine future program needs 

(confidential personal communication, 2008).  These tools were not available to the 

researcher at the time of this research, however some information about the tools was 

obtained.  

 

Health Canada created a multi-barrier risk assessment tool in 2005, with the goal of 

helping Health Canada and First Nations assess public-health risks through proactive 

identification of drinking-water quality problems and prioritization of funds (INAC, 

2007, Confidential personal communication, 2008).  The tool incorporates risk from 

source water to treatment plant operation, distribution, drinking water quality and disease 

surveillance (INAC, 2007).  The goals of INAC and Health Canada included using this 
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tool on all piped distribution systems with 5 or more connections, and for cisterns in First 

Nations communities south of the 60th parallel (INAC, 2007).   

 

“The multi-barrier tool is intended to both assist to improve program management 

locally and nationally, and in the allocation of funding to water systems with a 

relatively high public health risk. It should be noted that the multi-barrier 

assessment tool was not intended to measure all risk areas, but simply [to] identify 

communities with the most hazards in the water system.” (Confidential personal 

communication, 2008) 

 

The Health Canada risk assessment tool examines risk related to source water, treatment 

plant operation, drinking water distribution, drinking water quality, and disease 

surveillance risk.  However, the tool still needs some improvements and efforts are being 

made to enhance it (confidential personal communication, 2008). 

 

2.5.5.6.4 University of Alaska 

The University of Alaska Anchorage Resilience and Adaptive Management (RAM) 

Group has developed the Arctic Water Resources Vulnerability Index (AWRVI).  The 

goal of the index is to “assess resilience and vulnerability of people in the arctic to 

changes in water resources” through a composite index (RAM, N.D.).  It is designed 

specifically for the Arctic environment, and was tested in three case studies from Alaska. 
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The index uses about 25 socio-economic, biological, and physical indicators that include 

social network capacity, subsistence habitat, and variation in precipitation (Alessa et al., 

2008).  The index incorporates information from existing sources and community specific 

details “into a series of indicators to give an overall score” (RAM, N.D.).  The index was 

developed based on existing water indices, but indicators were chosen using the Delphi 

technique.   

 

AWRVI provides a more holistic view of water issues in a community, and can be used 

by the community to identify strengths and weaknesses in their water management 

system (Alessa et al., 2008).  The tool helps in making decisions by assessing cumulative 

impacts on a watershed, mapping and accessing water resources, use values and possible 

vulnerabilities.  

 

The index was seen to be especially important because of the pressures of climate change 

coupled with poorly developed infrastructure and high energy costs (Alessa et al., 2008).  

These factors are also relevant to First Nations and remote communities across Canada.   

 

 2.5.5.6.5 Well-Aware 

The Well Aware program is designed to guide residential well owners in protecting their 

wells and Ontario’s groundwater supplies (Well Aware, 2009).  The program provides 

voluntary, confidential home visits conducted by trained personnel, to “identify priorities 

for action to protect their drinking water source” (Well Aware, 2009).  
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The tool is paper-based in the field, but entered into the computer tool that provides the 

written details (Confidential personal communication, July 13, 2009).  The tool 

investigates areas including location of well, testing and treatment of water, source 

protection, household hazardous waste, septic system, and landscaping to control runoff 

(confidential personal communication, July 13, 2009).  Situations are rated on a scale of 

three, ranging from ‘best situation’ to ‘for consideration’ to ‘priority for action’ 

(confidential personal communication, July 13, 2009). 

 

2.5.5.6.6 Miscellaneous 

A number of other tools have been used to assess risk to drinking water systems across 

the world.  Pollard et al. (2007) mentions other qualitative risk assessment tools used by 

Deere et al. (2001), Leverett (2003); and Lifton and Smeaton (2003) which are qualitative 

or semiquantitative.  The Ontario Ministry of Health and Long-Term Care developed a 

tool for site-specific risk assessments of small drinking water systems (Drinking Water 

Systems, 2009), which was unavailable for review at the time of the research.  The 

British Columbia Ministry of Health Services developed a screening tool for drinking 

water to assist water suppliers in determining risks to drinking water systems (BC 

Ministry of Health Services, 2004).  This tool is available on-line but does not provide 

the user with immediate action items.  

 

The chosen tools were assessed by investigating any background information about the 

tools and comparing the tools against the criteria.  As identified in section 3.5, criteria 

were either evaluated through a desk-top exercise comparison, or evaluated through 
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actual testing in the community water system.  Each criterion answerable by yes or no 

was either directly met by the tool, somewhat/indirectly part of the tool, or not included at 

all in the tool.  Other criteria required brief answers, such as the size of system the tool 

was designed for.  The answers to the yes/no questions and brief answers were compiled 

into one document for each tool, which allowed for an overall assessment of the strengths 

and weaknesses of each tool.  The results of the evaluation are discussed further in 

Section 3.5. 

 

2.5.6 Community visits 

The criteria that required testing at a water system were evaluated through visits to 

community water systems.  Three First Nations communities were visited, and an 

additional Environmental Health Officer (EHO) was consulted.  Proper consent was 

obtained from the Chief or Council, Operator, and EHO before the visit.  Communities 

with slightly more complex water systems (i.e., surface water) were initially contacted.  

An attempt was made to visit communities’ representative of the diverse conditions 

across Canada; to include a cross section of sizes, remoteness, locations across Canada, 

communities successful at providing safe drinking water (low risk) and high risk, and 

complexity of systems.  However, some challenges reduced the representativeness of the 

visits.  Several communities were not visited due to difficulties in obtaining permission 

from all necessary parties especially if communities were facing challenges with their 

water system.  In addition, due to time constraints and the costs of reaching remote 

communities, the water systems visited were fairly simple systems, and were accessible 

by roads.   
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The community visits were designed to assess the criteria that could not be answered by 

desk-top examination of the tools.  The criteria that required a community visit to assess 

include: 

 

□ Who used the tool? e.g. water treatment operators, trainers (circuit riders), community public 

works managers, public health staff, inspectors, regulators 

 

□ What concerns or problems can they identify before the tools are used?  

(Later, does the tool identify these concerns? i.e. does the tool effectively identify risks to public 

health)  

 

□ Is the tool useful for each person who used it?  

o Do they express interest in developing or modifying the tool? (y/n) 

o How likely they would be to use it again  

(yes-very likely, likely, no-unlikely) 

o Would it help them justify repairs or $ to council or other funding agencies (y/n) 

o Did it increase their awareness (build capacity)? (yes, somewhat, no)  

 

□ Is the tool or document easy to use or understand? 

o has everyone who has used the tool understood the language/ terminology/ 

definitions?  (yes, somewhat, no)  

If somewhat or no, explain what was difficult to understand  

o have they had difficulty following the format? (yes, somewhat, no) 

If yes or somewhat, explain what was difficult to follow 

 

□ Is the tool objective or subjective: 

o Does the input or output from two different users differ? (y/n) 

□ How long does it take to complete? (in hours) 
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The site visits provided the opportunity to develop a solid understanding of the 

practicality of the tool; for the water operator and EHO to experience using the tool, and 

to discuss the answers to the above questions. 

 

Information about the risk assessment tools was provided to the EHO before the visit.  

The water operator and or EHO decided during the site visit which of the tools they were 

most interested in trying.  During the site visit, the researcher began with a brief 

explanation of the project to ensure all parties understood the full details, understood the 

possible risks and benefits of participation, and agreed with the details outlined in the 

ethics review.  

 

Then the water operators and EHO provided a brief tour of the system.  The data from the 

tour was entered into the tools.  Where possible the tools were tested for objectivity by 

asking the operator to complete the tools separately from the EHO.  The researcher 

provided assistance to both the EHO and water operator, and also noted any questions 

(since questions indicate a possible weakness of the tool), challenges, and comments by 

the EHO and water operator. 
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3.0 Results and discussion 

 

3.1 Literature Review 

The literature review identified a number of important considerations for safe drinking 

water in First Nations communities.  Throughout this section, the key findings are 

presented in boxes as criteria to evaluate risk assessment tools.  A list of criteria resulting 

from the literature review is attached in Appendix C.  Further criteria were developed by 

consulting those working in the field of First Nations drinking water systems, outlined in 

sections 3.2 and 3.3. 

 

 3.1.1 First Nations traditional knowledge 

Traditional knowledge (sometimes called indigenous knowledge or aboriginal traditional 

knowledge) includes:  

 

“…indigenous systems of knowledge, as well as cultural practices and 

methodologies related to the production of knowledge based on traditional belief 

systems, relationships to the environment, and community practices.  It is the 

accumulated and living knowledge possessing a depth and breadth of information 

built upon the historic experiences of peoples living on the land and adapts to 

social, economic, environmental, spiritual and political change.” (Chiefs of 

Ontario, 2007:6).   
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Traditional knowledge is often handed down orally, and may be considered sacred 

(Chiefs of Ontario, 2007).  It is essential that traditional knowledge be used and respected 

according to the desires of the First Nations community (Chiefs of Ontario, 2007).  

 

Traditional knowledge teaches that everything is cyclical, including water (Walkem, 

2007).  Understanding that water is cyclical highlights the problems caused by 

contamination and unsustainable use of water; water returns to the environment and is 

reused by all forms of life (Walkem, 2007).  Many First Nations communities rely on the 

land and water for their way of life; clean water is seen as essential for cultural survival 

(Khan et al., 2001), and for spiritual wellbeing (Brant Castellano, 2004).  Traditional 

knowledge also emphasises that land use decisions cannot be made out of context, each 

decision influences the entire ecosystem in a particular area (Walkem, 2007).  It is 

difficult to separate elements of nature from each other in traditional knowledge, as all of 

nature is seen as linked (Khan et al., 2001).  Therefore, focussing simply on drinking 

water without considering other essential aspects of water in nature will miss important 

information.   

 

In traditional knowledge, Elders are seen as the experts who hold this knowledge, 

although the scientific perspective does not view them as experts (Khan et al., 2001).  

Women are also seen as having an important role in caring for water, but are also more 

vulnerable to the impacts of water problems (Khan et al., 2001).   
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 3.1.2  Risk 
 
Engineering and scientific literature identifies a number of ways to examine risk, as 

outlined in the introduction.  Perceptions and tolerances of risk vary based on individual 

values and judgements, although risk-based evaluations are seen as a way to make 

decisions more objective (Hrudey and Light, 1996).  Approaches to determine acceptable 

levels of risk can be broken into two main categories; approaches emphasizing formal 

analysis, and approaches emphasizing the political bargaining process (Hunter and 

Fewtrell, 2001:222). 

 

3.1.2.1 Acceptable risk - formal analysis 

Approaches to determining acceptable risk that emphasize formal analysis and expert 

opinion generally include probabilistic, economic, or disease burden approaches (Hunter 

and Fewtrell, 2001:222).  In these approaches, acceptable risks fall below an arbitrarily 

defined probability; fall below some level that is already tolerated, or fall below an 

arbitrarily defined attributable fraction of disease burden in the community.  Other formal 

analysis can include calculations about the cost of reducing the risk compared to ‘costs of 

suffering’, or to opportunity costs better spent on other (more pressing) public health 

Criteria: 

• Does the tool consider First Nations perspectives? 

• Does the tool allow consideration of traditional knowledge? 

• Does the tool take a holistic view of water resources, or only focus on drinking 
water? 

• Does the tool encourage roles for Elders and women in dealing with water 
resources? 
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problems; or if public health professionals say the level of risk is acceptable (Hunter and 

Fewtrell, 2001) 

 

When examined from an objective, ‘rational’ perspective, risk can be seen as a 

combination of frequency and consequences, involving a source of hazard, receptor, and 

pathway (Pollard, 2008, McBean and Rovers, 1998).  That is, for a risk to exist, there 

must be a source of hazard, pathways for the hazard to get to a receptor, and a receptor 

who would be harmed by exposure to the hazard (McBean and Rovers, 1998).  The 

probability (likelihood) and consequences of exposure to the hazard are also important to 

consider (Ropeik and Gray, 2002).  Exposure is related to pathway and receptor, and the 

range of exposures and consequences varies with location, timing, and population 

subgroup (Ropeik and Gray, 2002).   

 

As indicated earlier, examining risk is not always straightforward, due to challenges in 

obtaining information on all of the factors, and because value judgements are involved 

even in ‘objective’ risk assessment.  Hrudey and Light (1996) state that some elements of 

risk can be more easily identified and quantified, such as the hazard, consequence, and 

time frame, while other elements are not so easily quantified.  McBean and Rovers 

(1998) and Goldman (2003) also identify the challenges to risk assessment due to limited 

data.  “…it is not wise to ignore that the estimation of risk may have considerable 

associated uncertainty …” (McBean and Rovers, 1998:262).  In addition, risk outcomes 

range from acute to chronic, negligible to fatal, and the number of people injured or killed 

by the risk is difficult to determine (Ropeik and Gray, 2002).  Uncertainty related to risk 
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is still significant, and scientists and experts can be influenced by financial or 

professional pressures (Hunter and Fewtrell, 2001).  “Expert scientific opinion is not, 

therefore, free from value” (Hunter and Fewtrell, 2001:218). 

 

3.1.2.1.1 Risk assessment and analysis 

Risk assessment and risk analysis are terms used for evaluation of risk, although there is 

little consensus on their definition in literature.  For example, Tchobanoglous and Burton 

(2003) outlines risk analysis as comprising both risk assessment (examination of possible 

effects of hazards to human health through statistical data) and risk management (the 

reduction of unacceptable risks), while Haas et al.(1999) also include risk communication 

as part of risk analysis.  Schierow (2001) defines risk assessment as a “procedure 

producing a quantitative estimate of environmental risk” and defines risk analysis as a 

broader term including “quantitative and qualitative evaluation of all relevant attributes of 

environmental hazards, risks, adverse effects, events and conditions that lead to or modify 

adverse effects…”  The National Research Council (NRC) explored the issue of standard 

definitions in 1983, proposing that risk assessment is: 

“the characterization of the potential adverse health effects of human exposures to 

environmental hazards”… including “ description of the potential adverse health 

effects based on an evaluation of results of epidemiologic, clinical, toxicologic, 

and environmental research; extrapolation from those results to predict the type 

and estimate the extent of health effects in humans under given conditions of 

exposure; judgements as to the number and characteristics of persons exposed at 

various intensities and durations; and summary judgements on the existence and 
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overall magnitude of the public-health problem.  Risk assessment also includes 

characterization of the uncertainties inherent in the process of inferring risk.” 

(NRC, 1983:18). 

 

The NRC (1983) also points out that risk assessment includes quantitative and qualitative 

aspects, since quantitative estimates of risk are not always feasible.   

 

Specific steps involved with risk assessment have been identified by a number of sources; 

these steps include hazard identification, exposure assessment, dose response assessment, 

and risk characterisation (Tchobanoglous and Burton, 2003; NRC, 1983; and Haas et al., 

1999; Westrell et al., 2004; WHO, 2004).  The NRC (1983:18) identifies “analysis of 

perceived risks”, and “analysis of the economic and social implications of regulatory 

decisions” as risk management, as opposed to risk assessment.   

 

Hazard identification and dose-response assessment are important aspects of risk 

assessment, determining if a hazard can make people ill, (NRC, 1983) and what level of 

hazard makes people ill, (McBean and Rovers, 1998) (see also Haas et al., 1999).  Levels 

can be determined from toxicological studies (controlled lab studies), and 

epidemiological studies (observational studies of people who were inadvertently exposed 

to a hazard) (McBean and Rovers, 1998; Ropeik and Gray, 2002; NRC, 1983).  

Toxicological studies often can introduce uncertainty as the dosage and species tested 

may not be directly related to human impacts, while epidemiological studies can 

introduce uncertainty due to extrapolation from specific groups of people to the rest of 
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society (McBean and Rovers, 1998; Ropeik and Gray, 2002, NRC, 1983; Haas et al., 

1999).  However, hazard identification is one aspect of risk assessment that often 

influences regulatory agencies (NRC, 1983).   

 

Similar conceptions of exposure assessment and risk characterization are proposed by 

NRC (1983), Tchobanoglous and Burton, (2003), and Hass et al., (1999).  Exposure 

assessment involves determining “the intensity, frequency, and duration of human 

exposures to an agent currently present in the environment” (NRC, 1983:20).  It can also 

include the magnitude, duration, timing, and exposure route, the size, nature and types of 

populations exposed, and the uncertainties in the estimates (NRC, 1983).  Risk 

characterization combines exposure and dose-response assessments, to estimate the 

magnitude of public health impacts, and tallies the uncertainties (NRC, 1983; Haas et al., 

1999).  For further details about dose response, exposure assessment, hazard 

identification, and risk characterization see McBean and Rovers (1998) and Haas (1999).  

Risk management is discussed further below. 

 

3.1.2.1.2 Risk management 

As outlined in the discussion of risk analysis and assessment, various interpretations exist 

for the term risk management.  Risk management can be seen as an overall goal; after risk 

has been examined, the information should be used to manage the risk identified.  Risk 

management can also be seen as a process to set priorities to protect drinking water 

quality (Miller et al., 2005), or to make decisions about risks, prioritize actions, and 

evaluate the results (Schierow, 2001). The NRC identified risk management as a decision 
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making process which considers “political, social, economic and engineering information 

with risk-related information to develop, analyze, and compare regulatory options and to 

select the appropriate regulatory response…” (1983:19) and defined risk management as 

“the process of evaluating alternative regulatory actions and selecting among them” 

(1983:18).  Management of risk, according to McBean and Rovers (1998), entails 

weighing alternatives on social, economic and political concerns, while to Tchobanoglous 

and Burton (2003) it means the reduction of unacceptable risks.  Pollard et al. (2007) 

recommend analyzing costs and benefits or prioritizing risk control measures based on 

risk reduction per unit cost. 

 

Pollard recommends organizations embed proactive risk management into their culture, 

replacing cultures of risk avoidance (2008).  Pollard et al. (2007) also devote considerable 

attention to how companies can establish a climate of risk management, through 

discussions of scales of organizational maturity, and descriptions of specific 

characteristics of organizations able to manage risk proactively.  To establish the climate 

of managing risk proactively, Pollard (2008) suggests changing people’s perceptions of 

risks, communicating risk both internally and external to the organization, developing a 

risk framework, developing a suite of decision tools, and designating company risk 

champions.   

 

Several sources have identified other important characteristics of risk management.  Risk 

management should: 

• be preventive, not reactive, (O’Connor, 2002) 
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• prioritize risks, (O’Connor, 2002) 

• deal with the greater risks first, (O’Connor, 2002) 

• learn from experience, (O’Connor, 2002) 

• invest in risk management at levels proportional to the dangers (O’Connor, 2002) 

• not obstruct progress and innovation, (Pollard, 2008) 

• promote efficient use of resources, (Pollard, 2008) 

• be consumer responsive, (Pollard, 2008) 

• use procedures which are as simple as possible to be easily understood, accepted 

and adopted, (Pollard, 2008) 

• consider a long term perspective, (Pollard, 2008) and  

• increase understanding of users. 

 

Risk management, therefore, requires value judgments on the acceptability of risk, costs 

of control (NRC, 1983) and in the weighting of alternatives.  Concerns have been raised 

as to who should make judgments about what risk is tolerable (WHO, 2004; McBean and 

Rovers, 1998; Ropeik and Gray, 2002, Mora & Keipi, 2006). This is discussed further 

below.  

 

3.1.2.1.3 Risk assessment and risk management - linkages and differences 

It is clear from reviewing the literature that risk assessment and risk management are 

usually considered as integral parts of a whole.  Twenty-six of 30 articles or reports 

related to environmental risk reviewed by the author mentioned both risk assessment and 
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risk management.  It is also clear that risk assessment results should lead to management 

of risk and changes to systems instead of simply classifying and ranking risk.   

 

One important link between risk assessment and risk management is the setting of 

guidelines and regulations based on the “now ‘classic’ conception of risk assessment and 

risk management applied to chemical hazards” as outlined by Bartram et al. (2001:3).  

The NRC’s precedent-setting 1983 text (which focussed mainly on chemical hazards) 

recommends maintaining a “clear conceptual distinction” between risk assessment and 

risk management, so “the scientific findings and policy judgements embedded in risk 

assessments should be explicitly distinguished from the political, economic, and technical 

considerations that influence the design and choice of regulatory strategies” (NRC, 

1983:7).  However, both the NRC (1983) and Goldman (2003) caution against separating 

risk assessment from risk management in different regulatory agencies.  Goldman (2003) 

cautions about excessive separation of risk assessment and risk management, and that risk 

assessment approaches may limit incentives to generate new data, unless other incentives 

are put in place.  Goldman (2003:1279) also states that “separation of risk assessment and 

risk management should only occur on the conceptual level”, while Haas (2002) also 

indicates that risk analysis and risk management must be linked.   

 

Bartram et al., (2001) and MacGillivray et al (2006) indicate that the distinction between 

risk assessment and risk management is less sharp for microbial hazards than chemical 

hazards.  This is because the greatest microbial hazard is from one common source, 

human excreta, while a multitude of sources exist for chemical hazards (Bartram et al., 
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2001).  As well, short-term exposure to microbial hazards can cause both acute and 

delayed effects to health.  Since pathogens are so widespread, the very absence of barriers 

presents a hazard (Bartram et al., 2001).  The format of many current risk assessment 

tools for drinking water risk assessment also inherently includes risk management, which 

may be due to this less sharp distinction between assessment and management of risks. 

 

Links between risk assessment and risk management can also be on a smaller scale; using 

results from risk assessment tools to make changes to system operation, staff training, or 

source water protection for example.  Some regulators require utilities to conduct risk 

assessments, to prove they are able to assess and prioritize “the management of the key 

threats” (Pollard, 2008:2).   

 

It is clear that risk assessment and risk management are intimately linked.  Risk 

assessment is generally considered a task for those with scientific knowledge, but there is 

less agreement over who should manage risks.  Risk assessment and risk management 

may be improved by including perspectives of not only scientists and policy makers, but 

also community members.  Discussions about the political bargaining method to 

determining acceptable risk are below. 

 

3.1.2.2 Acceptable risk - political bargaining process 

Approaches to acceptable risk which emphasize the political bargaining process include 

having the public say risk is acceptable (or more likely, not say it is not acceptable); or 
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having politicians say it is acceptable (Hunter and Fewtrell, 2001).  These approaches to 

determining acceptable risk also have strengths and shortcomings. 

 

Characteristics that influence emotional response to risk include: familiarity; origin of 

risks; choice/imposition of risk; individual control over risk; trust of those giving 

information; uncertainty; and whom the risk affects (children or adults, self or others) 

(compiled from Ropeik and Gray, 2002; Sjoberg, 1998; Hunter and Fewtrell, 2001).  

Reactions to risks are influenced by moral reactions; people seem to react more strongly 

to man-made risks and disasters caused by human error or negligence than to natural 

disasters of a similar magnitude (Sjoberg, 1998).  Sjoberg also found that people “dismiss 

a number of fatal risks on the basis of very small probabilities. However, for risks that we 

do not dismiss, we seem to react to the size of the consequences” (Sjoberg, 1998:9). 

 

Genuine public participation in decision making about risk improves decisions and makes 

the decision making process more widely accepted (Arvai, 2003), and may also increase 

public capacity to understand and make risk based decisions.  As indicated above, people 

tend to have lower tolerance for risks that they feel they have no control over or do not 

understand (McBean and Rovers, 1998, Ropeik and Gray, 2002).  Participatory decision 

making processes can change risks from imposed to voluntary, and can make the results 

more acceptable (Arvai, 2003).  Processes controlled by experts (slightly less 

participatory) may also increase public trust as long as decision making and risk 

communication is transparent (Sjoberg, 1998; Pollard, 2008; Hrudey and Light, 1996).  

However, it is important that risk communication not be manipulated to provide the 

public with a false sense of participation (Arvai, 2003).  The World Health Organization 
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(WHO) states that society as a whole should decide levels of tolerance of risk and 

judgement of what constitutes a good cost-benefit for a particular treatment (WHO, 

2004).   

 

There are also problems associated with “taking a purely bargaining approach” to risk, 

since “Bargaining approaches often do not produce … optimal solutions to problems, 

especially when different stakeholders have different power, knowledge, and resources.” 

(Hunter and Fewtrell, 2001:222).  It is challenging to correctly determine the public 

viewpoint, since the public has many different views of risk, which may be irrational at 

times (Hunter and Fewtrell, 2001).  As well, it may be dangerous to rely on the media or 

pressure groups to gauge the public view (Hunter and Fewtrell, 2001).  Since the groups 

at highest risk often have the least influence in debate in many societies, health inequality 

or social exclusion may be replicated when taking a bargaining approach to risk (Hunter 

and Fewtrell, 2001). 

 

It is impossible to remove all risk from water supply, as stated earlier (Szewzyk et al., 

2000; Hrudey and Hrudey, 2004; Hrudey et al., 2006; O’Connor, 2002).  The acceptable 

level of risk (or risk tolerance) varies between individuals and institutions. Some argue 

that the level of risk for drinking water systems should be “a level of risk so low that a 

reasonable, well-informed individual need not be concerned about it” (O’Connor, 

2002:5).  A commonly accepted level of negligible risk is one in 100,000 or one in a 

million (McBean and Rovers, 1998; Hunter and Fewtrell, 2001).  This is approximately 

similar to the risk of death from lightning strike in Canada (Mills et al., 2008) or of being 

electrocuted at home (Hunter and Fewtrell, 2001). Pollard et al. recommend risk be as 
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low as reasonably practicable in the case of health and safety issues, but cost-benefit 

principles may be useful for water organizations on a wider whole.   

 

Each of the levels of acceptable risk discussed above are based on the risk tolerance of an 

organization, community or individual.  Pollard et al. argue that many organizations have 

not defined their risk tolerance very well, and that a weakly defined risk tolerance can 

negatively “impact risk-based decision making and risk response” (Pollard et al., 

2007:48).  “Risks and values are intimately linked: however, there is little explicit 

expression, at present, of the risks that utilities are prepared to accept, whether the 

utilities are private, public, or corporatized government structures.” (Pollard et al., 

2007:61).   

 

Others address risk tolerance differently; while in the United States, decision making 

under uncertainty tends to use risk assessment; in Europe the precautionary principle is 

used (Goldman, 2003; Institute of Medicine, 2009).  The precautionary principle was 

designed to assist with decision making under uncertainty; captured in the every-day 

phrase “better safe than sorry”.  However, almost everything has some risk associated 

with it, and an overly cautious approach (excessive precaution) may lead to loss of 

innovation or denying benefits to people (Ropeik and Gray, 2002), and can be costly 

(O’Connor, 2002).  It is important to assess concerns on a case-by-case basis, rationally 

weighing them against benefits.  However, Justice O’Connor indicates that the two 

approaches (risk assessment and precautionary principle) are complementary and can be 

used to find a level of risk that many citizens find acceptable , 2002).  The debate about 
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the precautionary principle, the possible benefits of taking risks, and individual or group 

tolerance for risk is described further by Ropeik and Gray, (2002); Goldman (2003); and 

Institute of Medicine, (2009).   

 

 
 

3.1.3 Hazards 

A hazard is something that can cause harm to a receptor such as a person, the 

environment, or property (Pollard, 2008).  Hazard is not the same as risk; as discussed in 

section 1.3.  In the context of drinking water, hazards are the various pathogenic, 

chemical, physical or radiological (radioactive) agents that could cause harm (WHO, 

2004).   

 

Physical properties of water (such as high turbidity) can also be associated with 

biological hazards (Australia, 2004; Health Canada, 2008 b).  Turbidity from inorganic 

and organic particles can influence the chemistry of water, shield microorganisms from 

disinfection, and add taste and colour (Health Canada, 2008 b).  Chemical and 

Criteria: 

• Are terms and definitions consistent and easily understood? 

• Does the tool emphasize formal analysis process or the political bargaining 
process, or both, to determine acceptable risks? 

• Is the tool intended to assess or manage risk, or both? 

• Does the tool prioritize concerns to assist in decision making? 

• Does the tool produce a cost-benefit analysis or risk reduction cost per unit cost? 

• Does the tool assess if some form of public consultation or participation about 
the water system has taken place? 

• Does the tool assess if risk tolerance has been defined for the community? 

• Does the tool increase the awareness/capacity of the user? 
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radiological contamination can cause chronic problems or immediate acute problems, 

depending on dosage, pathway of entry to the body, and effects on various organs. 

 

Detailed information on hazardous agents in drinking water has been provided by many 

(Tchobanoglous and Burton, 2003; Hrudey and Hrudey, 2004; WHO, 2004 and others), 

and so is addressed only briefly below. 

 

 3.1.3.1 Pathogenic pollutants  

Pathogens cause most water-related health problems (Byleveld et al., 2008; WHO, 2004; 

Health Canada, 2006 as cited in Swain et al., 2006), but chemical contamination of 

drinking water can also cause significant problems (WHO, 2004).  The greatest hazards 

for microbial contamination are caused by fecal contamination (WHO, 2004).  Pathogens 

are prevalent in untreated water near human habitation (Hrudey and Hrudey, 2004).  

Feces from humans, animals or birds can be a source of pathogenic bacteria, viruses, 

protozoa, and helminths.  Pathogens can lead to acute or chronic problems or even death 

fairly quickly after consumption (Hrudey and Hrudey, 2004).   

 

Pathogens of concern include: 

• bacteria (including Salmonella, Shigella, Vibrio, Mycobacterium, 

Clostridium, Leptospira, Yersinia, Escherichia coli) (Tchobanoglous and 

Burton, 2003) and Campylobacter (Hrudey and Hrudey, 2004). 
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• protozoa (including Balantidium coli, Cryptosporidium, Cyclospora, 

Entamoeba, Giardia) (Tchobanoglous and Burton, 2003) and Toxoplasma 

gondii (Hrudey and Hrudey, 2004) 

• helminths (including Ascaris, Enterobius, Fasciola, Hymenolepis, Taenia, 

Trichuris) (Tchobanoglous and Burton, 2003)  

• viruses (including Adenovirus, Enterovirus, Hepatitis, Norwalk, 

Parvovirus, Rotavirus ) (Tchobanoglous and Burton, 2003; Hrudey and 

Hrudey, 2004) 

 

3.1.3.2 Chemical and radiological pollutants 

The WHO indicates that “only a few key chemicals cause large scale health effects 

through drinking-water exposure” including fluoride, arsenic and nitrate (WHO, 

2004:xvii).  Lead may be a localized problem (WHO, 2004), from older plumbing (Swain 

et al., 2006).  Selenium and uranium can also be important chemical hazards in some 

circumstances (WHO, 2004).  Additionally, nitrites and nitrates from fertilizers or other 

sources may cause localized contamination of water sources (Swain et al., 2006; WHO, 

2004).  

 

The Guidelines for Canadian Drinking Water Quality (GCDWQ) list guidelines for over 

80 chemical, physical, and radiological parameters, which can be found at http://www.hc-

sc.gc.ca/ewh-semt/pubs/water-eau/sum_guide-res_recom/index_e.html. 
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3.1.4 Challenges specific to remote and First Nations water supplies 

To address hazards in the water supply, we must also understand some of the challenges 

facing these water systems.  Many of the challenges facing First Nations water supplies 

can be similar to those facing other remote or smaller communities, and may include 

colder climate, community geography (remoteness, density), community size, and in turn, 

financial and organizational constraints.  In addition, First Nations communities have 

unique cultural and political backgrounds, and face complicated jurisdiction, which 

should be considered when examining water safety.  The following provides an overview 

of some challenges specific to small, remote and First Nations water supplies.   

 

3.1.4.1 Colder climate (cold regions) 

Colder climate can have several impacts on water treatment processes, due to low 

temperatures, and in some regions, permafrost (Smith and Low, 1996).  Conventional 

components of systems should be carefully analyzed to determine the effects of cold 

stress, and should assume the system will freeze if not adequately protected (Smith and 

Low, 1996).  Beyond the obvious changes in the physical properties of water due to 

colder temperatures, treatment processes are affected by temperature, and treatment plant 

design may not be appropriate for either very cold raw water, or great variances in raw 

water temperature.  Temperature affects chemical reaction rates, viscosity, density, and 

specific gravity of water, solubility of gasses in water, and aquatic life such as 

Criteria: 

• Does the tool assess sources and routes of fecal contamination that could lead to 
pathogens entering water sources? 

• Does the tool assess routes to chemical contamination of the water? 

• Does the tool assess if naturally occurring chemicals could contaminate the water? 
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microorganisms (Tchobanoglous & Burton, 2003).  Smith and Low (1996) identify 

temperature ranges from -50°C to +35°C as existing in cold regions.  The variance in 

temperature, if not adequately considered, may result in treatment facilities that are over-

designed for some seasons and/or under-designed for other seasons.   

 

Other challenges of colder climates include heating the treatment facilities and 

distribution system, structural damage due to freezing and thawing of the soil, freeze 

protection, and considerations related to source water ice formation and break-up (Smith 

and Low, 1996).  Impacts of winter storms or snow drift on water truck delivery may also 

be important (Smith and Low, 1996; Moore, 1999).  In addition, utility failure has severe 

physical and social consequences in cold regions (Smith and Low, 1996).  Smith and 

Low provide an excellent review of further considerations of water systems in cold 

regions; while others such as Freitag and McFadden (1997) and Raymond et al. (2006) 

also describe technical measures to reduce cold climate impacts. 

 

3.1.4.2 Community Geography – remoteness and density 

Location of communities can be a challenge to producing safe drinking water (Swain et 

al., 2006).  The distance of communities from major centers influences the availability of 

supplies, accessibility during certain times of the year, length of time for materials to 

arrive at the water treatment plant, and infrastructure requirements.  Both capital and 

Criteria: 

• Does the tool take temperature ranges into consideration? 

• Does the tool suggest measures which should be taken based on extreme cold or 
large fluxes in temperature? 

• Does the tool consider extreme winter storms and associated problems (heating, 
truck water delivery etc) 
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operating costs are high in remote communities (Swain et al., 2006).  Construction and 

operation costs in remote areas are high because of high costs for resources such as 

energy and transportation; especially if most materials must be imported (Smith and Low, 

1996).  Emergency help and supplies are difficult and costly to obtain (Swain et al., 

2006), and the cost of tradespersons is much higher (Holden, 1999).  Loss of service can 

result in closures of schools and health care facilities, as well as loss of fire protection 

(Holden, 1999).  Design of treatment plants to meet fire protection capacity can also 

result in significant over-sizing of facilities, which may cause other water quality issues 

(Moore, 1999). 

 

Water quality sampling and monitoring can also be complicated by remoteness, as 

holding times for some samples may expire before the samples are able to reach an 

accredited lab (O’Connor, 2002).  INAC (2007) indicate that some First Nations 

communities included in their ‘summative evaluation’ are too remote to deliver samples 

to accredited labs within the recommended 24-hour period.  Moore (1999) indicates that 

the time from a sample being taken to the time the results are received in the community 

can be as long as three to four weeks.  Use of other sampling methods and on-site 

sampling such as Presence/Absence testing may reduce these complications (Moore, 

1999).  Presence/Absence testing is discussed further in Section 3.1.5.1. 

 

Often, rural communities have more dispersed housing, which further increases costs for 

infrastructure such as piping, especially costs for piped water and sewer systems (Smith 

and Low, 1996).  INAC (2007) illustrates these extra costs as a difference between urban 
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infrastructure needing 1-2 m of piping per person to rural villages requiring as much as 8 

m of piping per person.  The costs can be up to 3-4 times the cost of construction in the 

south (INAC, 2007).  “Since the provision of services tends to anchor the location and fix 

the layout of the community, the long-term physical and socioeconomic implication of all 

decisions must be considered.” (Smith and Low, 1996:1.2).  In some cases, a centralized, 

piped system may not be appropriate to reach all dispersed homes in a community, as 

described in later sections.   

A link between housing crowding and water quality has been noted (Senate of Canada, 

2007; Parsons, 2003).  About 17 percent of First Nations adults reported living in 

crowded homes, and occupancy density increased in the 1990s (First Nations Center, 

2003).  Rosenberg et al. (1997) found a significant link between community 

infrastructure and rates of shigellosis in Alberta; those with less dense housing, access to 

piped water, community wells, and wastewater systems had better health outcomes.  

Others have indicated that hepatitis A and shigellosis rates are 12 and 20 times higher in 

First Nations communities than the national average (Matthew Coon Come, as cited in 

Parsons, 2003).  The rate of population growth in many First Nations communities is 

higher than other communities (Swain et al., 2006; Parsons, 2003); which may lead to 

future increased challenges in housing and provision of safe water.   

 

Criteria:  

• Does the tool take remoteness into consideration? 

• Does the tool assess if alternative methods of sampling are available to remote 
communities who cannot meet suggested hold periods? 

• Does the tool consider the density of the community? 

• Does the tool assess average housing density in the community? 

• Does the tool assess planning for future growth 
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 3.1.4.3 Community size/population 

The size of some communities can be a challenge in ensuring access to safe drinking 

water (Swain et al., 2006).  Communities with small populations have a wide range of 

water systems, and communities may have both centralized and on-site/individual 

systems to deliver water to all community members.  Smaller utilities often have more 

difficulties in consistently supplying drinking water that meets standards (Coulibaly and 

Rodriguez, 2003; Smith et al., 2006; Butterfield and Camper, 2004).  Byleveld et al., 

(2008) indicate that small, remote, and indigenous communities are most vulnerable to 

contamination. 

 

The Standing Senate Committee for Aboriginal Peoples (Senate of Canada, 2007) heard 

testimony that very small communities generally have difficulty meeting drinking water 

standards, due to economies of scale of water and wastewater treatment, and the 

difficulties of “getting trained people and state-of-the-art equipment operating at its best 

in small place” (Senate of Canada, 2007:16-19).  Capacity to manage the system also 

may be challenging (Swain et al., 2006).  Small and remote communities face difficulties 

in finding and retaining qualified water treatment plant operators, and, since economies 

of scale do not work, face extra costs due to small size and remote location (INAC, 2007; 

Swain et al., 2006).  

 
 

Criteria: 

• Does the tool ask about the size of the community? 

• Does the tool address problems of retaining qualified staff or training existing 
staff? 
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3.1.4.4 Financial constraints 

Financial resources are a significant challenge to communities’ access to safe water.  

Funding is essential for the provision of safe drinking water; for infrastructure design and 

construction, operation, maintenance, operator retention and training.  Many small rural 

communities (not only First Nations communities) have challenges to obtain enough 

revenue to finance infrastructure and operational costs of water systems, due to small 

population sizes and lower incomes (Lebel, 2008).  Although funding for infrastructure in 

First Nations communities is generally provided by INAC, only a portion of the operating 

and maintenance costs are funded by INAC.   

 

Some concerns about the funding formula have been raised (Senate of Canada, 2007), 

with investment in capital and building of plants having too much focus, and operational 

concerns receiving less emphasis.  The original funding formula sometimes under-

estimated operating costs, and some communities had difficulties generally getting the 

funds for operation (Senate of Canada, 2007).   

 

First Nations communities without the capacity to generate income must generally rely 

on the federal government to finance water systems.  INAC usually funds 80 percent of 

estimated costs to operate and maintain a water system, with the community responsible 

to obtain the remaining 20 percent (Lebel, 2008; INAC, 2003; Swain et al., 2006).  

Obtaining the remaining 20 percent of costs can cause serious hardship (Swain et al., 

2006; Senate of Canada, 2007).  “… the federal government has never provided enough 

funding to First Nations to ensure that the quantity and quality of their water systems was 



 

 88 

comparable to that of off-reserve communities” (Swain et al., 2006:22).  The Standing 

Senate Committee on Aboriginal Peoples (2007) quote the Commissioner of the 

Environment and Sustainable Development (2005) as saying “despite the hundreds of 

millions of federal funds invested, a significant proportion of drinking water systems in 

First Nations Communities continue to deliver drinking water whose quality or safety is 

at risk”.  However, Helin (2006) argues that transfer payments have caused significant 

social and cultural disintegration.  Other perceptions of funding sources are discussed 

further in Section 3.1.5.9. 

 

Many remote and small First Nations communities face additional financial challenges 

(Swain et al., 2006).  Devolution of responsibilities from governments to First Nations (in 

a general move towards self-governance) has not also provided First Nations with the 

resources to carry out these responsibilities. 

 

 
 

3.1.4.5 Unique cultural situation 

First Nations communities have a unique relationship to water, as discussed at the start of 

this review.  Some current guidelines for measuring risk of specific hazards, and water 

treatment technologies might not be adequate or appropriate for First Nations 

communities.  For example, the Guidelines for Canadian Drinking Water Quality 

(GCDWQ) have been set based on risks as perceived by experts.  First Nations 

Criteria: 

• Does the tool assess if financial constraints have impacted: 
o Infrastructure 
o Operation and maintenance 

• Does the tool assess how quickly funds are available for repairs? 
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communities may have perspectives that warrant following stricter limits on some 

parameters for drinking water.  For example, if drinking water is objectionable in odour, 

taste, or appearance, (aesthetics) people are less likely to consume the treated water.  

Levels of chlorine seen from the scientific perspective as a beneficial indicator of residual 

chlorine can be seen by others as undesirable and lead to individuals deciding not to drink 

the water (Moore, 1999).  The consequences of poor aesthetics may be more serious in 

more remote First Nations communities, because some people will use water from nearby 

surface water, which is much more likely to be microbially unsafe (Swain et al., 2006).  

In other cases, communities have decided to turn off chlorinators due to taste or other 

concerns, and are therefore on long-term boil water orders (INAC, 2007).  Guidelines or 

limits set for First Nations communities should therefore consider the community 

preferences for water odour, taste and appearance.  Allowances should be made for 

alternative technologies such as UV treatment, as is made in New Zealand for Maori 

communities who object to adding chemicals to their water (Swain et al., 2006), provided 

these technologies provide adequate protection. 

 

 
 

Criteria: 

• Does the tool consider community preferences for aesthetic and other relevant 
drinking water parameters? 
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3.1.4.6 Complicated jurisdiction 

Jurisdiction and responsibility for water in general is complex, and this is certainly true 

for water in First Nations communities.  The Canadian Constitution divides the power to 

legislate over water resources between the federal, provincial, territorial and First Nations 

governments, fragmenting the ability of one level of government to protect water 

resources as a whole (Muldoon and McClenaghan, 2007).  Jurisdiction becomes further 

complicated because drinking water sources do not follow human boundaries such as 

political borders, and management decisions made in one jurisdiction can affect 

downstream communities (Ivey et al., 2006; O’Connor, 2002).   

 

Canada has no federal source water protection legislation (Ivey et al., 2006, Swain et al., 

2006) or laws and regulations (regulatory framework) directly pertaining to water and 

treatment facilities (Khan et al., 2001, Swain et al., 2006).  Several inter-jurisdictional 

governance bodies have been developed to address governance of water including the 

Environmental Harmonization Accord of 1998, and the Canadian Council of Ministers of 

the Environment (CCME) (Muldoon and McClenaghan, 2007).  First Nation 

governments are not involved in the CCME, and the approach of the CCME is thought by 

some to limit public participation (Muldoon and McClenaghan, 2007).  In Ontario, 

although the provincial government and conservation authorities do not have jurisdiction 

over water for First Nations communities, provincial water policy and decisions made in 

other communities affect First Nations (Chiefs of Ontario, 2007).   

 

First Nations have been accorded rights (aboriginal and treaty rights) in the 1982 

constitution beyond that of other Canadians, because of their history and previous self-



 

 91 

governance (Khan et al., 2001).  These rights include fishing and hunting rights and the 

right to be involved in all decisions relating to land and water use that affect First Nations 

territories (Kempton, 2005; Walkem, 2007, KAIROS, 2004).  However, the extent of 

rights to self governance is inconsistently recognized and is still being clarified and 

interpreted by negotiations and in the courts (Muldoon and McClenaghan, 2007).  

Although First Nations should be considered more than stakeholders, often First Nation 

governments are not fully engaged in water management decisions (Wilson, 2004).  As 

Swain et al. (2006:24) indicate, “The collision of cultures and legal traditions over the 

years since European settlement began has left a vast and sombre story that cannot be 

adequately summarized here.”  “… the Indian Act … leaves the federal government 

inextricably involved in many aspects of First Nations life – not as a distant policy-maker 

and law-enforcer, but as an intimate partner and fiduciary” (Swain et al., 2006:24). 

 

Two recent policy initiatives illustrate the inconsistent interpretations of First Nations 

water rights; the Great Lakes Annex negotiations, and the Clean Water Act (Ontario).  

First Nations communities were informed late in the negotiation process about the Great 

Lakes Annex plans, though the negotiations would have a significant impact on their 

rights to water governance (Muldoon and McClenaghan, 2007).  The Clean Water Act of 

Ontario leaves unresolved questions about how First Nations communities will actually 

be involved in developing source protection plans within the proposed structure 

(Muldoon and McClenaghan, 2007), although it does make provisions for consultation 

throughout the process.  Justice O’Connor recommended that First Nations be part of 

negotiations over watershed planning in Ontario (O’Connor, 2002).  The AFN spoke 
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against creating federal legislation for water without a consultation process with First 

Nations (Senate of Canada, 2007).  The AFN assert that more sustainable and meaningful 

results will be reached if a collaborative process is used to create a new regulatory 

framework (Senate of Canada, 2007).  “We believe we have a clear framework for that 

progress under the First Nations-Federal Crown Political Accord on Recognition and 

Implementation of First Nations Government” which outlines the need for a national 

dialogue, research, expertise, and a development of policy through collaborative methods 

(Senate of Canada, 2007: 28).  Richard Jock from the AFN, testifying before the Standing 

Senate Committee on Aboriginal Peoples, indicated that successful legislation would 

recognize First Nations governments, clarify fiscal relationships and accountability, build 

capacity, and harmonize different jurisdictions for a coordinated approach (Senate of 

Canada, 2007). 

 

3.1.4.6.1 Drinking water jurisdiction 

Responsibility for drinking water quality is shared between various levels of government 

(Health Canada, 2007).  The federal government, through the CCME, leads in the 

development of drinking water guidelines, the Guidelines for Canadian Drinking Water 

Quality (GCDWQ).  Provincial governments generally have jurisdiction over regulation 

of quality standards, and overseeing source water and drinking water treatment and 

distribution systems, often through municipalities (Health Canada, 2007).  Municipalities 

generally treat and distribute drinking water to the public, but private home owners may 

draw drinking water from their own property (Health Canada, 2007).  In most 

jurisdictions, wells on private property must be drilled by a licensed individual, but after 
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that time, generally no regulations apply, as the landowner is considered responsible for 

their maintenance (Swain et al., 2006).   

 

In contrast, water quality in First Nations communities south of 60°N generally falls 

under the jurisdiction of Health Canada, INAC, and the First Nation Band Council 

(Health Canada, 2007).  Environmental protection of “aboriginal lands” is considered the 

responsibility of Environment Canada (Wilson, 2004), as is assistance and training 

material on source water protection.  First Nations communities have the responsibility to 

contract out the study, design, and construction of the facilities, as well as the supply of 

equipment for the systems (Health Canada, 2007, INAC, 2003).  First Nations staff 

operates and maintains the systems (Health Canada, 2007, INAC, 2006).  Funding for 

constructing and upgrading water facilities is provided by INAC, and part of the 

operation and maintenance funding also is provided by INAC (Health Canada, 2007).  At 

one point, Public Works and Government Services Canada assisted with procurement and 

engineering advice and approvals (Swain et al., 2006).   

 

Some First Nations communities share drinking water treatment system resources with 

neighbouring municipalities (Health Canada, 2007).  Health Canada ensures water quality 

monitoring programs are working in First Nations Communities (Health Canada, 2007).  

In First Nations communities located north of 60°N, the territorial government has the 

main responsibility for drinking water systems (Health Canada, 2007).  In general, both 

municipal and private systems are user-funded, while systems in First Nations 

communities are not generally user-funded.   
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INAC mainly provides funding for planning, designing, constructing, operating and 

maintaining the water and wastewater systems; First Nations communities have assumed 

day-to-day responsibility for the delivery of these services (INAC, 2003).  INAC does not 

provide funding for construction, operation and maintenance of private wells and septic 

tanks (INAC, 2007).  INAC has identified some potential problems with this arguably 

inconsistent funding (INAC, 2007).  Recommendations to address these problems include 

providing support for these alternative cost-effective solutions (wells and septic tanks) 

(INAC, 2007). 

 

First Nation Band Councils are responsible to ensure that water and wastewater facilities 

are designed, constructed, maintained and operated in accordance with established federal 

or provincial standards, whichever are the most stringent (INAC, 2003). However, some 

First Nations feel a lack of inclusion in decision making processes at INAC or 

Environment Canada, and only act in an advisory role as part of the National Advisory 

Council as noted by Wilson (2004).   

 

Within First Nations governance, the Chief and Council usually oversee management and 

running of systems, while regional councils (such as tribal councils) may be involved in 

public health matters including water monitoring (Swain et al., 2006).  These roles vary 

from region to region (Swain et al., 2006).   
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It is important that all parties involved understand their roles and responsibilities in 

providing safe drinking water, and that the focus on public health is emphasized (Health 

Canada, 2007 b).  Jurisdiction over drinking water is complicated, so all members 

involved should have enough understanding of the impacts of their decisions on water 

(Health Canada, 2007 b). 

 

3.1.4.6.2 Regulation 

A lack of regulation has been cited as a reason why First Nations communities do not 

benefit from similar levels of safe drinking water as other communities (INAC, 2007, 

quoting the Commissioner of the Environment and Sustainable Development).  In 2006, 

INAC introduced the Protocol for Safe Drinking Water in First Nations Communities as 

part of the Plan of Action for Drinking Water in First Nations Communities.  This 

protocol does not apply to individual wells (INAC, 2007).  As well, an expert panel led 

by Swain, Louttit and Hrudey was created “to develop options for an appropriate 

regulatory framework” (INAC, 2007:87).   

 

INAC indicates that a comprehensive regulatory framework should include:  

 

“roles and responsibilities, non-piped water delivery systems, wells for 

individuals, water withdrawal and use, operator certification, monitoring, 

enforcement, appeal mechanism for regulatory decisions, reporting, design 

approvals, operating approvals for water and wastewater facilities procurement, 

construction and commissioning, emergency planning and response, drinking-
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water source protection, third-party audits and occupational health and safety.” 

(INAC, 2007:88). 

 

First Nations communities do not fall under provincial jurisdiction, and can be considered 

“jurisdictionally isolated” from provincially funded activities (Khan et al., 2001:1).  

