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ABSTRACT 

Water-related public infrastructure provides essential services for any community, with infrastructure 
that is built to last at least one generation. Given the new reality faced by the Region of Waterloo in light 
of the COVID-19 pandemic, implications for the public infrastructure and the asset-related benefits and 
risks are worth exploring for future planning of the Region. The importance of water-related public 
infrastructure is recognized in the Region of Waterloo’s Regional Official Plan, the Strategic Plan, and in 
official municipal plans. The impacts of the COVID-19 pandemic on wastewater, stormwater, and 
drinking water systems, and on asset management practices are analyzed. Impacts on the quality and 
quantity of the wastewater systems are investigated as the starting point of protecting the Region’s 
source water. Though source water protection remains paramount, the Region aims to access the 
myriad benefits of stormwater systems brought on by a functioning system of green spaces through low 
impact development and retrofits. Clear opportunities exist to use the altered societal transit and 
infrastructure needs to advance strategic stormwater goals, and support a green shift in municipal 
approaches to climate change, which is strongly affected by urban green space and its links to improved 
air quality. The World Health Organization (WHO) technical brief1 for water professionals indicates no 
evidence of the presence of infectious COVID-19 virus in drinking water supplies or sewage. Our review 
of the available literature to date found no reported presence of infectious COVID-19 virus in sewers, 
and no direct transmission through stormwater. Additionally, conventional drinking water treatment 
processes are thought to be effective in inactivation/removal of the COVID-19 virus, in the unlikely event 
of source water contamination. Hence, special procedures are not necessary for this pandemic, though 
the COVID-19 pandemic prompts future planning for grimmer scenarios. 

Future planning of drinking water in response to the COVID-19 pandemic involves potential changes in 
water consumption patterns, reviewing the effectiveness of water treatment practices, and planning for 
safe water at the tap during re-opening phases.  Supporting operations and avoiding failure while 
keeping up with planned capital investments are as important. However, due to reduced financial 
capacity, sustaining the current maintenance procedures and the required capital investment rates 
might be challenging. Adapting asset management planning, its investment prioritization requirements, 
decision-making criteria and funding options, are essential to maintaining the safety and quality of water 
and wastewater services. To adapt to the current shock and meet sustainability and resilience 
objectives, this paper addresses the following water-related infrastructure in this order: wastewater, 
stormwater, drinking water, and their asset management practices. Literature, data, and anecdotal 
evidence locally and from other North American communities is gathered in support of the development 
of this paper. 

  
 

1 https://www.who.int/publications-detail/water-sanitation-hygiene-and-waste-management-for-covid-19  

https://www.who.int/publications-detail/water-sanitation-hygiene-and-waste-management-for-covid-19
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1. WASTEWATER INFRASTRUCTURE 
 

1.1. Introduction 
The handling of wastewater is a vital role of the municipal government to protect public and 
environmental health.  Handling involves both the conveyance of wastewaters in sewers and the 
treatment at centralized wastewater treatment plants.  The role of decentralized treatment systems 
(typically septic systems) has not been directly addressed in this paper although there is some potential 
overlap of issues between centralized and decentralized systems.  In centralized systems wastewaters 
are generated from a combination of residential, commercial, institutional and industrial sources.  The 
contributions of all of these sources may be impacted in the time of a pandemic.  For the purposes of 
this section, potential pandemic impacts have been categorized with respect to how they might affect 
quantity and quality of wastewater.  Subsequent discussion of the implications of the potential 
pandemic impacts have been categorized in terms of whether they would influence wastewater 
conveyance or treatment. 

Prior to the preparation of this section the following planning-related documents were reviewed to 
establish elements of the plans that may be relevant to pandemic planning. 

- Wastewater master plan (Region) 
- Sanitary master plans (Cities) 
- Biosolids strategy 

As expected, the existing plans do not address specific events like pandemics. However, in some 
documents (i.e. sanitary master plans) there is provision for addressing climate-change phenomena.  
Increased frequency of extreme flows due to storm events are an example of an issue that has been 
identified in plans and for which provisions have been included in sanitary master plans.  Hence, in a 
consistent manner, the potential impact of a pandemic on wastewater flows has been examined in this 
paper.  The plans also speak to the need for resilient infrastructure that can retain functionality when 
faced with challenging conditions.  The subsequent discussion also addresses resilience of wastewater 
infrastructure when viewed through a pandemic lens. 

 

1.2. Potential Pandemic Impacts 
 

1.2.1.  Quantity Focus 
The impact of a pandemic on the quantity of wastewater generated in a municipality can be assessed by 
considering how the various sources of wastewater change.  As witnessed in the current pandemic there 
have been substantial shifts in the activities of peoples and organizations within the Region of Waterloo.   
Table 1 lists changes in activities and how the changes might be anticipated to influence the quantity of 
wastewater generated. 
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Table 1 Potential impacts of pandemic on wastewater quantity 
Change in Activity Anticipated impact on  

quantity of wastewater 
Closure of industries, commercial, government and 
institutional buildings 

Reduction 

Increased activity at health care facilities Increase 

Reduced commuter traffic in and out of the Region with 
more residents working from home 

Unknown 

Reduction in university students residing in Region Reduction 

For frequent and extended handwashing in residences Increase 

 

From Table 1 it can be seen that both increases and decreases of wastewater quantities might be 
anticipated as the result of a pandemic.  These are consistent with a recent poll conducted by the Water 
Environment Federation that revealed 25% of respondents indicated a decrease in wastewater flows 
while 16% indicated an increase in flows.  The poll results suggest that the impact of the pandemic 
depends on the characteristics of the local sewersheds.  A preliminary assessment was conducted using 
data provided by the Region on wastewater flows at the Waterloo and Kitchener wastewater treatment 
plants (WWTPs) for the last three years over the period of time that correspond to the current 
pandemic.  Figure 1 summarizes the influent wastewater flow for the Waterloo WWTP for the period 
from Feb 23-June 23 for 2017-2020 as an example of this analysis.  Figure 1 reveals that while there is 
temporal variability in flows, the data for 2020 were not substantially different from recent years. 

 

Figure 1 Influent Wastewater Flow: Waterloo WWTP for Feb 23-June 23 

1.2.2.  Quality Focus 
In the prior section potential changes in the quantities of wastewater discharged to the sewer system 
that might be anticipated were identified.  In some cases these changes in discharged quantities could 
have implications for wastewater quality as well.  For example, a reduction in discharges from some high 
strength industrial sources due to facility shutdowns would result in a decrease in the loadings of 
pollutants to the sewer system.  Figure 2 presents the concentrations of common wastewater quality 
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parameters (TKN, TSS, BOD5) for the influent to the Waterloo WWTP for the period from February 23 to 
June 23 of the last 4 years.  From Figure 2 it can be seen that the concentrations of these parameters did 
not differ substantially between 2020 and the previous three years.  Hence, it would appear for this 
plant there were no substantial impacts of the pandemic on these parameters. 

  

 

Figure 2 Influent Wastewater Quality: Waterloo WWTP for Feb 23-June 23 

In addition to general loadings to the sewer system it could be anticipated that a number of more 
unique conditions could impact wastewater properties in the event of widespread infection in the 
community.  Table 2 identifies potential activities in the community and how they may impact 
wastewater properties. 
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Table 2 Potential impacts of pandemic on wastewater quality 
Activity Potential wastewater quality implications 

Increased use of cleansers and disinfectants Presence of elevated concentrations of biocides 
in wastewater 

Widespread use of anti-viral and antibiotic drugs, 
analgesics, etc 

Presence of elevated concentrations of 
substances in wastewater 

Increased use of sanitary wipes, masks, etc. Presence of discarded materials in wastewater  

Excretion of fecal matter infected with virus Presence of virus in wastewater 

Discarding of off-specification products (milk, beer, 
etc) by industry and commercial entities (i.e. 
restaurants) into sewer 

Dynamic “spikes” of pollutants into wastewater 

Changes in consumer habits (i.e. increased food 
consumption at home when restaurants closed; 
increased use of detergents for cleaning) 

Sewage composition changes (i.e. Increased 
discharge of fats and greases to sewers from 
systems that don’t have grease traps 

 

1.3. Implications of Pandemic Impacts for Wastewater Systems 
When planning for major infrastructure, the terms “resilience” and “robustness” have entered the 
lexicon.  Resilient systems are capable of returning to their normal operation after being challenged with 
an extreme condition.  By contrast, robust systems are able to maintain performance throughout the 
extreme condition.  These terms are becoming commonly used when anticipating extreme events, like 
flooding, that may result from climate change.  Hence, much of the use of these terms in the water 
quality industry refers to the response to short term severe conditions and it is therefore typically 
important that they be resilient so that their operations can return to normal shortly after the event.  

