
  
 

   
 

 
   

  
  
  
  
   
  
  
  
   
  

 
    

 
 

  

5 Tactical and Operational Practice
 

In order to realize strategic asset management objectives, it is necessary to apply appropriate tactical 
and operational practices. These require employing detailed knowledge of the following: 

• What do we own and what is it worth? 
• Treatment Strategies 
• Current Performance and Projected Impact on Budgeted Capital Expenditures 
• Target Performance and Required Expenditures 
• Lifecycle Management Activities 
• Levels of service 
• Demand Management Plan 
• Allocation of Infrastructure Funding 
• Risk 

The following sections explain the details of the above items that are applicable to every asset class. 
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5.1 Tactical and Operational Details 
5.1.1 What do we own and what is it worth? 
Before determining the worth of an asset, it is important to note that the question applies to the entire 
asset class rather than a component of it. 

For example, a sanitary section pipe, depending on the community’s geographical location, may be 
worth $500-$700 per metre.  However, a section by itself, not connected to other sections (i.e. the 
network), is not serving a purpose to the community, and therefore cannot be considered an asset. 
Once connected to other pipes it becomes part of an asset class typically referred to as the “sanitary 
collection network.”  Its replacement worth is typically determined by multiplying its length by the unit 
cost. As per municipalities’ purchasing bylaws that ensure procurement decisions are fair, open, 
transparent and non-discriminatory, the current year’s unit cost is based on pricing received from 
contractors in a competitive bidding environment.  Subsequently, the asset class’ worth can fluctuate 
from year to year, depending on various market forces. While replacement value is dependent on 
market forces, its treatment cost of individual sections ranges from $500-$700 per metre treated (i.e. 
pipe replacement).  The median rate of annual treatment for sanitary networks as a portion of their 
entire length is 0.48% across Canada; this demonstrates the theoretical significance of the asset’s 
worth compared to its treatment cost. 

Please refer to corresponding sections in Appendix B: Core Assets and Appendix C: Non-Core 
Assets for quantity and replacement value information of each asset class. 
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5.1.2 Allocation of Infrastructure Funding 
As noted earlier, the capital budget contains the most significant portion of funding allocated for both 
tax base and rate funded infrastructure systems, with the balance provided through the operating 
budget. The 2020-2022 Approved Capital Budget and 2023-2029 Capital Forecast allocates funding 
for numerous capital projects, based on the following categorizations: 

•	 Replacing Assets. Replacing Assets indicates that existing assets are being “replaced.” 
However, at the SME level, the actual treatment may include maintenance, rehabilitation, or 
replacement/reconstruction.  For example, a roof replacement is actually a rehabilitative 
treatment when considering the entire facility, since the facility as a whole is not replaced. 

•	 Combination of New/Replacement of Assets. This category indicates a mix of treating existing 
assets and adding new assets.  An example would be the reconstruction of a two lane road 
into a four lane road; the additional two lanes are new. 

•	 New Assets. New Assets indicates construction or procurement of infrastructure assets in 
locations where there were previously none. 

•	 Decommissioning Assets. Decommissioning Assets is a relatively rare category, as municipal 
assets are necessary for a community’s socioeconomic wellness, especially in growing 
communities. 

The above categories have been assigned to every capital project, which allows the opportunity to 
illustrate how the funding is allocated for each asset class. Figure 9 provides an example of how the 
information is shown for each asset class. 
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Figure 9: Sample of the 2020-2029 Capital Funding Distribution for an Asset Class 

A broader explanation of the range of terminology and context used to refer to treatments of 
infrastructure has been provided in section 5.1.3. 

Please refer to the corresponding sections in Appendix B: Core Assets and Appendix C: Non-Core 
Assets for the infrastructure allocation funding per asset class. 

5.1.3 Rehabilitation or Replacement Strategies 
In terms of infrastructure improvement activities, there a number of terms that appear to be used 
interchangeably in the industry. These include, but are not limited to: 

• Maintenance 
• Betterment 
• Renewal 
• Treatment 
• Rehabilitation 
• Reconstruction 
• Replacement 
• Lifecycle management activity 
• Extension of service or economic life 
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The three dominant activities used by SMEs for improvement are maintenance, rehabilitation, and 
reconstruction. With respect to mechanical assets, such as fleet and equipment, “rehabilitation” is 
typically replaced by “repair” and “reconstruction” is typically replaced by “replacement.” 