Federal programs related to drinking water have been called “outdated and poorly co-

ordinated” in comparison to provincial activities (Khan et al., 2001:2).  Khan et al. (2001) 

also have the view that the federal government has a responsibility to ensure First Nations 

have resources needed to achieve safe drinking water, with full participation of First 

Nations in developing programs related to drinking water. 

 

Jurisdiction can have a significant impact on the effectiveness of other water related 

issues such as source water protection.  A lack of regulatory control over existing (legal) 

land uses is cited by Ivey et al. (2006) as limiting source water protection initiatives by 

municipalities, while NRC (2000) outlines the importance of having jurisdiction over 

enforcement of source protection measures.  Limits to regulatory control over existing 

and proposed land uses and enforcement may also be a challenge for First Nations 

communities, especially on lands outside of reserves that affect water quality on reserve.  

Authority to issue boil-water advisories is also complex and usually involves both 

Federal and First Nations organizations (Swain et al., 2006). 
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The Standing Senate Committee on Aboriginal Peoples recommends legislation to 

regulate water standards on reserve, but cautions that regulations are only part of the 

answer.   

“Sustained investment in the capacity of First Nations community water systems 

and of those running the systems is absolutely essential to ensure First Nations 

people on-reserve enjoy safe drinking water.  Without this investment, we risk 

introducing a regulatory regime that burdens communities and does little to help 

them meet legislated standards” (2007:9).   

Those who testified before the Committee agreed that a regulatory framework would help 

provide safe drinking water in First Nations communities, but there was some debate 

about when and how this legislation should be introduced.  Other requirements should be 

met, such as “investment in both human resources and physical assets” so focus should 

initially be on capacity problems instead of legislation (Standing Senate Committee on 

Aboriginal Peoples, 2007:2).  However, INAC disagrees with this, believing it is better to 

develop a regulatory regime first and then implement it to bring communities to the 

standards of the regulations (Standing Senate Committee on Aboriginal Peoples, 2007).  

The Committee is “deeply concerned by the Department’s position in this regard, which 

seems to run counter to that of its own Expert Panel” (Standing Senate Committee on 

Aboriginal Peoples, 2007:3).  The Committee believes that the first priority should be to 

fill the resource gap, instead of setting regulatory standards.  The Assembly of First 

Nations (AFN) recommends that legislation should be developed and implemented 

simultaneously to improve the sustainability and safety of drinking water systems (Senate 

of Canada, 2007).   
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INAC officials indicated to the Standing Senate Committee that they intend to regulate 

“safe drinking water on-reserve by incorporating provincial water laws in new federal 

legislation” (Standing Senate Committee on Aboriginal Peoples, 2007:5).  The Expert 

Panel had found that incorporating provincial laws in new federal legislation was a 

weaker option because of gaps, variations in regimes, complexity of levels of 

government, and less acceptability to many First Nations (Standing Senate Committee on 

Aboriginal Peoples, 2007).  The Expert Panel on Safe Drinking Water for First Nations 

recommended either creating a new federal act, or applying asserted First Nations 

jurisdiction and customary laws as most workable (Standing Senate Committee on 

Aboriginal Peoples, 2007).  The AFN also expressed concerns about the impact of 

INAC’s choice of regulatory vehicle on First Nations rights and jurisdiction (Standing 

Senate Committee on Aboriginal Peoples, 2007).  INAC officials identified some 

problems with their chosen regulatory model, including that most provincial legislation 

does not cover issues specific to First Nations communities “such as cisterns or water that 

is trucked in by vehicles and many of the smaller systems” (Standing Senate Committee 

on Aboriginal Peoples, 2007:6).  The Standing Senate Committee expressed concerns 

about the inconsistencies and problems outlined above, as well as the limited First 

Nations consultation, and recommended INAC consult comprehensively with First 

Nations communities and groups about legislative options, to collaborate on developing 

legislation (Standing Senate Committee on Aboriginal Peoples, 2007).  Health Canada 

(2007 b:1.5.1) recommends “incorporating public consultations into decision-making 
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processes that have an effect on public health, such as the development of new guidelines 

and regulations” 

 

Swain et al. caution against legislation that “confines itself narrowly to drinking water 

quality”. Harry Swain, quoted in the Proceedings of the Standing Senate Committee on 

Aboriginal Peoples (2007:16-6) identifies concerns that legislation focussing on drinking 

water quality would miss issues related to “responsibility for water management on 

reserves, notably for water takings and groundwater management, where there is potential 

for conflict with provincial governments.”  Swain also was concerned that legislation 

focussing only on drinking water quality would not set out the necessary mechanisms for 

co-operation with surrounding jurisdictions, and would not be able to handle the 

complexities of First Nation title and claims or identify enforcement powers. 

 

A conflict of interest would exist if INAC provides funding for drinking water, since 

“enforcers cannot be the providers, for fundamental conflict of interest reasons” 

(Standing Senate Committee on Aboriginal Peoples, 2007:16-7).  Harry Swain and the 

expert panel recommended “a First Nations water commission and an associated appeals 

tribunal” responsible for inspections and holding federal agencies and other parties 

accountable (as cited by Senate of Canada, 2007:16-7).   

 

Criteria: 

• Does the tool identify who accepts jurisdiction over water (and land) uses? 

• Does the tool assess if roles and responsibilities are clear to all parties and if all 
parties agree to their responsibilities? 

• Does the tool assess if a regulation or guideline covers all significant activities at 
the water treatment plant? 
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3.1.4.7 Individual or Onsite systems 

Many small, dispersed communities may find private (individual) wells and septic 

systems to be more suitable and cost effective than communal systems (INAC, 2007).  

Cisterns and trucked water supply are also sometimes more appropriate for some 

dispersed communities, as described by Lebel (2008).  As mentioned previously, INAC 

does not provide funding for construction, operation and maintenance of private wells 

and onsite systems, as these systems are considered by INAC to fall under housing or 

individual responsibilities (INAC, 2007).  INAC acknowledges that the AFN rejects this 

consideration of wells and septic systems to be the responsibility of homeowners (INAC, 

2007).   

“The design of the Strategy is likely to have had the unwanted effect of promoting 

non cost-effective solutions. Most small non-Aboriginal communities in Canada 

rely on private onsite services, such as private wells and septic tanks. These 

systems are not funded by the FNWMS [First Nations Water Management 

Strategy], although they exist in many First Nations communities.” (INAC, 

2007:98) 

 

Swain et al. (2006) and Harden and Levalliant (2008) indicate that the exclusion of 

individual/onsite systems from assessment and funding can cause communities with 

potentially high risks to be passed over for upgrades.   

“with limited resources, the upgrading of a high-risk community plant elsewhere 

in the region might take precedence over building a plant that might lower the 

(largely undocumented) risks from individual systems; and neither band councils 
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nor members themselves have the resources, in many cases, to ensure the 

adequacy of individual systems.” (Swain et al., 2006:40)   

 

In addition, the provinces generally regulate construction (but not the operation) of 

private wells, cisterns, and septic systems, but First Nations communities may not even 

have that level of protection (Swain et al., 2006).  There are many indications of poor 

design, construction, and maintenance of wells, septic systems and cisterns (Swain et al., 

2006; Harden and Levalliant, 2008).  Lebel (2008) and Moore (1999) indicate that 

cisterns pose a significant health issue due to a variety of maintenance issues. 

 

The responsibility for construction and maintenance of individual systems is shared 

between the end-user of the system, the community, and government agencies.  It may be 

argued “that the owner of the land on which private wells, cisterns and septic systems are 

located has obligations around their operation” (Swain et al., 2006:39).  As the Crown has 

title to reserve lands under the Indian Act, the Crown also may have title to the wells, 

cisterns and septic systems associated with the land; and a share in the responsibility for 

maintenance of these systems (Swain et al., 2006).  However, the end-users of the cistern, 

well, or septic system must also do their part to maintain the cistern, (cleaning, inspecting 

for cracks, or other activities).  Regular public education should be provided to end users 

to ensure proper monitoring and maintenance (Swain et al., 2006; Lebel, 2008).  Swain et 

al. (2006) identify that further work is needed to ensure adequate construction takes 

place, and that all parties understand and meet their responsibilities.  
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3.1.4.8 Climate change 

First Nations communities are concerned about the impact of climate change on a number 

of traditional activities (Watt-Cloutier, 2007; Senate of Canada, 2007).  Some concerns 

identified include changes in snow melt causing flooding, fluctuations in water levels and 

increased water temperatures.  These changes were identified as impacting drinking water 

sources, as well as homes, health, traditional fishing and food harvesting activities (Watt-

Cloutier, 2007). 

 

Climate change is generally expected to change the timing, intensity and frequency of 

precipitation and evaporation, causing flooding and droughts (Findlay, 2003, IPCC, 

2007).  Increasing demand and decreased recharge of ground water is predicted to further 

exasperate the problems (IPCC, 2007; Findlay, 2003).  Salinization of groundwater is 

also expected to increase in some areas (Findlay, 2003; IPCC, 2007).  Higher water 

temperatures in some areas, combined with increased intensity of rainfall and higher 

periods with little rainfall is expected to increase loadings in these water bodies, 

including pathogen, sediment and nutrient loading (IPCC, 2007; Findlay, 2003).  High 

intensity rainfall is often linked to problems with wastewater treatment, leading to system 

overloads and outbreaks of waterborne disease (Findlay, 2003; IPCC, 2007). 

 

Criteria: 

• Does the tool assess if individual systems are more appropriate for the 
community? 

• Does the tool assess individual wells and cisterns as part of a larger community 
system? 
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Climate models such as general circulation models are useful tools that can take into 

account many of the complex factors involved in climate change.  However, the inherent 

uncertainty and resolution of the models limits their effectiveness in predicting changes 

to source water quality at the local or watershed level (IPCC, 2007). 

 

In general, water treatment will require more flexibility and adaptability to cope with the 

predicted changes in climate.  Findlay (2003) predicts that concerns over climate change 

will lead to a shift in modes of energy production and consequently increase energy 

prices, so systems should be designed with this in mind.  As demand for water is 

predicted to increase, communities that have treated drinking water supplied for non-

potable uses such as fire-fighting, construction or other uses may investigate using 

alternative water sources such as reclaimed wastewater or raw source water for some 

non-potable needs.   

 

In the north, climate change will have unique impacts on water, as outlined by Alessa et 

al. (2008) and Ripley (2009).  Melting permafrost can impact infrastructure and may also 

release leachate from landfills (Ripley, 2009) and buried military equipment (Senate of 

Canada, 2007).  

 

Water quality often changes quickly (WHO, 2004) and short term peaks in pathogen 

concentration may increase disease risks considerably (WHO, 2004).  By the time 

contamination is detected from finished-water sampling, many people could have been 

exposed to pathogens, and an outbreak of waterborne disease may have occured (WHO, 
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2004).  Source monitoring is therefore an important possible tool to allow for the 

detection of and adaptation to changes in source water quality.  Source water monitoring 

is discussed further in Section 3.1.5.1. 

 

Climate change adds additional challenges to managing drinking water systems.  

Although the localized effects of climate change are difficult to predict, it is expected that 

drinking water systems will be under greater stress due to changes in water quality and 

quantity.  Little information exists that examines safe drinking water in First Nations 

communities under conditions of climate change.  It is important to provide First Nations 

communities with enough information to understand the risks associated with climate 

change and to make useful decisions based on those risks. 

 
 
The challenges and hazards contributing to risk in water systems discussed above may 

partly be addressed by creating overlapping barriers to water contamination, as part of a 

multiple barrier approach.  Some potential barriers to water contamination are discussed 

below. 

 

Criteria: 

• Does the tool address future potential for climate change, requiring additional 
flexibility and source monitoring? 

o Increased snow melt 
o Increased water temperatures 
o Changed intensity and frequency of precipitation leading to flooding, 

droughts, and fluctuations in water levels 
o Salinization of groundwater 
o Increased demands for water 
o Decreased water quality and quantity 
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3.1.5 Multiple barrier approach 

As indicated earlier, the multiple barrier approach is widely considered essential to 

providing safe drinking water.  The multiple-barrier approach is often considered from 

source water through to the consumer’s tap, but an extended scope may be warranted.  As 

outlined in Section 3.1.3, pathogens are the cause of most water-related diseases; and 

fecal contamination is the greatest hazard.  Bartram et al., (2001:5) indicate that since this 

common source of primary hazard exists, it is impossible to separate water quality from 

“adequate sanitation to contain, inactivate, and control the pathogens derived from such 

excreta”.  Therefore, a multiple barrier approach may seek not just to examine water from 

source to tap, but also back to source. 

 

The traditional multi-barrier approach should not limit innovation or dictate treatment 

methods.  Some groups may view the current perspective of the multiple barrier approach 

as narrowly focussed on human health, ignoring wider interactions between water and 

nature.  The CCME (2004) indicates that consideration of wastewater or needs of water 

for wildlife are outside of the scope of their work, although these issues are important.  

Wilson (2004) recommends an integrated watershed approach, incorporating First 

Nations’ holistic understanding of water.  Additional barriers could include alternative 

ways of looking at source water protection, inclusion of water conservation as part of 

source water protection (Source water protection statement of expectations, 2004), and 

inclusion of human factors such as the skills and training of the operator.  Each barrier 

must be appropriate both for the physical conditions on site and for the culture of the 

communities involved.   
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Wilson also recommends establishing First Nations Watershed Councils, “organized 

around watersheds, sub-basins and ultimately basins, allowing First Nations to first 

identify issues and solutions amongst themselves and then serve as a mechanism for 

engaging with other governments” (2004:78).  It is hoped that this model will efficiently 

allow First Nations communities to identify, communicate, coordinate and implement 

water related goals to stakeholders and various levels of government (Wilson, 2004). 

 

First Nations traditional knowledge has many important principles that can and should be 

incorporated into examination of risk in First Nations drinking water systems.  As 

mentioned earlier, First Nations are very diverse, but several principles are important for 

a variety of First Nations.  These principles include long term planning, recognition of 

interconnectivity between all living things, and recognition of the inherent value of nature 

(Walkem, 2007).  The Seventh Generation Principle considers the impact of decisions on 

a much longer term, for seven generations, and recognizes that decision makers have a 

responsibility to allow future generations enjoyment of resources (Walkem, 2007).  All 

living things are recognized as related, and kincentric ecology provides the perspective 

that “water is sacred and connects all living things, that all beings have an equal right to 

the water necessary to sustain their own life” (Walkem, 2007:314).  Nature is seen as a 

wealth for its own sake and not for the profits it can provide in the short term (Walkem, 

2007). 
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Views more in line with traditional knowledge are gaining recognition.  For example, 

impairment from contaminants can damage ecosystems and their ability to incorporate, 

process, metabolize and fix contamination (Blaine et al., 2006), and that cumulative 

impacts to water and the environment should be considered (Brandes et al., 2005, 

USEPA, 1997). 

 

The following sections discuss in some detail a variety of barriers that may be applicable 

to a wide interpretation of the multiple barrier approach. 

 
3.1.5.1  Source water protection and monitoring 

Source water protection can be seen as identification of vulnerable areas and possible 

contaminants, and implementation of policies and plans to prevent contamination or to 

improve water quality, with the involvement and education of those who are affected 

(Ivey et al., 2004).  The goal of source water protection is to provide reliable, high-quality 

drinking water sources (O’Connor, 2002).  Protection of quality and quantity are both 

important (O’Connor, 2002).  Sources of water should not be limited to conventional 

conceptions of surface and groundwater, but should include innovative water sources 

including rainwater harvesting (also called roof catchments or rainwater collection) and 

water reuse (also greywater recycling).  Water conservation could also be considered to 

be part of source water protection (Source water protection statement of expectations, 

Criteria: 

• Does the tool assess the whole water system, from source to tap? (i.e., follow the 
multiple barrier approach: source, treatment, distribution, monitoring, responses 
to adverse conditions, and back to source?  

• Does the tool consider other aspects to manage the multi-barrier approach 
(legislative and policy frameworks, public involvement and awareness, 
guidelines, standards and objectives, conservation, research and development) 

• Does the tool recognize a watershed approach that includes First Nations 
understanding of water? 
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2004); changing high consumptive uses such as toilets, and shifting paradigms to water 

use (including use of composting toilets, using non-potable water for landscaping and 

toilet flushing etc) would reduce quantity demands, and improve water quantity security.  

 

Source water protection is desirable to improve the quality of the raw water entering the 

drinking water treatment process, as a first barrier for contamination.  If the quality of the 

source water is improved, less treatment may be required, possibly reducing disinfection 

by-products and operating costs (WHO, 2004; Timmer et al., 2007).   

 

First Nations communities have extensive traditional knowledge about water systems, 

including source water protection.  Some First Nations groups have expressed a desire to 

increase the influence of aboriginal traditional knowledge in general water policy.  

Several documents, including the Aboriginal Traditional Knowledge and Source Water 

Protection report (2007) by the Chiefs of Ontario, and Swain et al., 2006, indicate a 

strong desire for source water protection to be a key priority in overall water 

management.  INAC (2003) and Smith et al. (2006) also noted a lack of source water 

protection plans as potentially detrimental to water quality.  Steps have been taken to 

move forward on this issue, including the 2006 Protocol for Safe Drinking Water in First 

Nations Communities that provides guidance on developing a source water protection 

plan.  However, information on actual implementation is limited.  Integrating 

management of land and water resources can assist in getting a more holistic view of a 

water system and identifying connections between land use and water quality (Ivey et al., 

2006).   
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3.1.5.1.1 Watershed management for source protection 

The watershed has widely been identified as a useful area to facilitate source water 

protection (Fitzgibbon and Plummer, 2004; Wilson, 2004; NRC, 2000; Ivey et al., 2006).  

In Ontario, Conservation Authorities have been established to assist in conservation, 

restoration, development and management of watersheds, based on watershed boundaries 

(FitzGibbon and Plummer, 2004).  Additionally, watershed management plans were 

developed as a tool to cooperatively manage activities for the protection of ecosystem 

health (FitzGibbon and Plummer, 2004).   

 

Watershed scale planning has several challenges, however.  Since watershed boundaries 

are not linked to jurisdictional boundaries, conflicts between rural and urban, upstream 

and downstream may be highlighted if planning does not address these concerns (Ivey et 

al., 2006; Blaine et al., 2006; NRC, 2000).  Features such as aquifers also may go beyond 

watershed boundaries (Ontario MOE, 2004).  Conflicts can arise when one community 

must take the responsibility for source water protection for water that is destined for 

another community.  One such example highlights conflicting interests between New 

York City and the areas where the city’s water is sourced: “These officials condemned 

the irony that NYC, perhaps the most urban and developed place on Earth, was seeking to 

impose a vision of rural preservation on a region that was desperate for economic 

development” (Blaine et al., 2006:855).  The complex jurisdictional issues facing First 

Nations communities further complicate this.  Although the interests of those impacted by 

watershed source protection may conflict, care must be taken to consider First Nations 

rights and various interest groups should remain open to negotiation.   
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Integrated watershed planning has not been widespread historically, and drinking water 

management has generally been incorporated independently from watershed management 

(FitzGibbon and Plummer, 2004).  However, recently there appears to be increased 

recognition of watershed based water resource planning for both drinking water and 

ecosystem health, between levels of government and First Nations, with public 

participation (Muldoon and McClenaghan, 2007; FitzGibbon and Plummer, 2004).  In 

addition, recent improvements were made in the Canadian context for planning on a 

watershed scale, and new strategies have been put in place across various provinces, 

including the Saskatchewan Watershed Authority, the Manitoba Water Strategy, the 

Alberta Water for life strategy, and the Quebec water policy (Brandes et al., 2005).  

Internationally, France, Australia and the United States have been cited as having strong 

examples of watershed-based plans (Brandes et al., 2005).  FitzGibbon and Plummer 

(2004) indicate that integrating land-use planning with ecosystem considerations, i.e., 

integrating public interest in private property with private rights, is a key goal of 

watershed planning.  Complex and site-specific issues such as non-point source pollution 

and habitat preservation are often best resolved at a local level by involving all 

stakeholders (NRC 2000).  

 

One new initiative attempting to bring groups together is Ontario’s Clean Water Act 

(2006).  The Ontario Ministry of the Environment (MOE) Source Protection Programs 

Branch has developed guidance documents for the approach to source water protection 

under the Clean Water Act, 2006 and Ontario Regulation 287/07.  The Act attempts to 
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bring together government agencies and other local stakeholders in source protection 

committees.  These committees would work with municipalities and source protection 

authorities on a watershed basis (MOE, 2008).  Conservation Authorities would play a 

role in coordinating responsibilities, and the committees would include a wide range of 

stakeholders (de Loe and Kreutzwiser, 2007).  However, Wilson (2004) criticizes this 

approach for not recognizing First Nations’ rights to speak on a government-to-

government basis instead of simply being considered a stakeholder in the process, in 

addition to the other criticisms of the Clean Water Act outlined earlier (Wilson, 2004).   

 

Several institutional and planning processes or models have been described in various 

jurisdictions to facilitate source water protection.  The Ontario Clean Water Act, 

Drinking Water Strategy for Nova Scotia, the United States Environmental Protection 

Agency State Source Water Assessment and Protection Programs (under the Safe 

Drinking Water Act), and First Nations Watershed Councils outlined by Wilson (2004) 

are a few of the examples available.  Some common steps emerge from these processes.  

These include: establishing goals and objectives; designating roles and responsibilities; 

identifying the area to be protected; identifying and prioritizing the sources of 

contamination and issues in the watershed; development and implementation of plans to 

protect the area; monitoring and evaluating effectiveness of the plans; and ensuring 

public participation (NRC, 2000; FitzGibbon and Plummer, 2004, MOE, 2008; Wilson, 

2004, Nova Scotia Department of Environment and Labour, N.D.).  Each of these steps 

must involve participation of the First Nations communities that are influenced by the 

plan.  Some of the models listed above are inclusive of First Nations rights and 
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involvement, while others (for example, the Nova Scotia Drinking Water Strategy) do not 

mention First Nations at all.  

 

3.1.5.1.2 Establishing goals and objectives 

Goals provide direction for the source water protection programs (NRC, 2000).  A major 

goal of source water protection programs is to provide an adequate supply of clean water, 

but other goals are defined specifically for the watershed being protected (NRC, 2000).  

Some additional goals may include reduction of contamination; mitigation of the effects 

of natural disasters; and flexibility in water supply options.  Conflicting goals may exist 

between stakeholders and levels of government including First Nations (NRC, 2000). 

 

Other goals may be more specific water quality objectives for various physical, chemical, 

and biological parameters (NRC, 2000).  Natural, pristine waters may not always be able 

to meet particular water quality objectives (NRC, 2000), depending on the existing 

conditions of the watershed.  Therefore, specific water quality objectives should be 

realistic and based on both scientific and traditional knowledge of the area.  

 

The guidance documents for the Ontario Clean Water Act outline the steps to be taken to 

create a terms of reference covering the goals for work needed to complete the source 

water protection plan and report (MOE, 2008).  The terms of reference is to be prepared 

with consultation and input from source protection authorities, municipalities, and First 

Nations communities, which will allow for greater understanding of the roles each will 

play in creating the plan (MOE, 2008).  The terms of reference includes an outline of 
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which drinking water systems to include, timelines and budgets, existing work or 

documents that may fit into the assessment, and issues affecting other groups.  A work 

plan and goals for completion time and estimated cost are also associated with the terms 

of reference (MOE, 2008). 

 

3.1.5.1.3 Designating roles and responsibilities 

Clearly defined duties or roles and responsibilities for source protection and identifying 

leaders are key to ensuring source water protection succeeds (Ivey et al., 2006).  Smith et 

al. (2006) recommend coordination of a source water protection program with 

stakeholders in the catchment area.  Those involved should include individuals, 

businesses, and various levels of government (including First Nations).   

 

Wilson (2004) suggests that First Nations Watershed Councils should identify issues and 

solutions, and then use the councils to engage with other governments.  The council can 

communicate First Nations perspectives and allow for public discussion about the issues 

facing the watershed, and allow for an effective relationship between various levels of 

government (First Nations, provincial and federal) (Wilson, 2004). 

 

Criteria: 

• Is a source water protection plan available for the community? 

• Are goals for source water protection identified? 
o Whose goals (who has been consulted)? 
o To provide safe drinking water 
o To reduce contamination 
o To provide flexibility in water supply 
o To meet specific water quality criteria (are these criteria reasonable for 

the naturally occurring water conditions?) 

• Are any conflicting goals identified? 
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3.1.5.1.4 Identifying the area to be protected  

Resource assessments and delineation of sensitive water protection areas (Ivey et al., 

2006) will assist in identifying the area to be protected.  Watershed boundaries, as 

mentioned above, often provide a good delineation of the area under consideration for 

surface water source protection.  Groundwater supplies have source protection areas 

delineated by the recharge zone of the well (NRC, 2000).  If a water source is diverted to 

a different watershed, the process may become more complicated as the source protection 

area may be far from the point of use of the water (NRC, 2000).  As well, contaminants 

may migrate between surface and ground waters (Ontario Ministry of the Environment, 

2004), so identifying the areas to be protected should not be limited to simply surface 

water. 

 

It may be important to consider future sources of supply during source area delineation.  

Smith et al. (2006) and INAC (2003) indicate a lack of redundancy of supply as a 

potential threat to water supply.  Future community growth or climate change may make 

the current supply insufficient, and incorporating potential future needs into the source 

protection plan may be beneficial. 

 

Some possible tools for assessment of the watershed include aerial photographs, 

geographic information systems (GIS) mapping, and water quality models (NRC, 2000). 

Criteria: 

• Does the tool clarify roles and duties for source water protection? 
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In addition, existing information from various agencies can effectively be compiled to 

characterize the watershed (NRC, 2000). 

 

First Nations communities and leaders should play a key role in identifying the area to be 

protected, and traditional knowledge about the area will be valuable in this process.  For 

example, treaty boundaries generally follow watershed boundaries, as these were natural 

transportation routes along rivers and often served as demarcation of areas for the various 

Nations (Wilson, 2004).   

 

3.1.5.1.5 Identifying and prioritizing the sources of contamination 

Source water quality can be influenced by human and wildlife activities, as well as 

climate, topography, geology, and vegetation (WHO, 2004).  It is important to identify, 

communicate, and study the issues affecting the system (Wilson, 2004).   

 

A thorough assessment of the existing (baseline) conditions can assist in developing plans 

for source water protection (NRC, 2000).  The inventory can include information on 

ownership, land uses, activities, and natural characteristics of the watershed (NRC, 2000).  

Natural conditions such as hydrology (of both surface and groundwater), topography, 

soils, vegetation, wetlands, wildlife (NRC, 2000), fire, and infestations of forest diseases 

Criteria: 

• Does the tool clearly identify water source (ground water, surface water, or 
both?)  

• Does the tool delineate the source area? (on watershed basis or other?) 

• Are future supplies or potential redundancies of supply identified? 

• Are sensitive water protection areas delineated? 

• Does the tool identify if source water is diverted from another watershed? 
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should be determined as part of the baseline assessment.  As well, an assessment of land 

use influence on water quality is recommended as part of source water protection (WHO, 

2004; NRC, 2000).  Land cover such as forests, agriculture, and impervious surfaces all 

impact the watershed in different ways, and various land uses can lead to contaminants 

(hazards) entering the watershed from both point-sources and non-point-sources (NRC, 

2000).  Especially important land uses include wastewater treatment plants and onsite 

septic systems, agriculture, forestry, resource extraction, and industries dealing with 

hazardous materials, while recreation (NRC, 2000), road construction and maintenance 

(Serveiss and Ohlson, 2007) and spills (USEPA, 1997) can also affect water quality.  

 

Water quality monitoring and vulnerability or threats assessments (Ivey et al., 2006), 

watershed ecological risk assessments (Serveiss and Ohlson, 2007), and models (NRC, 

2000) are specific tools for identifying and prioritizing sources of contamination.  

Monitoring of indicators such as some biological species (for example, benthic 

macroinvertebrates) can be used to assess water quality, and can provide a broader 

perspective of ecosystem water quality than simply physical and chemical parameters 

(NRC, 2000).  Some forms of water quality monitoring used in successful watershed 

planning include rapid biological assessment methods, and conventional physical and 

chemical methods (NRC, 2000).  The origins of contaminants in the watershed area 

should also be identified as much as possible (USEPA, 1997).  Monitoring is discussed 

further below. 
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An example of a program’s requirements to identify contaminants in the system is the 

assessment report outlined by the Ontario Ministry of the Environment.  The assessment 

report is intended to be “a science based document that identifies vulnerable areas in a 

source protection area and drinking water quantity and quality threats and issues in the 

vulnerable areas and assesses those threats” (MOE, 2008:11). The assessment report 

requires several tasks to be completed, including watershed characterization, an analysis 

of groundwater and surface water vulnerabilities, and preparing a water budget (MOE, 

2008). Additional tasks to be carried out for the assessment report include identifying 

drinking water issues, inventorying threats and assessing hazards for vulnerable areas 

identified in the earlier stages, and assessing water quality risk (MOE, 2008).  The 

emphasis on “science based” may be problematic for First Nations communities, as there 

is no mention of input from First Nations or traditional knowledge in this section of the 

MOE document.  

 

 

3.1.5.1.6 Development and implementation of plans to protect the area 

It is important for community authorities to have legal rights to manage land and water 

uses and activities that might contaminate water sources (Ivey et al., 2006).  These rights 

Criteria: 

• Is the baseline of the source area thoroughly assessed including: 
o ownership,  
o land uses and activities (forest, agriculture, impervious surfaces) 

(wastewater treatment plants, onsite septic systems, agriculture, forestry, 
resource extraction, hazardous materials given higher priority) 
(recreation, road construction, maintenance, spills also considered) 

o natural characteristics (hydrology, topography, soils, vegetation, 
wetlands, wildlife, fire, forest diseases) 

• Is First Nations traditional knowledge incorporated into baseline (identification 
of natural characteristics and the impacts of land uses and activities) 
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include the authority to protect vulnerable water supply areas such as riparian areas, to 

manage land use activities (Ivey et al., 2006), and to limit water taking in sensitive areas 

(Ontario MOE, 2004).  Often this authority can be obtained through acquisition of lands, 

regulating land uses, or a combination of the two (FitzGibbon and Plummer, 2004).  

Identification of ownership and land uses can help determine what types of tools and 

regulatory authority would be appropriate for the source protection plan (NRC, 2000).  

Some source water protection tools such as land use zoning and planning, land 

acquisition (Ivey et al., 2006), and easements or setbacks may be complicated by 

jurisdictional and legal authority issues for First Nations communities.  Although these 

source water protection tools are often the most effective to address potential water 

quality problems (NRC, 2000), and may be appropriate for a specific watershed, they 

may be difficult for First Nations communities to implement until governance roles and 

jurisdiction is further clarified, especially for areas outside reserves.  Other tools 

including public education, toxic substance control, economic or funding incentives, and 

stormwater pollution prevention (Ivey et al., 2006:195; NRC, 2000) as well as structural 

changes may be easier for First Nations communities to implement currently.   

 

Depending on the contaminants and land uses in the watershed, various approaches will 

be appropriate (NRC, 2000).  Some more specific operational or infrastructure changes 

might include upgrading wastewater treatment plants and sanitary sewers, implementing 

best management practices for winter road salting, (Ivey et al., 2006), stormwater 

management, riparian buffer systems, agricultural and forestry best management 



 

 119 

practices, erosion control, and creation of wetlands (NRC, 2000) and rewards for best 

management practices (Ontario MOE, 2004). 

 

The watershed council suggested by Wilson (2004) would also play a role in suggesting 

solutions to the problems identified in the watershed.  In the Ontario Ministry of the 

Environment model, the source protection plan sets out policies to protect source water 

from the threats found in the assessment report (MOE, 2008).  These policies would 

include addressing those activities found to be causing significant threats, monitoring the 

threats, preventative monitoring for certain non-significant threats, and determining who 

is responsible for implementing these policies (MOE, 2008).  Policies to address historic 

contamination are also possible under these guidelines (MOE, 2008). 

 

 

3.1.5.1.7 Monitoring and evaluating effectiveness of the plans 

Indicator questions have been used to assess organizational capacity for certain tasks, 

including tasks related to water protection (Ivey et al., 2006).  For example, technical, 

Criteria: 

• Is land ownership identified? 

• Are possible solutions to pollution identified (Public education, toxic substance 
control, economic or funding incentives and stormwater pollution prevention and 
structural changes)  

• Are specific items suggested as alternatives to current practices? (upgrading 
wastewater treatment plants and sewers, storm water management, best 
management practices for winter road salting, riparian buffer systems, 
agricultural and forestry best management practices, erosion control and creation 
of wetlands)   

• Are other groups identified who might suggest other alternatives, including First 
Nations groups?   

• Is historic contamination addressed in the source protection plans?  
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managerial, and financial capacity of water utilities has been determined by questions set 

out by the USEPA (Ivey, et al., 2006).   

 

Physical, chemical and biological monitoring of the water quality can also determine the 

effectiveness of the strategies implemented (NRC, 2000).  Monitoring data can also help 

to improve plans by determining the effectiveness of various controls and determining 

adjustments needed, as part of an iterative planning process (NRC, 2000).  A review 

process for the plan with a schedule of dates may be helpful to adapt to changes in the 

watershed caused by increased informational availability and changes in land use 

(Ontario MOE, 2004).  Monitoring is discussed further below. 

 

 

3.1.5.1.8 Ensuring public participation 

Public participation in source water protection planning leads to greater acceptance from 

the public and municipalities, as well as inclusion of source water protection plans into 

wider land-use planning (FitzGibbon and Plummer, 2004; Timmer et al., 2007).  

Participation can also build a sense of community, help reach consensus, increase 

commitment to the goals of source protection, and improve the chances of long term 

success of source water protection (USEPA, 1997; Ontario MOE, 2004).  First Nations 

communities have a right to be involved throughout the planning process, as outlined in 

previous sections, and other affected parties should have their views considered during 

Criteria: 

• Is the technical capacity of the water utility for water protection assessed? 

• Is the managerial capacity of the water utility for water protection assessed? 

• Is the financial capacity of the utility assessed? 

• Does the tool assess if the action plans for source water protection are monitored 
and evaluated? 
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the process.  Affected parties should be defined on a watershed-to-watershed basis, as 

watershed based source protection plans are most effective if communities are carefully 

identified (NRC, 2000).  These parties are affected by water quality or quantity issues, or 

whose activities would be impacted by management and regulatory actions (Ontario 

MOE, 2004).  Some of the affected parties or stakeholders may include public interest 

groups, public health groups, vulnerable population groups (such as elderly, ill or 

marginalized groups), business groups, local resource workers such as farmers and 

forestry workers and various levels of government (including First Nations government) 

(USEPA, 1997).   

 

Social and political support can be developed through clearly defining duties for source 

protection, identifying leaders, advancing wider public knowledge about the interactions 

between land use activities and water quality, and enabling stakeholders to participate in 

decisions related to land and water (Ivey et al., 2006).  Top-down approaches are less 

likely to be understood and appreciated than those that include decision making input 

from Elders, Chief and Council and are respectful of the people in the community 

(Noojmowin Teg Health Center, 2003).  Effective public participation also requires 

developing a common set of knowledge about the issues and common goals to work 

towards (NRC, 2000).   

 

Public education and transparent processes have been effective at encouraging a shared 

knowledge base and support (NRC, 2000).  Some methods of education and transparency 

may include annual reports discussing ecological indicators and project process, media 
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coverage, and government dissemination of knowledge such as maps of the area (NRC, 

2000, Ontario MOE, 2004), as well as sharing monitoring results (Health Canada, 2007 

b).  Other tools to facilitate participation include public hearings, committees and task 

forces, surveys, conference calls, internet postings, and alternative dispute resolution 

(NRC, 2000; USEPA, 1997).  Advance notice, proper distribution of information and 

notice of events, meaningful opportunities for affected parties to provide input, 

reimbursement of travel expenses in some cases (USEPA, 1997), and communication in 

traditional languages (especially for Elders in First Nations communities) are also 

recommended. 

 

Some First Nations communities feel a need to increase understanding, appreciation, and 

involvement with traditional knowledge in their own communities, especially between 

youth, leaders, and elders (Chiefs of Ontario, 2007; KAIROS, 2004).  Recommendations 

include establishing water education centres to allow for history and understanding of 

water to be disseminated (KAIROS, 2004), and ensuring discussions include women, 

who are often under-represented in such discussions (Chiefs of Ontario, 2007).   

 

Education programs are currently in place for First Nations school children, through 

cooperation between the AFN, Health Canada, INAC and Environment Canada (INAC, 

2006).  A Protocol for Safe Drinking Water in First Nations Communities was also 

developed and put into effect in 2006, which covers water systems, including source 

water protection (INAC, 2006).   
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The Ontario Clean Water Act indicates that First Nations bands must be notified and 

invited to participate in the decision making process (MOE, 2008).  As well, the proposed 

terms of reference must be open for comment to the public, municipalities and First 

Nations.  All concerns raised by First Nations and municipalities during the consultation 

must be summarized and submitted to the source protection authority along with the 

proposed terms of reference, which should include changes made based on comments by 

the public, First Nations and municipalities (MOE, 2008).  A copy of the proposed terms 

of reference must also be given to the chief of bands where a reserve is located in the 

source protection area (MOE, 2008). 

 

 

Criteria: 

• Does the tool assess if the results of source water protection activities are shared 
with wider planning agencies? 

• Does the tool assess public participation in water management? 
o Public hearings 
o Committees and task forces 
o Surveys 
o Conference calls 
o Internet postings 
o Alternative dispute resolution 
o Is advance notice, proper distribution of information, and meaningful 

opportunity for affected parties to take part, reimbursement of travel 
costs, and communication in traditional languages identified? 

o Are youth, Elders, women, and leaders all encouraged to interact? 

• Does the tool identify affected parties?   
o On a watershed-specific basis? 
o Governments 
o Public interest groups 
o Public health groups 
o Business groups 
o Vulnerable populations 
o Local resource workers (farmers, forestry) 

• Does the tool assess transparency of processes? 

• Does the tool assess current public education programs? 
o Annual reports 
o Media coverage 
o Government dissemination of knowledge such as maps 
o Education of youth in both scientific and traditional knowledge? 
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3.1.5.1.9 Source water monitoring 

It is essential to understand source water quality, as well as protect it.  Source water 

protection, as outlined above, requires source water monitoring both to determine 

baseline conditions in the watershed and to evaluate the success of the source water 

protection plan.  Monitoring programs may also have several other objectives; monitoring 

for compliance with regulatory requirements, monitoring to adjust system operations, 

monitoring to determine how effective specific protection measures are, and monitoring 

to assist in modelling activities (NRC, 2000).  In addition, monitoring the quality of 

source water, the health of water consumers, and the social and economic parameters in 

the communities within the watershed provide critical data about wider impacts of the 

source water protection plan (NRC, 2000).  INAC (2003) and Smith et al. (2006) identify 

a lack of source water monitoring as a challenge currently facing First Nations 

communities. 

 

Understanding the variations in the watershed over time and in different areas as baseline 

data is key (Blaine et al., 2006).  Baseline data is required for long term planning and 

repairs to the system (Blaine et al., 2006).  Baseline data can be obtained by a detailed 

sampling project, and can avoid seasonal and spatial biases by being spread over a 

number of years and branches of the watershed (Blaine et al., 2006).  Some possible 

source water characteristics that can be investigated include major ions and nutrients, 

organic particle dynamics, DOC, BDOC dynamics, and macroinvertebrates (Blaine et al., 

2006).  Traditional knowledge should also be included in the baseline data, with 

additional information provided by a sampling program.  It is also important to know the 
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concentration of contaminants and identify the contaminant source as a baseline (NRC, 

2000).  Baseline sampling is recommended by Health Canada (2007 b) to identify water 

quality parameters to monitor specifically for a community, and can be used when 

selecting water sources and designing treatment (Health Canada, 2007 b). 

 

Monitoring for compliance can examine specific physical, chemical or biological 

parameters based on the particular jurisdiction.  Jurisdiction becomes complicated in First 

Nations communities, as indicated previously, but it is generally agreed that First Nations 

communities have jurisdiction to participate in determining which guidelines are 

appropriate for use in their communities.   

 

Monitoring for the characteristics required by various levels of government regulation in 

New York City has led to the approach taken by Blaine et al. of examining contaminant 

dynamics (2006).  The components of contaminant dynamics include source; transport; 

ecosystem impairment; and symptom (Blaine et al., 2006).  Contaminant symptoms 

include turbidity, oxygen levels, taste, and odour (Blaine et al., 2006).  Contaminant 

transport indicates the mobility and amount of contaminants in source water and the 

distribution system (Blaine et al., 2006; NRC, 2000).  Similar parameters for monitoring 

have been identified by NRC (2000).   

 

Monitoring to adjust system operations aims to determine existing or naturally occurring 

levels of contamination, and adjust treatment systems accordingly.  Source water quality 

can be influenced by human and wildlife activities, as well as climate, topography, 
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geology, and vegetation (WHO, 2004).  Contamination of source water can occur at 

levels that may harm human health, even if ecosystem health is excellent and a source 

water protection plan is in place.  Ongoing monitoring of source water quality can assist 

in dealing with water quality disturbances from unusual events such as extreme weather 

or forest fires, which might not otherwise be detected until systems operations 

experienced problems.  Therefore, ongoing source water monitoring is essential to adjust 

treatment based on incoming water quality (Health Canada, 2007 b). 

 

Source water protection and monitoring is an iterative process, and monitoring to 

determine how effective source protection measures are is an important part of that 

process.  Improvements are made in a cyclical manner, with the plan being influenced by 

monitoring results (Brandes et al., 2005; NRC, 2000).  Monitoring can be used to adjust 

source water protection plans, or determine which source protection structures are 

effective as part of a pilot scale study before large scale implementation (NRC, 2000).  

Monitoring is useful only if the data is analyzed properly (NRC, 2000), and if plans are 

made to respond to monitoring results.  Monitoring and evaluation of the results can be 

used to most efficiently manage the scarce resources available for source water 

protection, focussing on those measures that have been shown to be effective.   

 

Smith et al. (2006) highlight recommendations for all First Nations using surface water 

and groundwater under the influence of surface water to conduct a source water 

monitoring program.  Monitoring of source water is recommended to allow treatment and 
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pathogen reduction targets to be set, an approach followed in the US under the Long 

Term 2 Enhanced Surface Water Treatment Rule (Smith et al., 2006). 

 

Although Blaine et al. (2006) recommend sophisticated analytical techniques to identify 

and quantify different sources of contamination; complexity of analysis may be perceived 

negatively in a First Nation source water protection program.  A fairly simple and 

transparent monitoring program may be more acceptable and encourage involvement of 

stakeholders and First Nations peoples.  Establishing monitoring bodies with First 

Nations playing a key role monitoring water is also recommended by The Indigenous 

Water Rights Forum (KAIROS, 2004). 

 

Some First Nations communities, especially those in remote areas, have difficulties in 

monitoring certain parameters due to challenges for sample preservation during long 

distances to the labs (O’Connor, 2002), as discussed previously.  Some tools have been 

developed to reduce the problem, including the Presence/Absence tests (Moore, 1999).  

The Presence/Absence tests allow test results for specific microbial parameters within 24 

hours, and increase the capacity of First Nations communities by providing reliable 

results within the community (Khan et al., 2001; Moore, 1999).  The Presence/Absence 

test is intended to allow water users to test their own water in a cost-effective way (Khan 

et al., 2001; Moore, 1999).  A program began at the Split Lake Cree First Nation in 

Manitoba, and spread to several provinces and over 150 First Nations communities as of 

2001 with cooperation from Health Canada (Khan et al., 2001; IDRC, 1998).  Monitoring 

assistance (on a cost-recovery basis) from the Ontario Provincial Government to First 



 

 128 

Nations communities was recommended by Justice O’Connor, to assist with the provision 

of analysis of monitoring samples (O’Connor, 2002).   

 

3.1.5.2  Treatment technologies 

Treatment technologies for drinking water are developed to remove contaminants; 

generally either physically or chemically.  Filtration and disinfection are main principles 

to reduce hazards from pathogens, but can be carried out in a variety of forms.  The most 

common water treatment systems in First Nations systems include coagulation, 

flocculation, filtration, and disinfection (depending on the characteristics of source water) 

(INAC, 2003).  Chlorine is the most common disinfectant (INAC, 2003; Swain et al., 

2006).  Technologies that are increasingly being used include membrane filtration, and 

disinfection with UV and ozone (Swain et al., 2006).  Treatment choices must consider 

the quality of source water (Swain et al., 2006). 

 

Treatment systems are classified in North America by the Association of Boards of 

Certification (ABC), grouping facilities based on complexity.  Grouping systems by 

Criteria: 

• Does the tool assess source water monitoring? 

• Does the tool assess monitoring to:  
o Obtain baseline data? 
o Determine and adjust to variations in source water quality? (both natural 

and man-made causes) 
o determine how effective source protection measures are? 

• Does the tool include monitoring for: pathogens, major ions, nutrients, organic 
particles, DOC, BOD, macroinvertebrates, turbidity, oxygen levels 

• Does the tool assess if the baseline data is informed by traditional knowledge?  

• Does the tool assess if actions for improvement are influenced by the monitoring 
results?  

• Does the tool assess if monitoring results are used to set treatment targets and 
pathogen reduction targets? 

• Does the tool assess the simplicity and transparency of the monitoring program? 
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complexity of treatment plants allows for proper training of operators (INAC, 2003).  

Class I systems are fairly simple (such as a community well) and class IV systems are 

more complex.  Class I or II treatment systems were the most common in First Nations 

communities (INAC, 2003).   

 

Caution must be used to assure appropriateness of technology, as increasing the 

complexity of a plant might not improve the water quality.  Inappropriate treatment 

technology and systems that do not meet community needs have been identified as 

important issues facing some First Nations communities (INAC, 2003; Smith et al., 

2006).  A key challenge for First Nations and remote communities is hiring and retaining 

trained operators (discussed in section 3.1.5.7), and in some cases, further complexity of 

the plant might make it even harder to ensure a sufficiently trained operator is available.  

Casman et al. (2001) recommend automation of process monitoring and chemical 

treatment to reduce the risks posed by operators.  As well, optimization of current 

technologies could reduce risks (INAC, 2003; Smith et al., 2006) even from climate 

change (Casman et al., 2001).   

 

Many technical texts (and journal articles) outline requirements for drinking water 

treatment, including LeChevallier and Au (2004), Letterman (1999), and Crittenden 

(2005).  With site-specific treatment requirements, an in-depth review of treatment 

technologies is beyond the scope of this research.  Instead, a brief review of newer 

treatment technologies that may be appropriate for some remote and First Nations 

communities follows. 
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3.1.5.2.1 Ultraviolet radiation (UV) 

UV inactivates bacteria, Cryptosporidium, and Giardia quite effectively, but is less 

effective on viruses (O’Connor, 2002).  The UV damages nucleic acids, preventing 

replication (O’Connor, 2002).  Ultraviolet radiation is also not known to produce 

disinfection by-products (O’Connor, 2002).  UV works most effectively when water is 

low in turbidity, as particles may shelter microorganisms (O’Connor, 2002).  Other 

characteristics of the raw water may impact fouling of the UV lamp. 

 

UV disinfection is fairly simple to operate; and is a cost effective method to inactivate 

Cryptosporidium (O’Connor, 2002, Craik et al, 2001).  Effectiveness of UV disinfection 

is not affected by temperature changes in the range found in most source waters (Craik et 

al., 2001).  These properties make UV an ideal addition to treatment for many small and 

remote communities. 

 

3.1.5.2.2 Advanced oxidation  

Advanced oxidation processes generally rely on the generation and use of the hydroxyl 

free radical to degrade the compounds in water.  The hydroxyl radical is a very strong 

oxidant and can destroy many compounds instead of concentrating them, so less waste 

products are generated (Tchobanoglous & Burton, 2003).  The combination of hydrogen 

peroxide and UV is being used on a commercial scale, as well as ozone/UV, 

ozone/hydrogen peroxide, ozone/UV/hydrogen peroxide (Tchobanoglous & Burton, 

2003). 
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Hydroxyl radicals as part of advanced oxidation are not used for conventional 

disinfection because of the half-life is too short to build high concentrations 

(Tchobanoglous & Burton, 2003).  Hydroxyl radicals are more often used for oxidation of 

trace amounts of refractory organic compounds found in highly treated effluents.  It is 

possible that in some circumstances, advanced oxidation may be appropriate for small 

community water systems. 

 

3.1.5.2.3 Ozonation  

Ozonation can be used to disinfect, to reduce taste, colour and odour, and to oxidize 

organic matter (O’Connor, 2002; Hammes et al., 2006; USEPA, 1999).  It is effective 

against bacteria, viruses and protozoa, including Cryptosporidium (O’Connor, 2002; 

USEPA, 1999).  However, ozonation cannot provide residual disinfection for drinking 

water, and therefore the USEPA recommends chlorine or chloramines for residual 

protection (USEPA, 1999).   

 

Other limitations of the use of ozonation include temperature ranges and a potential for 

formation of disinfection by-products.  Mazloum et al (2004) indicate that at raw water 

temperatures at or below 5°C, a water treatment plant was unable to meet their 2-log 

Cryptosporidium inactivation goal.  Ozonation may produce disinfection by-products 

such as brominated organic compounds if the raw water contains bromide (Hammes et 

al., 2006; USEPA, 1999).  Despite these limitations, ozonation may be an effective 

treatment method for some communities, especially if processes are optimized. 
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3.1.5.2.4 Membrane filtration 

Membrane filtration systems can treat a wide range of contaminants, including pathogens, 

disinfection by-products, and other trace contaminants; depending on the pore size 

(O’Connor, 2002).  Membrane filtration technology has decreased in cost recently, and 

although membrane systems require periodic maintenance, they are simple enough to be 

available on a household level (O’Connor, 2002). 

 

3.1.5.3  Operation and maintenance 

Operation and maintenance is key to ensuring water treatment systems can provide safe 

drinking water in both the short and long term.  Operation and maintenance should also 

prevent early re-capitalization (Holden, 1999).  However, there is a history of challenges 

related to operation and maintenance in some communities.  Holden (1999) indicates 

challenges related to operation and maintenance that included lack of spare parts and 

chemicals; with Moore (1999) also indicating problems with operation and maintenance.  