When considering pandemics that may last for periods of months, it is important that wastewater 
systems be robust.  It would be highly detrimental to have reduced performance of either conveyance 
or treatment operations for periods that are this long.  Robustness of the systems may be achieved by 
one or more means including: 

- Design of the physical infrastructure 
- Development of operating strategies that adapt to new conditions 
- Policies and legislation that control streams entering sewers 
- Public education to inform the public about appropriate discharges to sewers 

The following sections address the implications of the previously described pandemic impacts for 
conveyance and treatment of wastewater.  Ideally, the systems would be sufficiently robust to maintain 
operations in light of these impacts.  

1.3.1. Implications for Conveyance  
The primary role of conveyance is to transport raw wastewater from source to treatment.  Failures in 
conveyance would result in backing up of wastewater which could cause flooding of basements with 
sewage and could lead to exposure of citizens to raw sewage.  Such exposures could lead to secondary 
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infections due to either the pandemic-causing agent or other pathogens commonly present in municipal 
wastewater. 

Conveyance systems will fail when the flow of the wastewater exceeds the hydraulic capacity of the 
systems to carry it.  Hence, failure scenarios could result under conditions of either high flows or 
reduced capacity in the time of a pandemic.  Extremely high flows in a given sewer line may occur if 
there were a substantial change in the use of water in the local sewershed.  In residential 
neighbourhoods this might result from substantial use of water for cleaning purposes when all residents 
have been “locked down”.  Although sewer systems are normally designed to accommodate these 
flows, the coincidence of a pandemic with naturally occurring high flow periods (i.e. spring run-off, 
major storm events) should be considered when assessing the flows that need to be handled. 

Reductions in conveyance capacity may result from the increased discharges of materials to the sewers 
that can lead to clogging.  The challenges associated with “flushable” wipes and other pandemic-related 
materials like face masks have been identified by practitioners.  The clogging by these materials can be 
accentuated when they act as a nucleus for gathering of fats, oils and greases to form “fatbergs” in the 
sewer system.   It is likely that these conditions will be accentuated under pandemic systems and may 
require interventions in the sewer system.  

1.3.2. Implications for Treatment 
As indicated in Table 2, during a pandemic there are a number of potential changes in societal actions 
that may result in atypical discharges to sewer systems.  Some of these discharges, under extreme 
conditions could have negative impacts on wastewater treatment with biological treatment processes 
being the most likely to be susceptible.  In the event of a major pandemic it is possible that there could 
be a substantial discharge into the sewer system of substances (biocides, anti-viral medication, 
antibiotics) that have the potential to disrupt the microbial consortia in biological treatment processes.  
If the activity of the microbes is sufficiently reduced, the ability of the WWTPs to remove conventional 
pollutants could be impaired for an extended period of time.  The long-term discharge of partially 
treated sewage to the receiving water (i.e. Grand River) will almost certainly have detrimental impacts 
on the ecology of the river.  The impacts of reduced treatment performance on the receiving waters 
could be further accentuated if the sewer system is receiving unusual loadings of conventional 
pollutants as a result of pandemic-related changes such as industrial shut-downs and residential lock-
downs. 

The increased discharge of biologically active agents such as antibiotics and analgesics into the 
wastewater system may have harmful outcomes even if biological treatment performance is 
maintained.  Antibiotics and analgesics are typically only partially removed in well-functioning 
wastewater treatment plants.  A portion of the increased loadings of these substances to the sewer 
system will likely be discharged to the receiving body where they may negatively impact on aquatic life.  
Further, long term discharges of elevated levels of untreated antibiotics may lead to the development of 
antibiotic resistance in bacterial populations in the environment.  The development of antibiotic 
resistance has the potential to have long term public health impacts resulting from loss of effectiveness 
of antibiotics for infection control.  

Recent pandemics have resulted from the introduction of new viruses into the human population.  Such 
viruses may be shed by humans in fecal matter and hence be present in wastewater.  In the case of the 
COVID-19 virus the literature suggests that only virus fragments are excreted by humans into sewage.  
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Hence, the risk to municipal workers (i.e. WWTP operators) that come into contact with sewages has 
been deemed to be minimal.  However, future pandemics may involve organisms that remain active in 
the fecal matter/wastewater.  In this case the risk of infection of workers would need to be considered.   

 

1.4. Potential Impacts that are likely common to multiple systems 
The potential impacts of the pandemic on operations of the wastewater infrastructure is not unique to 
wastewater, and demonstrate potential impacts that are likely common to other infrastructure as well 
including the drinking water and stormwater systems. These impacts include loss of personnel for 
operating facilities due to infection, supply chain challenges for treatment chemicals and other 
operating supplies, and loss of revenue from sewer surcharges to industrial dischargers. 

 

2. STORMWATER INFRASTRUCTURE 
 

2.1. Introduction 
Stormwater is both a threat and a resource.  In urban areas our roads and roofs result in less water 
infiltrating into the ground, which increases the threat from flooding.  This same water, however, is a 
critical resource to address biodiversity loss and climate change.  The importance of stormwater is 
currently recognized in the Regional Official Plan, the Strategic Plan, and in official municipal plans.  
Though source water protection remains paramount, the region aims to access the myriad benefits of a 
functioning system of green spaces through low impact development and retrofits.  Our review of 
literature found no direct transmission of COVID-19 through stormwater management (SWM) systems, 
which means that special stormwater procedures in the Region of Waterloo are not necessary for this 
pandemic.  Here we review the Regional Official Plan (ROP) and associated documents for their 
considerations of SWM with respect to general best practices and then consider indirect links that 
COVID-19 could have with respect to stormwater quality and extreme runoff events or our preparedness 
for them.  COVID-19 is having profound impacts on how people use cities both now and potentially in 
the future, and many studies have highlighted current and future changes to patterns of transportation, 
types of homes being purchased, use of public space, road construction practices, food security 
planning, job types, and work arrangements.  These topics are discussed by other authors in other 
sections of this review.  Here we examine how these societal changes may affect the demands that are 
placed on SWM infrastructure.  We also consider the current situation in the context of the currently 
less acute but potentially more profound crises of a worldwide loss of biodiversity and climate change.  
Regional objectives prior to the pandemic identified the need for climate action, and this moment 
presents what may be a unique opportunity for that action.   
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2.2. Regional Official Plan Infrastructure Context for Stormwater Management 
To understand the current plans with regards to SWM, the ROP and the documents listed in Table 3 
were reviewed. 

Table 3 Regional, municipal, and watershed authority documents reviewed as part of this assessment 
ID. Jurisdiction Description Source 

1 Region of 
Waterloo 

Regional Official 
Plan (ROP) 

www.regionofwaterloo.ca/en/regional-government/land-
use-planning.aspx 

2 Region of 
Waterloo 

Strategic Plan 

2019-2023 (SP) 
www.regionofwaterloo.ca/en/regional-
government/corporate-strategic-plan.aspx 

3 Region of 
Waterloo 

Comm. Climate 
Adaptation Plan 

www.regionofwaterloo.ca/en/living-here/climate-change-
and-extreme-weather.aspx 

4 City of 
Kitchener Official Plan 

www.kitchener.ca/en/building-and-development/official-
plan.aspx#City-of-Kitchener-Official-Plan-A-Complete--
Healthy-Kitchener-2014 

5 City of 
Kitchener 

Stormwater 
Master Plan 

https://www.kitchener.ca/en/city-services/stormwater-
master-plan.aspx#Plan-development-and-community-
consultation 

6 City of 
Waterloo Official Plan www.waterloo.ca/en/government/official-plan.aspx# 

7 City of 
Waterloo 

Stormwater 
Master Plan 

https://www.waterloo.ca/en/government/plans.aspx#Storm
water-Master-Plan  

8 City of 
Cambridge Official Plan https://www.cambridge.ca/en/learn-about/Official-

Plan.aspx  

9 City of 
Cambridge 

Stormwater 
Mgmt. Master 
Plan 

https://www.cambridge.ca/en/learn-about/Stormwater-
Management-Master-Plan.aspx#  

10 GRCA Watershed 
planning 

www.grandriver.ca/en/our-watershed/Watershed-
planning.aspx 

11 TRCA 
Sustainable 
neighbourhood 
plans 

trca.ca/conservation/sustainable-neighbourhoods/    

 

The ROP places a significant emphasis on greenlands strategies in general and SWM in particular, which 
is largely in line with the most comprehensive regional guidelines (CVC, 2010).  For example, in the 
section on the General Policies for Urban Development (2.G.3), SWM is included as part of the Urban 
Greenlands Strategy that aims to accomplish a mosaic of goals related to quality of life, air pollution, and 
heat island effects.  The link to public health is explicitly acknowledged, even without the effects of 
COVID-19.  Specific measures that could improve SWM such as tree planting and green roofs are 

http://www.regionofwaterloo.ca/en/regional-government/land-use-planning.aspx
http://www.regionofwaterloo.ca/en/regional-government/land-use-planning.aspx
http://www.regionofwaterloo.ca/en/regional-government/corporate-strategic-plan.aspx
http://www.regionofwaterloo.ca/en/regional-government/corporate-strategic-plan.aspx
http://www.regionofwaterloo.ca/en/living-here/climate-change-and-extreme-weather.aspx
http://www.regionofwaterloo.ca/en/living-here/climate-change-and-extreme-weather.aspx
http://www.kitchener.ca/en/building-and-development/official-plan.aspx#City-of-Kitchener-Official-Plan-A-Complete--Healthy-Kitchener-2014
http://www.kitchener.ca/en/building-and-development/official-plan.aspx#City-of-Kitchener-Official-Plan-A-Complete--Healthy-Kitchener-2014
http://www.kitchener.ca/en/building-and-development/official-plan.aspx#City-of-Kitchener-Official-Plan-A-Complete--Healthy-Kitchener-2014
https://www.kitchener.ca/en/city-services/stormwater-master-plan.aspx#Plan-development-and-community-consultation
https://www.kitchener.ca/en/city-services/stormwater-master-plan.aspx#Plan-development-and-community-consultation
https://www.kitchener.ca/en/city-services/stormwater-master-plan.aspx#Plan-development-and-community-consultation
http://www.waterloo.ca/en/government/official-plan.aspx
https://www.waterloo.ca/en/government/plans.aspx#Stormwater-Master-Plan
https://www.waterloo.ca/en/government/plans.aspx#Stormwater-Master-Plan
https://www.cambridge.ca/en/learn-about/Official-Plan.aspx
https://www.cambridge.ca/en/learn-about/Official-Plan.aspx
https://www.cambridge.ca/en/learn-about/Stormwater-Management-Master-Plan.aspx
https://www.cambridge.ca/en/learn-about/Stormwater-Management-Master-Plan.aspx
http://www.grandriver.ca/en/our-watershed/Watershed-planning.aspx
http://www.grandriver.ca/en/our-watershed/Watershed-planning.aspx
https://trca.ca/conservation/sustainable-neighbourhoods/
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mentioned, as is the goal of “securing additional public urban greenlands”.  The Greenlands strategy is 
the focus of Chapter 7, and SWM is discussed in detail in the context of watershed studies and the need 
to identify ‘stormwater management practices that maintain or enhance the quality, quantity and 
distribution of stormwater’.  Source water protection around the Wellhead Protection Areas is discussed 
in Chapter 8 and the restrictions that this consideration places on SWM is explicitly stated. 

The guidance provided by the ROP is evident in the region’s Strategic Plan 2019-2023 (SP) and the city 
official plans.  Focus Area 3 in the SP discusses Environment and Climate Action and one of the Strategic 
Imperatives in the document is Climate Action.  Strategic Objectives include the need to improve 
resilience to climate change and severe weather (#3.2).  A key strategy within this objective is to 
implement the Community Climate Adaptation Plan, which has several specific objectives related to 
SWM implementation including low impact development (LID) and expanding the system of natural 
features and green infrastructure for SWM.  The city plans make it clear that they are familiar with the 
CVC (2010) LID guide and are striving to improve watershed management in general and SWM in 
particular to address acute flooding concerns and climate resiliency objectives. 

The SWM plans were reviewed to assess the degree to which their specific proposed actions reflect the 
regional objectives.  In general, the details provided at the lower level plans line up with the broader 
objectives.  In Kitchener and Waterloo in particular, significant emphasis is placed on detailing SWM 
strategies that maximize potential for integrated SWM while protecting valuable water source areas 
around the wellheads.  The SWM plans in these municipalities have been updated since 2016 and are 
comprehensive in scope, with clear prioritization of objectives and specific actions that will be taken.  
The City of Cambridge plan is similarly comprehensive, but the emphasis on LID and integrated SWM is 
not reflected in the SWM plan, which was prepared in 2011. 

 

2.3. Summary of Existing Challenges  
Existing challenges for SWM in Waterloo Region include: 

1. Urbanization and car-centric urban growth are worldwide phenomena that affect large areas of 
the land surface.  Currently 6% of the Grand River watershed is urban space (GRCA, 2020), and 
this number will increase based on population growth forecasts.  Urbanization is concentrated in 
subwatersheds such as Schneider and Laurel Creek, which have acute flooding, water quality, and 
ecological condition problems. 

2. Harmful impacts of urban spaces on ecological condition manifest at relatively low levels of 
development (5-10% of watershed area – Walsh et al. 2012), which indicates that a broader 
degradation of the Grand River watershed may be expected.    

3. Space for SWM is limited in established urban areas and flow pathways for extreme floods are 
intersected by the road network, buildings and other infrastructure.   

4. Development prior to the 1980’s occurred with minimal consideration for precipitation events 
that exceed stormwater sewer capacity.  In the City of Waterloo, for example, less than 50% of 
the urban area has SWM facilities to control runoff to the stream network. 

5. Historic development occurred in areas with elevated flood risk.  Much of downtown Galt, for 
example, is located where flooding is expected in moderate to extreme events.   

6. Implementation of SWM on private land is largely voluntary and so a system of incentives are 
needed.  According to the experience in Toronto with Sustainable Neighbourhood Retrofit Action 
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Plans (SNAP - TRCA 2014) a significant barrier to getting landowners to think about LID 
approaches for their own property is homeowner’s attention. 

7. Provincial rules around the preparation of subwatershed plans and environmental assessments 
are changing as part of the COVID-19 Economic Recovery Act (Bill 197). Though the details of this 
regulatory change are beyond the scope of current review, the bill does make it easier for 
development to happen in a manner that may not respect current regional objectives. 

 

2.4. Potential COVID-19 Impacts and Challenges  
Research literature was reviewed to identify potential linkages between SWM and pandemics in general, 
with COVID-19 the immediate concern.  Keyword searches with combinations of (“stormwater”) and 
(“covid” OR “pandemic”) were carried out in Scopus (refereed literature only) and Google Scholar 
(academic and some grey literature such as institute reports and graduate student theses).  The Scopus 
search found no published refereed literature.  The Google Scholar search was much more fruitful, with 
more than 2500 entries.  Limited to 2020 results there were 436 entries.   Many of the references to 
COVID-19, however, were in relation to the constraints of the study rather than the subject and were 
ignored. The remaining research was grouped into theme areas for the purposes of this review and 
discussed with appropriate references below. 