INAC (2003) identify several challenges related to operation and maintenance, including 

a lack of back up equipment, maintenance/repair, inspections, and availability of 

Standard Operating Procedures (SOPs).  Smith et al. (2006) found that many of the 

problems identified in the First Nations water treatment systems investigated could be 

addressed with operation and maintenance, in combination with monitoring procedures.  

Criteria: 

• Does the tool assess the appropriateness of the existing technology? 

• Does the tool identify if the operator or manager has investigated if newer 
technologies such as UV, ozone and membrane filtration may be more 
appropriate for site conditions? 

• Does the tool identify if each treatment process is working properly? 

• Does the tool assess design and treatment technology appropriateness? 

• Does the tool assess if treatment processes have been optimized? 
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The INAC 2008 progress report indicates that several communities still face challenges in 

operation and maintenance (INAC, 2008). 

 

Repair and maintenance is stressed in the United Nations Human Development Report 

(2006).  The WHO (2004) guidelines for drinking-water quality mention that training and 

support are critical for operators to have ownership over operation and maintenance of 

systems.  Swain et al. (2006) and Lebel (2008) point to the need to ensure sufficient 

funding is available for maintenance and repairs, as well as the complications of 

institutional arrangements and lack of economic capacity to do so. 

 

 

3.1.5.4  Distribution system 

Treated water must be kept safe during storage and distribution to the community.  Many 

communities have their water delivered by underground pipelines under pressure (Swain 

et al., 2006).  Some communities have water delivered to cisterns at their homes via 

trucks (Moore, 1999; Swain et al., 2006; Lebel, 2008).  In both cases, the quality of the 

water can deteriorate between the water treatment plant and the user’s tap.  Generally, a 

chlorine residual throughout the distribution system is considered an additional barrier 

(Swain et al., 2006).  In addition, the integrity of the pipeline and any storage facilities 

Criteria: 

• Does the tool assess operation and maintenance? 
o Does the tool assess if proper maintenance and repair procedures are in 

place? 
o Does the tool ask about premature recapitalization (e.g. do facilities 

deteriorate more quickly than anticipated)? 
o Does the tool ask about backup equipment? 
o Does the tool ask about maintenance and repair? 
o Does the tool ask about inspections? 
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must be maintained to prevent contamination from leaks, animal feces, or vandalism.  

Cold temperatures can lead to freezing of distribution systems, and freeze/thaw cycles 

can damage infrastructure (Smith and Low, 1996) which can also lead to pipeline breaks.   

 

During periods of low pressure in pipelines, contaminated water can leak into the pipeline 

(Swain et al., 2006).  Cross connections and backflow can also contaminate treated water 

in storage or pipelines (Health Canada, 2007b).  Additional contamination can also occur 

during truck filling, during transportation or unloading (Swain et al., 2006, Moore, 1999).  

Cisterns, if not properly maintained, can also cause contamination of water at the tap 

(Swain et al., 2006, Moore, 1999).   

 

Point of use devices may be useful in some situations, but maintenance is again an 

important consideration (Moore, 1999).  Maintenance of distribution systems is essential; 

and should include regular flushing, valve exercising and inspection for pipelines 

(O’Connor, 2002); maintenance is also needed for trucks and cisterns. 

 

 

Criteria: 

• Does the tool assess the distribution system? 

• Does the tool ask if water is delivered via pipeline or tanker truck? 
o If tanker truck, does the tool assess procedures to prevent contamination 

during filling, transportation or unloading? 

• Does the tool assess if cross-connection and backflow protection is in place? 

•  Does the tool assess potential contaminant intrusion in the distribution system, 
from backflow, breakage, truck fill etc? 

• Does the tool assess if cold conditions can lead to frozen pipes? 

• Does the tool assess distribution system maintenance? 
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3.1.5.5  Monitoring and recordkeeping  

Although water monitoring cannot, by itself, guarantee safety (Swain et al., 2006), a 

monitoring program can provide important information on water quality trends.  

Exceedance of performance parameters can trigger preventative action and/or 

maintenance (Smith et al., 2006).  Monitoring of source water was discussed previously 

in Section 3.1.5.1, however, monitoring of individual processes and treated water quality 

is also important.  The WHO (2004) recommends monitoring for temperature, 

disinfectants, pH, and microbial quality, while the physical, chemical, microbial and 

radiological parameters outlined in the GCDWQ are criteria to evaluate the source and 

finished water quality upon in Canada.  Sampling frequency, location, parameters, and 

timeliness must be considered (Swain et al., 2006).  INAC (2007) indicated that 

monitoring should occur at the source, within the distribution system, and at the tap; but 

only monitoring at the tap falls under the jurisdiction of Health Canada.  Swain et 

al.(2006) recommend monitoring raw water quality (addressed in Section 3.1.5.1) to 

understand threats and seasonality, performance of treatment processes through measures 

of chlorine residual and turbidity (preferably with continuous systems, alarms and 

automatic shut-offs), distributed water quality, and complaints from consumers. 

 

Sampling procedures and sampling frequency are concerns for some First Nations 

communities, as outlined by Smith et al. (2006) and INAC (2003, 2007).  Infrequent 

sampling can increase the time unsatisfactory water (not meeting GCDWQ) is 

unknowingly distributed to the community, due to the lag time between sampling (Smith 

et al., 2006).   
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Compliance monitoring has historically been used to test drinking water for safety 

(Scottish Executive, 2006; Ministry of Health, 2005; Byleveld et al., 2008, Health 

Canada, 2007 b).  However, monitoring finished water quality is insufficient to ensure 

water at the tap is safe.  Water managers often do not discover problems in the system 

until after the unsafe water passes through the system and consumers may become ill 

(Scottish Executive, 2006; Ministry of Health, 2005; Byleveld et al., 2008).  The lag time 

between sampling and results means that problems are not identified immediately; in 

remote communities the lag period is even greater because of the long distances samples 

must travel to labs.  Byleveld et al. (2008) also indicate that water-monitoring programs 

are not always representative or effective at predictions.  As well, compliance monitoring 

can only be carried out for a specific range of microbial and chemical parameters that 

have guidelines, this does not protect against the whole range of possible contaminants 

that could cause health concerns (Scottish Executive, 2006).  Pollard (2008) and Byleveld 

et al. (2008) also caution about limitations of routine monitoring to detect rare hazards.  

 

3.1.5.6  Responses to adverse conditions and emergencies  

Activities to prevent adverse health impacts, including boil-water orders are a last barrier 

in most multi-barrier systems.  Unexpected events may occur in any system, and planning 

will help ensure proper procedures are in place in the case of emergencies.   

Criteria: 

• Does the tool assess monitoring source, during treatment, and during 
distribution? 

• Does the tool assess if all relevant microbial, chemical and physical parameters 
are monitored? 

• Does the tool assess record keeping? 

• Does the tool ask if the treated water meets guidelines? 

• Does the tool assess frequency of sampling? 

• Does the tool assess the response procedures in the event of exceedance? 
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The WHO (2004) has identified several potential adverse impacts, including predictable 

deviations which can be managed by existing plans such as increasing disinfection 

concentrations; unforeseen events that are challenging to predict; and emergencies (such 

as lightning strikes, flooding or other natural disasters).  The WHO recommends that 

plans be developed to deal with these adverse impacts.  Health Canada (2007 b) also 

identifies several possible incidents for which water systems should be prepared.  Public 

complaints surrounding aesthetics can also provide valuable warnings of contamination, 

as outlined by Hrudey and Hrudey (2006), therefore careful investigation of patterns and 

unusual complaints should be made.  The ADWG [Australian Drinking Water 

Guidelines] recommend suspicions be aroused by “any sudden or extreme change in 

water quality, flow or environmental conditions” (Byleveld et al., 2008:3) and in these 

cases, water operators should be ready with their response plan. 

 

Guidance for the preparation of an emergency response plan can be found in the 2006 

Protocol for Safe Drinking Water in First Nations Communities (INAC, 2007), as well as 

the Procedure Manual for Safe Drinking Water in First Nations Communities South of 

60° (Health Canada, 2007 b).  Emergency response plans are recorded as in place in 17 

percent of First Nations communities (INAC, 2007).  Regional projects for emergency 

response planning are also in place, such as the First Nations Drinking Water Emergency 

Response Plan Guide: A handbook for Operators and Band Administrators.  This book is 

a joint production of the Aboriginal Water and Wastewater Association of Ontario, the 

Ontario First Nations Technical Services Corporation and Chiefs of Ontario, with the 

cooperation of INAC and FNIHB.  Most provincial jurisdictions identify contingency 
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planning and a need to back up critical systems including electricity (Swain et al., 2006).  

In addition, a 24 hour emergency hotline for technical support has been implemented in 

most locations (INAC, 2006).   

 

Measures to respond to emergencies can include boil-water or do not drink or use 

advisories.  Sound decision-making should be used in the use of some measures, such as 

the issuing of a boil-water alert.  “Boil –water alerts can take months to recover from, and 

may result in loss of faith in the public water supply (Irvine & Blair, 2004, as cited in 

Byleveld et al., 2008).  Byleveld et al (2008:8) recommend boil water orders for 

situations where “people are currently consuming contaminated water (containing 

organisms likely to cause illness) and there is no prospect that the cause can be rectified 

in the short term”.  Health Canada (2007 b) provides guidance on issuing various water 

advisories and orders, including roles, communication channels, and parameters for 

which water advisories or orders are put into place and lifted.   

 

3.1.5.7  Operators 

Operator knowledge, (which can in some part be measured by training and certification), 

and the availability of trained back-up operators can have a significant impact on water 

quality.  Being a water operator is a challenging job; training and support for the operator 

is essential.   

 

Criteria: 

• Does the tool assess contingency or emergency planning? 

• Does the tool assess how public complaints are incorporated into monitoring? 
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Operator training is important for properly functioning water treatment facilities (INAC, 

2003, Pollard, 2008).  Staff should understand that public lives are entrusted to them 

(Pollard, 2008; Smith et al., 2006).  A lack of training was identified as a root cause of 

some of the problems in First Nations drinking water systems in 1999 (Holden, 1999; 

Moore, 1999).  In 2003, approximately 10 percent of the operators in First Nations 

communities met industry certification requirements, and approximately 65 percent of 

operators received some form of training to operate the systems (INAC, 2003).  Lack of 

operator certification and inadequate operator training programs remain a significant 

challenge (Smith et al., 2006, Swain et al., 2006).  It is also challenging for operators to 

achieve annual training upgrades (Swain et al., 2006).  Although INAC assists with the 

costs of sending First Nations operators to training sessions, these challenges remain, due 

in part to the nature of small communities (as described earlier in section 3.1.4) (Senate 

of Canada, 2007).   

 

One program designed to overcome some of the challenges identified above is the Circuit 

Rider Training Program.  The Circuit Rider Training Program began as a partnership with 

INAC (Khan et al., 2001), and is described in detail by Holden (1999).  The Circuit Rider 

Training Program and Safe Water Operations Program provides 24-hour technical 

support, as well as training for First Nations operators (INAC, 2006).  This program 

provides professionals who travel through a circuit of communities, providing training for 

the operators at their own system, and assisting in troubleshooting and maintenance 

(INAC, 2006).  Plans exist to expand the Circuit Rider Program to all First Nations 

communities and to assist in certification of operators (INAC, 2006, 2007), which could 
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overcome the concerns of Khan et al. (2001) that the program is not accessible for all 

First Nations communities. 

 

It is often difficult for small communities to retain staff to operate treatment systems 

(Swain et al., 2006; Smith et al.; 2006; INAC, 2003).  Well-trained operators are in high 

demand in other communities (Senate of Canada, 2007).  Small communities with only 

one operator have difficulties if the operator is unable to work for any number of reasons 

(illness, holiday, taking training courses) (Senate of Canada, 2007).  A lack of back-up 

operators is a significant challenge (Smith et al.; 2006; INAC, 2003).   

 

Other challenges include hiring based on merit or interest, not political influence (Smith 

et al., 2006), maintaining operator salaries and status at a level to compensate for the high 

responsibility they carry for public health, and providing occupational health and safety 

(Swain et al., 2006; Pollard, 2008; Holden, 1999).  Operators in small communities 

perform other duties besides water treatment; it is also challenging to ensure the varied 

tasks of some operators (such as waste disposal and dog-catching) (Senate of Canada, 

2007) do not detract from their role as water operator. 
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3.1.5.8  Management 

Quality management and operating systems help operators identify threats and act on 

them preventatively rather than reactively (Swain et al., 2006).  Chief, Council, and 

community administration must be aware of the responsibility of operators and provide 

them support (Swain et al., 2006; Holden, 1999).  Many First Nations water systems face 

similar challenges to other small communities, as outlined in Section 3.1.4, including 

capacity to manage and govern the system.  This may impact their ability to plan for 

future populations and water demand as well as negotiate the complex jurisdictional 

issues (Lebel, 2008).  Management capacity is required to maintain safe drinking water, 

and requires accountability for meeting water standards, having sufficient and qualified 

personnel, and interactions with customers, technical experts, and governing agencies 

(Lebel, 2008).   

 

Recognition of “the ability of First Nations to govern themselves” has increased over 

time, with resulting devolution of responsibilities to First Nations (Swain et al., 2006:23).  

Criteria: 

• Does the tool assess operator training (both initial and ongoing) 

• Does the tool assess operator certification 

• Does the tool assess the operator’s attitude towards their responsibility to public 
health? 

• Does the tool assess operator retention 

• Does the tool assess if a backup operator is available? 

• Does the tool assess if hiring is based on merit?  

• Does the tool assess if operator salaries are adequate? 

• Does the tool assess support for the operator? 

• Does the tool assess if the operator is provided adequate occupational health and 
safety? 

• Does the tool assess if the operator has multiple roles that might detract from their 
ability to operate the water treatment facility? 



 

 142 

Some of the responsibilities devolved include water quality monitoring, which is now 

jointly shared between First Nations and Health Canada (Swain et al., 2006).  However, 

there is concern that corresponding resources to meet these responsibilities were not 

made available (Swain et al., 2006).  It is the view of the Chiefs of Ontario that since the 

1990s, the federal government has passed increasing responsibilities for operation and 

maintenance of water treatment to band councils, without a corresponding transfer of 

resources to carry out the duties (Khan et al., 2001).  This has raised concerns about 

capacity, especially in remote communities (Khan et al., 2001).   

 

The complexity (and inconsistency, in some cases) of relationships between levels of 

government (mainly federal and First Nations) can lead to a lack of understanding of 

authority and responsibility (Lebel, 2008).  Lebel argues that inconsistent or lacking 

communication can also compound issues.  Public documents outline responsibilities of 

all parties, such as the Protocol for Safe Drinking Water in First Nations Communities 

(INAC, 2006 b) and Procedure Manual for Safe Drinking Water in First Nations 

Communities South of 60° (Health Canada 2007 b) however, not all parties may be aware 

of the contents of these documents. 

 

 

Criteria: 

• Does the tool assess clarity and understanding of roles for all parties (operators, 
management, environmental health staff, and government agencies)? 

• Does the tool assess how management interacts with operators, customers, 
technical experts and governing agencies? 

• Does the tool assess resources for management capacity building? 
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3.1.5.9  Water metering and pricing 

Water should be affordable for all but at a price that discourages over-use (United 

Nations, 2006).  High prices may cause households to use alternative water sources or 

reduce water consumption, forcing a reduction in hygiene (WHO, 2004).  Other 

households may make other undesirable compromises to pay for this essential service 

(Babcock, 1996).  However, if water is available for free, or is un-metered, community 

members may be unaware of the costs of treatment and may also be more wasteful 

(Bithas, 2008), so prices should somewhat reflect the price of treatment and distribution 

(United Nations, 2006).   

 

Most First Nations communities do not have water meters, so any excessive water use 

cannot be pinpointed to the source (Lebel, 2008).  A good starting point is to ensure 

communities install and read water meters, to educate community members about their 

water use (Lebel, 2008). 

 

Water prices are one of the main ways to ensure that water is used efficiently; however, 

water prices generally lag behind the full costs to provide water (Bithas, 2008; Lebel, 

2008).  Water pricing to encourage conservation can take several forms, including 

increasing block rate price structures, high use or seasonal surcharges, or full marginal 

cost pricing (Babcock, 1996).  However, as discussed earlier, many small rural 

communities (not only First Nations communities) have challenges to obtain enough 

revenue to finance infrastructure and operational costs of water systems, due to small 

population sizes and lower incomes (Lebel, 2008).  In addition, low income consumers 
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can face significant adverse impacts from increasing water rates (Babcock, 1996).  Many 

First Nations currently have limited capacity to fund their own systems (Swain et al., 

2006) and community members themselves would have limited ability to pay.  However, 

Smith et al. (2006) suggest that a disassociation occurs between responsibility and public 

health protection since First Nations drinking water systems are not user funded. 

 

Although any fee collection for water may be regarded unfavourably by some, in the long 

run, “reliance on external support also means that financial matters pertaining to drinking 

water are outside of the communities control” (Lebel, 2008:86), and communities are less 

able to determine how to organize and run the water system (Swain et al., 2006).  Helin 

(2006:115) argues “The real problem is if you do not control your own purse strings, 

some one else does, and they have power to control your destiny”.  Swain et al.(2006:43) 

indicate that “the best funding arrangement might be one in which system owners 

(municipalities) rely on water rates to fund most of the costs of building, maintaining, and 

running systems” as this can reduce the conflicts from funding and regulation of water 

systems falling under the same level of government.  Bithas (2008) argues that under-

pricing and non-metering reduces efficiency and reduces social equity in the long run.   

 

The Chiefs of Ontario believe that the Federal Government has a duty “to build capacity 

for self-reliance within First Nations communities”, which would include providing 

resources (including financial resources) for First Nations communities to be able to 

provide themselves with safe drinking water (Khan et al., 2001:2).  The Senate of Canada 

(2007) has indicated that there is a strong link between economic independence and 
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sustainability of communities and their ability to provide safe drinking water.  Helin 

(2006:133) argues “Without self-generated wealth, there will never be real self-

government”.  In-depth discussions of self-governance and income generation are beyond 

the scope of this paper, but a measure of the financial sustainability of a community’s 

water system may impact their water supply. 

 

Although it may be challenging to implement water metering and some measure of cost 

accounting for consumers of water, in the short term, as First Nations communities are 

usually only required to cover 20 percent of operation and maintenance fees, the 

magnitude of pricing required may be at a manageable level (Lebel, 2008).  In the long 

term, greater economic capacity will enable communities to make more decisions about 

their water systems (Swain et al., 2006; Lebel. 2008).  

 

 

Each of the barriers identified above may be part of a multiple barrier approach which 

can reduce risk to drinking water if properly applied.  However, it is important to assess 

how well each of the barriers is working and to identify ways to improve their 

functioning.  Risk assessment tools can be useful in verifying the adequacy of barriers to 

ensure safe drinking water. 

 

Criteria: 

• Does the tool assess if homes using the system are metered? 

• Does the tool assess funding sustainability of the water system? 
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3.1.6 Risk assessment tools 

Risk assessment tools enable users to gather information in a structured way, and to 

understand risks, rank risks, and prioritize activities to reduce risk (Miller et al., 2005).  

Risk assessment tools may come in the form of software packages that collect, store, and 

produce data (Pollard et al., 2007).  Risk assessment and management tools have been 

developed by a variety of agencies across the world with a variety of goals, scopes, and 

perspectives.  Risk assessment and management tools can also have a range of theoretical 

approaches, ranging from quantitative to semi-quantitative to qualitative.  Each approach 

has strengths and weaknesses as described below.   

 

As well, various disciplines and jurisdictions have created a range of terminology related 

to the theoretical perspectives of risk.  For example, Water Safety Plans have been 

developed by the WHO, and under the United Kingdom Water Industry Research, the 

Australian Framework for Management of Drinking Water Quality (NHMRC 2001) and 

Australian Drinking Water Guidelines (NHMRC, 2004) (Pollard et al., 2007).  These 

frameworks identify step-by-step processes to manage contamination risks form source 

(catchment) to tap (Pollard et al., 2007).  These models focus on possible underlying 

problems such as contamination hazards in catchments, design problems, inadequate 

operator training, and poor operational practices, looking beyond the “high level of 

apparent compliance” (Pollard et al., 2007:19).   

 

Quantitative assessments examine exposure and dose data (Miller et al., 2005), but are 

susceptible to errors in data, and are most appropriate for issues of narrow scope instead 
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of complex issues (Pollard et al., 2007).  Pollard (2008:133) recognizes that quantitative 

risk assessment tools without “transparent decision-making does little to gain public 

confidence and can result in the long-term erosion of trust”.  Quantitative risk assessment 

approaches have also been criticized by Reid et al. (2001).  MacGillivray et al. (2006) 

indicate that limitations in funding, human resources, and the data required for 

sophisticated analysis make quantitative methods less practical.  It may be more 

pragmatic to use semi-quantitative ranking methods that investigate hazards and 

consequences (MacGillivray et al., 2006). 

 

Semi-quantitative assessments prioritize risks based on quantitative data such as 

occurrence frequencies or population sizes, not just professional expertise (Miller et al., 

2005).  Semi-quantitative approaches can be useful to prioritize actions, but remain 

vulnerable to human judgement (MacGillivray et al., 2006). 

 

Qualitative assessments might use expert groups to identify possible water related 

problems and prioritize the risks associated with the problems (Miller et al., 2005).  

Qualitative assessments can cover a broader range of problems but could be biased or less 

objective than quantitative assessments (Miller et al., 2005).  Open discussions about the 

reliability of assessed risk and of the limits to scientific knowledge will increase public 

trust in decisions (Hrudey and Light, 1996). 

 

Despite the usefulness of risk assessments, interpretation of the output must consider their 

limitations:  
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“Notwithstanding their utility, caution must always be applied in interpreting risk 

assessments, especially quantitative risk estimates… In addition to the inevitable 

issue of data quality that applies to all modelled systems (garbage in, garbage 

out), quantitative risk analysis (QRA) is usually meaningful only for narrowly 

defined (closed) rather than broad-scope, complex (open) issues.  QRA is less 

suited to low-probability, high consequence events, such as dam failure, where 

probability data is severely limited.  QRA can be misleading for health risk 

assessment, particularly for contentious issues such as carcinogens.  Leiss (2005) 

refers to a “fetishism of numbers” in this regard and suggests that use of value 

judgements better reflects the position of utility risk managers and stakeholders’ 

perceptions of risk…” Pollard et al., 2007:24).   

 

“It is time to modify the traditional approaches to assessing and reducing risks 

that have relied on a chemical-by-chemical, medium-by-medium, risk by- risk 

strategy. While risk assessment has been growing more complex and 

sophisticated, the output of risk assessment for the regulatory process often seems 

too focused on refining assumption laden mathematical estimates of small risks 

associated with exposure to individual chemicals rather than on the overall goal—

risk reduction and improved health status.” (Presidential/Congressional 

Commission, 1997:i). 

 

Extensive literature examines quantitative risk assessment methods such as Quantitative 

Microbial Risk Assessment (QMRA) (Haas et al., 1999; Haas, 2002; Howard et al., 2006; 
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Westrell et al., 2004).  QMRA is a technique used to calculate the disease burden from a 

particular pathogen (Howard et al., 2006).  QMRA as outlined by Haas (2002) includes 

processes similar to those outlined in Section 3.1.2.1; hazard identification, exposure 

assessment, dose response assessment, and risk characterization.  However, the 

challenges of applying QMRA anywhere, especially in regions with limited data and 

resources are acknowledged, due to the requirement for dose-response and exposure data 

(Howard et al., 2006). QMRA requires many assumptions, can include subjective factors, 

and has shortcomings related to data as described by Haas (2002) and similar to those 

outlined in Section 3.1.2.1.  Therefore, QMRA methods must be workable and simple to 

be used in developing areas (Howard et al., 2006).  The results from QMRA type analysis 

provide information about the probability that individuals will develop illnesses in a 

given year, as outlined by chapter 7 of the WHO Guidelines for Drinking-water Quality 

(2004).   

 

Use of quantitative methods such as QMRA can be helpful in certain circumstances; 

however, their use and interpretation may not be accessible for most operators or EHOs 

of small drinking water systems.  

 

Approaches such as Hazard Analysis and Critical Control Points (HACCP) are also 

examined extensively in the literature (Miller et al., 2005; Jagals & Jagals, 2004; Westrell 

et al., 2004).  HACCP is derived from engineering risk management approaches (Miller 

et al., 2005), and takes a systematic preventative approach to safety; identifying, 

evaluating and controlling hazards (O’Connor, 2002; Westrell, 2004).  HACCP has been 
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used in the food industry (Jagals and Jagals, 2004), and is a component of the WHO 

water safety plans (WHO, 2004).   

 

Several tools, including the New Zealand Public Health Risk Management Kit, (2008); 

and the Scottish Executive, (2006) examine matrices for risk ranking, as a semi-

qualitative risk ranking method considering likelihood and consequence factors.  Table 1 

shows an example semi-qualitative risk ranking matrix from Scotland.  Pollard (2008) 

calls the same likelihood and consequence matrices the ‘rapid ranking technique’. 

 
Table 2: Risk ranking matrix (Source: Ministry of Health, 2008:24) 

Consequence  

Likelihood Insignificant Minor Moderate Major Catastrophic 

Almost certain Medium Medium High High Very high 

Likely Medium Medium Medium High High 

Possible Very low Low Medium High High 

Unlikely Very low Very low Low Medium High 

Rare Very low Very low Low Medium Medium 

 

To compare risk assessment tools properly, tools or approaches should have a similar 

scope.  As Miller et al. (2005) point out, the scope of risk assessment techniques ranges 

from assessing the full source-to-tap to those that only assess catchment areas.  In 

addition, some risk assessment techniques focus on hazardous events, while others assess 

hazards (Miller et al., 2005).  Different terminology and output can be challenging to 

compare and can hinder communication of risk (Pollard et al., 2007).   
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AMEC (2008) argues that defensible risk assessment tools should have rigorous 

assessment of risk, validation of tools, coverage of the multiple barrier approach, and 

inclusion of human factors.  Further, AMEC argues that rigorous assessment of risk 

means relying more on absolute than relative risk, and/or produces a risk score or ranking 

that is more quantitative than qualitative.  However, AMEC does not indicate how they 

determine an absolute or relative risk scale, or a quantitative or qualitative risk ranking. 

 

 

3.2 Informal Interviews 

The informal interviews identified several inter-connected issues at play in First Nations 

drinking water systems, including: 

- source water protection; 

- climate change; 

- size of communities; 

- remoteness; 

- housing; 

- wastewater/sanitation; 

- non-point source pollution; 

- governance/jurisdiction; 

- funding/community sustainability; 

Criteria: 

• Does the tool use quantitative, semi-quantitative, or qualitative methods to assess 
risk, or both? 

• Is the tool credible 
o Subject to transparency and rigour? 

• Does the tool emphasize that risk assessment output should be interpreted with 
caution? 
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- on-site systems (private wells, septic, cistern etc); and 

- operator training and turnover.  

 

Figure 3 shows some of the possible interconnections between these issues.  The 

concept of the figure was suggested by an interviewee to illustrate the interconnected 

and complex nature of the issues. 

 
 

Figure 3: Interconnected issues 

 
Current risk approaches may not incorporate all of these topics.  For example, housing 

density can affect water and wastewater management.  If inappropriate standards are used 

that do not consider housing density, septic systems might be designed for much lower 

occupancy rates than actually occur, and well setbacks might not be suitable.  Issues of 

funding for on-site systems also arose; INAC considers onsite systems such as private 

wells; cisterns and on-site septic systems to be outside of their scope and therefore these 
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systems are not currently funded by INAC or covered in their risk assessment tool.  

However, some key informants indicated the possible difficulties of this funding 

approach.  The inclusion of on-site or individual systems was discussed in Section 3.1.6. 

 

The interviews also identified concerns about the INAC Risk Level Evaluation tool; 

participants indicated that the weighting of operations and maintenance was too high, and 

the weighting of design and source protection was too low.  Interviewees indicated that 

the AFN urged INAC to review the spreadsheet/formula, as it causes problems due to 

lack of funding and high turnover rates.  Interviewees felt the Risk Level Evaluation 

should place more emphasis on integrating drinking water and wastewater, including 

sewage, septic systems, wellhead protection and non-point source pollution.  As well, 

concerns over the subjectivity of the tool were raised. 

 

In addition, the interviews raised issues that should be addressed in risk assessment tools.  

Some of these issues were translated into criteria.  According to the interviewees risk 

assessment tools should have the following characteristics: 

- be objective; 

- have a scientific backing; 

- consider traditional knowledge; 

- allow the operator to use them to improve source water quality; 

- lead to action; 

- look at risk from a community perspective;  
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- include private systems (be inclusive of those without connections to the 

community system); and 

- build community capacity.   

 

The interviews also identified the need for a diverse cross-section of communities to be 

investigated, as First Nations communities across Canada are very diverse.  As much as 

possible, this diversity should be included in the communities chosen for in-depth 

examination.  The communities examined should include a cross-section of sizes, levels 

of remoteness, training requirements or class of system, and geographic locations.   

 

3.3 Results of Delphi 

Quotes from survey responses have been included where appropriate to illustrate the 

ideas generated from the survey process.  The content and the opinions expressed in the 

quotations are those of the speaker. 

 

3.3.1 Round 1 

A total of 25 respondents with experience in the field of First Nations water systems 

assisted with the first round of the Delphi.  As indicated in Section 2.5.3; respondents 

came from a variety of backgrounds, geographical locations, and expertise (water 

operators, environmental health staff, engineers and policymakers).  Respondents 

provided more feedback and detail than expected.  Illustrative comments from the Round 

1 survey are included in the discussion below, with an alpha-numerical code used to 

identify each participant while maintaining their anonymity. 
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The distinction between First Nations and non-First Nations respondents was based on 

self-identification.  The distinction was not sharp, as some participants worked for First 

Nations organizations but considered themselves non-First Nations, some were closely 

connected to First Nations family members, but considered themselves non-First Nations, 

and other participants were not status but considered themselves First Nations.  The 

question of status was not considered in this survey; the goal of separating First Nations 

and non-First Nations respondents was to ensure cultural backgrounds were taken into 

account and to reduce bias from unequal size of participant groups. 

 

The results of the Delphi indicate a convergence in perspectives on the issues that risk 

assessment tools should investigate.  Although each participant identified their concerns 

in their own words, clear themes and issues arose which allowed coding of each response 

under a particular issue.  Preliminary results identified some issues as important from 

both First Nations and non-First Nations perspectives.  Some of these criteria include 

operator training and pay (which is related to funding, operator attitude towards the work 

and the attitude of the community towards the operator).   

 

“Larger communities offer better possibilities for local operator candidates.  

Smaller Communities experience difficulties with remuneration and retention of 

operators for minimal hours required to maintain systems” (R2, personal 

communication, 2008) 
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Technical details, financial constraints, monitoring, regulation, and source water 

protection were also identified by many respondents as important issues.   

 

“Indian and Northern Affairs Canada (INAC)’s development of protocols puts all 

the responsibility for safe drinking water with the First Nation leadership. The 

Safe Drinking Water Protocol was developed with little First Nation input and is 

tied to Contribution Agreements [CA’s] with each First Nation. By accepting the 

funding via the CA’s First Nations are accepting responsibility for drinking water 

safety.” (FNR3, personal communication, 2008) 

 

“Expert Water Panel identified 3 options for proposed water legislation:  

o New federal legislation 

o Adopting existing provincial regulations 

o First Nation custom laws    

The current federal government is already leaning towards the incorporation of 

existing provincial regulations and then attempting to consult with First Nations. 

First Nations wish to review all 3 options to choose what is best for them” (FNR3, 

personal communication, 2008) 

 

“Better engineered pumping facilities, treatment plants and distribution systems 

will improve the treatment and maintenance of good drinking water. These 

facilities should be convenient to operate by the people who staff them. These 

facilities must place the operator in the engineering design and consider how the 
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owner/operator is to control and operate the process or processes. So often the 

engineer is solely focused on moving water and doesn't understand process or 

how the individual given responsibility for the facility is going to make it work. 

Often, the engineer fails to meet the objective of providing a manageable and 

balanced design for a drinking water system…  These facilities are producing a 

product for human consumption and as such require the highest standards to 

ensure a safe drinking water supply.” (R3, personal communication, 2008) 

 

Other issues raised include public awareness, support, management, maintenance, 

accountability, public confidence, and uses other than drinking water.  The details from 

the first survey are found in Appendix D, as well as identification of categories ranked by 

percentage of responses. 

 

“A valuable tool to assist in risk assessment would be a type of assessment tool 

for the Water Treatment Plant Operations that could be done jointly with the 

Public Works Manager.  This would hopefully have the effect of making them 

more aware of any issues that have an associated risk and also make them more 

knowledgeable about what is happening in the Water Treatment Plants.  Improved 

Capacity on their end should hopefully strengthen the advocacy and oversight 

they would be able to provide.” (R12, personal communication, 2008) 

 

“The two year term for Chief and Band councillors is too brief for individuals to 

become familiar with their work and responsibilities. Thus they cannot follow 
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through on long term issues with the needed solutions when it comes to water 

system infrastructure. Infrastructure work and planning is multi-term with many 

time tables that are monthly, annual, bi-annual, and multi-year in scope to 

complete work. There is no corporate memory with such staff turn over every two 

years especially in the absence of onsite engineering departments.” (R3, personal 

communication, 2008) 

 

“Better administration and manager [sic] of human and material resources is 

needed with appropriate funding reflecting the true cost of operations of each of 

the individual drinking water systems found in First Nation communities. One 

funding formula does not fit every situation, the First Nation community must 

provide accurate information about their systems to ensure proper funding and 

then administer that funding through well thought out budgets with future 

consideration in mind.” (R3, personal communication, 2008) 

 

“Culturally appropriate and effective education of children regarding the ‘water 

cycle’ – from the watershed, to their drinking water source, to where their 

wastewater goes.  Treatments, technologies, etc…” (R7, personal communication, 

2008) 

 

When discussing the second question (b.), which examined criteria or ways to improve 

current risk approaches, some similar issues to the first question (a) were raised.  The 

most important consideration was technical details, with operator, financial constraints, 
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monitoring, and source water protection also being frequently mentioned.  Attributes of 

the tool were also described, including that the tool should be easy to use and understand.  

Inclusiveness was also mentioned; the risk management approaches need to consider 

those who are off the main community system and may be accessing water from 

alternative sources, for example when hunting.   

 

However, there is a noticeable difference in the issues raised in the preliminary Delphi 

between First Nations respondents and non-First Nations respondents, as is evident from 

Figures 4 and 5.  Figure 4 shows the percentage of respondents who identified each issue 

as a concern for First Nations communities, while Figure 5 shows the percentage of 

respondents who identified each criterion for assessing or improving current risk 

assessment approaches.  Although issues relating to operators, financial constraints, and 

technical capacity were important to both First Nations and non-First Nations, there were 

differences between the two groups in identifying issues.  More First Nations respondents 

identified source water protection and public confidence as important issues (Figure 4).  

Figure 5 illustrates that more non-First Nations identified accountability and monitoring 

and recordkeeping as important to risk assessment while First Nations had a greater focus 

on source water protection and regulation   

 

These differences may illustrate the importance of bottom-up approaches that include a 

variety of perspectives into risk management.  If First Nations perspectives were not 

targeted, or were only one voice out of many, a risk management approach may not 

consider all of the important issues. 
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Figure 4: Issues related to water identified in the Delphi First Round 
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Figure 5: Criteria to assess or improve current risk assessment approaches 
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3.3.2  Round 2 

A total of 19 of the original 25 respondents from First Nations and non-First Nations with 

experience in the field of First Nations water systems assisted with the second round of 

the Delphi. 

 

Some difficulty was reported with the use of the online survey, however the researcher 

was able to remove any duplicate or erroneous information.  The reliability of results was 

validated through unintentional duplicate answers to the questions.  As the second survey 

was conducted online, three of the 19 participants were unable to ensure their responses 

were accepted, and therefore they entered their responses twice.  The differences between 

the two separate entries were negligible, differing only by one level (very important vs. 

important) for all answers but two.  This level of consistency shows reliability of results.  

The researcher chose which of the duplicates to analyze by assigning odd and even to 

each response, and through a random number generator, choosing the appropriate survey. 

 

The results of the second round of the Delphi indicate further convergence in perspectives 

on the issues discussed.  There was generally high agreement among participants that 

most issues were “very important” or “important”.  Many topics were unanimous for very 

important or important.  Several issues emerged as more important than others, however.   

 

The most important concern (question a.) for all respondents was the operator.   
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“The operator is the first line of defence in the protection of drinking water. As 

such, each operator should have access to proper training/education and 

networking. Operators should be more respected by their leaders and within their 

communities.” (33, personal communication, 2008) 

 

“people don[’]t seem to re[a]lize the pre[s]sure that goes with the job...” (13, 

personal communication, 2008) 

 

Other important concerns included public confidence, operation and maintenance, and 

management.  The average importance (mean) of each item was calculated based on the 

number of responses indicating the item was very important (score of 1) through to not 

important (score of 4).  Table 3 shows the average importance of each item from question 

group a.  There was less agreement on the importance of consultation, private/onsite 

systems, source water protection, and uses other than drinking water than expected from 

the first Delphi results.  The detailed results from the second survey are found in 

Appendix E.   
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Table 3. Average importance of each item from question group a. 

Category 
Average Importance  
(1= very important to  

4.0 = unimportant) 

Operator 1.0 

Public confidence 1.1  

Operation and Maintenance 1.1 

Management 1.1 

Monitoring and recordkeeping 1.2 

Public awareness 1.2 

Source Water Protection 1.2 

Accountability 1.2 

Financial constraints 1.3 

Support 1.3 

Regulation 1.4 

Technical 1.4 

Consultation 1.5 

Uses other than drinking water 1.6 

Private/onsite systems 1.6 

 

The most important criteria/issues to examine in a risk assessment (question b.), as 

identified by respondents, was the operator.  Other important criteria to examine included 

monitoring and recordkeeping, and maintenance.  Table 4 shows the calculated average 

importance (mean) of each item from question group b.  There was less agreement on the 
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importance of financial constraints, public confidence, consultation, research and 

development, and private/onsite systems than expected from the first Delphi results.   

Table 4: Average importance of each item from question group b. 

Category 
Average Importance 
(1= very important to  

4.0 = unimportant) 

Operator 1.1 

Monitoring and recordkeeping 1.1 

Maintenance 1.1 

Technical 1.2 

Emergency Response Plans 1.2 

Source Water Protection 1.2 

Easy to use 1.3 

Management 1.3 

Financial constraints 1.3 

Accountability 1.3 

Public Awareness 1.3 

Regulation 1.4 

Private/Onsite systems 1.4 

Consultation 1.5 

Research and development 1.6 

Public Confidence 1.8 

 

An examination of the categories with divergent perspectives on importance was 

warranted, to identify if two separate groups were being surveyed.  Some comments 
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illustrate differences in perspectives among respondents on a few topics.  The difference 

in opinion about the importance of consultation is illustrated in the comments below: 

“Largest challenge here is to ensure operational changes and or system 

modifications are in coordination with the operators, often an engineer or others 

will come in and recommend changes without first hand knowledge of how the 

existing system works.” (37, personal communication, 2008) 

 

“Consultation gets in the way of making progress on important issues with respect 

to water quality.  For example, First Nations communities, essentially, have no 

design standards or water quality standards because of lack of regulations and 

standards.  The process becomes long and laborious, wrought with politics while 

First Nations communities in many cases drink substandard water.” (36, personal 

communication, 2008) 

 

Comments related to funding illustrate the range of thought about financial constraints: 

 

“This is a very important element of the overall water management. Without 

funds for operation and maintenance, the risk to public health will increase and a 

facility will deteriorate prematurely.” (33, personal communication, 2008) 

 

 “Not sure if money is issue - rather the proper use of what money is there.” (34, 

 personal communication, 2008) 
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“A lot of financial constraints stem from lack of awareness and not applying 

funding where it is supposed to be applied.  Need to tighten up how funds are 

managed.  Total transparency and accountability is very important.” (36, personal 

communication, 2008) 

 

Although participants were initially identified as First Nations and Non First Nations in 

Survey 1, that may be an artificial designation.  It may be more appropriate to categorize 

the experience participants have living, working, or observing in the community.  Lived 

experience in the community provides unique insight into the daily challenges of a water 

system, while experience gained from observation can provide a fresh perspective, but 

may lack intimate knowledge of daily life.  However, the available data does not allow 

clear distinctions between these categories.  The data obtained is insufficient to support 

any conclusions about different populations being included in the survey, with the 

populations being identified as First Nations and Non First Nations as in Survey 1 or in 

the categories suggested above.  The largest divergence in perspectives was in the 

importance of public confidence to be examined in a risk assessment.  No trend in 

characteristics of who answered this question about public confidence could be found, 

however, either using assumptions about experience in communities or the First 

Nations/Non First Nations designation.   

 

Weak trends noted are that onsite systems, source water protection, and uses other than 

drinking water are identified as “somewhat” or “not” important by those with 

observational experience of First Nations communities.   
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In the second survey, the distinction increased between key concerns (question a) and 

criteria to examine in a risk assessment (question b.).  Public confidence was an 

important issue (a.), but less important to examine as part of a risk assessment (b.).  

Technical issues and Emergency Response Plans were more important to address as part 

of a risk assessment (b.) but less of a general key concern (a.).   

 

Public confidence, operation and maintenance, and management increased in importance 

as issues (question a) during the second round.  Technical, financial constraints, and 

regulations reduced slightly as concerns.  A quote from one participant illustrates their 

reasoning on the importance of technology:  

 

“From what I understand - technology is not the problem. We have the 

technologies - the hard part is getting the appropriate technologies in place and 

then maintaining them properly.” (34) 

 

An emerging trend from survey 2, question b was agreement that the tool should be easy 

to use.  Generally, the importance of most issues for question b did not change notably 

between survey 1 and 2.  Table 5 shows emerging trends between the first and second 

surveys.  The noted increase (�) or decrease (�) in importance in Table 5 compares the 

categories ranked by percentage of responses from survey 1 (found in Appendix D) to the 

same categories ranked by mean importance from survey 2.  A change in ranking of at 

least five places between survey 1 and survey 2 indicated a notable change in importance. 
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Table 5: Emerging issues and trends from Delphi round 2 

Question A 

Category 

Importance  
from Round 2  

(1.0=very important to  
4.0=unimportant) 

(and ranking from Round 2) 

Increase � or 
decrease � 

in importance 
in ranking 

% of responses  
from Round 1  
(and ranking) 

Operator 1.0  (1) 
 

71.4  (1) 

Public confidence 1.1  (2) 
���� 

20.0  (11) 

Operation and Maintenance 1.1  (3) 
���� 

32.9  (9) 

Management 1.1  (4) 
 

32.9  (8) 

Monitoring and recordkeeping 1.2  (5) 
 

34.3  (7) 

Public awareness 1.2  (6) 
 

27.9  (10) 

Source Water Protection 1.2  (7) 
 

44.3  (5) 

Accountability 1.2  (8) 
 

42.9  (6) 

Financial constraints 1.3  (9) 
� 

57.1  (3) 

Support 1.3  (10) 
 

14.3  (13) 

Regulation 1.4  (11) 
� 

51.4  (4) 

Technical 1.4  (12) 
� 

62.1  (2) 

Consultation 1.5  (13) 
 

10.0  (14) 

Uses other than drinking water 1.6  (14) 
 

5.0  (15) 

Private/onsite systems 1.6  (15) 
 

18.6  (12) 
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Question B 

Category 

Importance  
from Round 2  

(1.0 = very important to  
4.0 = unimportant) 

(and ranking from Round 2) 

Increase � or 
decrease � 

in importance 
in ranking 

% of responses 
from Round 1  
(and ranking) 

Operator 1.1  (1) 
 

45.2  (3) 

Monitoring and recordkeeping 1.1  (2) 
 

56.0  (2) 

Maintenance 1.1  (3) 
 

31.0  (6) 

Technical 1.2  (4) 
 

59.9  (1) 

Emergency Response Plans 1.2  (5) 
 

27.4  (8) 

Source Water Protection 1.2  (6) 
 

42.1  (4) 

Easy to use 1.3  (7) 
���� 

12.7  (13) 

Management 1.3  (8) 
 

25.4  (9) 

Financial constraints 1.3  (9) 
 

40.1  (5) 

Accountability 1.3  (10) 
 

19.8  (11) 

Public Awareness 1.3  (11) 
 

29.0  (7) 

Regulation 1.4  (12) 
 

22.2  (12) 

Private/Onsite systems 1.4  (13) 
 

5.6  (17) 

Consultation 1.5  (14) 
 

12.7  (14) 

Research and development 1.6  (15) 
 

5.6  (16) 

Public Confidence 1.8  (16) 
 

5.6  (15) 

 

The comments from the second survey were incorporated into the analysis of criteria to 

assess tools.   
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3.3.3 Feedback 

Time was provided for feedback from participants, and those participants who provided 

outlying results were asked specifically about their reasoning, if their reasoning was not 

clear from the comments they provided in the survey.  One error was detected during that 

feedback process, and clarification of views was obtained.  

 

One key informant was able to review the changing priorities and provide comments. 

 

3.4  Criteria to assess tools 

Criteria were developed from the combination of literature review, interviews, and 

Delphi.  Some criteria are important for all risk assessment tools in general, and others 

are more important in the context of small, isolated, or First Nations communities.  Of 

high importance was the ability of the tool to assess the operator, monitoring, 

maintenance, and technical aspects of water treatment.  The tool should educate and 

empower the user to make decisions and take concrete steps to making changes to water 

systems.  It is also important that the tool be suitable for use by a variety of people, 

ranging from water operators to public health officials, and result in appropriate action.  

Although the criteria was developed through participatory methods, the researcher 

recommends further consultation and consideration at the community level to determine 

appropriate considerations for specific situations. 

 

The literature review resulted in the criteria found in Appendix C, while the criteria 

arising from the Delphi technique and interviews are found in Appendix F.  The results 
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from each source (literature review, interviews, and Delphi technique surveys) were 

compared to increase the rigour of the results.  The comparison found that the criteria 

arising from the literature review and interviews could fit within the categories identified 

in the Delphi technique.  However, some of the comments arising from the three sources 

were very specific.  Comments were further coded to determine which were criteria and 

which were supplementary questions, found in Appendix G.  These supplementary 

questions may be useful to examine if a community has a specific concern, for example, 

about monitoring.   

 

It is important to consider if criteria are complete, clear, and not redundant (Stufflebeam, 

2000).  The comparison of the criteria developed from the literature review, interviews 

and Delphi technique ensured the criteria were complete and objective.  Redundancy of 

criteria was reduced by the coding process, designation of comments as criteria or 

supplementary questions, and review.  In a few cases, criteria that did not meet the 

requirements for number of sources were included in the criteria based on the judgement 

of the researcher.  For example, not enough sources identified the criteria that the tool 

build the capacity of the end user, but this criteria was still included in the final list. 

 

One of the greatest challenges in preparing the criteria was in determining under which 

category each criteria fit.  The inter-connectedness of issues means that many criteria 

could reasonably fit under several categories.  For example, transparent cost accounting 

to ensure funding is directed to the needs of the water system was mentioned under 

several contexts; should criteria related to it be placed under financial constraints, 
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management, or accountability?  The placement of criteria within categories was 

somewhat subjective and open to interpretation. 

 

Another challenge related to development of criteria was the inclusion of ideas that were 

not directly related to evaluating a tool.  One very important theme that arose from all 

forms of research (literature review, Delphi surveys and interviews) was concern about 

new legislation related to First Nations drinking water.  This point was not included as 

criteria, but is discussed further in Section 3.8. 

 

The final resultant criteria related to risk assessment tools are found in Table 6 below. 

Table 6: Final criteria to evaluate risk assessment tools 

Operator 

-Does the tool assess operator retention/turnover? abcde 
-Does the tool assess training (initial and ongoing) for existing staff abcd 
-Does the tool assess certification of existing staff?ad 
-Does the tool assess support for operators?ad 

-If there is a backup operator? If they are trained?abcd 
-If the operator has access to support such as on-call specialists, a network of 
colleagues or mentors, or the Circuit Rider Training Program or SWAP?abcd 

-Does the tool assess the operators attitude towards their responsibility for public 
health?abcd 
-Does the tool assess if operators have access to resources and time off for continuing 
educationabd 

-Does the tool assess if the operator had Occupational Health and Safety training and 
upgrading?ad 
-Does the tool assess if the operator has other duties besides drinking water treatment?ad 

Source Water Protection 

-Does the tool identify all sources of water for the system (as surface water, GUDI, or 
secure groundwater)? ad  
-Does the tool identify upstream influences to water, such as waste water, septic 
systems, agriculture, health care facilities, historic and current industry?abcd 
-Does the tool identify the outfall of any infrastructure in the community (waste water 
treatment, septics, improperly abandoned wells, any industries)?abc 
-Does the tool identify if source protection plans are in place?a 
-Does the tool identify if communities have authority over upstream activities?ab 
-Does the tool address possible solutions to prevent or reduce upstream pollution? abd 
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(such as public education, toxic substance control, economic/funding incentives, 
upgrades to waste water treatment plant, stormwater pollution prevention and structural 
changes) 
-Does the tool assess if First Nations traditional knowledge is incorporated into the 
baseline? (identification of natural characteristics and the impacts of land uses and 
activities) bd 
-Does the tool assess if water (both surface and groundwater) is managed holistically for 
drinking water, ecological needs, storm water management etc? ad 

Monitoring and recordkeeping 

-Does the tool assess water quality monitoring and record keeping of…: 
-source (raw) waterabcd 
-water during treatmentacd 
-treated water, through the distribution system out to houses,abcd 
-complaints from consumers cd 
for each parameter as appropriate: 
-biological parameters (bacteria (such as e-coli), algae and algal toxins, 
protozoans (such as Cryptosporidium, Giardia), viruses, other pathogens, or 
others, as appropriate) 
-chemical parameters (pH,  metals, total organic profile, iron, manganese, 
chlorine residual, dissolved oxygen, other ions, nutrients such as nitrate or 
ammonia, emerging contaminants such as THMs, others, as appropriate) 
-physical parameters (turbidity, others) 
-flow, (is quantity adequate? How much water is supplied daily?) 
-aesthetic parameters (colour, taste) 
-leakage (through a water audit to reduce loss and reduce contaminant infiltration) 

-Does the tool assess if monitoring results get used in planning and decision making, 
optimizing, future design, and substantiating need for upgrades?abd 
-Does the tool assess how often monitoring for each parameter is carried out?abd 
-Does the tool assess if log sheets and or databases are kept?abd 

Operation and Maintenance 

-Does the tool assess preventative maintenance plans?abd 
-Does the tool assess actual maintenance actions?abd 
-Does the tool assess if equipment deteriorates more quickly than anticipated? abd 
-Does the tool assess if inspections of the system occur? abd(just of reservoir) 
-Does the tool assess if a stock of spare parts and supplies is available for backup? ad 

Technical 

-Does the tool assess facility and community characteristics: abcd 
-Population size,  
-population density,  
-remoteness (fly-in or winter roads vs. year round roads),  
-geography (flood plains, soil type etc),  
-social or cultural circumstances (treatment complexity, community 
treatment preferences)?  

-Does the tool follow the multiple barrier approach, broken into pieces following the 
flow of water from source to tap, abcd 
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-Does the tool follow water back to source? (seeing the community as a system, what 
flows in and what flows out)ad  
-Does the tool assess if raw water is characterized to determine appropriate treatment?ad 
Is the tool logically sound: 

-Can the logic/reasoning process of the tool be identified (i.e. risk ranking 
matrix)? 
-Is that reasoning process defensible? 

-Is the tool credible? cd 
-Subject to transparency and rigour (i.e., you can see why risk rankings) 
-Adhere to industry codes and standards 
-Peer reviewed (articles about the tool published in peer reviewed journal as 
found on Scholars Portal) 
-Was it assessed as credible in the literature? 
-Publicly reviewed? 

-Does the tool assess water capacity requirements: future growth, firefighting, industry 
etc?ac 
-Does the tool address future needs to deal with climate change (such as robustness, 
extra monitoring?) bcd 
-Does the tool assess what type of treatment is used? (coagulation/flocculation, settling, 
filtration, membrane, disinfection, other…)abd 
-Does the tool assess what type of disinfection? (chlorination, ultraviolet, ozonation, 
other…)ad 
-Does the tool address distribution system management (operation and maintenance) ad 
-Does the tool assess if the type of water delivery is appropriate for the geography of the 
region? (e.g. water trucked to cisterns, or piped distribution system)? ad

 

-Does the tool assess if all facilities (reservoirs, buildings, and chemical storage) are 
secure, with fences and locks? ad 
-Does the tool assess what amount of water does the federal level of service standard 
allow for?  Is this sufficient for firefighting (or are there other measures for fire 
fighting)?ac 
-Does the tool assess if the plant designed properly and meeting standards?ac 

 

Emergency Response Plans 

-Does the tool assess if an emergency response plan or emergency measures checklist 
has been completed? abd 
-Does the tool assess if there is backup power supply in case of emergencies? ae 
 

Management 

-Do public works managers have the capacity (or have they been trained) to understand 
water treatment issues (for example, that over time, money must be spent on repairs, or 
that colours and tastes are not always dangerous) and budgeting? abd 
-Does the tool assess skill building within the community by training and/or 
mentorship? 
-Does the tool assess staff hiring processes to ensure hiring is based on merit, without 
political influence? ad 
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Financial constraints 

-Does the tool assess the impacts of financial constraints on:abd 
-operations and maintenance,  
-remote communities (especially fly-ins)  
-operator training and capacity development 
-retention, (is pay adequate and on par with other areas)abcde 
-source water protection and monitoring 
-health, safety, and emergency 
-physical infrastructure 

-Does the tool assess funding sustainability of the water system?cd 

Accountability 

-Does the tool assess transparency of processes and availability of all records? abd 
-Does the tool assess if roles and responsibilities of all parties are clearly understood? ab 
-Does the tool assess if money is being spent as planned (record keeping/cost accounting 
to justify funding needs and so funding gets to water system)? ab 

Public Awareness 

-Does the tool assess water related awareness of the community?abd 
-Does the tool assess water related outreach or education for the community? (special 
roles may be available for Elders and Women’s Groups in some communities)abd 
-Does the tool assess if easy to understand information about the water is available to 
community members?  This could include water monitoring data and risk assessment 
data as indicators of water quality, what is being monitored and why the water is safe 
and in compliance. abd 

Regulation 

-Does the tool assess if current conditions meet applicable regulations/ standards/ 
guidelines? abd 
-Does the tool identify who accepts jurisdiction over water (and land) uses?acd 
-Does the tool assess who is liable for the system, and do they understood and agreed 
upon that liability? abc 
-Does the tool assess if the current regulations or guidelines are understood by the 
operator, management, the community, engineers or contractors?abc 

Onsite, “individual”, or “private” systems 

-Does the tool identify people in the community who may not be included in the main 
community supply?abc 
-Does the tool incorporate onsite wells and cisterns in the analysis?cd 
-Does the tool assess if cross contamination and backflow prevention is in place?bd 

Consultation 

-Does the tool consider if some form of consultation about the water system takes 
place?bd 

Research and development 

-Does the tool assess if new threats (such as endocrine disruptors or THMs) are 
recognized, and where possible, treated? ab 

Public Confidence 

-Does the tool assess the public’s confidence in drinking water (e.g., what percentage of 
people drink from the tap)? abd 
-Does the tool consider community preferences for aesthetic characteristics such as taste 



 

 176 

and odour?ad 
-Does the tool assess if adjustments are made (where possible) to reduce aesthetic 
concerns ?abd 

Uses other than drinking water 

-Does the tool assess ecosystem and other water uses (both quality and quantity)? e.g. 
needs for clean water for wildlife and water levels of surface water for fish, spiritual 
uses of water abd 

Other characteristics of a tool or approach 

-Is the tool culturally appropriate:  
-Was the tool designed in consultation with First Nations groups?ad 
-Is there space in the tool to consider traditional knowledge?cd 

-Does the tool ask users to identify possible events, risks, etc that are not listed in the 
tool but could still be significant?  
-Does the tool give the surveyor key information about what risks may be associated 
with failure take actions or have certain processes in place? 
-Does the tool ask what mechanisms are in place (local or regional) for periodic overall 
risk assessment?a 
-Does the tool provide the user with concrete corrective actions to take or specific items 
to investigate? a 
-Does the tool prioritize concerns to assist in decision making? acd 
-How does the tool deal with unknowns (e.g., “I don’t know what monitoring we do for 
source water”)? 

Does the tool allow you to proceed without filling all details in? 
Does it alert you to data not filled in? 
Does it stop you from proceeding if key details are missing? 

-What sized community (or scale of system) is the tool is designed for?a
 

-Does the tool produce a cost-benefit analysis or risk reduction per unit cost?ad 
-Does the tool emphasize formal analysis process or the political bargaining process, or 
both, to determine acceptable risks?d 
-Does the tool use quantitative, qualitative, or semi-quantitative methods to assess risk?d 
-Is the tool intended to assess or manage risk, or both?d 
-Does the tool assess if risk tolerance has been defined for the community?d 
-Does the tool emphasize that risk assessment output should be interpreted with 
caution?d 
-Who should use the tool (to avoid a conflict of interest) 
-Can the discretion of the risk assessment tool user impact funding formulas?c 

Easy to use 

-What is the training and occupation of the target tool users (from tool documentation: 
i.e. high school/post secondary /technical, water operator/public health/circuit rider 
trainer) 
-Does the tool produce: a 

-simple analysis of data (less than 2 pages), 
-graphs or charts, 
-prioritized risks,  
-suggested actions,  
-risks associated with the failure to take actions or have process in place,  
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-approximate financial cost? 
-Is the data stored in a manner that is easy to access and extract data based on queries to 
something like an Excel spreadsheet?a 
-Can the data entry be automated (i.e. using handheld electronic device to enter and 
store information)?a 

Criteria which must be evaluated in the context of a community visit 

-Who used the tool? e.g. water treatment operators, trainers (circuit riders), community 
public works managers, public health staff, inspectors, regulators 
-Is the tool technically accurate? (Does the tool flag the actual problems of highest 
concern for the users/operators about concerns/problems, and see if the tool identifies 
these concerns?) 
                   -What concerns or problems can they identify before the tools are used? 
                   (later, does the tool identify these concerns?)  
-Is the tool useful for each person who used it?  

-Do they express interest in developing or modifying the tool? (y/n) 
-How likely they would be to use it again  
(yes-very likely, likely, no-unlikely) 

-Would help them justify repairs or $ to council or other funding agencies 
(y/n)  
-Did it increase their awareness (build capacity)? (yes, somewhat, no) 

-Is the tool or document easy to use or understand? 
-has everyone who has used the tool understood the language/ terminology/ 
definitions?  (yes, somewhat, no)  

If somewhat or no, explain what was difficult to understand  

-have they had difficulty following the format? (yes, somewhat, no) 
If yes or somewhat, explain what was difficult to follow 

-Is the tool objective or subjective: 
-Does the input or output from two different users differ by more than two 
items? (y/n) 

-How long does it take to complete? (in hours) 
-How much time does each tool user have to devote to using the tool? 

Notes: 
a Delphi Survey 1 
b Delphi Survey 2 
c Informal interviews 
d Literature review 
e Site visit 

 

Although the criteria were developed through participatory methods, the researcher 

recommends that further consultation be made at the community level to determine 

appropriate considerations for individual situations.  Ideally, water treatment operators, 
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Chief and Council, and others should be invited to discuss any unique concerns of the 

community during the use of risk assessment tools. 

 

3.5  Evaluation of Risk Assessment Tools against criteria 

 

The current risk assessment tools available to the researcher were compared against the 

criteria, as described in section 2.5.5.  The comparison of the current risk assessment 

tools shows that the tools do not meet all of the criteria developed during the research 

process.  However, since each tool is designed with different goals and audiences, none 

of the existing tools can meet all of the criteria.  Gaps generally exist in assessing some 

issues that are important for many First Nations communities.  One gap is in assessing 

funding issues that could impact operator training and retention, operation and 

maintenance, source water protection and the other issues identified above in Section 3.1.   

 

Other gaps involve the view of water (is the view of water broad enough to encompass 

source protection, sanitation/waste water and consider other uses of water such as 

traditional uses, fishing, and spiritual uses), and understanding public confidence in 

drinking water.  In addition, current approaches are mixed in their ease of use, 

accessibility, transparency, and encouragement of engagement and system improvement, 

their ability to build the capacity of the user, as well as level of technical detail.  A tool or 

an approach is only helpful if it can be accessed and the results used to mitigate risks; 

tools must be readily available and easy to understand to have practical value.   
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3.5.1  Desktop comparison 

In the desktop comparison, each tool was evaluated criterion by criterion.  Each criterion 

answerable by yes or no was identified as either directly being met by the tool, 

somewhat/indirectly part of the tool, or not included at all in the tool.  Other criteria 

required brief answers, such as the size of system for which the tool was designed.  The 

answers to the yes/no questions and brief answers were compiled into one document for 

each tool (found in Appendix H), which allowed for an overall assessment of the 

strengths and weaknesses of each tool.  The results of the desktop comparison are 

outlined below. 

 

3.5.1.1  The Australian Community Water Planner 

The Australian Community Water Planner asks appropriate questions about all water 

sources and possible upstream influences to these water sources.  It follows the multiple 

barrier approach from source to tap.  The Australian Community Water Planner also 

identifies individuals in the community who may not be included in the main community 

supply, and determines if they have sufficient water for their needs. 

 

The transparency of the Australian Community Water planner is a key strength.  The 

reasoning process can be identified, journal articles related to the tool have been 

published, and the tool development involved a thorough public consultation process. 

 

The format of the Australian Community Planner had positive and negative 

characteristics.  The ease of use and short time requirements to enter specific data were 
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beneficial.  As well, the tool stopped users from proceeding if key information was not 

entered.  However, the resulting output was too general and lengthy (approximately 30 

pages, depending on inputs).  In some situations, the output is very general and not 

tailored to site specific characteristics.  Therefore, many of the important points 

(monitoring and operators) that the tool addressed were lost in the back of the report.   

 

The community visits illustrated that the Australia tool output was too lengthy and would 

not likely be reviewed by an operator or other end users.  Some of the terminology, along 

with region-specific questions reduced the relevance of the tool to those who used it in 

their community.  However, the schematic of the water system developed by the tool was 

informative for one of the users, a water treatment operator. 

 

3.5.1.2  University of Guelph Risk Assessment  

The University of Guelph Risk Assessment asks appropriate questions about all water 

sources and possible upstream influences to these water sources.  It follows the multiple 

barrier approach from source to tap.  It directly addresses many criteria about operators 

and monitoring.  

 

The format of the University of Guelph Risk Assessment was advantageous.  The tool 

was easy to use, the time requirements are reasonable, and the output was site specific.  

The end-user can understand the prioritized risks at a quick glance. 
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The University of Guelph tool, however, did not address concerns related to management, 

financial constraints, accountability, public awareness, public confidence and other uses 

besides drinking water.  Other issues missed include those related to community 

characteristics and source water protection. 

 

3.5.1.3  INAC Risk Level Evaluation 

The INAC Risk Level Evaluation tool asks appropriate questions about operator training, 

backup, and support, as well as planned and actual maintenance.  It also had several 

questions related to sufficient quantity of water for current and future growth. 

 

The format of the INAC Risk Level Evaluation was easy to use and fairly quick to 

complete.  The output was reasonable to follow; although the summary table at the top of 

the page did not indicate which answers led to the risk ranking of high, medium or low.  

The user must go back through the tool to review what activities require more 

investigation.  As well, it is clear from the wording of the tool that the intended end-user 

is not the operator.   

 

The interview stage of the research identified concerns of some participants about 

weightings of specific categories in the INAC tool.  Specifically, participants were 

concerned that the operation and maintenance section was over-weighted, and there was a 

lack of emphasis on design and source protection, as well as a lack of integration between 

water and wastewater.  As identified in section 3.1.6.5, the Risk Level Evaluation gives 

specific weightings for each category.  These weightings are compared to the weightings 
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found in the Delphi Survey 2, in Table 7 below.  This comparison shows that the INAC 

tool has a much wider range of weightings (multipliers of 10 to 30 percent) than found 

from the Delphi survey (all at ‘very important’, in a range of ‘very important’, 

‘important’, ‘somewhat important’ to ‘not important’).  This may indicate that INAC 

should re-consider the Risk Level Evaluation tool weightings, with additional research 

conducted to determine appropriate weightings. 

 

Table 7: Weightings of key categories for INAC tool 

 
INAC  
(%) 

 Delphi Survey 2 

Water Source 10 Source water protection Very Important 

Design 30 Technical Very Important 

Operations 30 
Operation and Maintenance 

Emergency Response 
Very Important 
Very Important 

Reporting 10 Monitoring and recordkeeping Very Important 

Operators 20 Operator Very Important 

 

The INAC Risk Level Evaluation had several weaknesses pointed out during the 

community visits; only one question was at all related to operator safety; there were no 

questions relating to cross-connections or back-flow, and the tool did not pick up on the 

concerns of one community related to backup electricity supply and security of facilities.  

In addition, the tool did not address the distribution system, financial or community 

concerns, among others. 

 

3.5.1.4  Montana Water Center Microbial Risk Assessment Tool 

The Ranking Tool is strong in reviewing the possible risks from source water and 

chemical treatment processes in great depth.  The guide in flash is helpful, but the 

spreadsheet layout may be confusing for those with less technical background or 
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experience with spreadsheets, especially if the checklists are not completed in the 

beginning.  The spreadsheet itself is long and contains fairly technical details such as “do 

all hose bib connections have vacuum breaker attached?”  Navigating through the 

spreadsheet may be confusing in some situations.  For example, if a system has only one 

well source, users could scroll down to the section for the second well, which may be 

confusing.  It would be helpful to complete the survey on paper, as recommended by the 

program, though this would add more time to an already lengthy process.   

 

D’Costa (2009) found key considerations of operator training, chemical water quality, 

and operational challenges are missing from the Montana tool.  This examination finds 

the same weaknesses, but also weaknesses of assessing management, financial 

constraints, accountability, public awareness, regulation, individual or onsite systems, 

consultation, research and development, public confidence, and considering uses other 

than drinking water.  The strengths of the tool were in assessing source water protection 

and monitoring, and the tool was able to provide reasonable overviews of operation and 

maintenance and technical details.  

 

3.5.2  Community Visits 

Three First Nations community water systems were visited with the operator.  In two 

communities, the EHO also visited the facilities at the same time, while in the third, the 

EHO was consulted the next day, as they were unable to visit the community.  One 

community was located in Ontario and two in the Maritime Provinces. 
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Data have been disaggregated to ensure privacy of the communities.  The community 

populations ranged from 400 (100 homes) to 260 persons (50 homes).  The water systems 

served all of the community populations, except one home for one community.  The 

source water ranged from surface water (a large lake) to secure groundwater.  Treatment 

procedures ranged from simple chlorination to slow sand filtration and chlorination to 

potassium permanganate addition, greensand filtration and chlorination.  One community 

had two separate treatment systems from separate sources, supplying two parts of the 

community.   

 

The method for community visits (outlined in Section 2.5.6) involved obtaining consent, 

touring the water system with the operator and EHO, identifying potential concerns about 

the facility, entering the data about the water system into the tool, and reviewing the 

results.  The University of Guelph tool was tested in one community with surface water, 

and one community with groundwater.  The Australian tool was tested in one community 

with surface water, and one community with groundwater.  The INAC tool was tested in 

both communities with groundwater.  The Montana tool was not tested in a community 

due to time constraints; the Montana tool required the most detailed input and time was 

not available for the operators to complete the tool. 

 

General findings from the community visits were that the tools seemed more appropriate 

for the EHOs than the operators.  The operators, while very helpful in assisting with the 

research, did not find the tools useful for their activities.  This may be because their 

activities limited their time to carry out the tools, but more likely their perspective was 
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more geared towards the day-to-day activities at the facility.  Both the operator and the 

EHO were able to provide valuable insight into the safe operation of the systems and the 

appropriateness of the risk assessment tools. 

 

Another observation gained from the community visits was that water operators and 

EHOs had mixed opinions if the tool built their awareness (capacity).  Two of the 

operators indicated that they already knew about most of the items asked in the tool, 

while one indicated that the tool provided new insight.  The EHOs indicated that the 

tools, if modified, may provide a useful review of the water system. 

 

3.5.3  Overall comparison 

Table 8 provides an overview of the strengths and weaknesses of the tools evaluated.  

Table 8 lists each category in order of importance, and identifies how well each tool met 

the criteria in each category.  ‘Strong’ indicates about half of the criteria in each category 

were directly met, ‘Weak’ indicates that about half of the criteria in each category were 

not at all met, and ‘Mixed’ indicates the remainder.  Detailed results of each evaluation 

can be found in Appendix H. 

 

All tools assessed had weak assessment of financial constraints, accountability, 

regulation, and uses other than drinking water.  As discussed previously, these non-

technical aspects of water systems in First Nations communities can influence the root-

causes of unsafe drinking water.  The tools by Australia, INAC, and U of Guelph all have 

strengths of being easy to use and requiring less time to complete than the other tools.   



 

 186 

Table 8: Overview of strengths and weaknesses of selected tools 
 

Category 
Australia INAC Montana 

U of 

Guelph 

New 

Zealand 
Operator Weak Mixed Weak Mixed Weak 

Monitoring and 
recordkeeping 

Mixed Mixed Strong Strong Mixed 

Operation and 
Maintenance 

Weak Mixed Mixed Mixed Mixed 

Technical Mixed Mixed Strong Mixed Mixed 

Emergency 
Response Plans 

Strong Mixed Mixed Strong Mixed 

Source Water 
Protection 

Mixed Weak Strong Mixed Mixed 

Easy to use Strong Strong Mixed Strong Mixed 

Management Mixed Weak Weak Weak Weak 

Financial 
constraints 

Weak Weak Weak Weak Weak 

Accountability Weak Weak Weak Weak Weak 

Public 
Awareness 

Mixed Weak Weak Weak Weak 

Regulation Weak Weak Weak Weak Weak 

Private/Onsite 
systems 

Strong Weak Mixed Mixed Mixed 

Consultation Mixed Weak Weak Weak Weak 

Research and 
development 

Mixed Weak Weak Strong Weak 

Public 
Confidence 

Mixed Weak Weak Weak Weak 

Uses other than 
drinking water 

Weak Weak Weak Weak Weak 

Other Mixed Mixed Mixed Mixed Mixed 

Community 
visits 

Weak Mixed  Mixed  

 

The general overview of Table 6 also hides some interesting points.  All tools evaluated 

incorporate some interpretation of the multiple barrier approach.  Each tool, except New 

Zealand and Montana, considered future needs for water.  The differences between tools 

depended somewhat on the intended audience of the tool, but less than expected. 
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The intended audience of each tool (see Table 2) varies from technical staff to water 

operators of systems with less than 1000 users.  The intended audience, however, did not 

impact the ease of use reported by EHOs and operators.  The Australia tool, though 

designed for operators and easy to use, provided far too much output to be relevant for 

EHOs and operators.  The INAC tool, though intended for use by outside inspectors, took 

less time and was less technical than the Montana tool designed for operators. 

 

Based on the examination of the tools against the criteria, none of the tools is 

recommended without modifications.  However, the University of Guelph tool has more 

strengths than the other tools, indicated in Table 8.  The Montana tool would rank second 

because of strengths in more of the important categories.  Risk assessment tools and 

approaches should be improved to include additional aspects to fill gaps identified, 

wherever possible.  Section 3.7 addresses specific recommendations to improve INAC’s 

Risk Level Evaluation for drinking water. 

 

3.7  Specific recommendations for INAC Risk Level Evaluation for drinking water 

Based on the analysis outlined above, specific recommendations were developed for the 

INAC Risk Level Evaluation.  The INAC tool was examined because it was intended for 

use in First Nations water systems, and it is anticipated that the comments may be 

beneficial to any future revisions of the tools.  It is understood that the intended audience 

of the tool was not EHOs or water operators.  However, if modified, the tool could be 

beneficial for wider use.  Since the Risk Level Evaluation has the ultimate goal of 

correcting systems at risk (as identified by INAC/PWGSC, 2005), examination of these 
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additional factors (which may be outside of the scope of the initial use of the tool) would 

improve the overall understanding of risk.  Concerns expressed during the site visit 

(operator safety, cross-connections and backflow, emergency electricity supply and 

facility security) may be addressed if these recommendations are considered. 

 

Some of the shortcomings of the tool, and related recommendations are found below: 

Table 9: Recommendations for INAC tool 

 

Shortcomings 

(The tool did not…) 
Section of 

INAC tool 

Recommendations 

(the tool should…) 

thoroughly address upstream 
sources of pollution, and only 
allowed one source to be 
examined at a time 

Section 1 – 
Water Source 

Risk Evaluation 

-incorporate more details about 
upstream sources of pollution 
-ensure multiple water sources can 
be examined at once 

address community 
characteristics, climate 
change, backflow and cross 
connection prevention, or 
treatment and distribution. 

Section 2 - 
Design Risk 
Evaluation 

incorporate more details on: 
-community characteristics,  
-plans for climate change,  
-backflow and cross connection 
prevention, 
-treatment and distribution. 

address operation and 
maintenance (premature 
equipment aging, frequency of 
inspections, and availability of 
spare parts) or emergency 
response.   

Section 3 - 
Operation Risk 

Evaluation 
 

incorporate more details about: 
-operation and maintenance,  

▪ premature equipment aging, 

▪ frequency of inspections, 

▪ availability of spare parts.   
-emergency response.   

address monitoring water 
quality through the system, 
complaints, and leaks 

Section 4 - 
Reporting Risk 

Evaluation 

incorporate more details about:  
-monitoring through the system, 
-complaints and leaks  

address operator turnover or 
operator safety. 

Section 5 -
Operator Risk 

Evaluation 

incorporate more details about: 
-operator retention 
-health and safety training.   

address management, financial 
constraints, public awareness 
and confidence, regulation, 
onsite/individual systems etc. 

Additional 
sections 

add sections addressing 
management, financial constraints, 
accountability, public awareness and 
confidence, regulation, other uses of 
water, and onsite/individual systems.   

variation in weightings for 
each section may be excessive  

All sections 
research and reconsider weightings 
for each section. 
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Appendix I outlines specific recommendations for the INAC Risk Level Evaluation.  

Each shortcoming identified is matched with a possible question to address the 

shortcoming.  The suggestions are grouped in the same order as the criteria. 

 

It is recognized that addition of these questions will make the risk assessment longer and 

more complex.  As well, some of the questions may be outside of the scope of INACs 

mandate.  However, it is hoped that these recommendations may be a useful starting point 

for future revisions of the tool.  Responsibilities to manage the risks identified by the tool 

would need to be agreed upon, however, an improved tool could ultimately be beneficial 

to all involved.  

 

3.8  Lessons learned and recommendations 

The research process was iterative; beginning with a literature review that coincided with 

key informant interviews, continuing with the surveys, and finally revision of the 

literature review.  The ongoing nature of the interviews and surveys may have influenced 

some of the literature found, and therefore influenced some of the criteria.  However, the 

literature review included a wide range of research related to multiple-barrier approaches 

and risk assessment which should have provided a solid background for the literature un-

influenced by the surveys and interviews.   

 

The difference between risk management approaches and risk assessment tools is 

important.  A risk assessment tool should not loose focus on the primary challenge of 

assessing risks to health.  However, as part of a broader risk management approach, risk 
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assessment tools can enable people to make decisions regarding their water safety.  The 

criteria to evaluate current risk assessment tools, therefore, also consider aspects related 

to risk management approaches. 

 

Community resource constraints became painfully obvious when attempting to visit water 

treatment plants.  In some cases community representatives were difficult to contact; 

where others had expressed interest the challenge was generally being too busy to take on 

the commitment to visit.  It was also challenging to have agreement from all levels of 

government to visit communities; even if Chief or Council and the operator agreed to the 

visit, in one case federal agencies denied access.  These challenges may have led to a 

bias; community visits took place in those communities that had good water systems and 

willing participants. 

 

Limited time resources prevented testing of the Montana tool.  However, this may be an 

indication that the Montana tool is inappropriate for use by operators and EHOs of most 

First Nations drinking water systems, as it may be too lengthy.  Based on the lessons 

learned, future work to assess tools with an EHO, circuit rider, or operators of larger 

more complex systems may be beneficial.  However, use of the tools may increase the 

burden on operators of small systems if the operators were required to complete them.  

This may also indicate that inclusion of all the recommended criteria into existing risk 

assessment tools could make the tools lengthy and less user-friendly.   
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Although the criteria were developed through participatory methods, the researcher 

recommends further consideration at the community level to ensure unique community 

characteristics are included.  This may involve discussions with Elders, council, or other 

community members before use of the tool.  It may be beneficial to shift from risk 

assessment tools towards enabling communities to develop their own plans to ensure 

water safety.  The WHO water safety plan paradigm (focusing on preventative 

management through health targets, system assessment, monitoring, and management) 

could be modified to suit community needs.  An approach built from the community up 

would empower communities to better understand and choose their own levels of 

acceptable risks.  The approach would incorporate communities’ perspectives of holistic 

water management and their vision for future water resource management, prioritizing 

funding and actions.  Care needs to be taken to ensure enough resources are available 

before such an approach is begun, but ultimately, this approach may be a better use of 

resources currently spent on risk assessment tools, especially if the water safety plan was 

to be developed by the community themselves, not by outside consultants.   

 

During the research, ideas unrelated to risk assessment, but still critical to drinking water 

safety arose.  The most important of these themes, identified from all forms of research 

(literature review, Delphi surveys and interviews), was concern about new legislation 

related to First Nations drinking water, jurisdiction, decision-making powers and 

consultation.  Although this point does not fit under the scope of examining risk 

assessment tools, it is recommended that these issues be carefully examined during the 

development of legislation. 
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4.0 Conclusions 

 

Risk assessment tools can be useful to analyze and rank risk objectively.  Their current 

application, however, may not always ensure public safety.  Current risk assessment tools 

are missing the perspectives of end-users and those directly involved in water 

management at the community level.  A bottom-up approach to risk assessment and 

management is beneficial because it includes the perspectives of end-users.  The bottom-

up approach used in this research enabled participants to identify issues and criteria to 

evaluate and improve current tools to assess and manage risks to water systems.  Cross-

referencing literature with expert participant input increased the credibility of the results.   

 

The bottom-up approach and Delphi technique allowed information about these issues to 

be shared with participants, and provided opportunities for participants to increase their 

understanding of water related risk.  The convergence of opinion in the Delphi survey 

indicates that participants learned from the process. 

 

Of great importance is the ability of the tool to ensure public health, educate, and 

empower the user to make decisions and appropriate concrete improvements to water 

systems.  It is also important that tools be suitable for use by a variety of people.  Tools 

should also consider the specific challenges facing small, remote, and First Nations 

communities, and address the potential barriers to contamination provided by a broad 

perspective of the multiple barrier approach.   
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The evaluation of the current risk assessment tools show that the tools do not meet all of 

the criteria developed during the research process.  A reasonable level of agreement 

exists related to what a tool should contain.  However, there is less agreement on how 

tools should be applied, and by whom.   

 

Gaps exist in tool’s assessment of issues that are important for many First Nations 

communities.  One gap is in assessing funding issues that could impact issues such as 

operator training and retention, operation and maintenance, and source water protection.  

Other gaps involve viewing water in a broad enough context to encompass source 

protection, sanitation/wastewater and consider other uses of water (such as traditional 

uses, fishing, and spiritual uses), understanding public confidence in drinking water, 

management and accountability of all involved, and regulatory issues.  These issues, 

although not technical in nature, were identified as important criteria in the provision of 

safe drinking water.   

 

In addition, current tools are mixed in their ease of use, accessibility, transparency, and 

encouragement of community engagement and improvement, as well as level of technical 

detail.  A tool or approach is not helpful if it cannot be accessed and the results used to 

mitigate risks; tools must be readily available, easy to understand, and help build capacity 

of the user to have practical value.  The community visits indicated that Environmental 

Health Officers may find risk assessment tools more useful than operators of small First 

Nations drinking water systems. 
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None of the tools examined is recommended for use without modifications or additional 

coverage of omitted categories.  However, if a community chose to use a risk assessment 

tool without modifications, the two tools with the most strengths (in comparison to the 

other tools evaluated) are recommended.  The University of Guelph tool is recommended 

for communities with less complex systems, or limited time and human resources.  The 

Montana State tool is recommended for communities with sufficient time and human 

resources coupled with more complex drinking water systems or specific concerns about 

the technical aspects of their drinking water system. 

 

Current risk assessment tools should be modified to include the perspectives of end-users 

and tailored to suit conditions of particular communities, to help communities obtain safe 

drinking water.  As each existing tool is designed with different goals and audiences; no 

one tool can meet all criteria.  Improvements to existing tools are achievable, but 

challenging.  The improvements would also make the tools lengthier and less user-

friendly.   

 

A bottom-up approach to improve drinking water safety may eventually involve a shift 

from more rigid risk assessment tools to an approach that enables communities to 

develop their own plans for water safety.  This would empower communities to choose 

acceptable levels of risk instead of having risks imposed; build community capacity and 

aid in holistic water management.  If adequate resources were supplied to build capacity 

in communities and enable their development of proactive water safety plans, these plans 
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could be used to direct funds towards building safer water systems based on each 

communities’ vision for the future.. 
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Appendix A - Delphi First Survey email 

Researchers at the University of Guelph are looking at risk in First Nations drinking 
water systems.  You have been chosen to take part in this research because of your 
experience and knowledge of drinking water in First Nations communities. This part of 
the project will use the “Delphi Method” to find answers from a group of experienced 
people, including yourself.  If you participate, you will get the results of each “survey” 
and, if you wish, a copy of the final thesis paper.  This first step should take you about 20 
minutes.  Over the next few weeks, you will be sent results from the first survey, and the 
second and third parts should take about half an hour each to complete. 
 
Some ways (or tools) to assess risk in drinking water already exist, but these tools often 
were not designed with First Nations perspectives. The information we develop together 
will help us to develop criteria to evaluate current risk management tools and approaches 
for First Nations drinking water systems.  This information could be used in the future to 
improve existing tools or create new tools, and you will have access to the ideas 
generated by the “Delphi Method”.  The “Delphi Method” is used to explore and move 
towards agreement on the issues.  It is useful because the participants are spread out, and 
so that everyone has equal say.  The researchers want to generate new, innovative ideas, 
and want all participants to learn from each other.  Every opinion will be validated 
equally, and all ideas will be considered.  Your responses will always be confidential – 
only the researchers will know who said what. 
 
The process will include several “rounds” of email between you and I. 
 
Round 1. You (and the other participants) email back your answers to these questions, if 
possible, within two weeks:  
(Questions a. and b. are the most important, c. and d. and e. are optional).   
 

a. List some key issues about water (in general, or drinking water in specific) in 

First Nations communities (add  comments if desired) 

b. List some important characteristics for water related risk assessment tools 

appropriate for First Nations communities (If you wanted to make water safer 

in First Nations communities, what would you look at? Add comments if 

desired) 

c. List any communities you would recommend the researchers ask to participate 

further in the study (due to their representative nature, ability, resources, 

success, or problems)   

d. List any other people you think could answer these questions as well. 
e. Do you consider yourself to be First Nations or Other (Non-First Nations)? 

 
Feel free to comment on any of the questions.  
 
Round 2. The researchers will then compile the lists and comments.  The researchers will 
return the responses to you and other participants, with the responses from the first round 
(questions a. and b.) listed in no particular order.  You will be asked to evaluate 
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importance of each item listed.  You can explain your evaluations if you wish, but this is 
not required. 
 
Round 3. The researchers will again compile the lists and comments.  We expect that 
some items will stand out as more important than others.  You will be asked, based on 
comments and rankings, to re-evaluate your choices.  Do not feel pressured to change 
based on what others have commented, unless you agree with the new information or 
comments others have provided.  If you have decided something quite different from the 
Round 2 results, please explain why. 
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Appendix B - Delphi Second Survey on-line  
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Appendix C - Criteria identified from literature review 
Introduction 

• Does the tool consider First Nations perspectives? 

• Does the tool allow consideration of traditional knowledge? 

• Does the tool take a holistic view of water resources, or only focus on drinking water? 

• Does the tool encourage roles for Elders and Women in dealing with water resources 
Risk 

• Are terms and definitions consistent and easily understood? 

• Does the tool emphasize formal analysis process or the political bargaining process, or 
both, to determine acceptable risks? 

• Does the tool use quantitative or qualitative methods to assess risk, or both? 

• Is the tool intended to assess or manage risk, or both? 

• Does the tool prioritize concerns to assist in decision making? 

• Does the tool produce a cost-benefit analysis or risk reduction cost per unit cost? 

• Does the tool assess if some form of public consultation or participation about the water 
system has taken place? 

• Does the tool assess if risk tolerance has been defined for the community? 

• Is the tool credible in the industry?  
� Subject to transparency and rigour 
� Does it have a scientific backing? 

• Does the tool emphasize that risk assessment output should be interpreted with caution? 

• Does the tool increase the awareness/capacity of the user? 
Cold 

• Does the tool take temperature ranges into consideration? 

• Does the tool suggest measures which should be taken based on extreme cold or large 
fluxes in temperature? 

• Does the tool consider extreme winter storms and associated problems (heating, truck 
water delivery etc) 

Community geography 

• Does the tool take remoteness into consideration? 

• Does the tool assess if alternative methods of sampling are available to remote 
communities who cannot meet suggested hold periods? 

• Does the tool consider the density of the community? 

• Does the tool assess planning for future growth? 
Community size 

• Does the tool ask about the size of the community? 

• Does the tool address problems of retaining qualified staff or training existing staff? 
Financial constraints 

• Does the tool assess if financial constraints have impacted: 
o Infrastructure 
o Operation and maintenance 

• Does the tool assess how quickly funds are available for repairs? 
Unique cultural situation 

• Does the tool consider community preferences for aesthetic and other relevant drinking 
water parameters? 

Complicated jurisdiction 

• Does the tool identify who accepts jurisdiction over water (and land) uses? 

• Does the tool assess if roles and responsibilities are clear to all parties and if all parties 
agree to their responsibilities? 
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• Does the tool assess if a regulation or guideline covers all significant activities at the 
water treatment plant? 

Individual or Onsite systems 

• Does the tool assess if individual systems are more appropriate for the community? 

• Does the tool assess individual wells as part of a larger community system? 
Climate change 

• Does the tool address future potential for climate change, requiring additional flexibility 
and source monitoring? 

o Increased snow melt 
o Increased water temperatures 
o Changed intensity and frequency of precipitation leading to flooding, droughts, 

and fluctuations in water levels 
o Salinization of groundwater 
o Increased demands for water 
o Decreased water quality 

Hazards 

• Does the tool assess sources and routes of fecal contamination that could lead to 
pathogens entering water sources? 

• Does the tool assess routes to chemical contamination of the water? 

• Does the tool assess if naturally occurring chemicals could contaminate the water? 
Multiple Barrier Approach 

• Does the tool assess the whole water system, from source to tap? (i.e., follow the multiple 
barrier approach: source, treatment, distribution, monitoring, responses to adverse 
conditions, and back to source?  

• Does the tool consider other aspects to manage the multi-barrier approach (legislative and 
policy frameworks, public involvement and awareness, guidelines, standards and 
objectives, conservation, research and development) 

• Does the tool recognize a watershed approach that includes First Nations understanding 
of water? 

Source water 

• Is a source water protection plan available for the community? 

• Are goals for source water protection identified? 
o Whose goals (who has been consulted)? 
o To provide safe drinking water 
o To reduce contamination 
o To provide flexibility in water supply 
o To meet specific water quality criteria (are these criteria reasonable for the 

naturally occurring water conditions?) 

• Are any conflicting goals identified? 

• Does the tool clarify roles and duties for source water protection? 

• Does the tool clearly identify water source (ground water, surface water, or both?)  

• Does the tool delineate the source area? (on watershed basis or other?) 

• Are future supplies or potential redundancies of supply identified? 

• Are sensitive water protection areas delineated? 

• Does the tool identify if source water is diverted from another watershed? 

• Is the baseline of the source area thoroughly assessed including: 
o ownership,  
o land uses and activities (forest, agriculture, impervious surfaces) (wastewater 

treatment plants, onsite septic systems, agriculture, forestry, resource extraction, 
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hazardous materials given higher priority) (recreation, road construction, 
maintenance, spills also considered) 

o natural characteristics (hydrology, topography, soils, vegetation, wetlands, 
wildlife, fire, forest diseases) 

• Is First Nations traditional knowledge incorporated into baseline (identification of natural 
characteristics and the impacts of land uses and activities) 

• Is land ownership identified? 

• Are possible solutions to pollution identified (Public education, toxic substance control, 
economic or funding incentives and stormwater pollution prevention and structural 
changes)  

• Are specific items suggested as alternatives to current practices? (upgrading wastewater 
treatment plants and sewers, storm water management, best management practices for 
winter road salting, riparian buffer systems, agricultural and forestry best management 
practices, erosion control and creation of wetlands)   

• Are other groups identified who might suggest other alternatives, including First Nations 
groups?   

• Is historic contamination addressed in the source protection plans?  

• Is the technical capacity of the water utility for water protection assessed? 

• Is the managerial capacity of the water utility for water protection assessed? 

• Is the financial capacity of the utility assessed? 

• Does the tool assess if the action plans for source water protection are monitored and 
evaluated? 

• Does the tool assess if the results of source water protection activities are shared with 
wider planning agencies? 

• Does the tool assess public participation in water management? 
o Public hearings 
o Committees and task forces 
o Surveys 
o Conference calls 
o Internet postings 
o Alternative dispute resolution 
o Is advance notice, proper distribution of information and notice, and meaningful 

opportunities for affected parties to take part, reimbursement of travel costs, and 
communication in traditional languages recommended? 

o Are youth, elders, women, and leaders all encouraged to interact? 

• Does the tool identify affected parties?   
o On a watershed-specific basis? 
o Governments 
o Public interest groups 
o Public health groups 
o Business groups 
o Vulnerable populations 
o Local resource workers (farmers, forestry) 

• Does the tool assess transparency of processes? 

• Does the tool assess curent public education programs? 
o Annual reports 
o Media coverage 
o Government dissemination of knowledge such as maps 
o Education of youth in both scientific and traditional knowledge? 

• Does the tool assess source water monitoring? 
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• Does the tool assess monitoring to:  
o Obtain baseline data? 
o Determine and adjust to variations in source water quality? (both natural and 

man-made causes) 
o determine how effective source protection measures are? 

• Does the tool include monitoring for: pathogens, major ions, nutrients, organic particles, 
DOC, BOD, macroinvertebrates, turbidity, oxygen levels 

• Does the tool assess if the baseline data is informed by traditional knowledge?  

• Does the tool assess if actions for improvement are influenced by the monitoring results?  

• Does the tool assess if monitoring results are used to set treatment targets and pathogen 
reduction targets? 

• Does the tool assess the simplicity and transparency of the monitoring program? 
Treatment technologies 

• Does the tool assess the appropriateness of the existing technology? 

• Does the tool identify if the operator or manager has investigated if newer technologies 
such as UV, ozone and membrane filtration may be more appropriate for site conditions? 

• Does the tool identify if each treatment process is working properly? 

• Does the tool assess design and treatment technology appropriateness? 

• Does the tool assess if treatment processes have been optimized? 
Operation and maintenance 

• Does the tool assess operation and maintenance? 
o Does the tool assess if proper maintenance and repair procedures are in place? 
o Does the tool ask about premature recapitalization (e.g. do facilities deteriorate 

more quickly than anticipated)? 
o Does the tool ask about backup equipment 
o Does the tool ask about maintenance and repair 
o Does the tool ask about inspections 

Distribution System 

• Does the tool assess the distribution system? 

• Does the tool ask if water is delivered via pipeline or tanker truck? 
o If tanker truck, does the tool assess procedures to prevent contamination during 

filling, transportation or unloading? 

• Does the tool assess if cross-connection and backflow protection is in place? 

• Does the tool assess potential contaminant intrusion in the distribution system, from 
backflow, breakage, truck fill etc? 

• Does the tool assess if cold conditions can lead to frozen pipes? 

• Does the tool assess distribution system maintenance? 
Monitoring, recordkeeping 

• Does the tool assess monitoring source, during treatment, and during distribution? 

• Does the tool assess if all relevant microbial, chemical and physical parameters are 
monitored? 

• Does the tool assess record keeping? 

• Does the tool ask if the treated water meets guidelines? 

• Does the tool assess frequency of sampling? 

• Does the tool assess the response procedures in the event of exceedance? 
Responses to adverse conditions and emergencies 

• Does the tool assess contingency or emergency planning? 

• Does the tool assess how public complaints are incorporated into monitoring? 
Operators 
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• Does the tool assess operator training (both initial and ongoing) 

• Does the tool assess operator certification 

• Does the tool assess the operator’s attitude towards their responsibility for public health? 

• Does the tool assess operator retention 

• Does the tool assess if a backup operator is available? 

• Does the tool assess if hiring is based on merit?  

• Does the tool assess if operator salaries are adequate? 

• Does the tool assess support for the operator? 

• Does the tool assess if the operator is provided adequate occupational health and safety? 

• Does the tool assess if the operator has multiple roles that might detract from their ability to 
operate the water treatment facility? 

Management 

• Does the tool assess clarity and understanding of roles for all parties (operators, 
management, environmental health staff, and government agencies)? 

• Does the tool assess how management interacts with operators, customers, technical 
experts and governing agencies? 

• Does the tool assess resources for management capacity building? 
Water metering and pricing 

• Does the tool assess if homes using the system are metered? 

• Does the tool assess funding sustainability of the water system? 
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Appendix D - Results from First Survey 

Question a. from the first survey asked: List some key issues about water (in general, or 

drinking water in specific) in First Nations communities. 
 
The responses were grouped into the categories below: 

 

Category
1
 

% of 

responses 

Operator 71.4 

Technical 62.1 

Financial constraints 57.1 

Regulation 51.4 

Source water protection 44.3 

Accountability 42.9 

Monitoring and recordkeeping 34.3 

Management 32.9 

Maintenance 32.9 

Public awareness 27.9 

Community characteristics 24.3 

Public confidence 20.0 

Private/onsite systems 18.6 

Support 14.3 

Consultation 10.0 

Uses other than drinking water 5.0 
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Category
1
 Results and comments

2
 

Operator 

Operator training: 

-No two water systems are alike, but training for operators is not specific to their 
own system.  If operators do not understand their system, small mechanical 
failures can lead to large problems.  However, treatment plants also have many 
similarities, once an operator understands the concepts. 
-In addition, operators require continuing education units (CEUs) to maintain 
their certification.  Some operators lack the CEUs for a number of reasons (it is 
hard to get time off to go to a workshop, and there are less opportunities for 
conferences in some regions, for example).   
Challenges for operator: 

-Occupational Health and Safety for operators is also important.  Operators deal 
with many hazardous conditions: chemicals, confined spaces etc.  However, the 
INAC protocol does not cover occupational health and safety.  The Legislative 
framework which was being examined for First Nations did have an impact 
analysis which included six elements of the framework and talked about 
occupational health and safety.  However, there is some contradiction that OHS is 
within the framework but not the protocols.  This is can be an issue for operators, 
who should be adequately protected from the hazards of the job. 
-Operation and maintenance duties are put on the operator, who doesn’t have 
engineering skills to develop standard operating procedures etc. 
-long hours, staff shortages (lack of certified backup operator), lack of recognition 
-Complex systems need higher operator qualifications 
-Supervision, direction, and communication between management and the 
operator are sometimes limited. 
Operator retention: 

-Operators leaving for better pay elsewhere 
-Operators reaching retirement age  
-Difficulty finding qualified and committed replacement operators from within a 
community if the main water treatment operator leaves. 
- It is difficult to find replacement operators if systems are too complex. 
Possible solutions: 

-Get classes of students to come in and tour facilities 
-One way to give operators further access to CEUs is to provide a First Nations  
conference that would provide operators CEU credits for attending.   
-Mentors for operators 
-Circuit Rider Training Program helps with continuing education. 
-Operators can join associations, and attend annual conferences to get continuing 
education credits. 
 

Technical 

Design: 
-Quantities of treated water are lower than needed, currently and in the future.  
Drinking water systems are not built to meet future for projected future growth.  
In one area, about half of communities will outgrow their facilities in 2 to 4 years.  
If a community system is designed and built for the current population, it will not 
be sufficient for the future.  Therefore, community planning and development 
(including economic development) is an important consideration.   
-Long term (many months or years) boil water advisories on wells and cisterns; 
some wells on long term “Do Not Consume” advisories because of MAC 
exceedences such as arsenic, uranium or selenium 
-Is the infrastructure (water supply; waste water collection and treatment) 
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appropriate to the geographical and social/cultural circumstances of the 
community? Don’t build something that is well beyond what is necessary. 
-Municipal Water Treatment Plant system: This is often referred to as the ultimate 
solution to the well problems. However, the cost of installation and maintenance 
is unrealistic.  For example, is it reasonable to spend one million or more dollars 
to 'run a pipe' to less than five homes? 
-Are settlements tightly nucleated or dispersed, and is there active involvement in 
a hunting camp based subsistence economy? 
-Infrastructure characteristics – design and procedures for the transfer of 
responsibility for operation. What information is available? Are there accessible 
and comprehensible System Operation Manuals available, and if so, how were 
they prepared? 
-Need for higher operator qualifications dependent on complexity of system 
-Surface water has quality issues such as turbidity 
-wells in excess of 15 Meters with confining layer 
-Mineral content (based on CGDWQ) and chemical analysis of water (both 
ground and surface water) 
-Security at all facilities, such as fences and locks. 
-Some fire hydrants in communities are non-functional and provide no fire 
protection in some areas.  Some communities also have broken water mains 
which lead to risks of infiltration and reduced pressure for firefighting 
-Lack of oversight for residential wells has resulted in an extensive potable water 
problem in some communities.  No legal or administrative structure is in place to 
ensure wells are constructed, maintained and plugged properly.  Improper 
construction of wells has led to very high levels of contamination from surface 
water in some cases, and it seems that well drillers acted improperly in 
constructing these wells. 
Treatment: 
-Treatment options: chlorination, ultraviolet, ozonation, filtration 
-Improve aesthetic quality of water, for example, in areas where source water is 
high in organics 
-Treatment designs are not enough - they work for regular contaminants but do 
they work for emerging contaminants? 
-Complexity of treatment: Systems are more and more complex, and regulations 
and guidelines more and more restrictive.  First Nations capacity is challenged to 
keep up with technology and requirements. 
-Spring break-up always throws a curve-ball, and the situation is always different.  
Spring and fall turn-overs are challenges 
-Iron and manganese are challenging, they can’t be treated at the facility, Chlorine 
causes colours, turbidity, complaints. Some situations require a boil water 
advisory if there is colour, to appease public concern. 
-Difficulties in meeting drinking water standards (differentiate between standards 
- which are regulated and enforceable, achievable with current treatment 
technologies and guidelines) 
-will treatment work?  At what cost? 
Remoteness: 
-Remote and inaccessible communities have extra costs for shipping/freight, and 
transportation is challenging 
-Demographic and geographical issues.  The size of communities, degrees of 
isolation, and recent institutional change. Physiographic constraints (such as 
lowland or estuarine environments). 
Possible solutions: 

-Test for, and upgrade GUDI wells (groundwater under direct influence) to 
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include filtration and chlorination 
-Water delivery trucks need to be disinfected on a regular basis. 
-Distribution lines need to be flushed annually. 
 