A. Direct Transmission Risk:  In this research the typical concern was that, if the virus is present in 
fecal matter, then it can be transmitted through the waste and stormwater systems (Kitajima et 
al., 2020; Street et al. 2020; Yang et al., 2020).  This research was focussed on areas of the world 
with large urban populations and inadequate separation of waste and stormwater systems.   

B. Improvements in public health during pandemic:  This research focussed on the role of 
greenspace for community benefits, including mitigating the transmission of COVID-19.  A good 
example is the review paper of Hessek and Bhandari (2020), who discuss the benefits of 
aggressive urban forestry programs and other ideas such as weekend highway closures to 
promote use of open space and improve the physical and mental health of the residents while 
also addressing air quality, urban heat island, and SWM goals.  Several other studies follow a 
similar motivation (e.g. Boulton et al. 2020), and some are particularly focussed on the question of 
equity given the unequal distribution of green space that may be correlated with the prevalence 
of COVID-19 (Federowicz et al., 2020; Zhang et al., 2020; Joyce, 2020). 

C. Stormwater Quality:  This research was motivated by the need to understand the risk that 
cleaning compounds are present in larger quantities during the COVID-19 pandemic and that such 
contamination would be spread through to the receiving waters (Hora et al, 2020).  Flushable 
wipes are a concern because they can reduce the capacity of the sanitary sewer system, leading to 
uncontrolled discharges of wastewater to the urban environment and receiving waters (Blakely, 
2020).  Some preliminary results, however, found that such concerns were more than offset by 
the reduction in industrial pollution as a result of lockdowns, particularly in countries where 
regulatory enforcement is weak (Arif et al., 2020). 

D. Climate resilient spaces = resilient communities:  This research considers the long-term crisis of 
climate change.  The basic argument is that the green space system and the use of stormwater are 
critical for achieving objectives related to climate mitigation and maintaining biodiversity.  The 
COVID-19 pandemic is therefore a ‘black swan’ moment (Leone et al., 2020), because it provides 
an opportunity to improve the urban environment while addressing the pandemic.  Plummer et 
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al. (2020) have an interesting discussion on this topic in The Conversation.  Other references 
include Goldsmith and Stitt (2020), Lepczyk et al. (2017) and Newton and Rogers (2020).  A recent 
survey in the Globe and Mail showed a strong split in the attitudes, with many Canadians saying 
that this was the absolute worst time to tackle climate change and an equal number saying that 
this was absolutely the best time (Nanos, 2020).  The negative opinions, however, were largely 
regional and located in areas where the oil and gas sector is economically important.  In the 
Waterloo Region, this survey would indicate that many would be strongly supportive of climate 
action. 

 

2.5. Opportunities to Advance the Region’s Long-Term Vision  
There is a significant opportunity to advance the region’s long-term vision with respect to climate action, 
while also addressing the resilience of the SWM system to this and other pandemics.   Below are a few 
factors that support the idea that this is a good time to invest in SWM in Waterloo Region:  

Confluence of interests in green space system: SWM actions as conceptually simple as planting trees 
are likely to be beneficial for air quality, equity across different economic classes, climate change, SWM 
and public health in the time of COVID-19.  Other more ambitious actions will similarly support short 
term (pandemic response) and long term (climate action) goals. 

Support from residents: People are using parks and green spaces more frequently during the pandemic, 
which supports the idea that they appreciate their value and would be supportive of plans to enhance 
these spaces. The ‘stay-at-home’ nature of this pandemic also means that people are interested in 
improving their private space (see for example the lack of pressure-treated wood available at local 
hardware stores - CBC News, Lamberink, 2020). Programs such as the Community Climate Adaptation 
Plan discussed in the Strategic Plan 2019-2023 are therefore more likely to be successful at the current 
time. 

Shovel-ready projects: Recent updates to the SWM plans in Kitchener and Waterloo mean that 
prioritized lists of actions that would advance the long-term strategic goals are available.  These include 
projects such as the Woonerf project for Larch Street in Waterloo and exfiltration systems for road 
reconstruction projects. 

Reduced construction cost: The ability to close streets during the pandemic due to reduced traffic will 
make it faster, cheaper, and easier to install these systems that require wholesale reconfiguration of the 
streetscape. 

 

3. DRINKING WATER INFRASTRUCTURE 
 

3.1. Regional Official Plan Infrastructure Context for Drinking Water Systems 
Drinking water infrastructure has been addressed in Chapters 4, 5, and 8 of the Regional Official Plan 
(ROP). The main water-related objectives of each chapter are outlined in Table 4. Overall, the ROP has a 
great emphasis on source water protection which is important for future pandemic planning. In addition 
to the ROP, the following masterplans were reviewed for purposes of this section: 
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1. Water Efficiency Master Plan (2015-2025) 
2. Water Resource Protection Master Plan 
3. Water Supply and Distribution Operations Master Plan 
4. Water Supply Master Plan 

Literature available on different aspects of the COVID-19 pandemic with relevance to the drinking water 
sector was reviewed. The references used for preparation of this paper are in general either peer-
reviewed literature or government documents, with exceptions noted. A number of the available 
references have not been peer-reviewed but were published by reputable scientific journals or 
organizations. Non-refereed literature are labeled NR in the reference list provided at the end of this 
paper. 

Table 4 Key water-related objectives of ROP chapters 
Chapter ROP objectives relevant to this study 

Chapter 4 (Supporting 
Waterloo Region’s Business 
Community) 

Promote research and innovation in areas such as adaptation to 
climate change, water supply, efficient water use and re-use, air 
quality improvement, energy conservation, waste reduction and 
management, and ecological restoration. 

Chapter 5 (Addressing 
Waterloo Region’s 
Infrastructure Needs) 

Optimizes the use of existing infrastructure, accommodates 
forecast growth, and promotes sustainability and a healthy 
population. 

Chapter 8 (Source Water 
Protection) 

Prevent unnecessary environmental, economic, social and health 
costs associated with the loss and/or clean-up of drinking-water 
resources due to contamination or overuse.  

 

3.2. Potential COVID-19 Impacts and Challenges  
Four main areas of concern were identified for the drinking water sector which are discussed in what 
follows. 

3.2.1. Potential challenges for supply of safe drinking water  
Several organizations (e.g. World Health Organization (WHO), Water Environment Federation (WEF), 
and KWR (Watercycle Research Institute in the Netherlands) have examined the potential risk of COVID-
19 transmission through drinking water. Although no direct research has been conducted on the virus 
that causes the COVID-19 disease (SARS-CoV-2) in regards to the effectiveness of drinking water 
treatment practices for its inactivation and removal, based on known facts and available evidence about 
SARS-CoV-2 characteristics and drinking water treatment disinfection capacities, it has been concluded 
that (1) the risk of contamination of water supplies is low and (2) conventional water treatment 
practices should be effective in removal and inactivation of SARS-CoV-2 ( Maal-Bared et al., 2020; 
Medema and Heijnen, 2020; WHO and UNICEF, 2020). 

Quantitative microbial risk assessment (QMRA) is a tool for informed decision-making surrounding the 
health risks from pathogens in drinking water. Conducting a QMRA requires information such as 
pathogen concentrations in raw and treated water which could be based on evidence or assumptions 
and expert judgment depending on the risk assessment approach needed (Health Canada, 2019a). In 
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what follows, some aspects of SARS-CoV-2 and drinking water treatment practices concerning the 
different steps of conducting a QMRA are discussed. 

3.2.1.1. Concentrations and infectivity in source water 
When it comes to waterborne viral diseases, only enteric viruses, viruses that can multiply in the 
gastrointestinal tract, are of concern as non-enteric viruses are not readily transmitted to water sources 
from infected individuals (Health Canada, 2019b). Human fecal matter is the main source of human 
enteric viruses in water (Health Canada, 2019b). It is not yet known with certainty whether SARS-CoV-2 
is an enteric virus that can be transmitted via the fecal–oral route. Two main knowledge gaps exist: (1) 
evidence of infectious virus shedding; (2) persistence of the excreted virus in the environment including 
the sewage system (Ding and Liang, 2020).  

Evidence of infectious virus shedding: SARS-CoV-2 genetic material (i.e. RNA) has been detected in stool 
specimens from COVID-19 patients (Cheung et al., 2020). However, detection of viral RNA in the stool 
does not necessarily mean infectious viruses are present. Only limited research has been conducted on 
detection of infectious viruses in stool specimens from COVID-19 patients, partly due to the difficult 
process of isolating and culturing infectious viruses. In a recently published Research Letter, Xiao et al. 
(2020), reported isolating SARS-CoV-2 virus from feces of a patient in China with coronavirus disease 
who died. Further research on the potential for fecal–oral or fecal–respiratory transmission is needed. In 
the interim guidance published by WHO at the end of July 2020 (WHO and UNICEF, 2020), three studies 
are listed that have reported the detection of infectious SARS-CoV-2 virus in feces. However, according 
to WHO guidance, the risk of transmission of SARS-CoV-2 by the fecal-oral pathway appears to be low.  

Persistence of the excreted virus in the environment: For any pathogen to pose a challenge for the 
wastewater and drinking water sectors, it needs to have high persistence in the environment. SARS-CoV-
2 persistence in aquatic environments has not been experimentally tested. SARS-CoV-2 genetic material 
has been detected in raw wastewater and research groups in several countries are working on the 
development of environmental surveillance systems with the goal of providing early warning of COVID-
19 infection resurgence in the community (Ahmed et al., 2020; Lodder and de Roda Husman, 2020; 
Medema et al., 2020), however, they did not attempt to isolate infectious viruses from raw wastewater. 

Pecson et al. (2020) concluded based on the reported data on concentrations of the genetic material of 
SARS-CoV-2 detected in raw wastewater that its concentrations are either consistent with or less than 
those of enteric viruses which drinking water virus inactivation/removal targets are based on (sources of 
the data considered by Pecson et al. (2020) in deriving this conclusion were not provided in their paper). 
Hence, it would be reasonable to conclude that the concentrations of the genetic material of SARS-CoV-
2 that might end up in source waters is probably either consistent with or less than those of enteric 
viruses. Based on current knowledge, SARS-CoV-2 has not been found in an infectious form in raw 
sewage. However, based on the discussion provided here, even if it was present in its infectious form in 
raw sewage, from a concentration perspective, it would not be expected to pose a challenge for drinking 
water treatment plants. However, its susceptibility to treatment is important which is discussed in the 
next section. 

3.2.1.2. Effectiveness of treatment barriers in removing or inactivating the pathogen 
To date, the effectiveness of conventional drinking water treatments for the removal and/or inactivation 
of SARS-CoV-2 has not been tested.  However, based on known information about this virus and other 
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pathogens as discussed in what follows, conventional drinking water treatment processes are thought to 
be effective in the removal and inactivation of SARS-CoV-2, should it be present in the raw water. 

Enveloped vs. non-enveloped viruses: SARS-CoV-2 is an enveloped virus (i.e. a lipid membrane 
surrounds it). Enveloped viruses are more susceptible to treatment than non-enveloped ones, since lysis 
of the viral envelope is sufficient for inactivating the virus (La Rosa et al., 2020). Water treatment 
processes are designed for removal and inactivation of enteric viruses which are non-enveloped. Health 
Canada recommends a minimum 4-log (99.99%) removal and/or inactivation of enteric viruses for all 
water sources (Health Canada, 2019). The Ontario regulations requirements are at a minimum 4-log 
(99.99%) removal/inactivation for surface water and ground water under the direct influence of surface 
water (GUDI) and at a minimum 2-log (99%) removal/inactivation for ground water before the water is 
delivered to the first consumer (Ontario, 2016). 

SARS-CoV-2 vs. SARS-CoV-1: SARS-CoV-2 is a member of the Coronaviridae family of viruses. Another 
highly pathogenic strain of this family is SARS-CoV-1 which emerged in China in 2003 (Naddeo and Liu, 
2020). Although only limited research is available on the SARS-CoV-2 virus, research conducted on the 
treatability of SARS-CoV-1 can be used to help assess the susceptibility of SARS-CoV-2 to drinking water 
treatment processes. Wang et al. (2005) tested SARS-CoV-1 inactivation in wastewater with sodium 
hypochlorite and chlorine dioxide and reported SARS-CoV-1 to be more susceptible to disinfectants than 
E. coli. However, in general, E. coli is more susceptible to drinking water disinfectants compared to 
viruses (Health Canada, 2020). 

SARS-CoV-2 vs. Drinking Water Target Pathogens: Drinking water treatment processes are designed to 
achieve the required removal/inactivation of pathogens that are known to be resistant to treatment. As 
summarized in Table 5, when the source of drinking water is surface water or GUDI, Cryptosporidium 
oocysts and Giardia cysts are the pathogens of concern which are generally much more resistant to 
treatment (i.e. chlorine and ozone disinfection) compared to viruses and require a higher dose of 
disinfection and/or removal through physical treatment processes (e.g. filtration). In contrast, the 
required UV doses for virus inactivation is higher than those needed for Cryptosporidium and Giardia 
inactivation, however, since most viruses are susceptible to chlorine disinfection, UV disinfection for 
virus inactivation may not be necessary (USEPA, 2006).  

Reference viruses targeted by treatment regulations represent worst-case scenarios and include 
poliovirus, hepatitis A and rotaviruses (Health Canada, 2019b). In conducting QMRA, it is assumed that if 
the reference virus is controlled, this would ensure control of all other similar viruses of concern (Health 
Canada, 2019b).  It is not known whether SARS-CoV-2 is significantly more infective in drinking water 
than the reference viruses. However, based on today's knowledge, it is unlikely that SARS-CoV-2 will be 
more infective in drinking water than rotavirus (Pecson et al., 2020). In Table 6, SARS-CoV-2 
characteristics that make it more susceptible to treatment compared to pathogens with demonstrated 
resistance to treatment (i.e. Cryptosporidium oocysts and adenovirus) are listed (Pecson et al., 2020).
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Table 5 Comparison of different pathogen removal/inactivation requirements and disinfection treatment conditions 

 

 

 

  

 

 

 

 

 

 

 

 

 

Note: The reference used is (Ontario, 2016) unless another reference is provided as a footnote 
(1)  log removal or inactivation value= log10 [Influent pathogen concentration/effluent pathogen concentration] 
(2) Ground water under direct influence of surface water 
(3) CT: Chemical disinfectant residual concentration (mg ⁄ L) × Disinfectant contact time (minutes) 
(4) (USEPA, 2006) 
(5) (Health Canada, 2019b) 
(6) Represent the worst-case for UV inactivation, however, drinking water is not a main source of exposure to this virus in Canada (Health 
Canada, 2019b)

Pathogen Cryptosporidium oocysts Giardia cysts Viruses 
 

Ontario minimum log 
removal/inactivation1 
requirements 

Surface Water and GUDI2:  
2-log (99%) 

Surface Water and GUDI: 
 3-log (99.9%) 

Surface Water and GUDI: 
 4-log (99.99%) 
Ground Water: 2-log (99%) 

CT3/ dose values of 
disinfection  
processes for 
achieving Ontario 
minimum log 
inactivation 
requirements 

Chlorine At reasonable doses and 
contact times, is considered 
to be ineffective. 