Financial 

constraints 

Design: 
-Design of water and wastewater projects are dictated by funding available in the 
Region rather than need and what could be more appropriate 
-Federal Level of service standards for many years was only 180l/capita in FN, 
but elsewhere (non First Nation?) facilities had as high as 450l/capita, so often a 
facility was built with no fire fighting capacity or even to meet the more stringent 
provincial regulations.   
Maintenance and operations: 

-Lack of funding to repair and/or replace aging wells or problem cisterns; lack of 
low cost options to provide these people with good quality drinking water from 
another source 
-First Nations community funding is not enough to maintain water facilities/run a 
water plant.  This falls under Operation and Maintenance for communities.  For 
example, some communities do not have back up power supplies in case of 
emergencies.   
-Insufficient funding from all sources (INAC and other sources) to run a water 
plant. 
-Band offices don't always allocate necessary funds for spare parts, chemicals, 
etc.  Therefore maintenance is not carried out and life expectancy of the 
equipment is compromised. 
-Water operation and maintenance costs at the First Nation level are not known or 
well understood by decision makers. The cost accounting systems are not there to 
the degree needed to establish realistic budgets for stable funding. In the absence 
of such information under-funding occurs at the federal level or at the community 
level is redirected. 
Other: 

-Protocol for First Nations was put into funding agreements between FN 
communities and INAC.  The communities were essentially forced to sign the 
agreements and follow the protocols with no extra funding to meet the protocols. 
-Emergency Response planning and Source Water Planning are required by 
protocol but no additional resources, awareness or funding is available 
-Remote communities have additional costs for transportation of materials and 
technical support is challenging. 
-Size of community: Larger communities have access to federal monies for 
systems.  A problem still may exist for these larger systems when they also accept 
responsibility for pockets of homes either singular or less then 5 on systems away 
from the main village, that are not recognized as a system under INAC 
-Funding is required for operators: to find, pay, and keep qualified operators to 
run water treatment plants 
-Funding is required to carry out source water protection  
 

Regulation 

Jurisdiction (Complex jurisdiction over guidelines, standards, inspection and 

enforcement): 
-First Nations are Federal responsibility under the FNIHB.  The FNIHB does 
inspections, but only makes recommendations, as it has no enforcement over First 
Nations.  INAC provides funding, so FNIHB gives information to INAC.  
Guidelines can be obtained from provincial regulations or Health Canada 
guidelines.  
-Water is considered under federal, not provincial jurisdiction, so provincial 
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regulations technically do not count.  Some plants follow provincial regulations, 
as they are more stringent in some provinces.   
-The existing drinking water quality framework is under the regimes of Indian 
Affairs, Health Canada and Environment Canada. There are no job/departmental 
specifications attached to the oversight authority that these departments have over 
First Nations drinking water with emphasis to "total chemical water quality 
(laboratory) analysis". 
-INAC proposed water and wastewater legislation which references provincial 
standards as the minister's preferred approach in formulating the legislation. This 
will leave First Nations authorities subordinate and subject to provincial 
legislation 
-Expert Water Panel identified 3 options for proposed water legislation:  
o New federal legislation 
o Adopting existing provincial regulations 
o First Nation custom laws    
The current federal government is already leaning towards the incorporation of 
existing provincial regulations and then attempting to consult with First Nations. 
First Nations wish to review all 3 options to choose what is best for them. 
Lack of legislation / gaps in regulations: - Guidelines for water quality are an 
aim, not enforceable - INAC protocol is not working so well 
-lack of a clear regulatory regime (or understanding of roles and responsibilities) 
for drinking water - what are the regulatory roles of the chief and council, public 
health, Health Canada, INAC, environment stakeholders - 
-In the absence of regulatory regime First Nations are asked to work with the 
most strict of the two (provincial and federal).  In some cases the federal 
guidelines are very strict so “we over-design our systems and make them more 
complex”.  The same situation exists for waste water regulation, and to meet the 
regulations will require a considerable investment. There are challenges to meet 
ever-changing standards.  
-Is there a regulatory regime in place, and what does it look like? Are 
provincial/territorial regulations and directives in place, and if so, how do they 
work?  How long have they been in place, and what has been learned about their 
implementation? For example, many are concerned about "Incorporation by 
Reference" (using provincial and territorial legislation on FN communities), 
failure to consult, failure to appreciate technical challenges.   
-Lack of oversight for water well development , to ensure proper construction. 
-There are no formal or legally binding regulations on First Nations with respect 
to drinking water or source water protection 
-Occupational Health and Safety for operators is also important.  Operators deal 
with many hazardous conditions, chemicals, confined spaces etc.  However, the 
INAC protocol does not cover occupational health and safety.  The Legislative 
framework which was being examined for First Nations did have an impact 
analysis which included six elements of the framework and talked about 
occupational health and safety.  However, there is a bit of contradiction that OHS 
is within the framework but not the protocols.  This is an issue for operators since 
they should be adequately protected from the hazards of the job.  With the 
election call this was put on hold. 
-Federal level of service standards imposed on First Nations are restrictive.  For 
many years the service standard was only 180l/capita for First Nations, and 
elsewhere was as high as 450l/capita, so often a facility was built with no fire 
fighting capacity or even meet the more stringent provincial regulations.  On 
Federal Reserves the 'Guideline for DW Quality' is used as the standard, which is 
way lower than any regulation. 
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-Level of service standards are too low for requirements such as fire fighting 
Liability: 
-There are clauses in funding arrangements the release the minister (includes 
staff) of any liabilities or suits that may arise directly or indirectly from the 
services rendered through the funding arrangements. (this includes water related 
concerns). Therefore, the councils are left to be held liable of any issues that may 
arise. 
-Indian and Northern Affairs Canada (INAC)’s development of protocols puts all 
the responsibility for safe drinking water with the First Nation leadership. The 
Safe Drinking Water Protocol was developed with little First Nation input and is 
tied to Contribution Agreements with each First Nation. By accepting the funding 
via the Contribution Agreements, First Nations are accepting responsibility for 
drinking water safety.  
 

Source water 

protection 

Concerns: 
-Funding for source water protection  
-Who will work on source water issues? Consultants and engineering companies?   
- There is an absence of source water quality protection and seems to be a lack of 
knowledge around this issue 
-Some provinces target underground water as primary source of water (more 
stable) but underground water is limited in supply and has quality problems such 
as high iron which has a tendency to clog wells.  We are obliged to look at surface 
water as primary source but it is much less stable, and harder to treat. 
-Very little effort is spent on managing surface and ground water.  A lot of 
consideration is given to digging ditches deeper along roadways and around 
homes, in an effort to decrease flooding. Properly managing the flow with a 
holistic view is not done.   
-Very little is known about the quality or quantity of our groundwater. 
-The challenges of water quality are related to upstream polluters, and regulation 
and certification gaps, among others.  First Nations do not have control over 
upstream water sources. 
-Source water planning is required by protocol but no additional resources, 
awareness or funding is available 
-Site specific challenges to surface water; Spring break-up always throws a curve-
ball, and the situation is always different.  Spring and fall turn-overs are 
challenges 
Possible solutions: 

-Community-based programs that promote importance and ownership of the issue 
of protecting the watershed. 
-Tools and strategies for source water protection should be available. 
- Hydro-geological studies would improve the ability of communities to 
characterize their water and protect source water.  Hydrogeological studies would 
also be able to determine if supplies were GUDI.  Most communities have not had 
hydrogeological studies carried out.   
 

Accountability 

-Management of finances (is money being directed to drinking water costs, or is it 
being re-routed?) 
-Accountability at all levels for funds being used for water: operators, local 
administration, federal government etc.  
-Clear roles and responsibilities for community members, operators, Chief and 
Council, other government. 
-Lack of responsibility for funding for repair and maintenance leads to slow 
repairs, lack of operating funds, and/or reduced life expectancy of equipment. 
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-The operators are trying their best, but can only work with what is given to them 
by leadership. 
-Who is accountable for communities with long standing problems or boil water 
orders? 
 

Monitoring 

and record 

keeping 

Concerns: 

-Are water quality monitoring tests carried out on a regular basis, and are the 
results considered for operations? 
-Operators must understand the importance of record keeping, reporting, and due 
diligence in their activities.  Some operators have not had the training or 
experience to show them the importance of recordkeeping, or how to properly 
record data. 
-Proper records of monitoring to be kept for up to five years 
-The 2007 Standing Senate Committee on Aboriginal Peoples report critiqued 
INAC for not having enough proof that the water treatment plants were built to 
the standard and that there were no deficiencies.  In other words, the department 
had not adequately identified existing deficiencies with respect to both the ability 
of the plant to produce the quality and quantity of the water required, as well as 
the construction of the plant itself.  As a result, the Committee was deeply 
concerned that Parliament was not receiving full and accurate information about 
the quality and safety of drinking water in First Nations communities. 
Possible solutions: 

-Ongoing raw water and treated water monitoring is important to allow for 
appropriate treatment measures.  Current monitoring is for parameters such as e. 
coli, turbidity, chlorine residuals, etc but more parameters/indicators would be 
helpful. 
-Hydrogeological studies would improve the abilities of communities to 
characterize their water and do source water protection.  Hydrogeological studies 
would also be able to determine if supplies were GUDI.  Most communities have 
not had hydrogeological studies carried out.   
- Remote monitoring and running of water treatment plants 
 

Management 

Communication: 

Supervision: 
-Is there a First Nation administrative/coordination/technical services structure 
serving the needs of clusters of communities? 
-What is the quality of relationships with INAC officials, Health Canada, 
provincial technical staff, regional staff of aboriginal organizations (e.g. Grand 
Councils). 
-Do policy makers (Aboriginal and otherwise) have ready access to basic 
information (at a regional level) on the nature of the First Nations communities.  
There is considerable diversity across communities, but little readily available 
information. 
-On side management 
-The two year term for Chief and Band councillors is too brief for individuals to 
become familiar with their work and responsibilities. Thus they cannot follow 
through on long term issues with the needed solutions when it comes to water 
system infrastructure. Infrastructure work and planning is multi-term with many 
time-tables that are monthly, annual, bi-annual, and multi-year in scope to 
complete work. There is no corporate memory with such staff turn over every two 
years especially in the absence of onsite engineering departments 
-The First Nation water system staff has little or no regular supervision and 
direction from management. There is very little communication and reporting 



 

226 

between decision makers and those doing the drinking water system work.  
Managers do not ask for reports re operation, maintenance, health/safety, and 
water quality, but set budgets. 
-Related to the lack of regulatory regime is the lack of clarified roles and 
responsibilities - who is or should be in control on the daily operation of the 
plant? 
-Public Works managers lack training in understanding water treatment issues 
-The age of the operators reflects the population demographics as whole in 
Canada, therefore they will be retiring soon with no trained replacement operators 
to step up. Managers at the community level have not recognized this as an issue. 
-Operators are usually under-paid and doing many other jobs besides drinking 
water production, treatment and distribution. Managers at the community level 
have not recognized this issue or the importance of the work done by water 
system staff.  Staff are leaving and in some instances manager do not even bother 
to hire new staff. Imagine a water system operator expected to survive on $250 
per week and half of that salary is paid by Health Canada. 
-Water operation and maintenance costs at the First Nation level are not known or 
well understood by decision makers. The cost accounting systems are not detailed 
enough to establish realistic budgets for stable funding. Without this information 
under-funding occurs at the federal level or at the community level is redirected. 
-Staff should be hired based on merit, without political interference.  
Administrations should monitor and prescribe hours of work, define the work 
expected, do performance reviews, schedule staff vacations and have trained 
personnel available to replace or substitute for system operators in their absence 
and schedule training for re-certification, etc...  
-Occupational health and safety is not well supported by management for water 
and wastewater operators. They are not well equipped and poorly trained. When 
training has been provided; the safe practices learned are not encouraged, follow-
up refresher training and maintenance of equipment is not done. There is usually 
only one operator employed working alone most of the time in unsafe conditions 
and expected to be on call 24hrs a day 7 days a week. Often no qualified trained 
backup personnel are available. 
- Operators deal with many hazardous conditions including chemicals and 
confined spaces, and should be adequately protected from the hazards of the job.  
However, the INAC protocol does not cover occupational health and safety.  The 
Legislative framework which was being examined for First Nations did have an 
impact analysis which included six elements of the framework and talked about 
occupational health and safety.  However, there is some contradiction that OHS is 
within the framework but not the protocols.   
-Wells and onsite systems (including cisterns, holding tanks, septic tanks) should 
be included in statistics collected by the INAC national assessment. The last 
assessment conducted by INAC on water and wastewater systems nationally was 
done in 2003. Another round is proposed for this year, First Nations requested 
that wells and onsite systems (cisterns/holding tanks/septic tanks) statistics be 
included for a broader picture. Not every First Nations has water or wastewater 
treatment plants. 
-Drinking water systems are not built to meet future needs; projected future 
growth is higher in some communities and about half of communities in the 
region will outgrow their facilities in 2 to 4 years.  If a community system is 
designed and built for the current population, it will not be sufficient for the 
future.  Therefore, community planning and development and economic is an 
important consideration. 
-Safe drinking water roles and responsibilities should be clarified for community 
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members, operators, chief and council.  Both INAC and Health Canada have 
developed tools for the Chief and Council.  The Health Canada tool is called “The 
Water Advisory tool kit for First Nations”.  However, the tools were developed in 
isolation and shipped to communities without much fanfare or explanation.  The 
tool clearly explains the roles and responsibilities of chief and council and talks 
about boil water advisories which are to be issued by the Chief and Council.  
However, how aware are the Chief and Council of the tool? 
- The 2007 Standing Senate Committee on Aboriginal Peoples report critiqued 
INAC for not having enough proof that the water treatment plants were built to 
the standard and that there were no deficiencies.  In other words, the department 
had not adequately identified existing deficiencies with respect to both the ability 
of the plant to produce the quality and quantity of the water required, as well as 
the construction of the plant itself.  As a result, the Committee was deeply 
concerned that Parliament was not receiving full and accurate information about 
the quality and safety of drinking water in First Nations communities. 
 

Maintenance 

Challenges: 
-Decision makers do not always understand operation and maintenance costs and 
therefore budgets for operation and maintenance are not realistic. Adequate funds 
are needed for operation and repair so that equipment life expectancy is not 
reduced.  
-Maintenance issues for in ground cisterns and aging well infrastructure are a 
concern 
Possible solutions: 

-Village maintenance plans 
-Regular visual inspections by operators 
-Flush distribution lines annually 
-Disinfect water delivery trucks on a regular basis 

Public 

awareness 

Challenges: 
- Lack of awareness in community about water use (conservation) and source 
water protection (dumping contaminants). Everyone has responsibility for safe 
drinking water. 
-Lack of understanding by leadership and community members of the importance 
of the water treatment plant and distribution system for the well-being of the 
community. 
-Being an operator is challenging since no-one knows what you are doing. 
-Sometime communities are fragmented or do not agree on what their water 
issues are, resulting the in the lack of a unified voice to address concerns that 
exist 
-Perceptions about the water are sometimes more powerful than the evidence 
(e.g., the belief that chlorine does more harm than good to those who consume the 
water) 
-Band managers are sometimes unaware of issues regarding water and wastewater 
at the community level but will acknowledge that water quality in First Nation 
communities is a national issue that needs to be addressed. 
Comments: 

-Community and public awareness of the importance of water and the roles and 
responsibilities of operators to provide safe drinking water 
-Community recognition of importance of the water treatment and sewage 
treatment operators. 
-General on-reserve population needs to become pro-active (clean their own 
cisterns or wells, keep them secure). 
-Public education is a key factor.   
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Possible solutions: 

-Get classes of students to come in and tour facilities 
-Community-based programs that promote importance and ownership of the issue 
of protecting the watershed. 
- Culturally appropriate and effective education of children regarding the ‘water 
cycle’ – from the watershed, to their drinking water source, to where their 
wastewater goes.  Treatments, technologies, etc… 
-Highlight success stories – what are communities doing right? 
 

Community 

characteristi

cs: 

remoteness, 

size, density, 

culture 

-Larger communities offer better possibilities for local operator candidates.  
Smaller Communities experience difficulties with remuneration and retention of 
operators for minimal hours required to maintain systems 
-Are settlements tightly nucleated or dispersed, and is there active involvement in 
a hunting camp based subsistence economy? 
-Remote communities have extra costs for transportation. 
Type of system appropriate for community: 

-Appropriateness of technology and infrastructure for size, density, isolation, 
geography, social and cultural circumstances of the community? 
-Larger communities have access to federal monies for systems.  A problem still 
may exist for these larger systems when they also accept responsibility for 
pockets of homes either singular or less then 5 on systems away from the main 
village, that are not recognized as a system under INAC 
-Municipal Water Treatment Plant systems are often referred to as the ultimate 
solution to the well problems. However, the cost of installation and maintenance 
is unrealistic.  For example, in a lot of cases within the community, is it 
reasonable to spend one million or more dollars to 'run a pipe' to less than five 
homes? 
 

Public 

confidence 

-Public trust and confidence in the drinking water is important 
-There is currently a mistrust in communities about the safety of water, and 
concerns about potential cancer causing agents in the raw water. 
-Not everyone in the community drinks the water 
 

Private/onsit

e systems 

-Lack of funding to repair and/or replace aging wells or problem cisterns; lack of 
low cost options to provide these people with good quality drinking water from 
another source 
-Last assessment conducted by INAC on water and wastewater systems nationally 
was done in 2003. Another round is proposed for this year, First Nations 
requested that wells and onsite systems (cisterns/holding tanks/septic tanks) 
statistics be included for a broader picture. Not every First Nations has water or 
wastewater treatment plans. (Exclusion of wells and onsite systems (including 
cisterns, holding tanks, septic tanks) from statistics collected by INAC national 
assessment) 
-Lack of oversight for residential wells has resulted in an extensive potable water 
problem in some communities.  There is no legal or administrative structure in 
place to ensure wells are constructed, maintained and plugged properly.  Improper 
construction of wells has led to very high levels of contamination from surface 
water in some cases, and it seems that well drillers acted improperly in 
constructing these wells. 
-Surface contamination of poorly constructed wells is a problem in some 
communities. 
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Support 

Challenges: 

-Lack of access to specialists when treatment issues occur at water treatment 
plants 
Possible solutions: 
-Programs that provide external support systems where community is unable to 
maintain its own water treatment services.  A remote community might have a 
dedicated service provider in the closest town or city. 
-Water plant operators should have off-reserve support to handle emergencies and 
on-site one to one training. 
-Support for occupational health and safety should be available for water and 
wastewater operators; including training, refreshers, equipment maintenance, and 
back-up operators. 
 

Consultation 

Consultation to develop tools: 

-Safe drinking water roles and responsibilities should be clarified for community 
members, operators, chief and council.  Both INAC and Health Canada have 
developed tools for the Chief and Council.  The Health Canada tool is called the 
Water Advisory tool kit for First Nations.  However, the tools were developed in 
isolation and shipped to communities without much explanation.  The tool clearly 
explains the roles and responsibilities of chief and council and talks about boil 
water advisories which are to be issued by the Chief and Council.  However, how 
aware are the Chief and Council? 
-Indian and Northern Affairs Canada (INAC)’s development of protocols puts all 
the responsibility for safe drinking water with the First Nation leadership. The 
Safe Drinking Water Protocol was developed with little First Nation input and is 
tied to Contribution Agreements with each First Nation. By accepting the funding 
via the CA’s First Nations are accepting responsibility for drinking water safety. 
Consultation to develop protocols and legislation: 
-Expert Water Panel identified 3 options for proposed water legislation:  
o New federal legislation 
o Adopting existing provincial regulations 
o First Nation custom laws    
The current federal government is already leaning towards the incorporation of 
existing provincial regulations and then attempting to consult with First Nations. 
First Nations wish to review all 3 options to choose what is best for them 
 

Uses other 

than 

drinking 

water 

-First Nations look at water in many ways and have much respect for water as 
there are inherent teachings tied to looking after our lands and waters. Water 
carries a spirit for the healing and cleansing of our Nations and is required for all 
forms of life. Essentially water is sacred. 
-Most First Nations utilize local water for spiritual purposes. In some First 
Nation's cultures women have the responsibility and teachings for water.  Some 
ceremonies require fresh spring water, using treated water or even lake water are 
not the same due to the added chlorine and the changes/murkiness to lake/river 
water.  
-Fisheries provide a livelihood for many First Nations, and water quality 
problems such as increased phosphates and nitrogen in lakes could increase algae 
and harm the fisheries.  Should this be affected there would be serious 
consequences economically and socially. 
 

1. The categories below are based on the researcher’s interpretation of the participant’s 
comments, with some input from key informants.  The comments reflect the opinion of 
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our respondents, who were from a variety of backgrounds (both First Nations and non-
First Nations) and working for a range of organizations across Canada.   

2. Some comments may appear more than once, as they fell into more than one category. 

 
Question b. from the first survey asked: List some important characteristics for water related 

risk assessment tools appropriate for First Nations communities (If you wanted to make 

water safer in First Nations communities, what would you look at? Add comments if 

desired) 
 
The responses were grouped into the categories below: 

 

Category
1
 % of responses 

Technical 59.9 

Monitoring and record keeping 56.0 

Operator  45.2 

Source water protection  42.1 

Financial constraints 40.1 

Public awareness 29.0 

Maintenance 31.0 

Emergency response plans 27.4 

Management 25.4 

Regulation 22.2 

Community characteristics 21.8 

Accountability 19.8 

Easy to use 12.7 

Consultation 12.7 

Research and development 5.6 

Public confidence 5.6 

Private/onsite systems 5.6 

Hazard identification 3.6 

 

Category
1
 Results and comments

2
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Technical 

Appropriate design: 

- In remote communities don't install complicated equipment, keep it simple.  
Isolated communities (winter roads or fly-in only) face particular challenges in 
finding replacement parts, chemicals, costs for flying in items or only getting them 
during the winter roads time 
-Design and engineer pumping facilities, treatment plants, distribution systems to 
make them convenient to operate and maintain. Use process engineering, not just 
mechanical engineering principles so the control and operation of the facilities 
considers the perspective of the operator (consider how the owner/operator is to 
control and operate the process).  These facilities are producing a product for human 
consumption and as such require the highest standards to ensure a safe drinking 
water supply. Make the system manageable. 
Automated data entry: 

Automated – i.e. use a Palm or Handheld electronic device to enter and store 
information until downloaded to a database in the office. 
-WaterTrax is a useful tool that allows you to input data, produce charts, see trends, 
eg identify raw and finished water quality trends The community water operator 
does their own testing which is entered into WaterTrax, and an outside lab also 
conducts testing and enters it into WaterTrax.  If levels are too high, an alert goes out 
to the operator, EHO, and supervisor via email.  The operator can also set alert levels 
for various parameters in WaterTrax. 
-SCADA systems give you more access to data, and work with a PLC and computer.  
They are very easy to use and allow for remote access, showing the entire plant on 
the screen 
Scope of technical consideration: 
-Multiple barrier approach, broken into simple pieces that follow the flow of the 
water (seeing the community as a system, what flows in and what flows out), easy to 
understand for operators  
-Address both “water in” and wastewater out in same or connected tool(s). 
-Wastewater water operations must improve water quality of discharge to receiving 
streams to lessen impact on down stream water user. The poorer the source water 
due to pollution the more expensive plants and operations become for the 
community.  
-Are there identifiable risks associated with exposure to metal or trace organic 
contaminants (and the answer will depend on location, sources of water supply, and 
the adequacy and appropriateness of periodic screening)? 
-Are there significant risks of exposure to other sources of microbes and how are 
they addressed (e.g. day care centres, school meals, bush food supplies in hospital or 
foyer settings, local restaurants)? Are adequate control and inspection measures in 
place? 
Plant: 
-In assessing the plant, consider  
a) Raw water characterization. What contaminants should be removed? Is the water 
treatment plant applying appropriate chemicals for the given area? For example, in 
some First Nations there is a high content of ammonia in some ground water. 
Include raw water quality (not just bacteria, turbidity, but include metals, algae and 
algal toxins, emerging contaminants such as disinfection by-products (THMS, and 
total organic profile) 
b)What technology is available to remove the contaminants  
c) how to monitor removal of the contaminants 
-What about risks associated with protozoans (e.g. Giardia; Cryptosporidium) and 
with viruses – what are the treatment systems expected to achieve 
-Disinfection (chlorine to remove e-coli) 
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Treatment - assessment of existing water treatment plant to ensure it meets the 
treatment needs of the source water to produce an adequate amount of safe drinking 
water for the population it serves 
type of process (conventional, membrane, ozone etc.); 
-Ensure plant is designed properly and meeting standards - provide enforcement and 
incentives (use example of LEED certification) incentives for meeting standards 
could include salary incentives) hire highly qualified designers, ensure preventative 
maintenance plan is made and used 
Security of reservoirs, buildings, and on-site storage for chemicals 
Distribution system: 
-Is the type of water delivery appropriate for the geography of the region? Is water 
trucked to cisterns, vs. piped distribution system 
-Trucked: condition of cistern and vehicle is crucial  
-Piped - annual swabbing/flushing is crucial; 
-Distribution system management (operation and maintenance)  
a) integrity of distribution system (pipes etc)  
b) how to clean distribution system  
c) how to maintain clean water within the pipes  
d) what types of pipes are used (pvc etc)  
e) aesthetics (colour, taste, odour) 
Security of distribution system 
Approach to assessing risk: 

-Scientific studies have shown that experts in various disciplines interpret risk 
differently and there is and will always be substantial uncertainty in assessing 
potential risk. By focusing on the methods used to assess risk, professionals in their 
fields are able to judge the relative risks assessed by the tool based on their own 
expert opinions. 
-Canned programs in the risk assessment tool that produce outputs of simple 
analyses of data and easy to understand graphs / charts. 
-Canned programs that produce simple understandable reports with prioritized risks 
in simple language with suggested actions and possibly approximate financial impact 
-Standardize risk assessment tools – the same parameters being measured, and the 
same type of output created to make the information comparable across communities 
(both FN and non). 
-Database should be easy to access and allow for easy data extraction through 
queries to something like a spreadsheet in Excel.  
Other: 

-Meeting standards (provide enforcement and incentives to meet standards - possible 
salary incentives 
-Construction of new and upgrades of old facilities should provide sampling points 
appropriate for operation and process being considered or in use 
-water treatment plant complexity (plant production and storage capacity, older 
system - hand turn or new system - computer); 
  

Monitoring 
and record 

keeping 

-Assess source water to determine treatment 
-Maintenance management plan (schedules and records for preventative 
maintenance, repairs) 
-Does the plan have an assessment tool (for independent external assessment)  
a) are there design criteria  
b) performance criteria  
c) operational criteria.  (All part of a water safety inspection plan)  
Can external parties assess performance based on design criteria, performance 
criteria, and operational criteria? 
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-Assess what type of monitoring of water treatment system is done (testing, 
operational), and if monitoring is adequate 
-What kind of quality assurance/quality control protocols are in place (with specific 
reference to local microbiological assessments). How well does this work? 
-Disease surveillance 
-Greater attention to operational monitoring and control to give consistency in water 
quality (sampling and testing). 
-Regular monitoring (sampling and testing) of the distribution system water at the 
consumers tap and documented. 
-Record results of monitoring in binders – the community health representative who 
is involved with water sampling (a water monitor, trained in water samples) manages 
these binders. 
Monitoring tools: 

-WaterTrax is a useful tool that allows you to input data, produce charts , see trends 
such as raw and finished water quality trends.  The community water operator does 
their own testing which is entered into WaterTrax, and an outside lab also conducts 
testing and enters it into WaterTrax.  If levels are too high, an alert goes out to the 
operator, EHO, and supervisor via email.  The operator can also set alert levels for 
various parameters in WaterTrax.  Operators are trained on uploading hourly checks, 
SCADA system into WATER TRAX , providing the location and time of each 
sample.  Health Canada has purchased the system for some First Nations 
communities. 
-Does the community use defined substrate technology (such as colialert?) for 
coliform/fecal coliform/enterococci determination?  What is the practical experience 
obtained with implementation? 
-Colialert provides total coliform and ecoli results within 24 hours.  The lab provides 
a quanti tray, incubator, and operators calculate the most probable number.  Colialert 
is beneficial due to the length of time to get samples to an accredited lab in remote 
communities.  Colialert sampling is taken from raw water, at filters, and at outflows.  
Samples should also be taken at select sites through out the water distribution 
system. Wells with UV and chlorination can be sampled prior and after UV, for 
example.  The colialert sampling is funded by Health Canada. 
-Design new works projects (wells) so that operators can monitor source water 
(depth, drawdown, recovery rate and pumping influence on aquifer through 
observation wells). 
-INAC provides a very detailed monitoring protocol which provides a 24 / 7 access 
for plant operators with internet surveillance done at distance. 
Parameters to monitor and record: 
-Do quality control checks of samples  
-On-site bacteriological testing is important with a percentage of these samples sent 
to an accredited lab for analysis. 
-Testing of microbial quality.  What are the test organisms?  Are they detectable and 
subject to enumeration on site?  What kind of external facilities are available and 
where are they located? 
-Provide capacity and test equipment on-site to do the sampling and testing of source 
water, treatment process and for water quality maintenance in distribution water (ph, 
turbidity, iron, manganese and colour along with the chlorine residuals). 
-Monitor quality of water through the distribution system (at houses) 
-Water audits performed to determine water loss and locate leaks to reduce loss thus 
minimize operational cost. 
-Include raw water quality (not just bacteria, turbidity, but include metals, algae and 
algal toxins, emerging contaminants such as disinfection by-products (THMS, and 
total organic profile) 
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Records: 

-Records - a) monitoring (flow, quality, maintenance plans, operational details)  b) 
log sheets, SOP c) possibly electronic monitoring devices (PLC, SCADA, RTU) 
Collect information of different aspects at an appropriate frequency: environmental, 
physical (treatment plant), training 
-Better record keeping by the owners and managers not just the immediate operator 
of the water works. Cost accounting of water systems specifically need to be kept, 
water produced per capita, cost per litre, hours and salaries, compliance with Water 
Industry Standards, Protocol for Safe Drinking Water in First Nation Communities 
and Health Canada Guidelines. This information should be available upon request by 
any community member and other authorities in order to demonstrate due diligence 
on the part of the Chief, Council, Managers and the Operator of a drinking water 
system. 
 

Operator  

Pay for operators: 
We have a more informed water operations staff today more than ever, if we can't 
afford to pay them a reasonable salary than we loose them, just like any place off 
reserve 
Recruit bright and motivated operators and keep them (you must pay salaries in 
accordance). 
Training, certification for operators: 

Operator knowledge of complex microbial and chemical aspects of treatment 
process, emergency, and maintenance plans, requires a minimum of grade 12 
education. 
Training programs such as the Circuit Rider Training Program (CRTP) are one of 
the more effective approaches to training and all FN should participate in it.  The 
circuit rider program is an integral part of the monitoring, maintenance and training 
of the operators but more must be done to continually upgrade operators. 
Assess Training - in some provinces water treatment plant operators need grade 12 
and then they can complete the required training.  Education on various levels is an 
on-going challenge in First Nation communities 
Operator certification 
Operator thoughts and attitudes should be evaluated when doing risk assessment – 
training and Certification does not necessarily equal good operating practices 
Support for operators: 

Sensitize the community and the Band office of the importance of supporting their 
water operators. 

Source 
water 

protection  

-First Nations need to be effective partners in Source water protection plans; funding 
restricts most FN from participating. 
-Consider upstream influences: industry, agriculture, health care facilities and other 
actual and potential sources of fecal contamination of surface and groundwater.   
-Consider use (and management) of off-system sources of water supply (including 
springs, streams, snow banks). 
-Consider relevant aspects of location of infrastructure related to sources of 
contamination. 
-Source water protection plans for watershed and well fields should be implemented 
and maintained; including: a) surveillance  b) sources of pollution.  This could take 
the form of a map, document, or template 
 

Financial 
constraints 

Challenges: 

Remote communities: 

-Isolated communities have higher costs for parts, chemicals; and transportation is 
challenging  
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-Operational costs of water plants (especially in northern communities) 
Operators: 
-Funding to pay a good salary to operators is needed so they do not leave for better 
pay elsewhere 
-Recruit bright and motivated operators and keep them (you must pay salaries in 
accordance). 
Maintenance: 
-A better process for getting maintenance and repair funding in place as quickly as 
possible when problems arise. 
-Maintenance management systems need to be improved upon and properly funded 
to be effective, 
-Financial resources for ongoing infrastructure upgrades 
-Engineering assessments provide useful information about problems facing the 
system, but are not useful if the problems identified are not fixed, due to funding 
constraints. 
Source water protection: 

-First Nations need to be effective partners in Source water protection plans, but 
funding restricts most FN from participating, 
Others: 

-funding for monitoring 
-Education of community project managers so they do not remove or change features 
"like ancillary systems (valves, hydrants etc), occupational and safety features (eye 
wash, ladders & railings) or fail safes to protect equipment and personnel to save 
money" 
-Better administration and manager of human and material resources is needed with 
appropriate funding reflecting the true cost of operations of each of the individual 
drinking water systems found in First Nation communities. One funding formula 
does not fit every situation, the First Nation community must provide accurate 
information about their systems to ensure proper funding and then administer that 
funding through well thought out budgets with future consideration in mind. 

Public 
awareness 

-Outreach and education (for example some communities are concerned about 
colours or tastes which are not health problems) - for various groups: community, 
operators, management  
-People have misconceptions about the safety of chlorine, system goal is to have 
levels low enough so community members won't be able to taste it 
- as a system degrades over time, management must understand the need for repairs, 
and be willing to pay 
-Cultural responses to chlorination and other approaches to disinfection 
-Indicators of what water is really like, in understandable terms (water quality 
guidelines people can understand) 
-Educate the community and the Band office of the importance of supporting their 
water operators, and the importance of water. 
-Include a basic guide for communities that explains what is being evaluated and 
why.  When areas of risk are identified, there should be an explanation of why these 
risks are a concern and what the possible implications are if these areas are not 
addressed 

Maintenance 

-Maintenance management systems need to be improved upon and properly funded 
to be effective  
-A better process for getting maintenance and repair funding in place as quickly as 
possible when problems arise 
-A number of computer programs allow the operator to input data, and the program 
provides alerts for maintenance which is due etc.  These programs are useful but the 
operator must update them.   
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-Preventative maintenance (make plan and use it)  
-Distribution system management (operation and maintenance) should include: 
a) integrity of distribution system (pipes etc)  
b) how to clean distribution system  
c) how to maintain clean water within the pipes  
d) what types of pipes are used (pvc etc)  
e) aesthetics (colour, taste, odour) 
-Management should implement twice a year flushing program of the distribution 
system which regularly exercises all valves and hydrants found in the water system, 
especially at the end of streets and other stagnant areas. The quality of the water 
must be maintained as it passes through the distribution system to the consumer. 
Good potable water can become deadly or at the very least unpalatable if care is not 
given to the integrity of delivery system 

Emergency 
response 

plans 

-Health Canada has a checklist to prepare for emergency measures, as well as a 
water advisory tool kit with pamphlets, door hangers etc  
-Emergency response and notification plans 
-What does the chain of communication look like if contamination was detected in 
distributed water supplies? 

Management 

-Quality management (human resources, training, oversight of whole picture e.g. 
engineering), ability to attract and retain operators (working conditions, salary, 
support/standby staff). Financial plan and commitment, responsibility, ownership 
(who owns treatment plant, who is liable? Currently the operator seems to be liable 
but they don't have the training for such responsibility) 
-Engineering assessments provide useful information about problems facing the 
system, but are not useful if the items identified are not fixed, due to funding 
constraints. 
-Outreach and education (for example some communities are concerned about 
colours or tastes which are not health problems) - for various groups: community, 
operators, management - as a system degrades over time, management must 
understand the need for repairs, and be willing to pay 
-A valuable tool to assist in risk assessment would be a type of assessment tool for 
the Water Treatment Plant Operations that could be done jointly with the Public 
Works Manager.  This would hopefully have the effect of making them more aware 
of any issues that have an associated risk and also make them more knowledgeable 
about what is happening in the Water Treatment Plants.  Improved Capacity on their 
end should hopefully strengthen the advocacy and oversight they would be able to 
provide. 
-What does the chain of communication look like in the event of detection of 
contamination in distributed water supplies? 
- Better personal management that focuses staff regularly on drinking water issues at 
the community level. 
-Better communication between community developers and water works managers 
(balance community grow with infrastructure capacity to ensure adequate supply 
without impacting source water) 
-Education of community project managers so they do not remove or change features 
"like ancillary systems (valves, hydrants etc), occupational and safety features (eye 
wash, ladders & railings) or fail safes to protect equipment and personnel to save 
money" 
-What are the relationships between local governments, local system inspection and 
water testing, and local/regional public health authorities? Is appropriate staff 
available, and how well do communications operate 
-Attitude of Management & Operators 
-Maintenance managements programs to protect and improve existing water system 
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assess. 
-Better administration and manager of human and material resources is needed with 
appropriate funding reflecting the true cost of operations of each of the individual 
drinking water systems found in First Nation communities. One funding formula 
does not fit every situation, the First Nation community must provide accurate 
information about their systems to ensure proper funding and then administer that 
funding through well thought out budgets with future consideration in mind. 

Regulation 

-Indicators of what water is really like, in understandable terms (water quality 
guidelines people can understand) 
-Are protocols in place for on-site systems (cisterns and holding tanks) to ensure safe 
drinking water from year to year? 
-Development of standards and regulations that can be used on FN would be the 
most positive aspect of a tool, this would set the pace for funding, construction and 
maintenance of water systems in FN 
-Meeting standards (provide enforcement and incentives to meet standards - possible 
salary incentives 

Community 
characteristics 

-Isolated communities (winter roads or fly-in only) 
-Replacement parts, chemicals, costs for flying in items or only getting them during 
the winter roads time 
-Is the type of water delivery appropriate for the geography of the region? I.e.. 
trucked water vs. distribution system 
-type water delivery system (trucked to cisterns - condition of cistern and vehicle is 
crucial or piped - annual swabbing is crucial); 
-Use (and management) of off-system sources of water supply (including springs, 
streams, snow banks). 
-Are there significant risks of exposure to other sources of microbial exposure and 
how are they addressed (e.g. day care centres, school meals, bush food supplies in 
hospital or foyer settings, local restaurants)? Are adequate control and inspection 
measures in place? 
-In remote communities don't install complicated equipment, keep it simple. 

Accountability 

-Does the plan have an assessment tool for independent external assessment/audit?  
To assess the water safety inspection plan, there should be design criteria, 
performance criteria, and operational criteria. 
-Availability of records to community members or authorities to demonstrate due 
diligence 
- Better record keeping by the owners and managers not just the immediate operator 
of the water works. Cost accounting of water systems specifically need to be kept, 
water produce per capita, cost per litre, hours and salaries, compliance with Water 
Industry Standards, Protocol for Safe Drinking Water in First Nation Communities 
and Health Canada Guidelines. This information should be available upon request by 
any community member and other authorities to demonstrate due diligence on the 
part of the Chief, Council, Managers and the Operator of a drinking water system.) 
-Better administration and manager of human and material resources is needed with 
appropriate funding reflecting the true cost of operations of each of the individual 
drinking water systems found in First Nation communities. One funding formula 
does not fit every situation, the First Nation community must provide accurate 
information about their systems to ensure proper funding and then administer that 
funding through well thought out budgets with future consideration in mind.  
-Ensure funding "earmarked" for water treatment is used for that purpose 
-Accountability for funding for O+M (treatment and distribution)  

 

Easy to use 
-(A tool should) include the multiple barrier approach, broken into simple pieces that 
follow the flow of the water.  This means examining the whole water system, from 
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what flows in to what flows out.. 
-[A tool should] be easy to use and understand – simple format and clear language 
-Consider use of a flow chart type option that is easy to use and follow 
-The tool would have to be easy to understand and based on responses to the 
questions should give the surveyor key information about what risks might be 
associated with failure to do certain things or failure to have certain items or 
processes in place. 

Consultation 

-The ability to participate at Federal Consultations in an effective productive way 
would also help. Often FN are asked to 'attend this important meeting' and will only 
fund one plant operator to attend. Unfortunately the meeting usually requires the 
attention of a manager, Chief and Council, a person with Environment Knowledge 
and a senior plant operator.   
-What do local officials and community representatives say about risk assessment 
and its use? 
-Design (a tool) with First Nations water treatment manager and environmental 
health officers advice, and pre-test with different FN and EHOs 

Research 
and 

development 

-Research and development to recognize, test, and treat new threats due to changing 
water quality and changing standards (for example endocrine disruptors, THMs etc) 

Public 
confidence 

-Restore people's confidence in drinking water 
 

Private/onsite 
systems 

-On site systems (cisterns and holding tanks), are there protocols in place to ensure 
safe drinking water from year to year? 

Hazard 
identification 

-Identify communities with the most hazards in the water system 

Other 
characteristics 
of a tool or 
approach 

-(A tool should) be useful for many parties, including inspectors, regulators, water 
treatment plant operators, operator trainers, and communities (Public Works 
Managers) 
-(A tool) should give the surveyor key information about what risks might be 
associated with failure to do certain things or failure to have certain items or 
processes in place. 
-What kind of mechanisms are in place (local or regional) for periodic overall risk 
assessment? (including evaluation of the application of regulations and directives, at 
different jurisdictional levels). 

 
 

1. The categories below are based on the researcher’s interpretation of the participant’s 
comments, with some input from key informants.  The comments reflect the opinion of 
our respondents, who were from a variety of backgrounds (both First Nations and non-
First Nations) and working for a range of organizations across Canada.   

2. Some comments may appear more than once, as they fell into more than one category. 
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Appendix E - Results from Second Survey 

The average importance of each item from question group a. 
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Management 1.1 
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Accountability 1.2 
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Technical 1.4 
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Question group b 
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Technical 1.2 
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Management 1.3 
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Regulation 1.4 
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Public Confidence 1.8 
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Question group 1 

Category Comments 

Operator 

 
What is the importance of 
the operator as an issue? 

For example, 
training/education; 

community 
perception, salary 

 

-The operator is the KEY player to water quality (this was emphasized in many comments)  
- In many places they are the first line of defence in a multi barrier approach to protecting the public water supply. 
-The individuals and capabilities are not generally valued by the community or the leadership as the role they play.  
-Need public recognition of importance of their role. 
-respect and support 
-people don’t seem to realize the pressure that goes with the job everyone in the community. 
-The operator is the first line of defence in the protection of drinking water. As such, each operator should have continuing 
access to proper training/education and networking. Operators should be more respected by their leaders and within their 
communities as “protectors” of public health within their own communities. Operators should be also trained on financial 
management, be able to manage their own budgets for operating and maintain water and wastewater plants. 
-properly trained operators with continued training is the minimum allowed by law and it is no different for First Nation 
communities.   
-Operators must perform training hours per year as required by law. I believe salary is also an important issue to avoid 
operator turn-overs.  
-yearly reviews etc to maintain high level of performance.   
-Both Canada and First Nations are investing resources towards training of plant operators. 
-Operations & managerial should be on the same page when dealing with the public 
 

Public confidence 
 

What is the importance of 
public confidence as an 

issue? 
Public confidence 

in the water supplied to 
them. Using water from 

other sources. Distrust of 
water quality. Aesthetic 

parameters such as colour, 
odour, taste (including 

chlorine) as well as fears of 
other contaminants. 

-Public confidence in the supply of potable water should be continuously maintained. Once lost, it will take a long time to 
restore this confidence. Even aesthetic parameters could result in loosing this confidence (e.g. an excess of iron or manganese 
in a water source). General public is not knowledgeable of the safety of drinking water. Once an aesthetic parameter is 
exceeded, people would not use this water due to the color issue though water itself is safe for drinking. 
-Education of the issues and removing the myths and misinformation about convention approaches to water production and 
treatment. 
-Public confidence and trust is essential.  The public need to be aware of the operators role.  
-Some people trust bottled water more than filtered treated water. People need to be informed of what filtered disinfected 
water means. Some people may select a dangerous surface water source because of ignorance. 
-Public Safety is paramount. 
-correspondence with regards to water sample results, along with posters and school visits to the water plant help promote the 
water plant and the operators as well. 
-If the public uses and demands clean and safe water from the band, they must act.  There is a dislike for chlorinated water, 



 

249 

 however proper treatment and dosage usually eliminates these prejudices 
-that is part of the stress of the job to keep it safe but also everyone happy 
-Ensures the capacity of the administration of the system, leadership on to operators, that the right job is getting done at the 
right time. Will increase community health perspective, ownership and participation.  
 

Operation and 
Maintenance 

 
What is the importance of 
operation and maintenance 
as an issue? For example, 

aging infrastructure, 
visual inspections, 

repairs, 
development of 

standard operating 
procedures, and the 

influence of financial 
constraints on operations 

and maintenance 

-daily reports by the operators, monthly, quarterly etc inspections, Engineering studies, are all tools needed to maintain a 
water plant 
-O&M is the careprovider. 
-Prevents premature recapitalization, failure in performance and waterborne disease outbreaks. 
-This is an issue in some cases; O&M is much more of an issue for the wells and cisterns that many communities have (there 
is inadequate or no funding in some cases) 
-I think we have several issues here, regular maintenance, inspection etc are on going, while major aging infrastructure  
replacement represents another kettle of fish. 
-linked with quality control 
-If operation and maintenance are neglected even the best system will fail 
-Management and operators need to discuss these issues collectively. Management needs to provide the operator the ability to 
do these tasks and management must follow-up to ensure completion thus insisting they are done. Operators must 
communicate to management through on SOPs, operations and maintenance records. Management must be responsible for 
financial matters and have balanced approach with the community's best interest in mind. 
-Adequate operation and maintenance is an essential part of the effective management of water supplies.  
-All part and parcel of the whole picture. Hard to say that any one aspect of maintaining and providing safe water is more 
important than the other.   
-Very very important from a financial perspective and also a reliability perspective.  If assets are replaced every 3 years vs 
the design life of 15 to 20 years the financial burden is huge.  Financial constraints, in my opinion, are the least important and 
quite often used as an excuse for lack of accountability in all the other areas. 
-Challenge has always been to get the effective funding required to meet the challenge of the day, be it sampling and lab 
testing or major water main repairs. A good maintenance plan properly funded is a good insurance plan ready for action. 
 

Management 
 

What is the importance of 
management as an issue? 

Management on all 
levels, from operator, Band, 

and various levels of 

-Need to phase out the governments involvement and build the skills in the First Nations communities.  Lack of skills is a 
huge barrier.  Everything is very bureaucratic and too many organisations are involved.  Progress and future direction is 
foggy at best.  Until the capacity is built in the community, accountability and transparency exist and First Nations truly 
having ownership changes will be long and difficult. 
-Good management - yes. Again - perhaps require more standardised approaches/training that can be tweaked for unique 
situations.   
-Proper management on all levels, from Band leaders to operators allows for effective planning and coordination of 
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government, giving a big-
picture ability to plan, 

cooperate, and  
communicate. This involves 

thinking of future 
needs (budgeting, health and 
safety, training, retirement, 

plan for growing 
community, maintenance) 

and current needs 
(scheduling etc) 

 

community needs. 
-First Nation Management has often a very short term view of the issues and believe they can be fixed quickly but in reality 
water systems need long term strategy planning which the two year system that currently exist does not afford therefore most 
managers and band official are in survival/re-elect mode from the day they start. Need to see the BIG PICTURE. 
-every one concerned needs to be responsible for safe water 
-More training of management is needed so they can adequately support and supervise the WTPO and the WTP operations. 
-Ensures that budget is sufficient for capacity building; operation; administration and reporting etc. 
- Management should be intertwined with mentorship 
-Limit operator turn over 
-major capital plans should include up grades to the water plant as the need requires. 
- Hands on management maintains a working relationship with operations for the benefit of the system 
-Informed Mgmt. can effectively control many aspects of operation, it needs to include financial, human and resource 
coordination and validation of program operations and substantiation of O&M cost.  
 

Public awareness 
 

What is the importance of 
public awareness as an 

issue? 
 

For example, 
knowledge in the 
community and 

leadership about the 
importance of 

water, community 
based programs 

promote ownership 
of protecting the 

watershed 

- More efforts need to focus on education in various aspects from individuals to leadership. It will provide for understanding 
of roles & responsibilities in terms of safe drinking water. 
- be aware of water source protection is the rising issue 
- It is very important we have a few houses now that have a lot of garbage around it and we are trying to stress the importance 
of our water shed. I'm thinking of putting something together for a tour of our tower and pump house for the school kids to 
give them a tour. 
- Mainly when it comes to water source protection.  Also to believe that the band drinking water is safe and tested. 
- Public Opinion is a direct result of Public Awareness 
- As the public is the main consumer of drinking water, it is important for them to have as much information regarding any 
issues that may arise, ex. compliance & non compliance issues  
-Because most people including First Nations take water for granted. The younger generation may not be aware of the 
importance of protecting the watershed 
-Public access to water quality information should be available. 
-The need for education is very important 
-The community members and leaders often are not aware of where their water comes from. Facilities are not identified or 
named and rarely toured by individuals of the community. 
-Public awareness is very important. Most of water consumers or public leaders do not know how to protect their water 
resources and watersheds. Making public aware of these aspects will improve decision-making and increase safety of existing 
water sources.   
-using the community as a whole is important in the multi-barrier approach to safe water, for drinking and the environment 
-It is extremely important that knowledge about safe drinking water and on protection of watershed is passing on to First 
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Nation communities. First Nation themselves have a wealth of knowledge from a traditional standpoint. 
- Public awareness and understanding of what the issues are and how they impact the community and individuals is critical. 
Not only within an aboriginal community but also non-aboriginal public should be better educated on real issues around 
water/watersheds.   
-This is likely the most important requirement to ensure good quality drinking water.  The awareness in the First Nation 
community I mean.  Without this awareness it is difficult to get the resources or motivation to get the resources required to 
maintain water plants and train operators. 
-Public awareness represent ability for a local gvt. to ensure information is readily available, accurate and current. 

Source Water Protection 
 

What is the importance of 
source water protection as 

an issue? 
Increased understanding of 
surface and groundwater 

quality and quantity with a 
holistic view. 

Hydrogeological 
studies to characterize water 

and identify groundwater 
under the influence. 

Understanding of 
environmental events such 

as spring break-up and 
turnover of lakes.  

Control (or lack of control) 
over upstream pollution. 
Funding and resources to 
implement source water 

protection. 

 

-Engineering consultants are in the process of providing source water protection plans to various First Nations 
-You must protect what is vital  
-Polluted sources of water are very expensive to treat and monitor. Prevention of pollution at source is very important. 
-Lets not lose sight of reality 
-The more the source is protected the better the treated water will be. 
-Proper funding and resources to implement source water protection should be made available. European countries pay so 
much attention to this subject that their water pipes do not need to be disinfected. In other words, if sources are protected, 
fewer monies will be needed for water treatments.  
-Again - education of the population is the key. Enforcement of laws that have a real impact on those polluting watershed will 
instil confidence in system.  
-Separate organizations undertake source water protection.  It is a field in itself.  It is important for water quality no doubt but 
needs to be kept separate from regulations etc as it is so huge. 
-Source water protection includes traditional knowledge of the surrounding area, elders, staff and community members alike, 
are all stakeholders, the challenge is upstream users discharging into water systems, thinking (it won't matter to anyone by the 
time it reaches their intake it will be diluted) concept. Rules are not enforced equally, there are exclusions that impact many. 
 