At pH: 7 
Chlorine residual range: 
1-2.6 mg/L 

Target virus: Hepatitis A 
At pH: 6-9 

At 20°C:  
56-66 mg.min/L 

At 20°C: 
4-log3  mg.min/L 
2-log1  mg.min/L 

At 5°C:  
149-175 mg.min/L 

At 5°:  
4-log8  mg.min/L 
2-log 4  mg.min/L 

UV-light  5.84  mJ/cm2  114  mJ/cm2 Rotavirus SA-11, HRV-Wa5: 
4-log 36-61 mJ/cm2  
2-log 14.8-26  mJ/cm2 
Adenovirus-type 2, 5, 40, 415,6: 
4-log 51-261 mJ/cm2 

2-log 26-137  mJ/cm2 

Surface Water and GUDI: The use of UV light may only be acceptable as a 
primary disinfection process in combination with chemically assisted 
filtration (or an equivalent treatment process); Ground Water: At least 40 
mJ/cm2 
Ozone At 20°C: 7.8  mg-min/L At 20°C: 0.72  mg-min/L At 20°C: 0.5  mg-min/L 

At 5°C: 32  mg-min/L At 5°C: 1.9  mg-min/L At 5°C: 1.2  mg-min/L 
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Table 6 Pathogens with demonstrated resistance to treatment compared to SARS-CoV-2 
characteristic making it susceptible to different treatments  

(2) (Pecson et al., 2020) 

3.2.2. Changes in water consumption patterns 
Residential and non-residential water consumption were likely impacted by COVID-19 stay-at-home 
orders and the new (at least temporary) normal of working from home for many occupations. 
Additionally, increased handwashing and surface cleaning would be expected to create an increase in 
water demand related to that activity.  However, in a survey conducted by AWWA, which included 55 
utilities across the U.S., 29% of the participating utilities reported no change in the overall daily water 
demand from typical levels since the COVID-19 crisis started, 25% reported a higher demand and 46% 
reported lower demand (AWWA, AMWA, 2020). 

3.2.3. Prolonged stagnation of water in the service lines and premise plumbing due to 
pandemic shutdowns 

Due to the COVID-19 pandemic, many commercial and institutional buildings were closed for extended 
periods. This was a cause of concern for the drinking water sector as water that has been stagnated in 
service lines and premise plumbing could contain chemical (i.e. lead and copper) and microbiological 
(i.e. Legionella and other opportunistic pathogens) contaminants that pose serious health risks. 
Fortunately, this issue gained a lot of attention prior to the re-opening phase of the pandemic (e.g. 
AWWA, 2020a; The Water Research Foundation, 2020). Several guidance documents (e.g. Bartrand et 
al., 2018; Ontario, 2020) for systematic flushing of the service lines and premise plumbing to restore 
water quality in the buildings was made available to building owners who are responsible for building 
water quality.  

Proctor et al. (2020) conducted a review of the literature relevant to water stagnation and 
decontamination practices for plumbing with the organizations developing the re-opening guidelines as 
their target audience. They recommended taking advantage of the COVID-19 pandemic experience to 
proactively reduce building water system health risks and encouraged the development of preventative 
action plans such as site-specific routine flushing guidelines. 

3.2.4. Operational and maintenance challenges 
In a survey conducted by AWWA in March 2020, participating utilities identified the following as their 
main concerns: 1) absenteeism and operation continuity, 2) field operations impacts, and 3) 
interruptions of treatment chemical supply chains. Resources (e.g. AWWA, 2017; AWWA, 2018) are 

 
Treatment 

Pathogens with 
demonstrated resistance 
to treatment 

SARS-CoV-2 characteristic 
making it susceptible to 
treatment2 

Chlorination Disinfection Cryptosporidium oocysts lipid envelope 

UV Disinfection adenovirus large RNA genome 

Physical Removal Processes  large diameter (~ 100 nm) and 
the tendency for 
enveloped viruses to partition to 
solids 
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available on the AWWA website (link: https://www.awwa.org/Resources-Tools/Resource-
Topics/Coronavirus) for developing detailed emergency preparedness plans, which many utilities had 
available prior to the COVID-19 pandemic. 

To ensure continuity of operations for Ontario’s water systems, provisions were made through O. Reg 
75/20, which provided flexibility to redeploy and employ qualified operators as needed to address staff 
shortages, reschedule operator hours and use operators whose certificates and licenses may have 
recently expired (Ontario, 2020b). 

 

3.3. Implications for the Region of Waterloo  
 

3.3.1. Robustness of Drinking Water Treatment at the Region of Waterloo 
Sources of drinking water in the Region of Waterloo are surface water (Grand River), ground water and 
GUDI. Source water protection policies are outlined in Chapter 8 of the ROP. Water from the Grand 
River is treated at the Mannheim water treatment plant where a multi-barrier treatment process is in 
place including disinfection/inactivation. Treatment processes that contribute to the overall level of 
disinfection/inactivation are ozonation, UV irradiation, followed by chlorination via a gas chlorination 
system. Continuous analyzers monitor the levels of ozone, chlorine, turbidity and UV prior to the water 
being chloraminated and discharged into the drinking water distribution system. The analyzers are 
connected to the SCADA (Supervisory Control and Data Acquisition: a computer system for gathering 
and analyzing real time data) system which is monitored by an operator 24 hours a day (Region of 
Waterloo-Water Services, 2019). For the groundwater and GUDI sources, mostly sodium hypochlorite is 
used for disinfection, however, for some of the wells, UV is used for primary disinfection. 

Based on the information provided in section 2.1 and also as stated in the WHO guidance document 
(WHO and UNICEF, 2020), conventional, centralized water treatment methods that utilize filtration and 
disinfection should significantly reduce the concentration of SARS-CoV-2 in the unlikely event of source 
water contamination. 

In addition to the municipal supplies, for which the Region of Waterloo is responsible, private wells and 
small drinking water systems also exist in the Region. The owners are responsible for their operation. 
The information in this paper could be relevant for these systems as well. 

3.3.2. Pandemic Impacts on Water Efficiency and Water Distribution 
Based on the information provided in the Region of Waterloo Water Efficiency Master Plan (2015-2025), 
in 2011, 69% of water demand in the Region of Waterloo was attributed to the residential sector and 
water demand was 202 Litres per capita per day (Lcd). The Region’s 2025 target for residential sector 
water consumption is 160 Lcd, which is considerably lower than the reported demand in 2011. Since the 
COVID-19 pandemic impacts on hygiene practices are likely going to continue for at least some period of 
time, it is recommended that the Region of Waterloo assess its residential and non-residential water 
demand during the various stages of the COVID-19 pandemic and if significant changes in water demand 
are recorded, to revise its water efficiency plan as needed. 

It is recommended that the Region of Waterloo, takes into account the potential increase in high 
demand conditions in the distribution system due to the impacts of COVID-19 pandemic on water 
consumption and assess its implications. As an example of potential implications, water transfer 

https://www.awwa.org/Resources-Tools/Resource-Topics/Coronavirus
https://www.awwa.org/Resources-Tools/Resource-Topics/Coronavirus
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between the different pressure zones is likely during high demand conditions according to the Water 
Supply and Distribution Operations Master Plan prepared for the Region of Waterloo in 2015. It is 
recommended that the Region of Waterloo assesses the potential implications of increased water 
transfer between the different pressure zones. 

 

3.4. Planning for Potential Future Pandemics 
As discussed in the previous sections, the risk of the COVID-19 pandemic impacting the provision of safe 
drinking water is low. Based on current evidence, SARS-CoV-2 does not appear to be an enteric virus and 
hence is not considered a waterborne pathogen since it cannot readily be transmitted to water sources 
from infected individuals (i.e. the fecal-oral route does not seem to lead to COVID-19 transmission). 
Were it an enteric virus, a thorough assessment of its susceptibility to treatment and disinfection would 
be essential for determining whether these systems would provide adequate protection against such a 
new enteric virus. Safe drinking water at the tap is an essential part of the fight against any infectious 
disease as it enables the crucial act of handwashing. Hence, planning to face grimmer pandemic 
scenarios that would have the potential to put the provision of safe drinking water at risk is important. 
While drinking water treatment systems are designed to handle the most challenging microorganisms 
known, predicting treatment robustness in the face of novel pathogens is challenging. On the other 
hand, preventative planning for source water protection is feasible.  

Surface water sources with upstream wastewater impacts such as the Mannheim Water 
Treatment Plant intake at the Grand River, are generally susceptible to pathogen contamination. In a 
study conducted in 2002-2003 in the Grand River watershed, pathogen concentrations in the Grand 
River were similar to other agricultural and urban impacted watersheds in Canada. Human enteric 
viruses were present in 26% of samples overall, though concentrations were low (maximum of 6 
infectious units per L) (Dorner et al., 2004; Van Dyke and Huck, 2016)). It is recommended that an 
emergency response plan with a potential pandemic in mind be developed. Such a plan could be used in 
the event of untreated or partially treated wastewater discharge into the Grand River due to 
wastewater treatment bypasses which could happen for a number of reasons, for example extreme 
weather events or equipment failure as outlined by the Grand River Municipal Water Managers Working 
Group (Best Practices: Municipal Wastewater Treatment Plant Bypass and Spill Prevention & Reporting 
in the Grand River Watershed, 2009). 

 

4. WATER AND WASTEWATER INFRASTRUCTURE ASSET MANAGEMENT 
 

4.1. Introduction 
Asset-related decisions for water and wastewater infrastructure must maximize the value (social, 
environmental, financial) of assets while minimizing the associated risks and costs. Water and 
wastewater are key services for any community, with infrastructure that is built to last at least one 
generation. Given the new reality faced by the Region of Waterloo in light of the COVID-19 pandemic, 
supporting operations and avoiding failure while keeping up with planned capital investments are more 
important than ever. However, due to reduced financial capacity, sustaining the current maintenance 
procedures and the required capital investment rates might be challenging. Revisiting and adapting 
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asset management planning, its investment prioritization requirements, decision-making criteria and 
funding options, are paramount to keeping the safety and quality of water and wastewater services in 
the long run. In this context, the Region of Waterloo Regional Official Plan (ROP) presents high-level 
policies that guide planning and implementation strategies to address the Region’s infrastructure needs. 
Given the unprecedent circumstances brought by the COVID-19 pandemic, this section examines the 
main challenges faced by water utilities and how they might have shifted infrastructure needs in the 
Region.   

As infrastructure asset management is usually a long-term response discipline, literature on potential 
and current COVID-19 impacts and development opportunities is still very limited. Nevertheless, 
technical reports from reputable organizations, such as the American Water Works Association and the 
World Bank, and news articles from Canadian and international water organizations were analyzed. 
Additionally, the Region of Waterloo 2015 Asset Management Plan, which is the most recent version 
available, was reviewed. The focus of this section is a discussion on the short, medium and long-term 
water infrastructure challenges resulting from the pandemic, and potential opportunities for mitigating 
their impacts. 

 

4.2. Region of Waterloo Infrastructure Context for Water and Wastewater Utilities 
The safety and quality of services provided by water utilities depend on sound water and wastewater 
infrastructure. The Region of Waterloo is responsible for the operation, maintenance, renewal and 
replacement of infrastructure encompassing more than 150 water treatment systems, including one 
conventional water treatment plant, as well as 13 wastewater treatment plants, one biosolids facility, 11 
water and 6 wastewater pumping stations, close to 400 km of watermains, 50 km of sewers and 16 
water storage facilities. The estimated replacement value for the water service assets is close to CAD 2.0 
billion (in 2015 dollars), representing 37% of the Region’s assets portfolio. Additionally, the water 
service assets forecasted growth is 3.5% per year, for the 2016-2025 period (Region of Waterloo, 2016).  

Infrastructure Asset Management is defined in the Region’s 2015 Asset Management Plan as “an 
integrated set of processes and best practices that minimizes the lifecycle costs of owning, operating, 
and maintaining assets, at an acceptable level of risk, while continuously delivering established levels of 
service” (Region of Waterloo, 2016). It is important to highlight that the implementation of these asset 
management processes and best practices takes time and usually produces long-term impacts. 

Provincial regulations and requirements such as the ON Reg. 588/17, under the Infrastructure for Jobs 
and Prosperity Act, and the Federal Gas Tax Fund, managed by the Association of Municipalities Ontario, 
were extremely important to advance asset management in Ontario. Due to a combination of regulatory 
push and self-directed initiatives, the Region has now relatively advanced asset management practices, 
including not only structural solutions but also non-structural measures, e.g. managing asset demand 
through educational initiatives, and the coordination of work among departments and local 
municipalities to lower intervention costs. 

The structural solutions contemplate the current state of water and wastewater assets. According to the 
Region’s 2015 Asset Management Plan, approximately 51% of all water service assets are classified as 
being in very good or good condition, 38% in fair condition, and 11% in poor or very poor condition. As 
the assets in poor or very poor condition are either “run to fail” or already included in the Region’s 10-
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year capital program, attention should be focused on the assets that are in fair condition. These assets 
are already showing signs of deterioration, performing at a lower level than originally intended and with 
increasing maintenance costs (Region of Waterloo, 2016). 

Aging infrastructure must be addressed before lower-cost renewal interventions become discouraged 
and asset replacement is the only option as a consequence of advanced condition deterioration. As 
stated by the Region, there has been some deferral of capital works which, despite not having impacted 
current levels of service yet, might raise maintenance costs and further accelerate asset deterioration 
(Region of Waterloo, 2016).  

It is well justified that the “renewal and replacement of aging water and wastewater infrastructure” has 
been ranked the most pressing issue facing the water industry for seven years in a row, in the AWWA’s 
2019 State of the Water Industry Report. Coupled with this issue, the second most voted concern is the 
“financing for capital improvements” (AWWA, 2019). In the Region, asset renewal projects must be 
financed through user fees and reserves, and not through borrowing, as set out in the Corporate 
Financing Principles Report and approved by Regional Council (Region of Waterloo, 2016).  

Financial constraints add extra pressure on asset managers, requiring sound asset condition information 
and a consistent decision-making and investment prioritization process. Faced with decreasing revenue 
and very limited cash-flow due to COVID-19 impacts, municipalities need help to overcome these 
challenges and maintain the levels of service communities expect from water and wastewater assets. 

 

4.3. Potential COVID-19 Challenges for Water Utilities 
Although the COVID-19 pandemic seems to be subsiding in the Region of Waterloo and in Canada in 
general (as of August 2020), it continues to expand in the US and in other countries around the world, 
posing a constant risk to Canada. Consequently, this pandemic is still developing, and communities’ 
realities can change rapidly. As water and wastewater are essential services and washing hands and 
social distancing are the two most effective ways to control the spread of the virus, water utilities have 
an enormous responsibility to both their communities and workforce. As most organizations, they also 
had to quickly adapt to the challenges brought by the COVID-19 pandemic, being them short-term 
challenges (1 or 2 months), medium-term challenges (2 to 12 months) or potential long-term challenges 
(over 12 months), as discussed in the following sections.  

4.3.1. Short-term challenges (1 to 2 months) 
The first challenge faced by water utilities was the need to adapt the working conditions of both field 
and office employees. To support working from home for employees who had this option, laptops, 
auxiliary equipment, meeting software and other systems had to be provided, generating expenses 
utilities had not planned on incurring. Simultaneously, managers had to support field employees, who 
are responsible for plant operations, pipeline management and reading water meters. Personal 
protective equipment (PPE) had to be made available, in addition to social distancing measures, as 
alternative shifts and disinfection of workspaces were implemented.  

AWWA promoted four rounds of a survey on the impacts of COVID-19 on Canadian and US water 
utilities, from March to July 2020. The mid-April 2020 survey reported that for 83% of the participant 
Canadian water utilities (N=40), the “need to separate or distance workforce” was the most pressing 
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issue to sustain business operations (AWWA, 2020b). Therefore, it is natural to assume that systems 
with a lower degree of automation would have suffered a greater impact on its operations. 

In addition to the workforce challenges, the June 2020 AWWA survey identified that only 11% of the 
almost 400 Canadian and US participant utilities had a standalone pandemic plan in place, while 28% 
indicated having a pandemic plan as part of a broader plan (AWWA, 2020b). Contingency Plans or 
Business Continuity Plans should be developed for scenarios identified in the risk analysis that present 
high consequences but low probability to occur, and where risk mitigation is not an option. These plans 
are crucial to support organizations with timely and efficient event response. 