Monitoring and 
recordkeeping 

 
What is the importance of 

monitoring and 

-data base of water quality (yearly chemical water testing and quarterly THM's ) results help the water plant operators 
maintain the system and also is used to promote the overall water quality or unsatisfactory quality of the water as the need 
arises i.e. helps Engineering studies with water data base. 
- records is the most important part of the job backs up what you have done. 
- All paperwork is good as long as it captures what is important. 
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recordkeeping as an issue? 
For example, monitoring 

raw water for more 
parameters, testing 

for groundwater 
under the influence 

of surface, and maintaining 
records of ongoing 

monitoring 

 

- Provides useful performance data for operation, optimization, and future designs of new facilities. 
- An engaged and qualified operator is key in this area 
- this is needed to make sure that the plant is operated in a safe manner 
-Management is in many cases is not asking for and or reviewing this operation records and monitoring information if 
available but is making decisions about the water systems in the absence of such information thus not understand their 
importance. 
-In many situations in small communities monitoring and testing of drinking water and raw water maybe neglected. Overall, 
record keeping and monitoring of the quality of water is very important as based on these functions, better decision could be 
made with respect to a need for preventive maintenance, repairs, budgets, etc.  If those are not maintained, there is no 
knowledge of a facility and its operations. Without these components, it will be difficult for an operator to foresee future 
requirements (upgrades) and to assess potential problems with its operation. 
-Good data is key - need to provide simple and effective ways to collect and store these data. 
-Not enough raw water monitoring for sure and especially during design phases.  Monitoring and reporting is hit and miss at 
best. 
-It gives both operations & management solid info on their system 
-documentation supports all avenues of substantiation of need. Without records, try again, and again. 

Financial constraints 
 

What is the importance of 
financial constraints as an 

issue? 
For example, lack 

of funds for 
operation, 

maintenance... 

 
 

-Because there are many First Nations Communities currently on Boil Water Advisories 
-It should not be used as a weapon to stymie all initiative; and should not be used as an excuse or a weapon by operator or 
management 
-funding dictates what type of water infrastructure you get 
-Unfortunately everything is related to $ 
-Money needs to be available to repair and operate the systems 
-Funds are not often acquired and direct well toward the operations to ensure good working condition and longevity. 
-Money come in for system and not always saved for the system. 
-Monies allocated for drinking water use must go to that purpose 
-Funding must be managed properly to be effective. 
-Not sure if money is issue - rather the proper use of what money is there. 
-A lot of financial constraints stem from lack of awareness and not applying funding where it is supposed to be applied.  
Need to tighten up how funds are managed.  Total transparency and accountability is very important. 
-Lack of funding can cause equipment down time due to the unavailability of funds causing Water Plants to run manually, or 
incorrectly. This can cause water quality issues. 
-This is a very important element of the overall water management. Without funds for operation and maintenance, the risk to 
public health will increase and a facility will deteriorate prematurely.  For example, a lack of chlorine for disinfection can 
cause inadequate water treatment.  Lack of funding makes it impossible to maintain and perform necessary upgrades to be 
compliant with federal and provincial legislation 
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-Operator needs to be supported in every aspect of the job, limit risks with a good maintenance plan and funding to make sure 
it happens. 

Accountability 
 

What is the importance of 
accountability as an issue? 

Accountability (for 
finances, operation, 

maintenance, and overall 
safety, for example) 

depends somewhat on 
perspective. Roles and 

responsibilities for 
community members, 

operators, council, 
and various agencies should 

be clearly communicated. 
 

-Accountability needs to be clearly understood at all levels - but with this also adequate training and support at each level to 
perform duties.  
-The accountability (for finances, operation, maintenance, and overall safety, for example) is very important but it should 
only be requested if operators, council members complete adequate training. No one can expect a person to be accountable 
without proper training.   
-Communications between Management and Operations are often disconnected at community level, management not 
understanding their role and responsibilities to provide, supervise and ensure compliance for health. Therefore, often deny 
their accountability due to not educated in what managements functions are in over-seeing water supply operations.   
-Someone needs to make sure that budget is there. 
-Each person including management must accept the concept of multiple-barrier concept to ensure safe water to all. This 
includes related accountability and respective responsibilities 
-Lack of communication and no knowledge of water treatment can have a major effect of everyone. 
-maybe operators should run their own budget   
-without finger pointing, the issue of accountability should be open to everyone at all times. It tales a lot of agencies 
combined together to keep a water plant going. 
-A lot of financial constraints stem from lack of awareness and not applying funding where it is supposed to be applied.  
Need to tighten up how funds are managed.  Total transparency and accountability is very important. 
-Ownership of the systems maintained by an operator needs to be high, where ownership of financial and or administrative 
constraints will reduce the effective capacity of the operator, then ownership lies with the one controlling the purse strings. 

Support 
 

What is the importance of 
support as an issue?  For 

example, access 
to specialists during 

problems and 
emergencies, or a 
network of people 

in other 
communities or 

areas who can help 
with problems. 

 

-Having a network of specialists 'on call' who can step in is a great concept. I think that maintaining or accessing systems 
remotely is also very practical.  
-Access to specialists during problems and emergencies, or a network of people in other communities can help to solve 
potential problems in the very effective manner and reduce a risk to public health significantly. 
-The operators need support to help to handle problems 
-Both operators and management should have the benefit of mentors, from similar size systems, if for no better reason, then 
to be a sound board or someone to bounce ideas/concerns off of.   
-The WTPO's and Circuit Rider Trainers need access to designated specialists when unforeseen issues or problems occur that 
need resolution 
-Small systems cannot be fully staffed. Therefore specialized trades may be made available on contract as Support Services. 
-Funding supports maintenance; maintenance supports policy; policy supports public safety & opinion. 
-Our region has technical on- the-ground support from a contractor which is valuable to communities. 
-the example mentioned pretty much covers it all 
- networking and training is one of the best support options. Contact with local , regional and even federal program officials 
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for like systems, or concerns always make any big problem small. 

Consultation 
 

What is the importance of 
consultation as an issue? 

For example, 
consultation over 

roles, 
responsibilities, 

training, legislation. 

 

-roles are spelled out in the procedures manuals at the water plant. Should be the same at the perspective offices 
-there has to be open communication with operators and council. 
-The band must have a good support system.  Whether it be for maintenance, instrumentation or training 
-Consultation & Public Opinion is very important 
-This promotes team work and understanding of responsibilities. 
-overall consultation with First Nations on the development of new regulations - requires meaningful consultation, not after 
the fact 
-The leadership and operators need to be in communication at all times 
-Internal review of roles, responsibilities, training and legislation not consistent, if done treated with a broad brush rather than 
to seek real improvement. 
-Consultations over roles, responsibilities, training, legislation are essential as these usually offer information on future 
requirements (training, funds, etc.) and to ensure that communities are equipped with the skills to take on these 
responsibilities.  Many of these communities will not be equipped and will need financial support. 
-If you mean interaction between various levels of legislators and Aboriginal groups, then, yes - consultation is important. - 
Different types of expertise and contributions should be recognised.  
-Consultation gets in the way of making progress on important issues with respect to water quality.  For example, First 
Nations communities, essentially, have no design standards or water quality standards because of lack of regulations and 
standards.  The process becomes long and laborious, wrought with politics while First Nations communities in many cases 
drink substandard water. 
- Largest challenge here is to ensure operational changes and or system modifications are in coordination with the operators, 
often an engineer/ or others will come in and recommend changes without first hand knowledge of how the existing system 
works. 

Regulation 
 

What is the importance of 
regulation as an issue? 

Regulations and 
or guidelines, or 

lack there of, 
including 

jurisdiction, rights, 
ownership, liability, 

enforcement, and 

-Without this First Nations will continue to have substandard drinking water.  Focus on getting this in place for water quality 
only and make sure all the jurisdictional issues etc are identified but fought on a different playing fields.  These are all 
important issues but if mixed in with water quality regulation it will be another 100 years before the proper standards are in 
place.  Funding requirements need to follow regulations and standards as there is no way to determine the financial 
requirements until what we are needing to obtain is outlined in detail.  Ownership of the waterworks needs to be finalised i.e. 
is it the Federal Government or the community? 
-Regulations are needed to provide guidance but education to instil personal/community commitment and responsibility is 
what will maintain safe systems and watersheds.  
-Regulation is important in managing water supplies but only in the case when the capacity of people responsible for 
managing/operating water works is ensured. Otherwise, regulation will not change much.  In other words, while regulations 
or lack thereof, are important factors and could lead to liability, enforcement, without proper training of operators, managing 
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coverage (e.g. 
source water 

protection, onsite 
systems, trucked 

water) 

 

personnel, regulatory system will not work. 
- Clarity is needed in this area.  If regulation is in place, adequate resources for operations will be key. 
-I will note only as important, because unless the systems are properly funded to meet the needs of the operations, than 
regulations will be useless. 
-The need for goals to set direction for operation, staffing, training and future up grades. Regulation provides management 
with guidelines to operated their systems by and understand what should be influencing their decision making process for the 
best long term out comes.  
- This is needed to provide a clear understanding of the responsibilities and protect public health 
- Regulations will ensure that INAC and the Engineering Community are committed to compliance for their respective   
responsibilities 
-Any tool is relevant. 
- However a clear and uniform Protocol or regulation is required.  The present Protocol leaves too much for interpretation 
-We try to follow Health Canada’s guidelines 
- Need some minimum guidance. Ontario Reg 170 is the best in the country and is used as the guide for First Nation water 
plants in Ontario 
-They give us a basis to operate, are they within reason? 
- one critical issue/event occurs in 2010 (Jan) involving the repeal of Sect. 67 from the Canadian Human Rights Act. 
Currently this section shields the Indian Act and anyone functioning under it from any claims or suites filed through the 
CHRA. At this point we're not really sure how this is going to impact First Nations. Also another matter related to this is the 
fact that INAC has mandated itself to develop policies and procedures conducive to their proposed water and water 
legislation, of which I assert that there is not enough emphasis on system design and water quality verification. 

Technical 
 

What is the importance of 
technical considerations as 

an issue? 
For example, 

groundwater under the 
influence of surface water, 
infrastructure or operating 
characteristics, appropriate 
technology for location and 

community needs, 
emerging contaminants 

-various ground water studies and surface water (raw) sampling help monitor the overall raw water source and any significant 
changes in the quality 
-Anything technical needs to be considered 
-Technical Consideration for training and planning is important. 
-Some engineering firms are not as aware of different and emerging treatment options that are simple to operate. 
-especially with small remote systems, the \"KISS\" principle in design cannot be over emphasized. (Keep It Simple, Stupid).  
Forming a reliance on overkill and remote monitoring is questionable to daily & overall operation.  Possible limited 
experience and education of operators and remoteness of systems. 
-The use of technology should be balanced with experience. Not all things new are good. 
-Personnel must be in place to appreciate and fully understand these issues to effectively make decisions on matters which 
can have long term implication for the environment and the community. Many times it is the operator that may be the most 
informed on these issues but is the least consulted. 
-A continuous technical support for any water utility is very important as a need to deal with emerging water issues or to 
changing technologies will always remain.  Also, issues with the climate change will affect the way we will manage our 
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water resources. 
-From what I understand - technology is not the problem. We have the technologies - the hard part is getting the appropriate 
technologies in place and then maintaining them properly. 

Private/onsite systems 
 

What is the importance of 
private/onsite systems as an 

issue? 
For example, 
inclusion or 

exclusion of private 
onsite systems in 

monitoring, 
maintenance, 
source water 

protection, and 
funding 

 

-this small systems are now under the Ont. Reg. and will be treated the same on First Nations. They play an important role 
and can cause problems to immediate areas if left unkept. 
-As long as the system is managed properly and provides a service, most people won't care who owns it.  
-Because poorly designed septics result in poorly located wells with respect to wells. Leaking septic systems may end up onto 
surface water as non-point pollution. Also may contaminate ground water aquifers. 
-We call these water systems, \"individual systems\" as the word \"private\" connotes that a private individual is responsible 
for the system which is not the case in FN - it is the Band that is the owner.  These types of systems are the most problematic 
in the communities I deal with and overall have very poor water quality. 
-I assume the concern is strata type development where maintenance may be an issue, backflow prevention should be 
implemented at supply/property line 
- water treatment plants vs. private is an issue in some First Nations where private is chosen due to funding 
-Outside monitoring is very important 
-Many community systems have little stability in staffing therefore no retention of operational experience that comes with 
having senior people pass on knowledge. Thus private/onsite systems to supplement management and operations. 
-In small and remote communities private onsite systems are mostly neglected in monitoring, maintenance, source water 
protection, and funding; more attention should be provided to improve their operations; for instance more awareness 
materials/workshops should be available to those communities.   
-There has to be some legal power to impose monitoring and testing for safe water.  Issue will be funding and personnel to do 
so.   
-stay away from this...... 
- By only testing, monitoring the public systems, you only get a small picture of the community, by testing all systems, you 
get the broader picture and can start to correlate health concerns and identified medical concerns more effectively, why have 
only part of the community health, when the effects of bad water effects the entire community? 

Uses other than 
drinking water 

 
What is the importance of 
uses other than drinking 
water as an issue? For 
example, ecosystem 
needs for clean water 
(wildlife), fisheries 

-First Nation people live off the land and the water quality as a whole is the basis for the quality of the fish and wildlife they 
eat. If the water quality is poor, they would suspect the food source from this water usage to be the same. 
-As long as it is safe to drink, it can be used for flushing toilets. 
-Importance: as I see potable drinking water: over usage for irrigation, continual watering for cattle, etc. In the case of INAC 
policy, VS economic development requirements as possible challenges to domestic systems. 
-Clean water should always be a primary concern 
-Consensus building between all users is important through information sharing to build trust and understand between all the 
stake holders. 
-Environmental needs for clean water and healthy wildlife is essential to First Nations and all of us.  We should always know 
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for livelihoods, 
spiritual uses (healing and 

cleansing properties 
of pure water) 

that clean environment will ensure more secure water sources.  To keep our earth clean, we need to focus more on means of 
pollution prevention and this why this aspect is very important. 
-I don't see that one can compartmentalise 'water'. An ecosystem does not work that way - break one part and the whole thing 
is broken.  
- Drinking water is paramount at this time, we only take what we need 

 
 

Question group 2 

Category Comments 

Operator 
 

How important is it to 
consider the Operator? 

For example, assess 
funding for operator, 

operator knowledge and 
training. 

 

-Extremely important 
-The operator should be trainable, interested, and adept 
-on going training is a necessity. A water plant must be manned by properly trained persons 
-Operator is the first line of defence in a multiple-barrier approach. 
-Good pay, training and ongoing on-site assistance are vital 
-As earlier mentioned, operators must have continuous access to training/education and networking.   
- Operator is the 'first line of defence' so clearly needs to be up to date on training, needs support and recognition. Risk 
assessment tool would need to be simple and yet adaptable for different environments (urban, rural, remote). 
-The role of the operator needs to be elevated in all communities 
- A good operator is a part of successful operation. 

Monitoring and 
recordkeeping 

How important is it to 
consider Monitoring 
and recordkeeping? 
For example, assess 
monitoring and record 
keeping (of source 
water, treated water 
quality, flow, 
parameters), plans 
(monitoring,  
maintenance), criteria 
(design, performance, 

-These lead to a better overall understanding of the system for both operations and management, and show possible ongoing 
changes for future planning, etc. 
-aligns with due diligence. 
-accurate records are vital 
- In many situations in small communities monitoring and testing of drinking water and raw water maybe neglected. Overall, 
record keeping and monitoring of the quality of water is very important as based on these functions, better decision could be 
made with respect to a need for preventive maintenance, repairs, budgets, etc. 
-Quality data and on-going monitoring keeps you on top of how well the system is operating. 
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operational). Assess 
type of monitoring (in 
the plant, and/or 
external), and who 
monitors. Assess any 
barriers to monitoring 
programs (remoteness, 
financial constraints). 

Maintenance 
What is the importance 
of considering 
Maintenance? 
For example, assess 
preventative 
maintenance plans, 
actual maintenance 
activities, and funding 
for maintenance. 

 

-Maintenance keeps the system in operation and retains interest and enhances a working knowledge of the system 
-there needs to be more planning. Funding for maintenance is a issue at some locations 
-A preventive maintenance is a known good practice and should be adopted. Funds and proper record keeping will help to 
follow this practical approach.  
 

Financial constraints 
How important is it to 
examine Financial 
constraints? 
For example, assess 
how financial 
constraints impact 
maintenance, remote 
communities 
(especially fly-ins), 
operator training and 
retention, source water 
protection, and  
monitoring. 

-It can be a major obstacle, however it should not be used as an excuse or weapon. Continual refusal for a couple of hundred $ 
for necessary tools can destroy enthusiasm & morale to the detriment of the system, conversely, major expenses require 
foresight and planning 
-providing on site training helps with the overall budget, however the operator does need to travel from time to get other 
training. Dollars should be in place for this and many times it is not. Also, there is sometimes only one operator and going out 
for training is impossible. 
-Very expensive and difficult to upgrade systems located in remote areas. To attract and retain plant operators require adequate 
funding. 
-Money should be made available to run the system and let the operator do his job 
-Financial constraints can actually lead to potential risks to public health especially for remote communities with limited access 
to technical support, equipment and water chemicals. 
- As before - money is of course needed. It doesn't matter how much money you throw at a system if you don't have everyone's 
buy-in on protecting this basic necessity of life. Need to get more clever at reducing costs of maintaining safe water supply to 
remote locations with small populations. 
- Not the biggest problem.  The financial requirements will become a lot less as other governance process are implemented.  
Too easy to always use funding as an excuse. 
- Financial restraints limits the ability to succeed on the terms outlined by regulation and or even contractual obligations. 
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Technical 
How important is it to 
consider Technical 
details? 
For example, assess the 
multiple-barrier 
approach, including a 
range of raw water 
characteristics, the 
plant, the plant 
(security, onsite storage 
of chemicals) and 
equipment (for 
treatment/ disinfection, 
collecting data etc), the 
distribution 
system, sampling 
throughout. 

-Again, the KISS principle should be a prerequisite for design, based on access to community, capabilities of personnel, 
monitoring from afar is fine, however, the operators require access for operational duties. "Give us the bread & butter", and 
then if there is additional funds, add the gravy!!!! 
- Engineering consultants who design water plants take all of this into considerations well as other agencies who scrutinize the 
final drawing for any items omitted. 
-Major failures are due to a failure of one process in a multiple barrier approach, for instance a broken chlorinator injection  
-All options should be considered 
-Paying attention to technical details is vital as we need to ensure that water facilities are safe and secure and source water 
protected. If we want to maintain safe potable water, all components of the multiple-barrier approach should be fulfilled. 
-Technical is likely not an issue - it is the training and adherence to maintenance of the technical aspects that is the issue.  
-This will all fall into place once standards and regulation are in place 

Emergency Response 
Plans What is the 
importance of 
considering Emergency 
response plans? 
For example, assess if 
an emergency response 
plan or emergency 
measures checklist has 
been completed. 

-All communities have a plan, and is revised as needed 
-Very few are completed.  The process stalls at the band office level 
- Emergency Response Plans should exist for every water and wastewater facility. Those plans should be regularly updated and 
an exercise similar to “fire drills” should be practiced. 
-Part of effective management – be prepared for extremes with contingency plans and support in place. 

Source Water 
Protection 

How important is it to 
examine Source water 
protection? 
For example, assess 

-Operations & Management must be aware of activities within proximity of both surface & ground water sources, continual 
testing, records and awareness of what poses a potential challenge to system integrity 
-This is ongoing at this time in many of the First Nations. 
-Prevention is not only better than cure but is cheaper and also easier to do. 
-Even more importance when surface water is used. 
-This should always be the main consideration. 
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upstream influences, 
surveillance for 
contamination, 
protection plans in 
place, and limits to 
managing upstream 
activities (jurisdiction, 
funding). 

-All jurisdictions should effectively collaborate to protect our water sources; otherwise more complex water treatment 
technologies will be needed. 
-Those who pollute source water should be adequately punished, so that the public clearly understands the severity and 
implications of those actions. 
-Source water protection is very important but dovetail into other groups that focus on this exclusively.  It is a huge 
undertaking. 

Easy to use 
How important is it for 
a tool to be easy to use? 
For example, is the tool 
or document easy to use 

and understand? 

-Design of these implements must take into account the availability of possible candidates for position, literacy levels, 
comprehension, etc. 
-Proper training is being done to train water plant operators on how to upload data into watertrax data base 
-I would like to use a risk assessment tool with the Public Works Manager. 
-“Easy” has to be in the terms of the operator’s capability or lack of it. 
-Over complicating a process will lead to failure of systems 
- This is one of the major issues for aboriginal operators. It happens very frequently that project designers finish their work and 
produce very technical manual that is non-usable by an average operator. Tools such as the operating manual must be a simple 
and user friendly. 
- Easy, simple and on-going training/education to ensure that those using it, use it properly. 

Management 
How important is it to 
consider Management? 
For example, assess 
management on all 
levels, the ability to 
plan, cooperate and 
communicate. The 
ability to attract, retain 
operators, plan 
financially and for 
future growth, 
occupational health and 
safety, make repairs etc. 

-Effective management with long term planning.  Emergency preparedness should be built in. 
-Management signs the cheque!  Cooperation and mutual respect between operations and management certainly enhances the 
running of the system 
-Management needs to be more knowledgeable of the needs of the operators 
-Much work needed on skills development 

Private/Onsite 
systems 

How important is it to 
consider Private/onsite 

-Consider Community bylaws, inspections and operation/maintenance. Consideration should also be given to possible back 
flow protection 
-We need to look at the safety of drinking water for all residents, not just those who have water from the treatment plant 
-The operator training program is providing vital assistance to the operators 
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systems? 
For example, assess if 
onsite systems have 
been accounted for in 
community, for 
inspection, 
maintenance, funding. 

- These would be a challenge to oversee - these necessarily involve personal responsibility commitment. Perhaps govt could 
provide training and tools as part of regulatory requirements. In the end - if someone is not personally committed then it doesn't 
matter how many regs you have in place.  Financial constraints at the individual level will also affect ability to maintain a safe 
private system 
-In small and remote communities private onsite systems are mostly neglected in monitoring, maintenance, source water 
protection, and funding; more attention should be provided to improve their operations; for instance more awareness 
materials/workshops should be available to those communities.   
If the community is doing the risk assessment then I think this should be included.  Where I was coming from wrt it not being 
extremely important was that to try to include individual systems as part of legislation the monitoring requirements and 
maintenance requirements would become unmanageable.  The reason for this is that a lot of individual systems are inside 
households.  It would be a lot better process to educate individual owners on how to make sure their water is safe.  Currently, 
we can't even manage the public systems.  I believe homeowners need to move towards personal responsibility and 
accountability. 
For example, many wells right now should be evaluated for water quality and potential contamination(many wells, citerns etc 
are not protected from livestock. This carries a huge risk wrt contamination with coliforms/ecoli.  Proper easment and grading 
should be considered as well I just fundamentally believe that First Nations people need to be architects of their own future and 
move away from being so dependent on the government 

Accountability 
How important is it to 
assess Accountability? 
For example, assess 
availability of records, 
funding flows. 

-It serves as a “report card” on operations 
- I'm not in the funding part but I believe accountability is the main factor in accessing money to keep the water plant in a safe 
and sound condition 
-It helps to prevent future failures. 
-If there is no accountability the process is doomed to fail. 
-The accountability is important for ensuring that funds are being spent as originally planned.  However, people who manage 
those funds must be trained before a requirement for their accountability to know how to manage budgets etc. 
- Accountability goes hand in hand with transparency based on quality data and record keeping. Individual and community, 
regional, F/P/T recognition of responsibility. 

Public Awareness 
How important is it to 
consider Public 
awareness? 
For example, assess 
outreach and education 
of community 
members, operators, 
and management. 

-The public needs to understand the importance of water 
- Education of public. Start with primary school and adapt the message for age appropriate education. 
-Public awareness is very important. Most of water consumers or public leaders do not know how to protect their water 
resources and watersheds. Making public aware of these aspects will improve decision-making and increase safety of existing 
water sources.   
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Understandable 
indicators of water 
quality.   Understanding 
of the community and 
Council of the 
importance of water 
operators. 

 

Consultation 
What is the importance 
of considering 
Consultation? 
For example, assess any 
public consultation the 
community may have 
had. Did it include the 
water operator, Council, 
management? 

-Good PR demands both management & operations respond to community queries, hopefully both sides are reading from the 
same page!! 
-There is still not much communication with the public 
-Consultations over roles, responsibilities, training, legislation are essential as these usually offer information on future 
requirements (training, funds, etc.)   
 

Regulation 
 

How important is it to 
consider Regulation? 
For example, assess 
standards and 
regulations which are 
used on First Nations 
communities, and if 
these standards are met 
by current conditions. 

-These give a basic criteria for operations, and should from time to time be explained.  How much better to appreciate why it is 
there, rather than “doing it” because the Regulation says so. 
-Regulations need to be improved.  Regulations are being met for the most part. 
- Regulation is important in managing water supplies but only in the case when the capacity of people responsible for 
managing/operating water works is ensured. Otherwise, regulation will not change much.   
- Regulations are good for guidance and standardisation - but only if it is possible to enforce those regs 
-Standards are a first step to any improvement 

Research and 
development 

How important is it to 
consider Research and 
development? 
For example, research 
into new and emerging 

-Within reason – don’t forget the KISS principle! 
-A “capacity development” component integrated within a legally binding regulatory framework should accommodate R&D of 
this nature 
-I very much support targeted research 
- Research and development are important but not essential for operating of water/wastewater systems. Perhaps separate groups 
should be assigned with these tasks. 
-More active research needs to be carried out. 
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contaminants to 
recognize, test for, and 
treat new threats to 
water. 

-Done on a yearly basis 

Public Confidence 
What is the importance 
of considering Public 
confidence? 

For example, assess 
public confidence in 
drinking water (what 
percentage of people 
drink water from the 

tap?) 

-It helps to keep complaints to a minimum, and also assists when "challenges" arise, i.e. low reservoirs levels line breaks, etc. 
-About 75% of the public drink the treated water 
- Note that you mixed up the order of choices here.  This is very important - public perception impacts politics which impacts 
funding. Public need to be 'on side'.  All goes back to education - and then determining how well the message is getting across 
through perception studies. 
- This will fall into place once the standards and regulations etc and other processes identified fall into place 
- Public confidence in the supply of potable water should be continuously maintained. Once lost, it will take a long time to 
restore this confidence. Even aesthetic parameters could result in loosing this confidence (e.g. an excess of iron or manganese 
in a water source). 
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Appendix F – Criteria from Delphi surveys and interviews 

Category Criteria from Delphi Survey 1 and 2 

Operator 

What certification does the operator have?  
Has the operator had training on  their own system?  Microbiological and 
chemical aspects of the treatment process?   
What is the knowledge and attitude of the operator? 
Turnover – has the operator changed more than once in the last X years? 
When is the current operator expected to retire? 
Funding and ability to go to educational sessions - Have operators had access 
to continuing education units? 
Is there a backup operator?  Are they trained? 
Does the operator have access to support, including: on-call specialists when 
treatment issues occur, and a network of colleagues or mentors to use as a 
“sound board” in solving problems?  Does the operator know the phone 
numbers? 
Is the Circuit Rider Training program in the community? 
Is there an annual review of the operator? 
Have operators had Occupational Health and Safety training and upgrading? 
Where are OHS materials located (eye wash, gloves, MSDS sheets etc)? 
Do operators work long hours (more than X hours a week)? 
Is there recognition in the community about the operator’s importance? 
Is the pay on par with other areas? 

Monitoring and 
recordkeeping 

Monitoring and record keeping of: 
-Source water (hydro-geological studies carried out?),  
-treated water, water through distribution system out to houses 
For: 
-flow,  
-biological parameters (e-coli, algae and algal toxins…which others? )  
-chemical parameters (metals, THMs, total organic profile, iron, manganese, 
chlorine residual),  
-physical parameters (turbidity) 
-aesthetic parameters (colour) 
-leakage (through a water audit to reduce loss) 
 (how often? How long are the records maintained for? What protocols are 
followed?  What quality control samples are taken? What type of monitoring 
occurs by externally?  Who monitors for what paramaters? Are they trained for 
sampling?  Is the proper equipment for sampling available? Are there any 
problems sending samples to external labs due to remoteness/time delays?  Is 
removal of specific contaminants through the treatment system monitored?) 
Who maintains records of plant construction (is it up to standards), and quality 
and quantity of water supplied? 
Are log sheets kept?   
Are Standard Operating Procedures (SOPs) in place? 
Plans (monitoring plans, maintenance plans, schedules and records for 
preventative maintenance, repairs and costs) 
Are there criteria (design, performance, operational) as part of a water safety 
inspection plan, and can external parties assess performance based on these 
criteria? 
Do remoteness, financial constraints, or others pose problems for monitoring? 
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Do monitoring results get used in planning or decision making?   
Is the monitoring of source water used to determine treatment requirements? 
Is any type of automated data collection or recordkeeping device used?  For 
example, WaterTrax, SCADA, PLC, RTU…  Does this equipment allow the 
operator to see trends, and provide alerts if any parameter is exceeded?  Is the 
operator trained in using this equipment? Is there any remote surveillance 
equipment?  Who manages it? 
Does the community use “defined substrate technology” such as colialert for 
coliform/fecal coliform/enterococci monitoring? Is the operator or community 
health representative trained in using it?  Where do they sample from the 
system? 
Is surveillance for disease conducted? (by whom?  Who does the sampler share 
data with in case of trends?) 
Is there a community health representative (water monitor) who samples water 
and records the results in binders? 

Operation and 
Maintenance 

Are preventative maintenance plans in place?   
How often are these updated? 
What are actual maintenance activities (i.e. are the plans followed)?   
Is funding available for maintenance, and how quickly is it available? 
What long term plans are made for major infrastructure replacement? 
Do parts deteriorate more quickly than anticipated? 
Are in-ground cisterns and aging wells maintained through a village 
maintenance plan? 
Are any computer programs used to provide alerts when maintenance is due?  
Are these programs updated regularly? 
Are regular visual inspections of the whole system done by the operator? 
-Distribution system management (operation and maintenance) should include: 
a) integrity of distribution system (pipes etc)  
b) how to clean distribution system (for example, are distribution lines flushed 
annually or twice a year? Are water delivery trucks disinfected on a regular 
basis? Are stagnant areas such as ends of streets, hydrants etc exercised?) 
c) how to maintain clean water within the pipes  
d) what types of pipes are used (pvc etc)  
e) aesthetics (colour, taste, odour)  

Technical 

Multi-barrier approach: 

-Does the tool follow the multiple barrier approach, broken into simple pieces 
that follow the flow of the water (seeing the community as a system, what 
flows in and what flows out) 
What barriers are in place as part of the multi-barrier approach? 
a) Raw water characterization. What contaminants should be removed? Is the 
water treatment plant applying appropriate chemicals for the given area? For 
example, in some First Nations there is a high content of ammonia in some 
ground water. What are the treatment systems expected to achieve related to 
protozoans (e.g. Giardia; Cryptosporidium) and viruses. Include raw water 
quality (not just bacteria, turbidity, but include mineral content, chemical 
analysis, metals, algae and algal toxins, emerging contaminants such as 
disinfection by-products (THMS, and total organic profile) based on CGDWQ 
or other guidance 
-Are there identifiable risks associated with exposure to metal or trace organic 
contaminants (and the answer will depend on location, sources of water 
supply, and the adequacy and appropriateness of periodic screening)? 
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Treatment: 

What type of treatment is used? (disinfection, filtration, settling, membrane…) 
What type of disinfection? (chlorination, ultraviolet, ozonation) 
What is the aesthetic quality of water?  Is the source water high in organics?  
Iron and manganese?  Others?  Have there been any complaints in X months 
about water aesthetics?  Is there a particular time of year when aesthetic 
characteristics are worse than others?  What is generally done when the water 
is safe to drink but is aesthetically unappealing? 
Is any treatment considered for emerging contaminants such as disinfection 
by-products (THMs, for example) or pharmaceuticals? 
(If surface water is being used) what plans are made for spring break-up, and 
spring and fall turnovers of lakes? 
assessment of existing water treatment plant to ensure it meets the treatment 
needs of the source water to produce an adequate amount of safe drinking 
water for the population it serves 
 
Delivery/distribution: 
How often are water delivery trucks disinfected? 
What is the condition of most cisterns? 
How often are distribution lines flushed/swabbed?  
-Is the type of water delivery appropriate for the geography of the region? Is 
water trucked to cisterns, or piped distribution system 
Are water mains intact?  When were they last inspected? 
-Distribution system management (operation and maintenance)  
a) integrity of distribution system (pipes etc)  
b) how to clean distribution system  
c) how to maintain clean water within the pipes  
d) what types of pipes are used (pvc etc)  
e) aesthetics (colour, taste, odour) 
f) Security of distribution system 
 
Other: 
How simple or complex is the system?  What are operating characteristics of 
the facility? 
Is the system manual or computer operated? 
Has the groundwater been tested for GUDI? Additional challenges of Ground 
water under the influence of surface water, or surface water (turbidity) 
Wells in excess of 15 m with confining layer 
Has climate change been considered? 
Does the facility project future population needs for water? 
Has the water been on a boil water or do not consume advisory in the past X 
years?  What was the cause of the advisory? 
Is the facility suitable for the geographical, social, cultural circumstances of 
the community? (onsite systems vrs community systems) (What is the general 
population density (is it tightly nucleated, or dispersed?)  (Is there active 
hunting based subsistence economy?)  How remote is the community?  How 
large is the community?  Is the system located in an area with physiographic 
constraints (lowland or estuarine environments that could be flooded?)  Are 
there any small clusters of homes (less than 5) who are not recognized as a 
system under INAC?)  Does the design and engineering of the pumping 
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facilities, treatment plant, distribution systems make them convenient to 
operate and maintain?)  
Are there System Operation Manuals available?  Are they easy to understand? 
Are all facilities (reservoirs, buildings, and chemical storage) secure, with 
fences and locks? 
Are fire hydrants functioning? 
-Address both “water in” and wastewater out in same or connected tool(s).  
Also in another connected tool, address is there any other significant risk from 
exposure to pathogens from, for eg, daycare centers, school meals, hospitals, 
local restaurants, bush food?  Are adequate control and inspection measures in 
place? 
-Is the plant designed properly and meeting standards - provide enforcement 
and incentives (use example of LEED certification) incentives for meeting 
standards could include salary incentives)  
-hire highly qualified designers 

Emergency 
Response Plans 

Has an emergency response plan or emergency measures checklist been 
completed?  Is it updated?   
Are drills practiced?   
Are backup plans and support contact information in place? 
Is the water advisory tool kit available? 
Is there a backup power supply in case of emergencies? 
What is the chain of communication during the detection of contamination in 
the water system? 

Source Water 
Protection 

What is the source of water for the system? 
What are possible future sources of water for the system if the community 
grows? 
Do community members use other off-system sources of water supply such as 
springs, streams, snow banks? 
What are possible upstream influences on the source water? (industry, 
agriculture, health care facilities, waste water, etc).  
-Are there identifiable risks associated with exposure to metal or trace organic 
contaminants (and the answer will depend on location, sources of water 
supply, and the adequacy and appropriateness of periodic screening)?  
Where is the outfall of any infrastructure in the community (waste water 
treatment, septics, any industries) 
Is surveillance for contamination carried out? 
Are these outfalls documented in one place (on a map, in a document etc) 
Is water (both surface and groundwater) managed holistically for drinking 
water, ecological needs, storm water management etc? 
Are source water protection plans in place? 
Can the community manage upstream activities (or does jurisdiction, funding, 
or lack of control over activities stop it from happening?) What enforcement 
abilities does the person taking the risk assessment have over those who 
pollute upstream?   
Who in the area is working on source water protection?  Has the community 
formed partnerships with these organizations? 
What is the existing understanding of surface and groundwater quality and 
quantity?  Have hydogeological studies been done to characterize the water? 
Is the groundwater under the influence of surface water? 
What is the influence of spring breakup, turnover of lakes, and other natural 
events on source water? 
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Easy to use 

Is the tool or document easy to use or understand? (language, format) 
How long does it take to complete?   
What is the audience of the tool, their education level and time available to 
complete it? 
Does the tool produce outputs with simple analysis of data, with easy to 
understand graphs or charts? 
Does the tool use input to produce understandable reports with prioritized 
risks, suggested actions, risks associated with the failure to take actions or 
have process in place, and possibly approximate financial cost? 
Is the data stored in a manner that is easy to access and extract data based on 
queries to something like an Excel spreadsheet. 
Does the tool follow the multiple barrier approach, broken into simple pieces 
that follow the flow of the water through the system? 

Management 

How does management work on all levels (from local to regional and 
national)? 
Are roles and responsibilities of community members, operators, chief and 
council, INAC, Health Canada clear? (who is in control of the daily operation 
of the plant?)  
Who ‘owns’ the treatment plant? 
What are the relationships between local governments, local system 
inspection/water testing, and local/regional public health authorities?  Does 
adequate communication occur?  
What is the chain of communication in the case of contamination of the water 
supply?  
Is there communication between community developers and water works 
managers to balance community growth with infrastructure capacity  
(water supply without harming source water)? 
Do the chief and council know about the tools available to them, such as “The 
Water Advisory tool kit for First Nations”? 
Are skills within communities being built through training and or mentorship?  
Have public works managers been trained to understand water treatment issues 
(for example, the need for repairs over time, colours and tastes in the water)?  
What time frame is used for most decision making?  Are there short (1-2 
years), medium (5-10) and long term goals (25+)?  Is there any way to pass 
information on to leadership from one term or election to another? 
Are plans made for community growth, finances, maintenance, human 
resources, scheduling, health and safety, staffing, finding trained replacement 
due to staff retirement?  
Do administrators monitor and prescribe hours of work, define the work 
expected, conduct performance reviews, schedule vacations, and replace 
operators, schedule training for re-certification… 
Do managers review reports about the operation, maintenance, health/safety, 
and water quality of the system (before setting budgets)?  Is detailed cost 
accounting communicated through all levels of management to ensure proper 
funding is directed to the needs of the water system? 
Has the risk assessment tool been done jointly with the Public Works 
Manager?  
Is there a First Nation administrative/coordination/technical services structure 
serving the needs of clusters of communities? 
Are staff hired based on merit, without political influence? 
Is occupational health and safety training available for operator and 
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management both, to understand the importance of safe working conditions 
and safety equipment? 
Is there any incentive to meet standards?  Possibly salary incentives for 
exceeding expectations? 

Financial 
constraints 

Assess how financial constraints impact maintenance, remote communities 
(especially fly-ins) operator training and retention, source water protection and 
monitoring 
Is there continual refusal for small amounts of $ (several hundred) for tools or 
backup material? 
Has any repair gone undone because of lack of funding?   
Has the plant ever gone un-manned for a long time because the operator was 
sick or left?   
Has a previous operator left because of low pay or poor working conditions? 
Have any safety features such as ancillary systems (valves, hydrants etc), 
occupational health features (eye wash, ladders & railings) or fail-safes to 
protect equipment and personnel been removed to cut costs? 
Is there funding in the budget for operation and maintenance costs? 
What amount of water does the federal level of service standard allow for?  Is 
this sufficient for firefighting? 
Is there funding to monitor, repair and or replace wells or cisterns? 
Is a stock of spare parts and needed supplies available? 
Is funding available for source water protection and emergency response 
planning? 

 

Accountability 

Assess availability of records (are records kept?) 
Assess funding flows –(is money being spent as planned?) 
Are roles and responsibilities of all parties clearly understood?  
Are people trained on budgeting or other responsibilities? 
Is communication open between all levels of government (local/Band, 
provincial, federal agencies etc)? 
Is independent external assessment or audit possible? 
Is information available to community members on cost accounting, water 
produced per capita, cost per litre, hours, salaries, compliance with regulations 
and guidelines? 

Public Awareness 

What is the awareness of community members, and community staff about 
water (conservation, source water protection and reducing contaminants, the 
water treatment facilities, the importance of the operator’s role etc)?   
Are any outreach or educational activities occurring or planned? (for 
community or management) 
Is there any specific education about the water cycle in schools? 
How is the public alerted when problems arise (low reservoir levels, line 
breaks?)  
What is the public perception about chlorine?  How is perception managed? 
How aware are community members about the need to clean their own cisterns 
or wells, and to keep them secure? 
Is information about the water available in easy to understand terms to 
community members (water monitoring data and risk assessment data) 

Regulation 
What are the applicable regulations or guidelines? 
Are these regulations met by current conditions? 
Are the current regulations or guidelines understood by the operator, 
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management, the community? 
Are the regulations or guidelines enforced? 
Are future guidelines anticipated by exceeding current ones? 
Are some current guidelines not appropriate for local conditions (for example, 
naturally occurring levels of XX?)   
Are significant activities covered by some sort of guideline or protocol (for 
example, source water protection, on-site systems, trucked water, occupational 
health and safety) 
Are there specifications for oversight of “total chemical water quality” (lab) 
analysis? 
Is ownership of the system clear?  Is liability for the system understood and 
agreed upon? 

Onsite/Private 
/Individual 

systems  

Are onsite wells, cisterns, and septic systems monitored? Are they recorded all 
in one spot? 
Who is in charge of monitoring, maintaining and closing them?  Are these 
systems included in national statistics or databases? 
Is there funding to maintain the systems?  
Is there a plan in place if problems are noted? 
Is backflow prevention in place? 
Are training and awareness tools available to “owners”? 

Consultation 

Has the operator been consulted or communicated with about roles, 
responsibilities, training, actual site conditions? 
Do both management and operations respond to community questions, and do 
they have consistent answers? 
During federal consultations, can more than one person from the community 
attend? 

Research and 
development 

Is research into new and emerging contaminants included in monitoring 
protocols?  Are new threats (endocrine disruptors or THMs) recognized, and 
where possible, treated?  

Public 
Confidence 

What is the public’s confidence in drinking water?   
What percentage of people drink water from the tap?   
If they drink other sources, what are those sources? 
Are there any aesthetic parameters which would reduce public confidence in 
the water supply (such as excessive chlorine taste)? 
Are adjustments made (where possible) to reduce these aesthetic concerns? 
Is there a particular concern in the community about contaminants (such as 
cancer causing agents?)  If so, did historical events cause this concern, and has 
monitoring for any substance been carried out? 

Community 
characteristics 

Are communities spread out, or densely populated?  
Are water treatment facilities centralized, and do they reach all homes? 
If not, who looks after the on-site or individual systems?  
Is there involvement in hunting camps? 
Is the community remote (road, or fly in/winter road only)? 
Is the water trucked or piped to homes? 
Are other sources of water used (including springs, streams, snow banks)? 
Is the technology appropriate for the size, density, isolation, geography, social 
and cultural circumstances of the community? (simple, to avoid challenges of 
repairs) 

Uses other than 
drinking water 

Ecosytem needs for clean water for wildlife considered (both quality and 
quantity) (e.g. water levels in surface water for fish)   
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Fisheries for livelihoods requires water quality and quantity to be preserved 
Spiritual uses of water, and the inherent sacredness of water – some require 
fresh water (not treated or murky water) 
Competing needs for irrigation, pressures for growth (economic growth 
requiring more water) 

Other 
characteristics of 

a tool or 
approach 

Is the tool useful for many parties, including inspectors, regulators, water 
treatment plant operators, operator trainers, and community Public works 
managers? 
Does the tool give the surveyor key information about what risks may be 
associated with failure to do certain things or failure to have certain processes 
in place? 
What kind of mechanisms are in place (local or regional) for periodic overall 
risk assessment?  
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Appendix G - Combined criteria with extra questions 

Category Combined criteria 

Operator 

• Does the tool assess operator retention/turnover ? abcde 

• Does the tool assess training (initial and ongoing) for existing staff abcd 

• Does the tool assess certification of existing staff?ad 

• Does the tool assess support for operators?ad 
o Is there a backup operator? Are they trained?abcd 
o Does the operator have access to support such as on-call 

specialists, a network of colleagues or mentors, or the Circuit 
Rider Training Program or SWAP?abcd 

• Does the tool assess the operators attitude towards their responsibility 
for public health?abcd 

• Does the tool assess if operators have access to resources and time off 
for continuing educationabd 

• Does the tool assess if the operator had Occupational Health and Safety 
training and upgrading?ad 

• Does the tool assess if the operator has other duties besides drinking 
water treatment?ad 

 
Possible questions to supplement: 

Operator turnover/retention 
-Has the operator changed more than once in the last X years? 
-When is the current operator expected to retire? a 
Training and certification of existing staff  
-What certification does the operator have? a 
-What is the basic educational level of the operator (high school – numeracy 
and literacy)?a 
-Does the operator understand the microbiological and chemical aspects of the 
treatment process? a 
-Has the operator been trained on their own system (on-site)? a 
Support for operators 
-Do operators work long hours (more than 48 h/week or 12 h/day except in 
emergencies)?a 
-Is there recognition in the community/management about the operator’s 
importance? b 
-Does the operator know the phone numbers to get support? 
-Is the Circuit Rider Training program or SWAP in the community? ab 
Others 
-Where are OHS materials located (eye wash, gloves, MSDS sheets etc)? 
-Does the operator understand the importance of recordkeeping? ab 
 

Monitoring and 
recordkeeping 

• Does the tool assess water quality monitoring and record keeping of…: 
-source (raw) water, abcd 
-water during treatment,acd 
-treated water, through the distribution system out to houses,abcd 
-complaints from consumers cd 
 
for each parameter as appropriate?:ad 
-biological parameters (bacteria (such as e-coli), algae and algal toxins, 
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protozoans (such as Cryptosporidium, Giardia), viruses, other pathogens, 
or others, as appropriate) 
-chemical parameters (pH,  metals, total organic profile, iron, 
manganese, chlorine residual, dissolved oxygen, other ions, nutrients 
such as nitrate or ammonia, emerging contaminants such as THMs, 
others, as appropriate) 
-physical parameters (turbidity, others) 
-flow, (is quantity adequate? How much water is supplied daily?) 
-aesthetic parameters (colour, taste) acd 
-leakage (through a water audit to reduce loss and reduce contaminant 
infiltration) 

• Does the tool assess if monitoring results get used in planning and 
decision making, optimizing, future design, and substantiating need for 
upgrades?abd 

• How often is monitoring for each parameter carried out?abd 

• Are log sheets and or databases kept?abd 
 
Possible questions to supplement: 

-Does the tool assess response procedures in the event of exceedance?d 
-Does the tool assess transparency of monitoring? (i.e. simple monitoring 
information is available as appropriate to the public, council, agencies; and 
audits are conducted)d 
-Does the tool assess plans for the water system (monitoring plans, maintenance 
plans, schedules and records for preventative maintenance, repairs and costs)? a 
-Does the tool assess if there are criteria for the water system as part of an 
inspection plan? 

o design,  
o performance,  
o operations 
o Can external parties assess performance based on these criteria?  

-Does the tool assess if there are plans for the water system (for example, 
monitoring plans, maintenance plans, schedules and records for preventative 
maintenance, repairs and costs)? 
-Does the tool assess monitoring to:d 

� Obtain baseline data 
� Determine and adjust to variations in source water quality 

(both natural and man-made causes) 
� Determine how effective source protection measures are? 
� Set treatment targets and pathogen reduction targets?d 

Collecting data 
-Have any hydrogeological studies been carried out (for e.g. to determine 
GUDI)? a 
-What protocols are followed for sampling? a 
-Are Standard Operating Procedures (SOPs) in place? 
-What quality control/quality assurance samples are taken? 
-Who monitors for what parameters?  
-Is there a community health representative or water monitor who samples and 
keeps records of the results? 
-What type of monitoring occurs by external parties?  
-Do some samples get sent to accredited labs, which are close enough?  
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-Do some samples get tested on-site?  
-Are all samplers trained for sampling?  
-Are there any problems sending samples to external labs due to 
remoteness/time delays?  
-Are the contaminants of concern testable (subject to enumeration)a 
-Is the proper equipment for sampling available? a 
-Is any type of automated data collection or recordkeeping device used?  (For 
example, WaterTrax, SCADA, PLC, RTU…) a 
-Is the operator trained in using this equipment?  
-Does this equipment allow the operator to see trends, and provide alerts if any 
parameter is exceeded?   
-Is there any remote surveillance equipment?  Who manages it? 
-Does the community use “defined substrate technology” such as colialert for 
coliform/fecal coliform/enterococci monitoring? Does it work?  
Is the operator or community health representative trained in using it?  Where 
do they sample from the system?  
Are observation wells developed to provide insight about aquifer details (depth, 
drawdown, recovery rate) 
Records 

-How long are the records (hard copy or database) maintained for? ab 
-Who maintains records of plant construction? (is it up to standards?) 
-Do remoteness, financial constraints, or others pose problems for monitoring? 
-Is the monitoring of source water used to determine treatment requirements?  
-Is removal of specific contaminants through the treatment system monitored? 
-Is surveillance for disease or outbreaks conducted? (by whom is it collected, 
and with whom is it shared?)e 

Operation and 
Maintenance 

• Does the tool assess preventative maintenance plans? abd 

• Does the tool assess actual maintenance actions? abd 

• Does the tool assess if equipment deteriorates more quickly than 
anticipated? abd 

• Does the tool assess inspections of the system? abd 

• Does the tool assess if a stock of spare parts and supplies is available 
for backup? ad 

 
Possible questions to supplement: 

Plans  

-Are preventative maintenance plans in place? How often are these updated? ab 
-Are any computer programs used to provide alerts when maintenance is due?  
Are these programs updated regularly? a 
-What long term plans are made for major infrastructure replacement? b 
-Are in-ground cisterns and aging wells maintained through a village 
maintenance plan? ab 
Actions 

-What are actual maintenance activities (i.e. are the plans followed)? ab 
-Are records kept of operation and maintenance?ab 
-Who is responsible to make decisions about upgrades and repairs?d 
-How quickly are decisions made about repairs made? 
-How quickly is funding available for O+M? ab 
Inspections 
-Does the operator do regular visual inspections of the whole system? ab 
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-Who is responsible for maintenance and do they have training? ab
 

Technical 

• Does the tool follow the multiple barrier approach, broken into pieces 
following the flow of water from source to tap abcd 

• Does the tool follow water back to source? (seeing the community as a 
system, what flows in and what flows out) ad  

• Does the tool characterize raw water to determine appropriate 
treatment?ad 

• Does the tool assess if the facility is appropriate for community 
characteristics: abcd 

o Population size,  
o population density,  
o remoteness (fly-in or winter roads vs. year round roads),  
o geography (flood plains, soil type etc),  
o social or cultural circumstances (treatment complexity, 

community treatment preferences)?  

• Is the tool logically sound: 
o Can the logic/reasoning process of the tool be identified? 
o Is that reasoning process defensible? 

• Is the tool technically accurate? 
o Does the tool flag the actual problems of highest concern for 

the users/operators about concerns/problems, and see if the tool 
identifies these concerns? 

o Does the tool ask the right questions, process the information, 
and produce useful results? 

• Is the tool credible? cd 
o Subject to transparency and rigour 
o Adhere to industry codes and standards 
o Peer reviewed (articles about the tool published in peer 

reviewed journal) 
o Was it assessed as credible in the literature? 
o Publicly reviewed? 

• Does the tool assess water capacity requirements: future growth, 
firefighting, industry etc?ac 

• Does the tool address future needs to deal with climate change (such as 
robustness, extra monitoring?) bcd 

• Does the tool assess what type of treatment is used? 
(coagulation/flocculation, settling, filtration, membrane, disinfection, 
other…)abd 

• Does the tool assess what type of disinfection? (chlorination, 
ultraviolet, ozonation, other…)ad 

• Does the tool assess if the type of water delivery appropriate for the 
geography of the region? Is water trucked to cisterns, or piped 
distribution system? ad 

• Does the tool address distribution system management (operation and 
maintenance) ad 

• Does the tool assess the community population?acd 

• Does the tool assess what is the general population density (is it spread 
out or densely populated)?ac 

• Does the tool assess how remote the community is (road, or fly 
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in/winter road only?)acd 

• Does the tool assess if all facilities (reservoirs, buildings, and chemical 
storage) are secure, with fences and locks? ad 

• Does the tool assess what amount of water does the federal level of 
service standard allow for?  Is this sufficient for firefighting (or are 
there other measures for fire fighting)?ac 

• Does the tool assess if the plant designed properly and meeting 
standards? ac 

 
Possible questions to supplement: 

Does the tool suggest alternative methods of sampling for remote communities 
who cannot meet suggested hold periods? ~d 
-Does the tool assess other technical concerns? 
-Does the tool suggest measures for extreme cold or large fluxes in 
temperature? d 
-Does the tool take temperature ranges into consideration? d 
-Does the tool consider extreme winter storms and associated problems 
(heating, truck water delivery etc.)? d 
-Does the tool assess the system’s ability to treat water of varying quality 
(robustness)? 
 
Multi-barrier approach: 

-What barriers are in place as part of the multi-barrier approach? 
Raw water characterization:  
-Does raw water characterization include the parameters identified in the 
“monitoring and recordkeeping” section above, based on CGDWQ or specific 
site conditions? 
-What contaminants should be removed from the raw water? 
-Is the water treatment plant applying appropriate chemicals for the 
contaminants?  
Does the tool assess routes to fecal contamination that could lead to pathogens 
entering water sources?d 

Does the tool assess routes to chemical contamination of the water?d 
Does the tool assess if naturally occurring chemicals could contaminate the 
water?d 
 
Treatment: 

What is the aesthetic quality of water? a 
Is the source water high in organics?  Iron and manganese?  Others?  a 
Have there been any complaints in X months about water aesthetics?   
Is there a particular time of year when aesthetic characteristics are worse than 
others?   
What is done when there are complaints? 
What is generally done when the water is safe to drink but is aesthetically 
unappealing? 
Is any treatment considered for emerging contaminants such as disinfection by-
products (THMs, for example) or pharmaceuticals? ab 
(If surface water is being used) what plans are made for spring break-up, and 
spring and fall turnovers of lakes? 
What is the total demand for treated water, and what is the capacity of the water 
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treatment plant?  
-Does the tool assess if treatment processes have been optimized?d 
-Does the tool assess treatment methods?a 
-Does the tool identify key operating conditions for each treatment process? d 
-Does the tool identify if the treatment plant has provisions to install newer 
technologies such as UV, ozone, and membrane filtration?d 
Delivery/distribution:1 

-Are water mains intact?  When were they last inspected? 
-Distribution system management (operation and maintenance) ad 
a) integrity of distribution system (pipes, truck fills etc) ad 
b) how to clean distribution system a(for example, how often are distribution 
lines flushed? e.g. annually or twice a year?  Are water trucks disinfected on a 
regular basis (how often)?  Are stagnant areas such as ends of streets, hydrants 
etc. exercised? 
c) how to maintain clean water within the pipes a 
d) what types of pipes are used (pvc, cast iron, ductile iron, etc)a 
e) aesthetics (colour, taste, odour)a 
f) security of distribution system a 
Is there potential contaminant intrusion from the distribution system from 
backflow, breakage, truck fill,etc?d 
Could cold conditions lead to frozen pipes?d 
Community characteristics: 
(which is more appropriate: individual systems or community systems)ad 
-How much water is required now and in the future?a 
-What is the housing density (i.e. is there overcrowding and overloading of 
onsite systems?)c 
-What is expected community growth? 
-Are there pockets in the community which are distant from main community? 
-Is the system located in an area with physiographic constraints (lowland or 
estuarine environments that could lead to flooding?)a 
-Has any part of the water treatment system flooded in the last X years?   
Climate Change

d
 

• Increased snow melt 

• Increased water temperatures 

• Changed intensity and frequency of precipitation leading to flooding, 
droughts, and fluxes in water levels 

• Salinization of groundwater 

• Increased demands for water 

• Decreased water quality 
Other: 

Does the tool assess if homes using the system are metered?d 
How simple or complex is the system?ab 
What are operating characteristics of the facility? 
Is the system manually or computer operated?a 
Has the groundwater been tested for influence of surface water (GUDI)?a 
Has the water been on a boil water or do not consume advisory in the past X 
years?  What was the cause of the advisory? a 
Does the design and engineering of the pumping facilities, treatment plant, 
distribution systems make them convenient to operate and maintain? a 
Does the design of the facilities make appropriate sampling points available?a 
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Are there System Operation Manuals available?  Are they easy to understand? a 
Are fire hydrants functioning, with enough pressure for firefighting; or another 
water source for fire protection?a 
-Does the tool address both “water in” and wastewater out in the same or 
connected tool(s)? ac 
-Does the tool address any other significant risk from exposure to pathogens 
from, for e.g., daycare centers, school meals, hospitals, local restaurants, bush 
food?  Are adequate control and inspection measures in place?a 
- provide enforcement and incentives (use example of LEED certification) 
incentives for meeting standards could include salary incentives) a 
-Who designed the facility?  Were they qualified? 

 

Emergency 
Response Plans 

• Does the tool assess if an emergency response plan or emergency 
measures checklist has been completed? abd 

• Does the tool assess if there is backup power supply in case of 
emergencies? ae 

Possible questions to supplement: 

-Does the tool assess if there is a clear chain of communication during the 
detection of problems or contamination in the water system? ab 
-Is the emergency response plan updated? b 
-Are backup plans and support contact information in place? 
-Is the “water advisory tool kit” available? a 
-Are emergency drills are practiced? b 

Source Water 
Protection 

• Does the tool identify all sources of water for the system (as surface 
water, GUDI, or secure groundwater)? ad 

• Does the tool identify upstream influences to water, such as waste water, 
septic systems, agriculture, health care facilities, historic and current 
industry?abcd 

• Does the tool identify the outfall of any infrastructure in the community 
(waste water treatment, septics, improperly abandoned wells, any 
industries)?abc 

• Does the tool identify if source protection plans are in place?a 

• Does the tool identify if communities have authority over upstream 
activities?ab 

• Does the tool address possible solutions to prevent or reduce upstream 
pollution? (such as Public education, toxic substance control, 
economic/funding incentives, upgrades to waster water treatment plant, 
stormwater pollution prevention and structural changes) abd 

• Does the tool assess if First Nations traditional knowledge is incorporated 
into the baseline? (identification of natural characteristics and the impacts 
of land uses and activities) bd 

• Does the tool assess if water (both surface and groundwater) is managed 
holistically for drinking water, ecological needs, storm water management 
etc? ad 

 
Possible questions to supplement:  
Does the tool evaluate surveillance of source water for upstream influences? 
Identifying sources 

-Is the source area delineated (on watershed basis or other)d 
-What are sensitive water protection areas?d 
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-Is any source water diverted from another watershed?d 
-What are possible future sources of water for the system if the community 
grows (redundancy of supply)? D 
-Is conservation addressed when considering source water supply?d 
-Do community members use other off-system sources of water supply such as 
springs, streams, snow banks when at hunting camps or in the community?  
-How are these managed? 
Identifying sources as surface water, GUDI, or secure groundwater 
-What is the existing understanding of surface and groundwater quality and 
quantity?  Have hydogeological studies been done to characterize the water? a 
Identifying upstream influences 
-Are these outfalls documented in one place (on a map, in a document etc)? 
-Are there identifiable risks associated with exposure to metal or trace organic 
contaminants?  
-Do spring breakup, turnover of lakes, and other natural events affect source 
water?a 
-Is the baseline of the source area thoroughly assessed including:d 
o Land ownership,  
o land uses and activities (forest, agriculture, impervious surfaces) 

(wastewater treatment plants, onsite septic systems, agriculture, forestry, 
resource extraction, hazardous materials given higher priority) 
(recreation, road construction, maintenance, spills also considered) 

o natural characteristics (hydrology, topography, soils, vegetation, 
wetlands, wildlife, fire, forest diseases) 

Surveillance of source water for upstream influences 
-Is surveillance for contamination carried out?  How often?  For what 
parameters? ab 
Authority over upstream activities 
-Can the community manage upstream activities or enforce laws re pollution (or 
does jurisdiction, funding, or lack of control over activities hinder 
enforcement?)ab 
Source protection plans 
-Who in the area is working on source water protection?  Has the community 
formed partnerships (collaborations) with these organizations? ab 
-Are source water protection goals identified? (such as to provide safe drinking 
water, reduce contamination, provide flexibility in water supply, meet specific 
water quality criteria)d 
-Whose goals have been identified?bd 
-Are any of these goals conflicting?d 
-Are specific suggestions made as alternatives to current practices? (upgrading 
wastewater treatment plants and sewers, storm water management, best 
management practices for winter road salting, riparian buffer systems, 
agricultural and forestry best management practices, erosion control and 
creation of wetlands)d 
-Are responsibilities for source water protection identified?d   
-Are any source water protection action plans monitored and evaluated?d 
-Are the results of the source water protection plan shared with wider planning 
agencies?d 
 

Easy to use 
• Is the tool or document easy to use or understand for people with a wide 

range of backgrounds abd 
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o Who has used the tool? (operators, public works managers, 
EHO, circuit riders)?  

o Has everyone who used the tool understood the language? 
o Have they had difficulty following the format? 

• How long does it take to complete? (in hours) 

• How much time does the user have to devote to the tool? 

• What is the training and occupation of the target tool users (from tool 
documentation: i.e. high school/post secondary /technical, water 
operator/public health/circuit rider trainer) 

• Does the tool produce 
o simple analysis of data (less than 2 pages), 
o graphs or charts? 
o prioritized risks 
o suggested actions 
o risks associated with failure to take actions or have processes in 

place 
o approximate financial cost 

• Is the data stored in a manner that is easy to access and extract data based 
on queries to something like an Excel spreadsheet? 

• Are terms and definitions understandable for all (public health staff, 
managers, operators)  - ask during site visit if they understand all of the 
terminology d 

• Can the data entry be automated (i.e. using handheld electronic device to 
enter and store information)?a 

Management 

• Does the tool assess clarity of roles and responsibilities? abd 

• Do public works managers have the capacity (or have they been trained) 
to understand water treatment issues (for example, that over time, 
money must be spent on repairs, or that colours and tastes are not 
always dangerous) and budgeting? abd 

• Does the tool assess skill building within the community by training 
and/or mentorship? 

• Does the tool assess staff hiring processes to ensure hiring is based on 
merit, without political influence? ad 

 
Possible questions to supplement: 

Clear roles and responsibilities 
-Are roles and responsibilities of community members, operators, chief and 
council, INAC, Health Canada clear? (e.g. who is in control of the daily 
operation of the plant, reporting, etc?)abd 
-Does the tool assess the quality of communication channels?ab 
-Do administrators monitor and prescribe hours of work, define the work 
expected, conduct performance reviews, schedule vacations, and replace 
operators, schedule training for re-certification, budget?ab 
-Is there an annual review of the operator?ab 
-Do managers review reports about the operation, maintenance, health/safety, 
and water quality of the system (before setting budgets)?ab 
Quality of communication channels 

-How does management work on all levels (from local to regional and 
national)?ab 
-What are the relationships between local governments, local system 
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inspection/water testing, and local/regional/federal public health authorities 
(INAC, Health Canada, provincial technical staff, regional staff, Grand 
Councils as appropriate?a  
Does adequate communication occur?a 
-Do policy makers have ready access to basic information about the nature of 
First Nations communities?a 
-What is the chain of communication in the case of contamination or disruption 
of the water supply?a 
-Is there communication between community developers and water works 
managers to balance community growth with infrastructure capacity (water 
supply without harming source water)?a 
-Do the chief and council know about the tools available to them, such as “The 
Water Advisory tool kit for First Nations”, “Water is a treasure”?a 
-Has the risk assessment tool been done jointly with the Public Works 
Manager?ab 
-Is detailed cost accounting communicated through all levels of management to 
ensure proper funding is directed to the needs of the water system?ab 
Planning time frame 
-Are there short (1-2 years), medium (5-10) and long term goals (25+) for the 
water system? ab 
-Does the tool assess the time frame used for most decision making? 
-Is there a way to pass information on to leadership from one term or election to 
another? ab 
-Are plans made for: community growth,a finances ab, maintenance and 
upgrades ab, human resources ab, scheduling, health and safety, staffing,a 
training,a finding trained replacement due to staff retirement/demographics,a 
source water protection?d 
Skill building with training or mentorship 
-Is there a First Nation administrative/coordination/technical services structure 
serving the needs of clusters of communities?ab 
-Is occupational health and safety training and emergency preparedness 
available for operator and management both, to understand the importance of 
safe working conditions and safety equipment? ab 
Other 

-Is there any incentive to meet standards?  Possibly salary incentives for 
exceeding expectations?a 

Financial 
constraints 

• Does the tool assess the impacts of financial constraints on:abd 
o operations and maintenance,  
o remote communities (especially fly-ins)  
o operator training and capacity development 
o retention, (is pay adequate and on par with other areas)abcde 
o source water protection and monitoring 
o health, safety, and emergency 
o physical infrastructure 

• Does the tool assess funding sustainability of the water system?cd 
Possible questions to supplement: 

Operations and Maintenance 
-Is there continual refusal for small amounts of money (several hundred $) for 
tools or backup material?b 
-Has any repair, upgrade (or recommendation in the Engineering Assessment) 
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gone undone because of lack of funding? ab 
-Has the plant ever gone un-manned for a long time because the operator was 
sick or left?  
-Is there funding in the budget for operation and maintenance costs? b 
-How quickly are funds available for repairs? d 
-Is there funding to aid with monitoring, repair and or replacement of wells or 
cisterns?a 
Operator retention 
-Has a previous operator left because of low pay or poor working conditions?ab 
-Is there funding for operator training or capacity development of staff?abd 
Health, Safety and Emergency 
-Is funding available for emergency response planning?a 
-Have any safety features such as ancillary systems (valves, hydrants etc), 
occupational health features (eye wash, ladders & railings) or fail-safes to 
protect equipment and personnel been removed to cut costs?a 
Source water protection 

-Is funding available for source water protection planning?ab 
Funding for monitoring a 
-Is funding available for monitoring, or are some monitoring activities not 
carried out due to lack of funds?a 

Accountability 

• Does the tool assess transparency of processes and availability of all 
records? abd 

• Does the tool asssess if roles and responsibilities of all parties are clearly 
understood? ab 

• Does the tool assess if money is being spent as planned (record 
keeping/cost accounting to justify funding needs and so funding gets to 
water system)? ab 

 
Possible questions to supplement: 

-Has an independent external assessment, engineering report, or audit has been 
done?ab 
-Are staff (operators, their managers) trained on budgeting or other 
responsibilities?b 
-Is communication open between all levels of government (local/Band, 
provincial, federal etc)?b 
-Is information/records available to community members and parliament on cost 
accounting, water produced per capita, cost per litre, hours, salaries, designs 
being up to standards, and compliance with regulations and guidelines; to 
demonstrate due diligence? a 
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Public 
Awareness 

• Does the tool assess water related awareness of the community?abd 

• Does the tool assess water related outreach or education for the 
community? (special roles may be available for Elders and Women’s 
Groups in some communities)abd 

• Does the tool assess if easy to understand information about the water is 
available to community members.  This could include water monitoring 
data and risk assessment data as indicators of water quality, what is being 
monitored and why the water is safe and in compliance. abd 

 
Possible questions to supplement: 

• How is the public alerted when problems arise (such as low reservoir 
levels, line breaks?)  

• Does the tool assess communication and partnership between stakeholders 
and agencies at all stages of water management? 

Awareness 
-Are community members and community staff aware of water issues abd 
o conservation a 
o source water/watershed protection and reducing contaminants, ab 
o the water treatment facilities, ab 
o the importance of the operator’s role a 
o everyone has responsibility for safe water a 
o the need for funding for maintenance/repairs etc a 
o roles and responsibilities b 

-Do community members generally agree on key water issues? a 
-How aware are community members about the need to clean their own cisterns 
or wells, and to keep them secure? a 
Outreach 

-Are any outreach or educational activities occurring or planned? (for the 
community or management).  These activities could include: abd 

o Annual reports 
o Media coverage 
o Public sharing of resources such as maps 
o Education of youth in both scientific and traditional knowledge 
o Class visits of water facilities 
o Highlighting success stories (what community is doing right) 

-Is there any specific education about the water cycle or water protection in 
schools?a 
-Does the tool engage the community and increase capacity/understanding?d 
-What is public perception about chlorine?  How is perception managed?a 

Regulation 

•  Does the tool assess if current conditions meet applicable regulations/ 
standards/ guidelines? abd 

• Does the tool identify who accepts jurisdiction over water (and land) 
uses?acd 

• Does the tool assess who is liable for the system, and do they 
understood and agreed upon that liability? Abc 

• Are the current regulations or guidelines understood by the operator, 
management, the community, engineers or contractors?abc 

 
Possible questions to supplement: 
-What are the applicable regulations or guidelines? a 
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-Are the regulations or guidelines enforced? a 
-Does the tool assess if any current guidelines are not appropriate for local 
conditions (for example, due to naturally occurring levels of a mineral?) ab 
-Are regulations or guidelines clear, or open to interpretation?ab 
-Are future guidelines anticipated, by exceeding current ones or following more 
stringent of the provincial/federal regulations? Ab 
-If current regulations or guidelines are not met, what is the severity and 
frequency of exceedences?e 
-Are significant activities covered by some sort of guideline or protocol (for 
example, source water protection, on-site systems, trucked water, occupational 
health and safety)bd 
-Are there clear gaps in guidelines or regulations such as in well drilling 
oversight, chemical lab analysis, Occupational Health and Safety, that may lead 
to unsafe conditions? (Lack of legislation) 
-Are there specifications for oversight of “total chemical water quality” (lab) 
analysis? 
-Is ownership of the system clear (who owns the system)?ab 

Onsite, 
“individual”, or 

“private” 
systems 

• Does the tool identify people in the community who may not be included 
in the main community supply?abc 

• Does the tool incorporate onsite wells and cisterns in the analysis?cd 

• Is backflow or cross contamination prevention in place?bd 
 
Possible questions to supplement: 
Identify 

Are onsite wells, cisterns, and septic systems monitored? b 
Is information about these systems recorded all in one spot? 
Are water treatment facilities centralized, and do they reach all homes? b 
Are any small clusters of homes (less than 5) not recognized as a system under 
INAC?b 
Analyze 
What is the general condition of cisterns or individual wells?ab 
Who is in charge of overseeing installation, monitoring and maintenance of 
onsite systems?  
(legal oversight and well-driller competence?)ab 
Are these systems included in national statistics or databases? ab 
Is there funding to maintain or decommission the systems? ab 
Is there a plan or protocol in place if problems are noted? a 
Are training and awareness tools available to “owners”? b 

Consultation 

• Does the tool consider if some form of consultation about the water 
system takes place?bd 

 
Possible questions to supplement: 
-Has the operator been consulted and communicated with about roles, 
responsibilities, training, actual site conditions, before beginning new work? b 
-Do both management and operations respond to community questions, with 
consistent answers? ab 
-During federal consultations, can more than one person from the community 
attend? a 
-Have any of these possible ways to encourage public participation been 
attempted?d 
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o Public hearings 
o Committees and task forces 
o Surveys 
o Conference calls 
o Internet postings 
o Alternative dispute resolution 

(Advance notice, proper distribution of information and notice, and meaningful 
opportunities for affected parties to take part, reimbursement of travel costs, and 
communication in traditional languages are all recommended) 
-Are youth, elders, women, and leaders all encouraged to interact in forums 
related to water? 
-Does the tool identify affected parties on a watershed-specific basis?d 
o Governments 
o Public interest groups 
o Public health groups 
o Business groups 
o Vulnerable populations 
o Local resource workers (farmers, forestry, fishery) 

-Is meaningful consultation done before laws, regulations, or guidelines are 
developed, (i.e., the results influence decisions) ab

 

Research and 
development 

• Are new threats (such as endocrine disruptors or THMs) recognized, and 
where possible, treated? ab 

Possible questions to supplement: 
-Is research into new and emerging contaminants included in monitoring 
protocols? a 
-Is research and development conducted? d 

Public 
Confidence 

• Does the tool assess the public’s confidence in drinking water (e.g., what 
percentage of people drink from the tap)? abd 

• Does the tool consider community preferences for aesthetic characteristics 
such as taste and odour?ad 

• Are adjustments made (where possible) to reduce these aesthetic 
concerns? abd 

 
Possible questions to supplement: 

-Are there any aesthetic parameters which would reduce public confidence in 
the water supply (such as excessive chlorine taste)? b 
-If the public drinks from other sources, what are those sources? b 
-Are other alternative disinfection methods such as UV or ozone used where 
chlorine is culturally unacceptable? 
-Is there a particular concern in the community about contaminants (such as 
cancer causing agents?)  If so, did historical events cause this concern, and has 
monitoring for any substance been carried out?a 

Uses other than 
drinking water 

• Does the tool assess ecosystem needs for clean water for wildlife (both 
quality and quantity) (e.g. water levels in surface water for fish)? ab 

• Does the tool assess other water uses in addition to drinking water (a 
more holistic view of water resources)? abd 

 
Possible questions to supplement: 

-Are fisheries for livelihoods or way of life threatened by over-consumption of 
source water, or by poor source water quality?a 
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-Are there spiritual uses of water in the community that require fresh clear 
water? (not treated or murky)a 
-Are there competing needs for limited water supply, such as irrigation or 
economic growth/development?b 

Other 
characteristics 

of a tool or 
approach 

• Is the tool useful for many parties, including inspectors, regulators, water 
treatment plant operators, operator trainers, and community Public works 
managers? 

o Who used the tool? 
o Did they find it useful? 
o Did it increase their awareness (build capacity)?d 

• Does the tool give the surveyor key information about what risks may be 
associated with failure take actions or have certain processes in place? 

• Does the tool ask what mechanisms are in place (local or regional) for 
periodic overall risk assessment? a 

• Is the tool objective or subjective? 
o Does the input or output from two different users differ by more 

than two items? 

• How does the tool deal with unknowns (e.g., “I don’t know what 
monitoring we do for source water”)? 

o Does the tool allow you to proceed without filling all details in? 
o Does it alert you to data not filled in? 
o Does it stop you from proceeding if key details are missing? 

• What sized community (or scale of system) is the tool is designed for?a 

• Does the tool provide the user with concrete corrective actions to take or 
specific items to investigate? a 

• Does the tool prioritize concerns to assist in decision making? acd 

• Does the tool produce a cost-benefit analysis or risk reduction per unit 
cost?ad 

• Does the tool emphasize that risk assessment is only part of a risk 
management and decision making approach, or is it encouraged simply to 
reduce liability?d  

• Is the tool culturally appropriate?  
o Who designed the tool? 
o Was the tool designed in consultation with First Nations 

groups?ad 
o Does the tool consider traditional knowledge?cd 

• Does the tool encourage users to identify possible events, risks, etc that 
are not listed in the tool but could still be significant?  

• Does the tool emphasize formal analysis process or the political 
bargaining process, or both, to determine acceptable risks?d 

• Does the tool use quantitative or qualitative methods to assess risk, or 
both?d 

• Is the tool intended to assess or manage risk, or both?d 

• Does the tool assess if risk tolerance has been defined for the 
community?d 

• Does the tool emphasize that risk assessment output should be interpreted 
with caution?d 

□ Who should use the tool (to avoid a conflict of interest) 

• Can the discretion of the user impact funding formulas? 
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Notes: 

a Delphi Survey 1 

b Delphi Survey 2 

c Informal interviews 

d Literature review 

e Site visit 
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Appendix H – Evaluation of tools using final criteria 
Australian Community Water Planner 

   1 = Yes, directly     2 = somewhat, or indirectly     3 = Not at all 

Operator 
3-Does the tool assess operator retention/turnover ? abcde 
2-Does the tool assess training (initial and ongoing) for existing staff abcd 
3-Does the tool assess certification of existing staff?ad 
3-Does the tool assess support for operators?ad 

3-If there is a backup operator? If they are trained?abcd 
3-If the operator has access to support such as on-call specialists, a network of 
colleagues or mentors, or the Circuit Rider Training Program or SWAP?abcd 

3-Does the tool assess the operators attitude towards their responsibility for public health?abcd 
3-Does the tool assess if operators have access to resources and time off for continuing 
educationabd 
3-Does the tool assess if operators have access to occupational health and safety training? ad 
3-Does the tool assess if the operator has other duties besides drinking water treatment? ad 

Source Water Protection 
1-Does the tool identify all sources of water for the system (as surface water, GUDI, or secure 
groundwater)? ad 
1-Does the tool identify upstream influences to water, such as waste water, septic systems, 
agriculture, health care facilities, historic and current industry?abcd 
2-Does the tool identify the outfall of any infrastructure in the community (waste water 
treatment, septics, improperly abandoned wells, any industries)?abc 
2-Does the tool identify if source protection plans are in place?a 
?-Does the tool identify if communities have authority over upstream activities?ab 
2-Does the tool address possible solutions to prevent or reduce upstream pollution? abd (such as 
public education, toxic substance control, economic/funding incentives, upgrades to waste water 
treatment plant, stormwater pollution prevention and structural changes) 
3-Does the tool assess if First Nations traditional knowledge is incorporated into the baseline? 
(identification of natural characteristics and the impacts of land uses and activities) bd 
3-Does the tool assess if water (both surface and groundwater) is managed holistically for 
drinking water, ecological needs, storm water management etc? ad 

Monitoring and recordkeeping 
-Does the tool assess water quality monitoring and record keeping of…: 

2-source (raw) waterabcd 
2-water during treatmentacd 
2-treated water, through the distribution system out to houses,abcd 
2-complaints from consumers cd 
for each parameter as appropriate: 
 
2-biological parameters (bacteria (such as e-coli), algae and algal toxins, protozoans (such 
as Cryptosporidium, Giardia), viruses, other pathogens, or others, as appropriate) 
2-chemical parameters (pH,  metals, total organic profile, iron, manganese, chlorine 
residual, dissolved oxygen, other ions, nutrients such as nitrate or ammonia, emerging 
contaminants such as THMs, others, as appropriate) 
2-physical parameters (turbidity, others) 
2-flow, (is quantity adequate? How much water is supplied daily?) 
2-aesthetic parameters (colour, taste) 
3-leakage (through a water audit to reduce loss and reduce contaminant infiltration) 

2-Does the tool assess if monitoring results get used in planning and decision making, 
optimizing, future design, and substantiating need for upgrades?abd 
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2-Does the tool assess how often monitoring for each parameter is carried out?abd 
2-Does the tool assess if log sheets and or databases are kept?abd 

Operation and Maintenance 
3-Does the tool assess preventative maintenance plans?abd 
2-Does the tool assess actual maintenance actions?abd 
3-Does the tool assess if equipment deteriorates more quickly than anticipated? abd 
2-Does the tool assess if inspections of the system occur? abd 
3-Does the tool assess if a stock of spare parts and supplies is available for backup? ad 

Technical 
-Does the tool assess facility and community characteristics: abcd 

1-Population size,  
3-population density,  
3-remoteness (fly-in or winter roads vs. year round roads),  
3-geography (flood plains, soil type etc),  
3-social or cultural circumstances (treatment complexity, community treatment 
preferences)?  

1-Does the tool follow the multiple barrier approach, broken into pieces following the flow of 
water from source to tap, abcd 
3Does the tool follow water back to source? (seeing the community as a system, what flows in 
and what flows out)ad  
2-Does the tool assess if raw water is characterized to determine appropriate treatment?ad 
Is the tool logically sound: 

1-Can the logic/reasoning process of the tool be identified (i.e. risk ranking matrix)? 
?-Is that reasoning process defensible? 

-Is the tool credible? cd 
1-Subject to transparency and rigour (i.e., you can see why risk rankings) 
1-Adhere to industry codes and standards 
1-Peer reviewed (articles about the tool published in peer reviewed journal as found 
on Scholars Portal) 
1-Was it assessed as credible in the literature? 
1-Publicly reviewed? 

2-Does the tool assess water capacity requirements: future growth, firefighting, industry etc?ac 
3-Does the tool address future needs to deal with climate change (such as robustness, extra 
monitoring?) bcd 
1-Does the tool assess what type of treatment is used? (coagulation/flocculation, settling, 
filtration, membrane, disinfection, other…)abd 
1-Does the tool assess what type of disinfection? (chlorination, ultraviolet, ozonation, other…)ad 
2-Does the tool address distribution system management (operation and maintenance) ad 
2-Does the tool assess if the type of water delivery is appropriate for the geography of the 
region? (eg water trucked to cisterns, or piped distribution system)? ad talks about trucks 
2-Does the tool assess if all facilities (reservoirs, buildings, and chemical storage) are secure, 
with fences and locks? Ad 
3-Does the tool assess what amount of water does the federal level of service standard allow for?  
Is this sufficient for firefighting (or are there other measures for fire fighting)?ac 
2-Does the tool assess if the plant designed properly and meeting standards? ac 
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Emergency Response Plans 
1-Does the tool assess if an emergency response plan or emergency measures checklist has been 
completed? abd 
2-Does the tool assess if there is backup power supply in case of emergencies? ae 
 

Management 
2-Do public works managers have the capacity (or have they been trained) to understand water 
treatment issues (for example, that over time, money must be spent on repairs, or that colours 
and tastes are not always dangerous) and budgeting? abd 
2-Does the tool assess skill building within the community by training and/or mentorship? 
3-Does the tool assess staff hiring processes to ensure hiring is based on merit, without political 
influence? ad 

Financial constraints 
-Does the tool assess the impacts of financial constraints on:abd 

3-operations and maintenance,  
3-remote communities (especially fly-ins)  
3-operator training and capacity development 
3-retention, (is pay adequate and on par with other areas)abcde 
3-source water protection and monitoring 
3-health, safety, and emergency 
3-physical infrastructure 

3-Does the tool assess funding sustainability of the water system?cd 

Accountability 
3-Does the tool assess transparency of processes and availability of all records? abd 
2-Does the tool assess if roles and responsibilities of all parties are clearly understood? ab 
3-Does the tool assess if money is being spent as planned (record keeping/cost accounting to 
justify funding needs and so funding gets to water system)? ab 

Public Awareness 
2-Does the tool assess water related awareness of the community?abd 
2-Does the tool assess water related outreach or education for the community? (special roles 
may be available for Elders and Women’s Groups in some communities)abd 
3-Does the tool assess if easy to understand information about the water is available to 
community members?  This could include water monitoring data and risk assessment data as 
indicators of water quality, what is being monitored and why the water is safe and in 
compliance. Abd 

Regulation 
1-Does the tool assess if current conditions meet applicable regulations/ standards/ guidelines? 
Abd 
3-Does the tool identify who accepts jurisdiction over water (and land) uses?acd 
2-Does the tool assess who is liable for the system, and do they understood and agreed upon that 
liability? Abc 
3-Does the tool assess if the current regulations or guidelines are understood by the operator, 
management, the community, engineers or contractors?abc 

Onsite, “individual”, or “private” systems 
1-Does the tool identify people in the community who may not be included in the main 
community supply?abc 
2-Does the tool incorporate individual wells and cisterns in the analysis?cd 
2-Does the tool assess if backflow and cross-contamination prevention is in place?bd 

Consultation 
2-Does the tool consider if some form of consultation about the water system takes place?bd 
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Research and development 
2-Does the tool assess if new threats (such as endocrine disruptors or THMs) are recognized, and 
where possible, treated? ab 

Public Confidence 
2-Does the tool assess the public’s confidence in drinking water (e.g., what percentage of people 
drink from the tap)? abd 
2-Does the tool consider community preferences for aesthetic characteristics such as taste and 
odour?ad 
2-Does the tool assess if adjustments are made (where possible) to reduce aesthetic concerns ?abd 

Uses other than drinking water 
3-Does the tool assess ecosystem and other water uses (both quality and quantity)? e.g. needs for 
clean water for wildlife and water levels of surface water for fish, spiritual uses of water abd 

Other characteristics of a tool or approach 
-Is the tool culturally appropriate:  

3-Was the tool designed in consultation with First Nations groups?ad 
3-Is there space in the tool to consider traditional knowledge?cd 

2-Does the tool ask users to identify possible events, risks, etc that are not listed in the tool but 
could still be significant?  
1or2-Does the tool give the surveyor key information about what risks may be associated with 
failure take actions or have certain processes in place? 
3-Does the tool ask what mechanisms are in place (local or regional) for periodic overall risk 
assessment?a 
How does the tool deal with unknowns (e.g., “I don’t know what monitoring we do for source 
water”)? 

3Does the tool allow you to proceed without filling all details in? 
3Does it alert you to data not filled in? 
1Does it stop you from proceeding if key details are missing? 

<1000-What sized community (or scale of system) is the tool is designed for?a 
1-Does the tool provide the user with concrete corrective actions to take or specific items to 
investigate? a 
1-Does the tool prioritize concerns to assist in decision making? acd 
3-Does the tool produce a cost-benefit analysis or risk reduction per unit cost?ad 
-Does the tool emphasize formal analysis process or the political bargaining process, or both, to 
determine acceptable risks?d 
-Does the tool use quantitative or qualitative, or semi-quantitative methods to assess risk?d 
-Is the tool intended to assess or manage risk, or both?d 
3-Does the tool assess if risk tolerance has been defined for the community?d 
1-Does the tool emphasize that risk assessment output should be interpreted with caution?d 
Operators-Who should use the tool (to avoid a conflict of interest) 
no-Can the discretion of the risk assessment tool user impact funding formulas? 

Easy to use 
-What is the training and occupation of the target tool users (from tool documentation: i.e. high 

school/post secondary /technical, water operator/public health/circuit rider trainer) 
-Does the tool produce: a 

3-simple analysis of data (less than 2 pages), 
1-graphs or charts, 
1-prioritized risks,  
1-suggested actions,  
1-risks associated with the failure to take actions or have process in place,  
3-approximate financial cost? 
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2-Is the data stored in a manner that is easy to access and extract data based on queries to 
something like an Excel spreadsheet?a 
2-Can the data entry be automated (i.e. using handheld electronic device to enter and store 
information)?a 

Criteria which must be evaluated in the context of a community visit 

 

□ Who used the tool? e.g. water treatment operators, trainers (circuit riders), community 
public works managers, public health staff, inspectors, regulators 

□ Is the tool technically accurate? 
o Does the tool flag the actual problems of highest concern for the users/operators 

about concerns/problems, and see if the tool identifies these concerns? None 
o What concerns or problems can they identify before the tools are used? None 
o (later, does the tool identifies these concerns?) n/a 

 
□ Is the tool useful for each person who used it?  

o Do they express interest in developing or modifying the tool? (y/n) it was not 

appropriate, not specific enough comments 
o How likely they would be to use it again  
(yes-very likely, likely, no-unlikely) 

o Would help them justify repairs or $ to council or other funding agencies (y/n) 
no, it was not specific enough 

o Did it increase their awareness (build capacity)? (yes, somewhat, no) 
Going through process is learning itself – but not specific to making this 

water safer 
□ Is the tool or document easy to use or understand? 

o has everyone who has used the tool understood the language/ terminology/ 
definitions?  (yes, somewhat, no)  
If somewhat or no, explain what was difficult to understand  

Terms such as bores and soaks, although explained in glossary, were not self 

evident in North American setting 
o have they had difficulty following the format? (yes, somewhat, no) 

If yes or somewhat, explain what was difficult to follow 

The schematic was useful 
□ Is the tool objective or subjective: 

o Does the input or output from two different users differ by more than two items? 
(y/n)not answered due to team work 

 
□ How long does it take to complete? (in hours) 40 min-not too bad 

 
□ How much time does each tool user have to devote to using the tool? 5 hours 

 
□ Other comments:  

   spitting out over 30 pages of non relevant info 
Should be more specific 
Didn’t ask about operator 
Didn’t incorporate water quality data 
Didn’t ask about monitoring 
Did have emergency response plan 
Better if it could be geared towards own system 

 

Notes: 
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a Delphi Survey 1 
b Delphi Survey 2 
c Informal interviews 
d Literature review 
e Site visit 
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University of Guelph Risk Assessment 1.5.2 

   1 = Yes, directly     2 = somewhat, or indirectly     3 = Not at all 

Operator 
3-Does the tool assess operator retention/turnover ? abcde 
1-Does the tool assess training (initial and ongoing) for existing staff abcd 
1-Does the tool assess certification of existing staff?ad 
-Does the tool assess support for operators?ad 

1-If there is a backup operator? If they are trained?abcd 
1-If the operator has access to support such as on-call specialists, a network of 
colleagues or mentors, or the Circuit Rider Training Program or SWAP?abcd 

3-Does the tool assess the operators attitude towards their responsibility for public health?abcd 
3-Does the tool assess if operators have access to resources and time off for continuing 
educationabd 

3-Does the tool assess if operators have access to occupational health and safety training? ad 
3-Does the tool assess if the operator has other duties besides drinking water treatment? ad 

Source Water Protection 
2-Does the tool identify all sources of water for the system (as surface water, GUDI, or secure 
groundwater)? ad 

(only for surface water??) 
1-Does the tool identify upstream influences to water, such as waste water, septic systems, 
agriculture, health care facilities, historic and current industry?abcd 
2-Does the tool identify the outfall of any infrastructure in the community (waste water 
treatment, septics, improperly abandoned wells, any industries)?abc 
1-Does the tool identify if source protection plans are in place?a 
3-Does the tool identify if communities have authority over upstream activities?ab 
3-Does the tool address possible solutions to prevent or reduce upstream pollution? abd (such as 
public education, toxic substance control, economic/funding incentives, upgrades to waste water 
treatment plant, stormwater pollution prevention and structural changes) 
3-Does the tool assess if First Nations traditional knowledge is incorporated into the baseline? 
(identification of natural characteristics and the impacts of land uses and activities) bd 
3-Does the tool assess if water (both surface and groundwater) is managed holistically for 
drinking water, ecological needs, storm water management etc? ad 

Monitoring and recordkeeping 
-Does the tool assess water quality monitoring and record keeping of…: 

1-source (raw) waterabcd 
1-water during treatmentacd 
1-treated water, through the distribution system out to houses,abcd 
3-complaints from consumers cd 
for each parameter as appropriate: 
 
1-biological parameters (bacteria (such as e-coli), algae and algal toxins, protozoans (such 
as Cryptosporidium, Giardia), viruses, other pathogens, or others, as appropriate) 
1-chemical parameters (pH,  metals, total organic profile, iron, manganese, chlorine 
residual, dissolved oxygen, other ions, nutrients such as nitrate or ammonia, emerging 
contaminants such as THMs, others, as appropriate) 
1-physical parameters (turbidity, others) 
2-flow, (is quantity adequate? How much water is supplied daily?) (asks about 

shortages, output of plant 
1-aesthetic parameters (colour, taste) 
1-leakage (through a water audit to reduce loss and reduce contaminant infiltration) 

3-Does the tool assess if monitoring results get used in planning and decision making, 
optimizing, future design, and substantiating need for upgrades?abd 
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3-Does the tool assess how often monitoring for each parameter is carried out?abd 
1-Does the tool assess if log sheets and or databases are kept?abd 

Operation and Maintenance 
2-Does the tool assess preventative maintenance plans?abd 
3-Does the tool assess actual maintenance actions?abd 
3-Does the tool assess if equipment deteriorates more quickly than anticipated? abd 
2-Does the tool assess if inspections of the system occur? abd(just of reservoir) 
1-Does the tool assess if a stock of spare parts and supplies is available for backup? ad 

Technical 
-Does the tool assess facility and community characteristics: abcd 

3-Population size,  
3-population density,  
3-remoteness (fly-in or winter roads vs. year round roads),  
3-geography (flood plains, soil type etc),  
3-social or cultural circumstances (treatment complexity, community treatment 
preferences)?  

1-Does the tool follow the multiple barrier approach, broken into pieces following the flow of 
water from source to tap abcd 
3Does the tool follow water back to source? (seeing the community as a system, what flows in 
and what flows out)ad  
3-Does the tool assess if raw water is characterized to determine appropriate treatment?ad 
Is the tool logically sound: 

1-Can the logic/reasoning process of the tool be identified (i.e. risk ranking matrix)? 
?-Is that reasoning process defensible? 

-Is the tool credible? cd 
1-Subject to transparency and rigour (i.e., you can see why risk rankings) 
N/A-Adhere to industry codes and standards 
3-Peer reviewed (articles about the tool published in peer reviewed journal as found 
on Scholars Portal) 
N/A-Was it assessed as credible in the literature? 
3-Publicly reviewed? 

2-Does the tool assess water capacity requirements: future growth, firefighting, industry 
etc?ac(

asks about design capacity and current output) 
3-Does the tool address future needs to deal with climate change (such as robustness, extra 
monitoring?) bcd 
1-Does the tool assess what type of treatment is used? (coagulation/flocculation, settling, 
filtration, membrane, disinfection, other…)abd 
1-Does the tool assess what type of disinfection? (chlorination, ultraviolet, ozonation, other…)ad 
1-Does the tool address distribution system management (operation and maintenance) ad 
2-Does the tool assess if the type of water delivery is appropriate for the geography of the 
region? (eg water trucked to cisterns, or piped distribution system)? ad

(it discusses cisterns and 

piped systems both) 
1-Does the tool assess if all facilities (reservoirs, buildings, and chemical storage) are secure, 
with fences and locks? ad 
3-Does the tool assess what amount of water does the federal level of service standard allow for?  
Is this sufficient for firefighting (or are there other measures for fire fighting)?ac 
?-Does the tool assess if the plant designed properly and meeting standards?ac 
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Emergency Response Plans 
1-Does the tool assess if an emergency response plan or emergency measures checklist has been 
completed? abd 
1-Does the tool assess if there is backup power supply in case of emergencies? ae 

Management 
3-Do public works managers have the capacity (or have they been trained) to understand water 
treatment issues (for example, that over time, money must be spent on repairs, or that colours 
and tastes are not always dangerous) and budgeting? abd 
3-Does the tool assess skill building within the community by training and/or mentorship? 
3-Does the tool assess staff hiring processes to ensure hiring is based on merit, without political 
influence? ad 

Financial constraints 
-Does the tool assess the impacts of financial constraints on:abd 

3-operations and maintenance,  
3-remote communities (especially fly-ins)  
3-operator training and capacity development 
3-retention, (is pay adequate and on par with other areas)abcde 
3-source water protection and monitoring 
3-health, safety, and emergency 
3-physical infrastructure 

3-Does the tool assess funding sustainability of the water system?cd 

Accountability 
3-Does the tool assess transparency of processes and availability of all records? abd 
3-Does the tool assess if roles and responsibilities of all parties are clearly understood? abd 
3-Does the tool assess if money is being spent as planned (record keeping/cost accounting to 
justify funding needs and so funding gets to water system)? ab 

Public Awareness 
3-Does the tool assess water related awareness of the community?abd 
3-Does the tool assess water related outreach or education for the community? (special roles 
may be available for Elders and Women’s Groups in some communities)abd 
3-Does the tool assess if easy to understand information about the water is available to 
community members?  This could include water monitoring data and risk assessment data as 
indicators of water quality, what is being monitored and why the water is safe and in 
compliance. abd 

Regulation 
1-Does the tool assess if current conditions meet applicable regulations/ standards/ guidelines? 

abd 
3-Does the tool identify who accepts jurisdiction over water (and land) uses?acd 
3-Does the tool assess who is liable for the system, and do they understood and agreed upon that 
liability? abc 
3-Does the tool assess if the current regulations or guidelines are understood by the operator, 
management, the community, engineers or contractors?abc 

Onsite, “individual”, or “private” systems 
3-Does the tool identify people in the community who may not be included in the main 
community supply?abc 
3-Does the tool incorporate individual wells and cisterns in the analysis?cd 
1-Does the tool assess if backflow and cross-contamination prevention is in place?bd 

Consultation 
3-Does the tool consider if some form of consultation about the water system takes place?bd 



 

297 

Research and development 
1-Does the tool assess if new threats (such as endocrine disruptors or THMs) are recognized, and 
where possible, treated? ab 

Public Confidence 
3-Does the tool assess the public’s confidence in drinking water (e.g., what percentage of people 
drink from the tap)? abd 
3-Does the tool consider community preferences for aesthetic characteristics such as taste and 
odour?ad 
3-Does the tool assess if adjustments are made (where possible) to reduce aesthetic concerns ?abd 

Uses other than drinking water 
3-Does the tool assess ecosystem and other water uses (both quality and quantity)? e.g. needs for 
clean water for wildlife and water levels of surface water for fish, spiritual uses of water abd 

Other characteristics of a tool or approach 
-Is the tool culturally appropriate:  

2?-Was the tool designed in consultation with First Nations groups?ad 
3-Is there space in the tool to consider traditional knowledge?cd 

1-Does the tool ask users to identify possible events, risks, etc that are not listed in the tool but 
could still be significant?  
2-Does the tool give the surveyor key information about what risks may be associated with 
failure take actions or have certain processes in place? 
3-Does the tool ask what mechanisms are in place (local or regional) for periodic overall risk 
assessment?a 
How does the tool deal with unknowns (e.g., “I don’t know what monitoring we do for source 
water”)? 

Does the tool allow you to proceed without filling all details in? 

Does it alert you to data not filled in? 
Does it stop you from proceeding if key details are missing? 

-What sized community (or scale of system) is the tool is designed for?a (small)
 

1-Does the tool provide the user with concrete corrective actions to take or specific items to 
investigate? a 
1-Does the tool prioritize concerns to assist in decision making? acd 
3-Does the tool produce a cost-benefit analysis or risk reduction per unit cost?ad 
-Does the tool emphasize formal analysis process or the political bargaining process, or both, to 
determine acceptable risks?d 
-Does the tool use quantitative or qualitative, or semi-quantitative methods to assess risk?d 
-Is the tool intended to assess or manage risk, or both?d 
3-Does the tool assess if risk tolerance has been defined for the community?d 
3-Does the tool emphasize that risk assessment output should be interpreted with caution?d 
Operators or EHOs-Who should use the tool (to avoid a conflict of interest) 
no-Can the discretion of the risk assessment tool user impact funding formulas?c 

Easy to use 
-What is the training and occupation of the target tool users (from tool documentation: i.e. high 

school/post secondary /technical, water operator/public health/circuit rider trainer) 

-Does the tool produce: a 
1-simple analysis of data (less than 2 pages), 
1-graphs or charts, 
1-prioritized risks,  
3-suggested actions,  
3-risks associated with the failure to take actions or have process in place,  
3-approximate financial cost? 
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1-Is the data stored in a manner that is easy to access and extract data based on queries to 
something like an Excel spreadsheet?a 
1-Can the data entry be automated (i.e. using handheld electronic device to enter and store 
information)?a 

Criteria which must be evaluated in the context of a community visit 

 

□ Who used the tool? e.g. water treatment operators, trainers (circuit riders), community 
public works managers, public health staff, inspectors, regulators  

□ Is the tool technically accurate? (Does the tool flag the actual problems of highest concern for 
the users/operators about concerns/problems, and see if the tool identifies these concerns?)  

o What concerns or problems can they identify before the tools are used? None 
o (later, does the tool identifies these concerns?) n/a 

 
□ Is the tool useful for each person who used it?  

o Do they express interest in developing or modifying the tool? (y/n) 
o How likely they would be to use it again  
(yes-very likely, likely, no-unlikely) 

o Would help them justify repairs or $ to council or other funding agencies (y/n) 
yes, more than the AUS tool 

o Did it increase their awareness (build capacity)? (yes, somewhat, no) 
More for the EHO than operator (day to day compared to a few times a year) 

□ Is the tool or document easy to use or understand? 
o has everyone who has used the tool understood the language/ terminology/ 

definitions?  (yes, somewhat, no)  
If somewhat or no, explain what was difficult to understand  

o have they had difficulty following the format? (yes, somewhat, no) 
If yes or somewhat, explain what was difficult to follow 

□ Is the tool objective or subjective: 
o Does the input or output from two different users differ by more than two items? 