4.3.2. Medium-term challenges (2 to 12 months) 
The deferral of planned capital construction works and maintenance activities were identified in both 
the April 2020 and June 2020 AWWA COVID-19 surveys. In April, 28% of utilities were delaying planned 
construction, while 42% were reducing maintenance and repair schedules. There was a drop in these 
numbers in the June survey to 22% and 23% respectively (AWWA, 2020b), possibly indicating that these 
initial deferrals were connected to social distancing measures. The City of Fredericton, NB, has 
postponed CAD 1 million in water and wastewater renewal projects that were planned for the spring 
and summer 2020 timeframe, and has identified additional CAD 4 million in projects that could still be 
postponed (CCE, 2020).  

However, one of the gravest issues this pandemic is imposing on municipalities is the negative impact on 
cash flow. Water utilities operations and capital investments are basically financed by user fees. With 
the raise in both unemployment and residential water consumption, utilities have implemented financial 
relief measures to reduce the burden on citizens. The AWWA June 2020 survey reported that utilities 
have suspended late payment fees (62%) and customer water shut-offs (85%), and have been allowing 
payments deferrals (30%) (AWWA, 2020b). Revenues were further slashed by the lower water 
consumption of commercial, industrial and institutional customers (AWWA, AMWA, 2020). The World 
Bank estimates an average reduction in industrial water demand of 27%, and reductions in revenue 
collections of 15% around the world (IFC & World Bank Group, 2020). 

Additional financial impacts on municipalities’ cash flow have been reported, such as the deferral or 
suspension of planned water and sewer rate increases, and in some cases, even the decrease of these 
fees. The Austin City Council in Texas, USA, for example, has reduced water and sewer user fees by 10%. 
Moreover, some municipalities with low financial reserves had to redirect revenue from water and 
wastewater to General Funds, to address other budget shortfalls caused by the pandemic (AWWA, 
AMWA, 2020).  

Similarly, water utilities have incurred additional personnel costs related to new operational policies. 
Due to schedule shifts and new operating hours, essential water utility employees are being paid 
overtime (32%), receiving hazard pay (14%), on-call pay (9%) and needed more training because of 
COVID-19 (34%) (AWWA, AMWA, 2020). Personnel expenses is one of the most significant costs for 
water and wastewater operations, along with energy and chemicals.  

In an effort to help water utilities to gauge the overall financial impact of the COVID-19 crisis on their 
cash flow, prominent organizations such as the US Environmental Protection Agency (EPA) have 
developed financial assessment tools (EPA, 2020). AWWA, in “The Financial Impact of the COVID-19 
Crisis on U.S. Drinking Water Utilities” report, has estimated a combined financial impact on water and 
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wastewater utilities of $27 billion, representing an approximate 17% impact on the sector’s revenues 
(AWWA, AMWA, 2020), which is in line with the 15% estimated by the World Bank. The report 
considered the cost of payment policies, employees expenses, consumption demand, among other 
items. Still, it is hard to estimate the total financial impact of this pandemic on Canadian water utilities, 
and no specific documentation regarding this topic was found. Regardless, the situation is daring and 
governments must proceed carefully by reviewing not only their 2021 budgets and potential emergency 
relief funding opportunities, but also their long-term financial planning.  

4.3.3. Long-term challenges (over 12 months) 
As the pandemic is still developing, these long-term challenges reflect the potential impacts on water 
and wastewater infrastructure asset management. Revenue uncertainty for water utilities and 
governments may strongly interfere with planned capital investments. Unless there is additional 
government funding available to support infrastructure investments, utilities will have difficulty 
financing capital improvements. As they have been hit hard by lower commercial, industrial and 
institutional demand, payment deferral for residential customers, and cancelation of rate increases, 
postponing needed capital work and maintenance in benefit of operation activities is to be expected. 
With less money available, the few projects still considered for implementation will compete for 
resources. Establishing a clear set of decision-making criteria and processes to prioritize project 
execution is essential to maximize the value of money. Furthermore, communicating these criteria to 
stakeholders is vital to promote transparency and buy-in. Finally, the continued deferral of 
infrastructure capital investments may negatively affect the quality and increase the costs of water 
services being provided by utilities. Sustaining customers’ expected levels of service (LoS) entails keeping 
up with assets’ maintenance, renewal and replacement strategies. When this is no longer possible, 
evaluating the impacts on LoS and communicating these changes to stakeholders is vital. 

 

4.4. Opportunities for the Region of Waterloo 
Every crisis or difficulty brings along the opportunity to improve processes and strengthen practices. The 
COVID-19 pandemic shed light on issues that deserve attention and might not have been a priority for 
governments and water utilities in the past years. Knowing that the Region already has a tradition of high-
quality services and asset management practices, four relevant topics were selected for consideration. 

4.4.1. Contingency Plans Re-evaluation 
This pandemic exposed the general fragility of Contingency Plans or Business Continuity Plans, as most 
utilities were not prepared for a pandemic scenario of this magnitude (PSD, 2020), neither for the 
possibility of overlapping scenarios, such as whether events happening during a pandemic (PWC, 2020). 
With effect, Emergency Preparedness was only the 9th most pressing issue facing the water industry 
according to the AWWA’s 2019 State of the Water Industry Survey, while Climate Risk and Resilience 
was in the 30th position – last in the list of concerns (AWWA, 2019).  

Water utilities now have the opportunity of re-examining their risk analysis scenarios and expanding 
Contingency Plans with a fresh perspective on the diversity of scenarios and on the ramifications a given 
scenario could impose (Water Canada, 2020). Climate change impacts are already a reality, since 
extreme whether events like floods, draughts and extensive fires have intensified in the last decades. It 
is vital that these events and their interaction with other emergency scenarios be considered when re-
evaluating Contingency Plans. 
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4.4.2. Operation Automation and Data Management  
The ability to remotely operate systems, control parameters and use better data to inform decisions can 
help improve systems cost-effectiveness and robustness. This crisis has proven that plants and networks 
with embedded automation had more flexibility to deal with social distancing and shifts arrangement 
and, therefore, could perform better (IFC & World Bank Group, 2020). 

Solutions such as advanced metering, real-time controls (e.g. aeration control in aerobic treatment 
plants) and data management (e.g. performance data of watermains) could potentially save money and 
help utilities to make better decisions on maintenance, renewal and replacement of infrastructure. It is 
recommended that the Region pays special attention to issues that could positively impact other 
domains, for instance, energy savings resulting from leakage control (IWA, 2020).  

4.4.3. Alternative Funding Options 
Water utilities should review their budgets and 10-year capital plans, to account for the COVID-19 crisis 
impacts. Any required adjustments to investment plans should also be reflected on the next asset 
management plan update. There is a high degree of probability that infrastructure stimulus – the so 
called "shovel-ready" projects – will be provided by the Federal and Provincial governments, given 
utilities’ revenues have been hit hard by relief measures (PSD, 2020). Nevertheless, there is uncertainty 
about project requirements, e.g. project size, whether design and data collection are included, and on 
how big the slice available to the water sector will be.  

Water and wastewater capital investments have traditionally been financed by grants and user fees. In 
most utilities, this combination is not sufficient to fund all necessary projects to keep infrastructure in a 
good state. Consequently, it might be worthwhile to explore alternative funding opportunities, in 
particular Public Private Partnership (P3) projects. P3 models have been used by Infrastructure Ontario 
to implement key roads, schools, hospitals and transit infrastructure projects (Government of Ontario, 
2020). Careful benchmarking and modelling are recommended steps when evaluating this or other 
alternative funding options.  

4.4.4. Review decision-making criteria for asset investment prioritization 
Even in ordinary circumstances, asset managers are rarely able to implement all the shortlisted capital 
projects for a given year, and need to select the ones that will bring more value to customers. With limited 
revenues and funding options, there will be an increased competition for financial resources; hence, a 
well-stablished decision-making process and evaluation criteria for project prioritization needs to be in 
place. Project prioritization must be connected to levels of service and performance targets, in addition 
to the organization’s strategic goals. It should also consider future affordability of user fees. For example, 
projects that would increase infrastructure resilience or system automation would have preference over 
the ones that do not, if these are in line with the organization’s strategic objectives and would improve 
system’s performance and reduce costs. It is impossible to foresee what the next crisis will bring, so 
utilities should insert flexibility in how assets are managed, be consistent about project prioritization and 
actively plan for infrastructure resilience. 
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