(y/n)not answered due to team work 
 
□ How long does it take to complete? (in hours) one hour 

 
□ How much time does each tool user have to devote to using the tool? 5 hours 

 
□ Other comments:  

Be specific on the units wanted (or convert) for flow 
Maybe this would be useful as an annual assessment 
Maybe not so useful to operators 
Weekly operational checklist would be better for operator 
Should be able to say “not applicable” 
Good that it asked about safety 

Notes: 
a Delphi Survey 1 
b Delphi Survey 2 
c Informal interviews 
d Literature review 
e Site visit 
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INAC Risk Level Evaluation 

   1 = Yes, directly     2 = somewhat, or indirectly     3 = Not at all 

Operator 
3-Does the tool assess operator retention/turnover ? abcde 
1-Does the tool assess training (initial and ongoing) for existing staff abcd 
1-Does the tool assess certification of existing staff?ad 
-Does the tool assess support for operators?ad 

1-If there is a backup operator? If they are trained?abcd 
1-If the operator has access to support such as on-call specialists, a network of 
colleagues or mentors, or the Circuit Rider Training Program or SWAP?abcd 

3-Does the tool assess the operators attitude towards their responsibility for public health?abcd 
3-Does the tool assess if operators have access to resources and time off for continuing 
educationabd 

3-Does the tool assess if operators have access to occupational health and safety training? ad 
3-Does the tool assess if the operator has other duties besides drinking water treatment? ad 

Source Water Protection 
2-Does the tool identify all sources of water for the system (as surface water, GUDI, or secure 
groundwater)? ad (

only allows space to consider one source) 
3-Does the tool identify upstream influences to water, such as waste water, septic systems, 
agriculture, health care facilities, historic and current industry?abcd 
3-Does the tool identify the outfall of any infrastructure in the community (waste water 
treatment, septics, improperly abandoned wells, any industries)?abc 
1-Does the tool identify if source protection plans are in place?a 
3-Does the tool identify if communities have authority over upstream activities?ab 
3-Does the tool address possible solutions to prevent or reduce upstream pollution? abd (such as 
public education, toxic substance control, economic/funding incentives, upgrades to waste water 
treatment plant, stormwater pollution prevention and structural changes) 
3-Does the tool assess if First Nations traditional knowledge is incorporated into the baseline? 
(identification of natural characteristics and the impacts of land uses and activities) bd 
3-Does the tool assess if water (both surface and groundwater) is managed holistically for 
drinking water, ecological needs, storm water management etc? ad 

Monitoring and recordkeeping 
-Does the tool assess water quality monitoring and record keeping of: (only mentions if treated 

water exceeds MAC, or if parameters are measured consistently) 
2-source (raw) waterabcd 
2-water during treatmentacd 
2-treated water, through the distribution system out to houses,abcd 
2-complaints from consumers cd 
for each parameter as appropriate: 
 
1-biological parameters (bacteria (such as e-coli), algae and algal toxins, protozoans (such 
as Cryptosporidium, Giardia), viruses, other pathogens, or others, as appropriate) 
1-chemical parameters (pH,  metals, total organic profile, iron, manganese, chlorine 
residual, dissolved oxygen, other ions, nutrients such as nitrate or ammonia, emerging 
contaminants such as THMs, others, as appropriate) 
1-physical parameters (turbidity, others) 
2-flow, (is quantity adequate? How much water is supplied daily?) (talks about capacity 

i.e. if system is at maximum capacity) 
3-aesthetic parameters (colour, taste) 
3-leakage (through a water audit to reduce loss and reduce contaminant infiltration) 

3-Does the tool assess if monitoring results get used in planning and decision making, 
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optimizing, future design, and substantiating need for upgrades?abd 
3-Does the tool assess how often monitoring for each parameter is carried out?abd 
1-Does the tool assess if log sheets and or databases are kept?abd 

Operation and Maintenance 
1-Does the tool assess preventative maintenance plans?abd 
1-Does the tool assess actual maintenance actions?abd 
3-Does the tool assess if equipment deteriorates more quickly than anticipated? abd 
3-Does the tool assess if inspections of the system occur? abd 
3-Does the tool assess if a stock of spare parts and supplies is available for backup? ad 

Technical 
-Does the tool assess facility and community characteristics: abcd 

3-Population size,  
3-population density,  
3-remoteness (fly-in or winter roads vs. year round roads),  
3-geography (flood plains, soil type etc),  
3-social or cultural circumstances (treatment complexity, community treatment 
preferences)?  

1-Does the tool follow the multiple barrier approach, broken into pieces following the flow of 
water from source to tap, abcd 
3-Does the tool follow water back to source? (seeing the community as a system, what flows in 
and what flows out)ad  
3-Does the tool assess if raw water is characterized to determine appropriate treatment?ad 
Is the tool logically sound: 

1-Can the logic/reasoning process of the tool be identified (i.e. risk ranking matrix)? 
?-Is that reasoning process defensible? 

-Is the tool credible? cd 
1-Subject to transparency and rigour (i.e., you can see why risk rankings) 
1-Adhere to industry codes and standards 
2-Peer reviewed (articles about the tool published in peer reviewed journal as found 
on Scholars Portal) (mentioned in Health Canada review by Laura D’Costa) 

?-Was it assessed as credible in the literature? (it didn’t go on to the final review 

level) 
?-Publicly reviewed? 

1-Does the tool assess water capacity requirements: future growth, firefighting, industry 
etc?ac(

asks about future growth +flexibility to meet the growth) 
3-Does the tool address future needs to deal with climate change (such as robustness, extra 
monitoring?) bcd 
3-Does the tool assess what type of treatment is used? (coagulation/flocculation, settling, 
filtration, membrane, disinfection, other…)abd 
1-Does the tool assess what type of disinfection? (chlorination, ultraviolet, ozonation, other…)ad 
3-Does the tool address distribution system management (operation and maintenance) ad 
3-Does the tool assess if the type of water delivery is appropriate for the geography of the 
region? (eg water trucked to cisterns, or piped distribution system)? ad 
3-Does the tool assess if all facilities (reservoirs, buildings, and chemical storage) are secure, 
with fences and locks? ad 
3-Does the tool assess what amount of water does the federal level of service standard allow for?  
Is this sufficient for firefighting (or are there other measures for fire fighting)?ac 
1-Does the tool assess if the plant designed properly and meeting standards?ac 
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Emergency Response Plans 
1-Does the tool assess if an emergency response plan or emergency measures checklist has been 
completed? abd 
3-Does the tool assess if there is backup power supply in case of emergencies? ae 
 

Management 
3-Do public works managers have the capacity (or have they been trained) to understand water 
treatment issues (for example, that over time, money must be spent on repairs, or that colours 
and tastes are not always dangerous) and budgeting? abd 
3-Does the tool assess skill building within the community by training and/or mentorship? 
3-Does the tool assess staff hiring processes to ensure hiring is based on merit, without political 
influence? ad 

Financial constraints 
-Does the tool assess the impacts of financial constraints on:abd 

3-operations and maintenance,  
3-remote communities (especially fly-ins)  
3-operator training and capacity development 
3-retention, (is pay adequate and on par with other areas)abcde 
3-source water protection and monitoring 
3-health, safety, and emergency 
3-physical infrastructure 

3-Does the tool assess funding sustainability of the water system?cd 

Accountability 
1-Does the tool assess transparency of processes and availability of all records? abd 
3-Does the tool assess if roles and responsibilities of all parties are clearly understood? abd 

3-Does the tool assess if money is being spent as planned (record keeping/cost accounting to 
justify funding needs and so funding gets to water system)? ab 

Public Awareness 
3-Does the tool assess water related awareness of the community?abd 
3-Does the tool assess water related outreach or education for the community? (special roles 
may be available for Elders and Women’s Groups in some communities)abd 
3-Does the tool assess if easy to understand information about the water is available to 
community members?  This could include water monitoring data and risk assessment data as 
indicators of water quality, what is being monitored and why the water is safe and in 
compliance. abd 

Regulation 
1-Does the tool assess if current conditions meet applicable regulations/ standards/ guidelines? 

abd 
3-Does the tool identify who accepts jurisdiction over water (and land) uses?acd 
3-Does the tool assess who is liable for the system, and do they understood and agreed upon that 
liability? abc 
3-Does the tool assess if the current regulations or guidelines are understood by the operator, 
management, the community, engineers or contractors?abc 

Onsite, “individual”, or “private” systems 
3-Does the tool identify people in the community who may not be included in the main 
community supply?abc 
3-Does the tool incorporate individual wells and cisterns in the analysis?cd 
3-Does the tool assess if backflow and cross contamiation prevention is in place?bd 

Consultation 
3-Does the tool consider if some form of consultation about the water system takes place?bd 
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Research and development 
3-Does the tool assess if new threats (such as endocrine disruptors or THMs) are recognized, and 
where possible, treated? ab 

Public Confidence 
3-Does the tool assess the public’s confidence in drinking water (e.g., what percentage of people 
drink from the tap)? abd 
2-Does the tool consider community preferences for aesthetic characteristics such as taste and 
odour?ad (

asks if chlorination has been disabled… so some thinking about that)  
3-Does the tool assess if adjustments are made (where possible) to reduce aesthetic concerns ?abd 

Uses other than drinking water 
3-Does the tool assess ecosystem and other water uses (both quality and quantity)? e.g. needs for 
clean water for wildlife and water levels of surface water for fish, spiritual uses of water abd 

Other characteristics of a tool or approach 
-Is the tool culturally appropriate:  

?-Was the tool designed in consultation with First Nations groups?ad 
3-Is there space in the tool to consider traditional knowledge?cd 

2-Does the tool ask users to identify possible events, risks, etc that are not listed in the tool but 
could still be significant? (provides space for discretional manual override) 
2-Does the tool give the surveyor key information about what risks may be associated with 
failure take actions or have certain processes in place? 
2-Does the tool ask what mechanisms are in place (local or regional) for periodic overall risk 
assessment?a 
How does the tool deal with unknowns (e.g., “I don’t know what monitoring we do for source 
water”)?  

Does the tool allow you to proceed without filling all details in? 

Does it alert you to data not filled in? 
Does it stop you from proceeding if key details are missing? 
The tool has a “no data available” option which shows up as incomplete 

-What sized community (or scale of system) is the tool is designed for?a (small)
 

2-Does the tool provide the user with concrete corrective actions to take or specific items to 
investigate? a 
1-Does the tool prioritize concerns to assist in decision making? acd 
3-Does the tool produce a cost-benefit analysis or risk reduction per unit cost?ad 
-Does the tool emphasize formal analysis process or the political bargaining process, or both, to 
determine acceptable risks?d 
-Does the tool use quantitative or qualitative, or semi-quantitative methods to assess risk?d 
-Is the tool intended to assess or manage risk, or both?

d
 

3-Does the tool assess if risk tolerance has been defined for the community?d 
1-Does the tool emphasize that risk assessment output should be interpreted with caution?d 

(provides discretionary overrides) 
Outside inspectors-Who should use the tool (to avoid a conflict of interest) 
YES-Can the discretion of the risk assessment tool user impact funding formulas?c 

Easy to use 
-What is the training and occupation of the target tool users (from tool documentation: i.e. high 

school/post secondary /technical, water operator/public health/circuit rider trainer/outside 

inspector) 
-Does the tool produce: a 

1-simple analysis of data (less than 2 pages), 
1-graphs or charts, 
1-prioritized risks,  
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3-suggested actions,  
3-risks associated with the failure to take actions or have process in place,  
3-approximate financial cost? 

1-Is the data stored in a manner that is easy to access and extract data based on queries to 
something like an Excel spreadsheet?a 
1-Can the data entry be automated (i.e. using handheld electronic device to enter and store 
information)?a 

Criteria which must be evaluated in the context of a community visit 

 

□ Who used the tool? e.g. water treatment operators, trainers (circuit riders), community 
public works managers, public health staff, inspectors, regulators  

□ Is the tool technically accurate? (Does the tool flag the actual problems of highest concern for 
the users/operators about concerns/problems, and see if the tool identifies these concerns?)  

o What concerns or problems can they identify before the tools are used? None 
/backup generator for both water and sewage, vandalism (a fence around 
treatment and storage facility) 

o (later, does the tool identifies these concerns?) n/a/No – it doesn’t ask about the 
backup generator or vandalism 

□ Is the tool useful for each person who used it?  
o Do they express interest in developing or modifying the tool? (y/n)Didn’t 

answer 
The tool was clear and fairly concise 
o How likely they would be to use it again  
(yes-very likely, likely, no-unlikely)Only for recordkeeping 

o Would help them justify repairs or $ to council or other funding agencies (y/n) 
yes, if INAC would listen to it maybe 

o Did it increase their awareness (build capacity)? (yes, somewhat, no) 
For EHO who is new to the system No, just a reminder of what they already 

know 
 

□ Is the tool or document easy to use or understand? 
o has everyone who has used the tool understood the language/ terminology/ 

definitions?  (yes, somewhat, no) yes 
If somewhat or no, explain what was difficult to understand  

o have they had difficulty following the format? (yes, somewhat, no) no difficulty 

If yes or somewhat, explain what was difficult to follow 

Several questions were more subjective:  

question about vulnerabilities was subjective and maybe too imprecise 

The definition of treatment can be interpreted differently 

Does the operator have access to a certified operator 

Treatment operator or distribution operator certification 
□ Is the tool objective or subjective: 

o Does the input or output from two different users differ by more than two items? 
(y/n)the input from the two teams resulted in the same risk rating 
Craig liked the manual override function Was not able to compare  

□ How long does it take to complete? (in hours) a half hour less than half an hour 
□ How much time does each tool user have to devote to using the tool? 5 hours 
□ Other comments:  

A few questions were missing about monitoring – is it being monitored for 

enough parameters for often enough?  (requirements) 

Operator safety (MSDS etc) 
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No question about cross-connections 

Meet applicable design standards… 

Not really interesting/applicable for operator 
 

Notes: 
a Delphi Survey 1 
b Delphi Survey 2 
c Informal interviews 
d Literature review 
e Site visit 
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New Zealand Small Drinking-water Supplies Public Health Risk Management Kit 

   1 = Yes, directly     2 = somewhat, or indirectly     3 = Not at all 

Operator 
3-Does the tool assess operator retention/turnover ? abcde 
1-Does the tool assess training (initial and ongoing) for existing staff abcd 
2-Does the tool assess certification of existing staff?ad 
-Does the tool assess support for operators?ad 

1-If there is a backup operator? If they are trained?abcd 
3-If the operator has access to support such as on-call specialists, a network of 
colleagues or mentors, or the Circuit Rider Training Program or SWAP?abcd 

3-Does the tool assess the operators attitude towards their responsibility for public health?abcd 
3-Does the tool assess if operators have access to resources and time off for continuing 
educationabd 

3-Does the tool assess if operators have access to occupational health and safety training? ad 
3-Does the tool assess if the operator has other duties besides drinking water treatment? ad 

Source Water Protection 
2-Does the tool identify all sources of water for the system (as surface water, GUDI, or secure 
groundwater)? ad  

1-Does the tool identify upstream influences to water, such as waste water, septic systems, 
agriculture, health care facilities, historic and current industry?abcd 
1-Does the tool identify the outfall of any infrastructure in the community (waste water 
treatment, septics, improperly abandoned wells, any industries)?abc 
3-Does the tool identify if source protection plans are in place?a 
3-Does the tool identify if communities have authority over upstream activities?ab 
2-Does the tool address possible solutions to prevent or reduce upstream pollution? abd (such as 
public education, toxic substance control, economic/funding incentives, upgrades to waste water 
treatment plant, stormwater pollution prevention and structural changes) 
3-Does the tool assess if First Nations traditional knowledge is incorporated into the baseline? 
(identification of natural characteristics and the impacts of land uses and activities) bd 
3-Does the tool assess if water (both surface and groundwater) is managed holistically for 
drinking water, ecological needs, storm water management etc? ad 

Monitoring and recordkeeping 
-Does the tool assess water quality monitoring and record keeping of: 

2-source (raw) waterabcd 
2-water during treatmentacd 
2-treated water, through the distribution system out to houses,abcd 
2-complaints from consumers cd 
for each parameter as appropriate: 
 
3-biological parameters (bacteria (such as e-coli), algae and algal toxins, protozoans (such 
as Cryptosporidium, Giardia), viruses, other pathogens, or others, as appropriate) 
3-chemical parameters (pH,  metals, total organic profile, iron, manganese, chlorine 
residual, dissolved oxygen, other ions, nutrients such as nitrate or ammonia, emerging 
contaminants such as THMs, others, as appropriate) 
3-physical parameters (turbidity, others) 
3-flow, (is quantity adequate? How much water is supplied daily?) 
3-aesthetic parameters (colour, taste) 
3-leakage (through a water audit to reduce loss and reduce contaminant infiltration) 

2-Does the tool assess if monitoring results get used in planning and decision making, 
optimizing, future design, and substantiating need for upgrades?abd 
2-Does the tool assess how often monitoring for each parameter is carried out?abd 
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2-Does the tool assess if log sheets and or databases are kept?abd 

Operation and Maintenance 
3-Does the tool assess preventative maintenance plans?abd 
1-Does the tool assess actual maintenance actions?abd 
3-Does the tool assess if equipment deteriorates more quickly than anticipated? abd 
1-Does the tool assess if inspections of the system occur? abd 
3-Does the tool assess if a stock of spare parts and supplies is available for backup? ad 

Technical 
-Does the tool assess facility and community characteristics: abcd 

3-Population size,  
3-population density,  
3-remoteness (fly-in or winter roads vs. year round roads),  
3-geography (flood plains, soil type etc),  
3-social or cultural circumstances (treatment complexity, community treatment 
preferences)?  

1-Does the tool follow the multiple barrier approach, broken into pieces following the flow of 
water from source to tap, abcd 
3-Does the tool follow water back to source? (seeing the community as a system, what flows in 
and what flows out)ad  
3-Does the tool assess if raw water is characterized to determine appropriate treatment?ad 
Is the tool logically sound: 

1-Can the logic/reasoning process of the tool be identified (i.e. risk ranking matrix)? 
?-Is that reasoning process defensible? 

-Is the tool credible? cd 
1-Subject to transparency and rigour (i.e., you can see why risk rankings) 
?-Adhere to industry codes and standards 
?-Peer reviewed (articles about the tool published in peer reviewed journal as found 
on Scholars Portal) 
?-Was it assessed as credible in the literature? 

?-Publicly reviewed? 
1-Does the tool assess water capacity requirements: future growth, firefighting, industry etc?ac( 

3-Does the tool address future needs to deal with climate change (such as robustness, extra 
monitoring?) bcd 
2-Does the tool assess what type of treatment is used? (coagulation/flocculation, settling, 
filtration, membrane, disinfection, other…)abd 
3-Does the tool assess what type of disinfection? (chlorination, ultraviolet, ozonation, other…)ad 
1-Does the tool address distribution system management (operation and maintenance) ad 
3-Does the tool assess if the type of water delivery is appropriate for the geography of the 
region? (eg water trucked to cisterns, or piped distribution system)? ad 
1-Does the tool assess if all facilities (reservoirs, buildings, and chemical storage) are secure, 
with fences and locks? ad 
3-Does the tool assess what amount of water does the federal level of service standard allow for?  
Is this sufficient for firefighting (or are there other measures for fire fighting)?ac 
3-Does the tool assess if the plant designed properly and meeting standards?ac 
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Emergency Response Plans 
1-Does the tool assess if an emergency response plan or emergency measures checklist has been 
completed? abd 
3-Does the tool assess if there is backup power supply in case of emergencies? ae 
 

Management 
1-Do public works managers have the capacity (or have they been trained) to understand water 
treatment issues (for example, that over time, money must be spent on repairs, or that colours 
and tastes are not always dangerous) and budgeting? abd 
3-Does the tool assess skill building within the community by training and/or mentorship? 
3-Does the tool assess staff hiring processes to ensure hiring is based on merit, without political 
influence? ad 

Financial constraints 
-Does the tool assess the impacts of financial constraints on:abd 

3-operations and maintenance,  
3-remote communities (especially fly-ins)  
3-operator training and capacity development 
3-retention, (is pay adequate and on par with other areas)abcde 
3-source water protection and monitoring 
3-health, safety, and emergency 
3-physical infrastructure 

3-Does the tool assess funding sustainability of the water system?cd 

Accountability 
3-Does the tool assess transparency of processes and availability of all records? abd 
3-Does the tool assess if roles and responsibilities of all parties are clearly understood? abd 
3-Does the tool assess if money is being spent as planned (record keeping/cost accounting to 
justify funding needs and so funding gets to water system)? ab 

Public Awareness 
3-Does the tool assess water related awareness of the community?abd 
3-Does the tool assess water related outreach or education for the community? (special roles 
may be available for Elders and Women’s Groups in some communities)abd 
3-Does the tool assess if easy to understand information about the water is available to 
community members?  This could include water monitoring data and risk assessment data as 
indicators of water quality, what is being monitored and why the water is safe and in 
compliance. abd 

Regulation 
3-Does the tool assess if current conditions meet applicable regulations/ standards/ guidelines? 

abd 
3-Does the tool identify who accepts jurisdiction over water (and land) uses?acd 
3-Does the tool assess who is liable for the system, and do they understood and agreed upon that 
liability? abc 
3-Does the tool assess if the current regulations or guidelines are understood by the operator, 
management, the community, engineers or contractors?abc 

Onsite, “individual”, or “private” systems 
3-Does the tool identify people in the community who may not be included in the main 
community supply?abc 
3-Does the tool incorporate individual wells and cisterns in the analysis?cd 
1-Does the tool assess if backflow and cross contamination prevention is in place?bd 

Consultation 
3-Does the tool consider if some form of consultation about the water system takes place?bd 
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Research and development 
3-Does the tool assess if new threats (such as endocrine disruptors or THMs) are recognized, and 
where possible, treated? ab 

Public Confidence 
2-Does the tool assess the public’s confidence in drinking water (e.g., what percentage of people 
drink from the tap)? abd 
3-Does the tool consider community preferences for aesthetic characteristics such as taste and 
odour?ad   
3-Does the tool assess if adjustments are made (where possible) to reduce aesthetic concerns ?abd 

Uses other than drinking water 
3-Does the tool assess ecosystem and other water uses (both quality and quantity)? e.g. needs for 
clean water for wildlife and water levels of surface water for fish, spiritual uses of water abd 

Other characteristics of a tool or approach 
Is the tool culturally appropriate:  

3-Was the tool designed in consultation with First Nations groups?ad 
2-Is there space in the tool to consider traditional knowledge?cd 

1-Does the tool ask users to identify possible events, risks, etc that are not listed in the tool but 
could still be significant?  
3-Does the tool give the surveyor key information about what risks may be associated with 
failure take actions or have certain processes in place? 
2-Does the tool ask what mechanisms are in place (local or regional) for periodic overall risk 
assessment?a (spot 

for review of plan) 
How does the tool deal with unknowns (e.g., “I don’t know what monitoring we do for source 
water”)?  

Does the tool allow you to proceed without filling all details in? 

Does it alert you to data not filled in? 
Does it stop you from proceeding if key details are missing? 

-What sized community (or scale of system) is the tool is designed for?a (small)
 

2-Does the tool provide the user with concrete corrective actions to take or specific items to 
investigate? a (

self guided) 
1-Does the tool prioritize concerns to assist in decision making? acd 
1-Does the tool produce a cost-benefit analysis or risk reduction per unit cost?ad 
-Does the tool emphasize formal analysis process or the political bargaining process, or both, to 
determine acceptable risks?d 
-Does the tool use quantitative or qualitative, or semi-quantitative methods to assess risk?d 
-Is the tool intended to assess or manage risk, or both?

d
 

3-Does the tool assess if risk tolerance has been defined for the community?d 
3-Does the tool emphasize that risk assessment output should be interpreted with caution?d  

Operator-Who should use the tool (to avoid a conflict of interest) 
YES-Can the discretion of the risk assessment tool user impact funding formulas?c 

Easy to use 
-What is the training and occupation of the target tool users (from tool documentation: i.e. high 

school/post secondary /technical, water operator/public health/circuit rider trainer/outside 
inspector) 
-Does the tool produce: a 

3-simple analysis of data (less than 2 pages), 
1-graphs or charts, 
1-prioritized risks,  
1-suggested actions,  
3-risks associated with the failure to take actions or have process in place,  
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1-approximate financial cost? 
2-Is the data stored in a manner that is easy to access and extract data based on queries to 
something like an Excel spreadsheet?a 
3-Can the data entry be automated (i.e. using handheld electronic device to enter and store 
information)?a 

Criteria which must be evaluated in the context of a community visit 

 
□ Who used the tool? e.g. water treatment operators, trainers (circuit riders), community 

public works managers, public health staff, inspectors, regulators 
□ Is the tool technically accurate? (Does the tool flag the actual problems of highest concern for 

the users/operators about concerns/problems, and see if the tool identifies these concerns? 
none 

o What concerns or problems can they identify before the tools are used? None 
/backup generator for both water and sewage, vandalism (a fence around 
treatment and storage facility) 

o (later, does the tool identifies these concerns?) n/a/No – it doesn’t ask about the 
backup generator or vandalism 

□ Is the tool useful for each person who used it?  
Do they express interest in developing or modifying the tool? (y/n) 
o How likely they would be to use it again  
(yes-very likely, likely, no-unlikely) 

o Would help them justify repairs or $ to council or other funding agencies (y/n) 
Did it increase their awareness (build capacity)? (yes, somewhat, no) 

□ Is the tool or document easy to use or understand? 
o has everyone who has used the tool understood the language/ terminology/ 

definitions?  (yes, somewhat, no)  
If somewhat or no, explain what was difficult to understand  

o have they had difficulty following the format? (yes, somewhat, no) If yes or 

somewhat, explain what was difficult to follow 

□ Is the tool objective or subjective: 
Does the input or output from two different users differ by more than two items? 
(y/n)  

□ How long does it take to complete? (in hours) 
□ How much time does each tool user have to devote to using the tool? 
□ Other comments:  

 

Notes: 
a Delphi Survey 1 
b Delphi Survey 2 
c Informal interviews 
d Literature review 
e Site visit 
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Montana Water Center Microbial Risk Assessment Tool 

   1 = Yes, directly     2 = somewhat, or indirectly     3 = Not at all 

Operator 
3-Does the tool assess operator retention/turnover ? abcde 
3-Does the tool assess training (initial and ongoing) for existing staff abcd 
3-Does the tool assess certification of existing staff?ad 
-Does the tool assess support for operators?ad 

3-If there is a backup operator? If they are trained?abcd 
3-If the operator has access to support such as on-call specialists, a network of 
colleagues or mentors, or the Circuit Rider Training Program or SWAP?abcd 

3-Does the tool assess the operators attitude towards their responsibility for public health?abcd 
3-Does the tool assess if operators have access to resources and time off for continuing 
educationabd 

3-Does the tool assess if operators have access to occupational health and safety training? ad 
3-Does the tool assess if the operator has other duties besides drinking water treatment?ad 

Source Water Protection 
1-Does the tool identify all sources of water for the system (as surface water, GUDI, or secure 
groundwater)? ad  

1-Does the tool identify upstream influences to water, such as waste water, septic systems, 
agriculture, health care facilities, historic and current industry?abcd 
1-Does the tool identify the outfall of any infrastructure in the community (waste water 
treatment, septics, improperly abandoned wells, any industries)?abc 
1-Does the tool identify if source protection plans are in place?a 
1-Does the tool identify if communities have authority over upstream activities?ab 
2-Does the tool address possible solutions to prevent or reduce upstream pollution? abd (such as 
public education, toxic substance control, economic/funding incentives, upgrades to waste water 
treatment plant, stormwater pollution prevention and structural changes) 
3-Does the tool assess if First Nations traditional knowledge is incorporated into the baseline? 
(identification of natural characteristics and the impacts of land uses and activities) bd 
3-Does the tool assess if water (both surface and groundwater) is managed holistically for 
drinking water, ecological needs, storm water management etc? ad 

Monitoring and recordkeeping 
-Does the tool assess water quality monitoring and record keeping of: 

1-source (raw) waterabcd 
1-water during treatmentacd 
1-treated water, through the distribution system out to houses,abcd 
3-complaints from consumers cd 
for each parameter as appropriate: 
 
1-biological parameters (bacteria (such as e-coli), algae and algal toxins, protozoans (such 
as Cryptosporidium, Giardia), viruses, other pathogens, or others, as appropriate) 
1-chemical parameters (pH,  metals, total organic profile, iron, manganese, chlorine 
residual, dissolved oxygen, other ions, nutrients such as nitrate or ammonia, emerging 
contaminants such as THMs, others, as appropriate) 
1-physical parameters (turbidity, others) 
1-flow, (is quantity adequate? How much water is supplied daily?) 
3-aesthetic parameters (colour, taste) 
1-leakage (through a water audit to reduce loss and reduce contaminant infiltration) 

3-Does the tool assess if monitoring results get used in planning and decision making, 
optimizing, future design, and substantiating need for upgrades?abd 
1-Does the tool assess how often monitoring for each parameter is carried out?abd 
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3-Does the tool assess if log sheets and or databases are kept?abd 

Operation and Maintenance 
3-Does the tool assess preventative maintenance plans?abd 
1-Does the tool assess actual maintenance actions?abd 
3-Does the tool assess if equipment deteriorates more quickly than anticipated? abd 
1-Does the tool assess if inspections of the system occur? abd 
1-Does the tool assess if a stock of spare parts and supplies is available for backup? ad 

Technical 
-Does the tool assess facility and community characteristics: abcd 

1-Population size,  
3-population density,  
3-remoteness (fly-in or winter roads vs. year round roads),  
3-geography (flood plains, soil type etc),  
3-social or cultural circumstances (treatment complexity, community treatment 
preferences)?  

1-Does the tool follow the multiple barrier approach, broken into pieces following the flow of 
water from source to tap, abcd 
3-Does the tool follow water back to source? (seeing the community as a system, what flows in 
and what flows out)ad  
1-Does the tool assess if raw water is characterized to determine appropriate treatment?ad 
Is the tool logically sound: 

1-Can the logic/reasoning process of the tool be identified (i.e. risk ranking matrix)? 
-Is that reasoning process defensible? 

-Is the tool credible? cd 
1-Subject to transparency and rigour (i.e., you can see why risk rankings) 
1-Adhere to industry codes and standards 
1-Peer reviewed (articles about the tool published in peer reviewed journal as found 
on Scholars Portal) 
1-Was it assessed as credible in the literature? 

-Publicly reviewed? 
3-Does the tool assess water capacity requirements: future growth, firefighting, industry etc?ac( 

3-Does the tool address future needs to deal with climate change (such as robustness, extra 
monitoring?) bcd 
2-Does the tool assess what type of treatment is used? (coagulation/flocculation, settling, 
filtration, membrane, disinfection, other…)abd 
2-Does the tool assess what type of disinfection? (chlorination, ultraviolet, ozonation, other…)ad 
1-Does the tool address distribution system management (operation and maintenance) ad 
3-Does the tool assess if the type of water delivery is appropriate for the geography of the 
region? (eg water trucked to cisterns, or piped distribution system)? ad 
1-Does the tool assess if all facilities (reservoirs, buildings, and chemical storage) are secure, 
with fences and locks? ad 
1-Does the tool assess what amount of water does the federal level of service standard allow for?  
Is this sufficient for firefighting (or are there other measures for fire fighting)?ac 
2-Does the tool assess if the plant designed properly and meeting standards?ac 
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Emergency Response Plans 
3-Does the tool assess if an emergency response plan or emergency measures checklist has been 
completed? abd 
1-Does the tool assess if there is backup power supply in case of emergencies? ae 
 

Management 
3-Do public works managers have the capacity (or have they been trained) to understand water 
treatment issues (for example, that over time, money must be spent on repairs, or that colours 
and tastes are not always dangerous) and budgeting? abd 
3-Does the tool assess skill building within the community by training and/or mentorship? 
3-Does the tool assess staff hiring processes to ensure hiring is based on merit, without political 
influence? ad 

Financial constraints 
-Does the tool assess the impacts of financial constraints on:abd 

3-operations and maintenance,  
3-remote communities (especially fly-ins)  
3-operator training and capacity development 
3-retention, (is pay adequate and on par with other areas)abcde 
3-source water protection and monitoring 
3-health, safety, and emergency 
3-physical infrastructure 

3-Does the tool assess funding sustainability of the water system?cd 

Accountability 
3-Does the tool assess transparency of processes and availability of all records? abd 
3-Does the tool assess if roles and responsibilities of all parties are clearly understood? abd 
3-Does the tool assess if money is being spent as planned (record keeping/cost accounting to 
justify funding needs and so funding gets to water system)? ab 

Public Awareness 
3-Does the tool assess water related awareness of the community?abd 
3-Does the tool assess water related outreach or education for the community? (special roles 
may be available for Elders and Women’s Groups in some communities)abd 
3-Does the tool assess if easy to understand information about the water is available to 
community members?  This could include water monitoring data and risk assessment data as 
indicators of water quality, what is being monitored and why the water is safe and in 
compliance. abd 

Regulation 
1-Does the tool assess if current conditions meet applicable regulations/ standards/ guidelines? 

abd 
3-Does the tool identify who accepts jurisdiction over water (and land) uses?acd 
3-Does the tool assess who is liable for the system, and do they understood and agreed upon that 
liability? abc 
3-Does the tool assess if the current regulations or guidelines are understood by the operator, 
management, the community, engineers or contractors?abc 

Onsite, “individual”, or “private” systems 
3-Does the tool identify people in the community who may not be included in the main 
community supply?abc 
3-Does the tool incorporate individual wells and cisterns in the analysis?cd 
1-Does the tool assess if backflow and cross contamination prevention is in place?bd 

Consultation 
3-Does the tool consider if some form of consultation about the water system takes place?bd 
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Research and development 
3-Does the tool assess if new threats (such as endocrine disruptors or THMs) are recognized, and 
where possible, treated? abd 

Public Confidence 
3-Does the tool assess the public’s confidence in drinking water (e.g., what percentage of people 
drink from the tap)? abd 
3-Does the tool consider community preferences for aesthetic characteristics such as taste and 
odour?ad   
3-Does the tool assess if adjustments are made (where possible) to reduce aesthetic concerns ?abd 

Uses other than drinking water 
3-Does the tool assess ecosystem and other water uses (both quality and quantity)? e.g. needs for 
clean water for wildlife and water levels of surface water for fish, spiritual uses of water abd 

Other characteristics of a tool or approach 
Is the tool culturally appropriate:  

3-Was the tool designed in consultation with First Nations groups?ad 
3-Is there space in the tool to consider traditional knowledge?cd 

3-Does the tool ask users to identify possible events, risks, etc that are not listed in the tool but 
could still be significant?  
1-Does the tool give the surveyor key information about what risks may be associated with 
failure take actions or have certain processes in place? 
3-Does the tool ask what mechanisms are in place (local or regional) for periodic overall risk 
assessment?a  
How does the tool deal with unknowns (e.g., “I don’t know what monitoring we do for source 
water”)?  

Does the tool allow you to proceed without filling all details in? 

Does it alert you to data not filled in? 
Does it stop you from proceeding if key details are missing? 
Un-filled in data impacts the results (increases the risk rating) 

-What sized community (or scale of system) is the tool is designed for?a (small)
 

1-Does the tool provide the user with concrete corrective actions to take or specific items to 
investigate? a (

self guided) 
1-Does the tool prioritize concerns to assist in decision making? acd 
3-Does the tool produce a cost-benefit analysis or risk reduction per unit cost?ad 
-Does the tool emphasize formal analysis process or the political bargaining process, or both, to 
determine acceptable risks?d 
-Does the tool use quantitative or qualitative, or semi-quantitative methods to assess risk?d 
-Is the tool intended to assess or manage risk, or both?

d
 

3-Does the tool assess if risk tolerance has been defined for the community?d 
3-Does the tool emphasize that risk assessment output should be interpreted with caution?d  

Operator-Who should use the tool (to avoid a conflict of interest) 
No-Can the discretion of the risk assessment tool user impact funding formulas?c 

Easy to use 
-What is the training and occupation of the target tool users (from tool documentation: i.e. high 
school/post secondary /technical, water operator/public health/circuit rider trainer/outside 
inspector) 
-Does the tool produce: a 

2-simple analysis of data (less than 2 pages), 
1-graphs or charts, 
1-prioritized risks,  
1-suggested actions,  
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1-risks associated with the failure to take actions or have process in place,  
3-approximate financial cost? 

1-Is the data stored in a manner that is easy to access and extract data based on queries to 
something like an Excel spreadsheet?a 
2-Can the data entry be automated (i.e. using handheld electronic device to enter and store 
information)?a 

Criteria which must be evaluated in the context of a community visit 
□ Who used the tool? e.g. water treatment operators, trainers (circuit riders), community public 

works managers, public health staff, inspectors, regulators 
□ Is the tool technically accurate? (Does the tool flag the actual problems of highest concern for 

the users/operators about concerns/problems, and see if the tool identifies these concerns?) 
o What concerns or problems can they identify before the tools are used?  
o (later, does the tool identifies these concerns?)  

□ Is the tool useful for each person who used it?  
Do they express interest in developing or modifying the tool? (y/n) 
o How likely they would be to use it again  
(yes-very likely, likely, no-unlikely) 

o Would help them justify repairs or $ to council or other funding agencies (y/n) 
Did it increase their awareness (build capacity)? (yes, somewhat, no) 

□ Is the tool or document easy to use or understand? 
o has everyone who has used the tool understood the language/ terminology/ 

definitions?  (yes, somewhat, no)  
If somewhat or no, explain what was difficult to understand  

o have they had difficulty following the format? (yes, somewhat, no) If yes or 

somewhat, explain what was difficult to follow 

□ Is the tool objective or subjective: 
Does the input or output from two different users differ by more than two items? 
(y/n)  

□ How long does it take to complete? (in hours) 
□ How much time does each tool user have to devote to using the tool? 
□ Other comments:  

 

 
Notes: 
a Delphi Survey 1 
b Delphi Survey 2 
c Informal interviews 
d Literature review 
e Site visit 
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Appendix I - Recommendations for INAC Risk Level Evaluation 

 
Operator 

▪ Assess operator retention/turnover with a question such as: 
o how long has the current operator been working at this facility:  

� less than 1 year  
� 1-3 years 
� More than 3 years… 

▪ Assess the operators attitude towards their responsibility for public health with a 
question such as: 
o Does the operator realize that people could become seriously ill or die if 

they are unable to perform their duties (y/n) 

▪ Assess the availability of financing and time off for the operator to have 
continuing education with a question such as: 
o Has any of the following ever stopped the operator from attending 

continuing education classes:  
� Lack of funding for travel or fees 
� Lack of time off 
� Other 

▪ Assess if operators have had access to occupational health and safety training 
with a question such as: 
o When has the operator had occupational health and safety training: 

� Within the last two years 
� Within the past 5 years 
� More than 5 years ago 
� Never 
(Modify dates as appropriate) 

Source Water Protection 

▪ Provide space to assess more than one source of water in Section 1 

▪ Change the answers of question 1.3 Vulnerability to contamination from: 
o Isolated water source unlikely to be contaminated 
o Minor or low risk probabilities of contamination 
o Medium probability of contamination 
o Multiple and/or direct potential sources of contaminants 
o NO DATA AVAILABLE 

▪ To: 
o Are there any upstream influences to the water source, including: 

� Waste water, septic systems, agriculture, health care facilities, 
historic and current industry 

o Where are the outfalls of this infrastructure? 
o What is the distance of the infrastructure from these outfalls? 

� (include an appropriate setback level based on source water type) 

▪ Assess if the community has authority over upstream activities, with a question 
such as:   
o Does the community have authority over the watershed or source 

protection area? 
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▪ Assess if possible solutions to prevent or reduce upstream pollution have been 
found, with a question such as: 
o Have possible solutions to prevent or reduce upstream pollution been 

identified (e.g. public education, toxic substance control, 
economic/funding incentives, upgrades to waste water treatment plant, 
stormwater pollution prevention and structural changes) 

▪ Assess if First Nations traditional knowledge has been incorporated into the 
baseline identification of natural characteristics and the impacts of land uses and 
activities with a question such as: 
o Has First Nations traditional knowledge been made part of the source 

water protection plan’s baseline data? (i.e. have Elders or other relevant 
groups been consulted?) 

▪ Assess if both surface and groundwater is managed holistically for a variety of 
uses with a question such as: 
o Does the source water protection plan or other water management plans 

look at all facets of water, including drinking water, ecological needs, 
storm water management etc? 

Monitoring and recordkeeping 

▪ Assess if water quality is monitored and recorded at appropriate stages with a 
question such as: 
o Is water quality monitored and recorded at: 

� Source (raw)  
� During treatment 
� Through the distribution system 

o Are complaints from customers monitored and recorded? 

▪ Assess if flow is adequate with a question such as: 
o How much water is supplied daily? 

▪ Assess if aesthetic parameters are monitored with a question such as: 
o How often are aesthetic parameters (colour, taste) monitored? 

▪ Assess if leakage is detected with a question such as: 
o Has a water audit been conducted?  

� If so, has any water leakage been detected? 
� If not, is there another way to determine water leakage? 

▪ Assess if monitoring results get used with a question such as: 
o Monitoring results get used in: (check all that apply) 

� planning,  
� decision making,  
� optimizing plant operations,  
� future design, 
� substantiating the need for facility upgrades? 

▪ Assess how often monitoring for each parameter is carried out (through revising 
question 4.2 to include each ‘key parameter’ and asking): 
o How often is monitoring for X carried out? 

� Daily 
� Weekly 
� 4 times a year 
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� Yearly 
� Never 
If appropriate, include the monitoring schedule outlined in appropriate 
guidelines/legislation 

Operation and Maintenance 

▪ Assess if equipment deteriorates more quickly than anticipated through a 
question such as: 
o Have most parts or equipment lasted their design life? 

▪ Assess if inspections of the system occur through a question such as: 
o How often is the entire system inspected by the operator? 

� Daily 
� Weekly 
� Monthly 
� Yearly 
Inspections of various parts may need to be on specific schedules 

▪ Assess if a stock of spare parts and supplies is available for backup through a 
question such as: 
o Are spare parts and supplies: 

� Generally on hand when needed 
� Occasionally are available 
� Never on hand, must be ordered each time something breaks 

Technical 

▪ Assess facility and community characteristics through a question such as: 
o What is the community… 

� Population (number of people) 
� Population density 

• spread out,  

• centralized,  

• mostly centralized with a few houses 
� Remoteness 

• Fly in or winter roads only 

• Year round roads 
� Geography 

• Flood plain? 

• Soil type? 
� Social or cultural circumstances  

• Any special requirements for treatment complexity? 

• Any special preferences for treatment such as less chlorine? 

▪ Assess wastewater through including the results from the INAC Risk Level 
Evaluation for waste water as a question in the drinking water assessment 

▪ Assess if raw water characteristics are used to determine appropriate treatment 
with a question such as: 
o Were raw water sample results used in the design of the water treatment 

facility? 
or 
o Do changes in raw water quality get used to decide treatment parameters? 
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▪ Assess if future needs to deal with climate change have been considered with a 
question such as: 
o Are plans for future climate change, such as extra monitoring or robust 

treatment processes 
� In place 
� In development 
� Not considered to be important 

▪ Assess what types of treatment are used with a question such as: 
o Select any process the facility uses from this list: 

� Coagulation/flocculation 
� Settling 
� Filtration 
� Membrane filtration 
� etc 

▪ Assess management of the distribution system with a question such as: 
o What type of operation and maintenance is done on the water system? 

� Annual flushing of lines 
� Monthly washing of water trucks 
� etc 

▪ Assess if the type of water delivery is appropriate for the community based on 
the response to questions related to community size above, and a question such 
as: 
o What type of water delivery system is used? 

� Piped only 
� Piped to some, others with water truck and cistern 
� Piped to some, others with individual wells 
� Not piped, only water truck or individual wells 

▪ Assess if access to facilities is secure with a question such as: 
o Are doors locked or are there fences with locks at: 

� Wells 
� Reservoirs 
� Buildings 
� Chemical storage 
� Etc 

▪ Assess if the water levels are sufficient for fire fighting with a question such as: 
o How would firefighting impact drinking water supplies? 

� It would not, since the system is designed for adequate pressure 
under both conditions 

� It would not, since a separate water supply is in place for fire 
fighting 

� It could lead to low water pressure and infiltration 
Emergency Response plans: 

▪ Assess if there is a backup power supply in case of emergencies with a question 
such as: 
o When electricity is not available due to an outage: 
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� The backup generator enables clean water to still be produced and 
distributed 

� The backup generator enables water treatment to still occur, but no 
distribution is available 

� Stored water is sufficient to last until power is restored, up to a 
week 

� Treated water is only available for customers for less than 2 days 
� No treated water is available 

Management 

▪ Assess if public works managers have the capacity to understand water 
treatment issues and budgeting through a question such as: 
o Have publics works managers had training or have the capacity to 

understand basic water treatment details and budgeting? 

▪ Assess if there is skill building in the community by training and/or mentoring 
through a question such as: 
o Is there a training or mentorship program in the community (for example, 

for Council) to develop management skills? 

▪ Assess if staff hiring is based on merit, without political influence through a 
question such as: 
o Staff hiring is based on: 

� Merit/qualifications 
� Unknown criteria 
� Politics 

Financial constraints 

▪ Assess the impacts of financial constraints through questions such as: 
o Have financial constraints impacted any of the following: 

� Operations and maintenance  
� Physical infrastructure 

� Operator training and capacity development 
� Operator retention, (is pay adequate and on par with other areas) 
� Source water protection and monitoring 
� Health, safety, and emergency 

if the question about remoteness was answered yes, ask 
o Does remoteness make any of the above worse? 

▪ Assess funding sustainability of the water system with questions such as: 
o Is the community running a budget surplus or deficit? 
o Is the community able to provide funding to cover their responsibilities? 

Accountability 

▪ Assess clarity of roles and responsibilities with a question such as: 
o Have the operator, water manager, Chief and Council, EHO and others 

working on the water system communicated (and agreed to) roles and 
responsibilities? 

▪ Assess if funds are spent as planned through a question such as: 
o Is record keeping/cost accounting available to indicate funding is spent as 

planned 
o Is that record keeping used to justify funding needs? 
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Public awareness 

▪ Assess water related awareness of the community with a question such as: 
o Is the water-related awareness of the community 

� High (people are interested and supportive of initiatives) 
� Medium 
� Low (most people do not know where their water comes from) 

▪ Assess water related education or outreach for the community with a question 
such as: 
o What water related education or outreach is available in the community: 

� Groups for Elders, Women, or youth 
� Presentations in local schools 
� Other (please explain) 
� None 

▪ Assess if there is easy to understand information about water quality data 
available to community members with a question such as: 
o Which of the following information is available to all community 

members: 
� What water is being monitored for 
� If water is in compliance 
� Other water monitoring data 
� Risk assessment results 
� Other (please explain) 

Regulation 

▪ Address jurisdictional issues over water and land issues with a question such as: 
o Who has authority over which aspects of the water system? 

▪ Assess who is liable for the system, and do they understand and agree to that 
liability with a question such as : 
o Who is liable for the water system? 
o Have they explicitly agreed to that liability? 

▪ Assess if the current regulations or guidelines are understood by the operator, 
management, community, engineers and contractors, with a question such as: 
o Have operators, management, the community, and engineers and 

contractors working in the community access to easily understandable 
details of current water regulations or guidelines? 

Onsite, ‘individual’ or ‘private’ systems 

▪ Assess if people in the community are not included in the main community 
supply with a question such as: 
o Is every one in the community connected to main water supply 

▪ Assess onsite wells and cisterns with a questions such as: 
o Are onsite wells, cisterns, and septic systems monitored? 
o What is the general condition of cisterns and individual wells: 

� Well maintained 
� Acceptable 
� In disrepair 

▪ Assess if backflow prevention is in place with a question such as: 
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o Is a program to prevent backflow in place, with devices in place for fire 
hydrants, irrigation, new construction, at sewage facilities etc. 

Consultation 

▪ Assess if some form of consultation about the water system has taken place with 
a question such as: 
o Was the water operator consulted when the latest changes to the water 

system were put in place? 
o Were the Chief and Council consulted when the latest changes to the water 

system were put in place? 
Research and development 

▪ Assess if monitoring is conducted periodically for ‘new’ threats, such as 
endocrine disruptors or THMs with a question such as: 
o What monitoring is in place to assess possible ‘new’ threats to water 

quality such as endocrine disruptors or THMS 
o If any new threat is identified, is consideration made to how well it is 

removed by the current system? 
Public confidence 

▪ Assess the public’s confidence in the drinking water with a question such as: 
o What percentage of the community drinks tap water? 

▪ Assess community preferences for aesthetic characteristics such as taste and 
odour with questions such as  
o Does the community have any preference for specific aesthetic quality of 

the water (such as a strong dislike of chlorine taste/odour?) 
if the answer to the question above about monitoring complaints indicated that 
complaints were monitored, ask a questions such as: 
o How many complaints are received about taste and odour monthly? 
o How many complaints indicate Chlorine as the cause? 

▪ Assess if adjustments are made to water treatment if possible to reduce aesthetic 
concerns with a question such as: 
o What adjustments are made after complaints? 

� None 
� Optimize chlorine residual 
� Turn off chlorination 
� Have made changes in the past to alternative disinfection such as 

UV or ozone, with chlorine only added for residual 

▪ Assess ecosystem and other needs for water through questions such as: 
o What are other uses of water that are important to this community: 

� Fishing 
� Harvesting 
� Hunting 
� Spiritual uses 
� Irrigation 
� Other (please explain) 

o What are water requirements for these uses?  
� Sufficient water levels in surface water 
� Non-turbid water 
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� Other (please explain) 

▪ Address the question if the tool was developed in consultation with First Nations 
groups 

▪ Provide space to consider traditional knowledge through questions such as: 
o Are there any considerations about drinking water that Elders or 

traditional knowledge which should be included 

▪ Add, at the end of survey, an open question about other possible events, risks or 
concerns not listed which may be important, such as: 
o Are there any other possible events, risks, or concerns not addressed 

above?  

▪ Revise the “Overall Risk Evaluation”, or add another column after the “Rating” 
column to provide more details on what risks could be caused by each answer 

▪ Assess how often the risk assessment is conducted with a question such as: 
o How often has the risk assessment been conducted: 

� Yearly 
� Whenever a process or new operator is in place 
� This is the first risk assessment 

▪ Change the Overall Risk Evaluation so that it does not provide a risk ranking 
unless all questions are answered, and add after the “no data available” an 
“other” option that requests more details if selected 

▪ Provide a list of recommended actions based on the answers 

▪ Revise question 2.3 to clarify what treatment processes are appropriate for 
source water quality 

▪ Re-word question 5.2 to clarify that the primary operator has access to another 
operator for … Support? ... Mentoring? 

▪ Re-word and move question 5.5 to just under 5.1 to ensure it is clear that the 
first question is asking about treatment system and second question is asking 
about distribution system. 

 