Municipalities have been executing infrastructure maintenance, rehabilitation, and reconstruction 
strategies for decades. Corresponding decisions are usually based on the availability of potential 
treatments for each of the categories, whether in-house or contracted out.  For example, the optimal 
treatment according to an engineering and/or academic point of view may be crack sealing of a 
certain road section, due to its current performance. However, if in reality market suppliers cannot 
provide this service as a sustainable business practice (i.e. at a reasonable cost), then it cannot 
objectively be considered the optimal treatment. In that case, a public works manager may choose a 
selective resurfacing treatment as the most cost-effective treatment, although it is theoretically more 
expensive than crack sealing 

AMPs are “a snap shot in time” and cannot reliably prescribe specific treatments (within one of the 
main treatment categories mentioned above) for assets at explicit costs in the future.  Such 
projections are not scientifically feasible and do not take into account other factors such as political 
influences or nearby development. As a result, AMPs are constrained to describing the local treatment 
options available and projecting their average cost and split between the three categories. However, 
it is the SME’s responsibility to professionally manage the assets and decide on the most appropriate 
treatment with the highest cost/benefit ratio at the time the specific project moves forward. In the 
above example, both crack sealing and selective resurfacing are typically considered maintenance 
treatments in road construction terminology.  For this reason, it is scientifically feasible to forecast 
future expenditure at the level of the aggregate treatment categories of maintenance, rehabilitation, 
and reconstruction, but not at the level of single specific treatments available within each of the 
categories. These are project specific decisions for which there is typically sufficient information only 
one to three years out (at most) from the planned year of project execution. 

In the municipal context, civil engineered assets (e.g. roads, water collection pipes, trails) are 
constructed as unique projects, while mechanical assets generally require informed purchase of 
manufactured assets (e.g. fleet, heating, ventilation and air conditioning (HVAC) units). For example, 
identical vehicles from a single manufacturer can serve many municipalities across the globe. 
However, roads, trails, parks, facilities etc., have to be designed for the unique circumstances of each 
community and the unique project location within that community. This results in a number of 
possibilities for the project’s dimensions, materials to be used, designer skill set requirements, 
constructor skill set requirements, duration, impact on surrounding environment, etc. The unique 
aspects of each project are considered by municipal SMEs in determining the optimal specific 
treatment for the specific asset(s).  However, this can only be done close to the time the general 
maintenance, rehabilitation, or reconstruction treatment was forecasted in the AMP. 

Please refer to the corresponding sections in Appendix B: Core Assets and Appendix C: Non-Core 
Assets for the treatment strategy options for each asset class. 

47 | P a  g e 
  



  
 

   
  

 
    

   
     

  
 

     
   

  
      

 
    

  
 

 
 

  
   

     
   
  

 
    

   
  

  
 

   
   

   
   

 
   

    
 

    
  

      
       

    
  

  
 

5.1.4 Lifecycle Management Activities 
As described in section 5.1.3, the three main categories of lifecycle management activities are 
maintenance, rehabilitation, and reconstruction. Formal asset management practices were introduced 
to management of public infrastructure in the late 2000s, thereby providing sufficient time for trial and 
error of its application, and subsequent study of required improvements. According to the latest 
research from the University of Waterloo, the following elements are required in order to apply asset 
management practice properly to lifecycle management activities for public infrastructure: 

•	 Understanding that lifecycle management activity thinking for mechanical engineered assets 
cannot be applied to civil engineered assets. 

•	 Understanding that typical Tangible Capital Asset Valuation or Amortization cannot be used 
for planning lifecycle management activities for civil engineered assets. 

Mechanical engineered assets include fleet, HVAC, pumps, and mechanized equipment. They 
represent a minority of a typical municipal asset portfolio’s value; the majority of all other assets are 
typically civil assets. 

Unlike civil assets, mechanical engineered assets are tested under typical working conditions before 
being introduced to market and available for purchase. Manufacturers are able to develop a relatively 
reliable schedule of treatments (i.e. preventive and reactive maintenance, repair, and replacement) for 
mechanical assets. In addition, manufacturers are able to develop treatments of varying magnitude, 
such that a specific desired Level of Service can be achieved. For example, when a snowplow is in 
need of treatment, SMEs will apply maintenance, repair, or replacement of its parts or as a whole in 
response to the assessed wear and tear to ensure the desired Level of Service is provided. In this 
case, the desired Level of Service is the length of time that the snowplow remains in service after 
treatment.  Forecasting future asset performance and corresponding expenditure according to 
prescribed or scheduled lifecycle management activities is relatively reliable, with exceptions, for 
mechanical engineered assets. 

Over the past decade, the majority of literature attempting to help municipalities implement asset 
management assumed that the same approach of scheduled lifecycle management activities can be 
applied to civil assets.  Unfortunately, this is not the case, as these assets are planned, designed, and 
constructed for very specific and unique circumstances applicable to each community and project. 
Whereas mechanical lifecycle management activity thinking is primarily concerned with the number of 
kilometers on a vehicle, or the number of operating hours on equipment, regardless of which 
community the asset is being used in, civil lifecycle management activity thinking is concerned with 
the unique circumstances of the community and location the particular asset is serving. Therefore, 
asset management for civil engineered assets cannot be practiced through a prescribed, scheduled 
set of lifecycle management activities. The approach needs to be constant asset management 
analysis of the pressures/stresses/consumption the community is exerting on its infrastructure (please 
refer to sections 5.1.1 and 5.1.5.2 for details of such analysis). The prescribed, scheduled lifecycle 
management activities for mechanical assets simply do not account for the vast majority of unique 
factors impacting lifecycle management activities for civil assets. These include an equal mix of 
Standard Established Performance Measures (SEPMs) and Corporate Decision Factors. Table 10 
and Table 11 list and provide examples of each, respectively. 
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Table 10: Standard (non-age based) SEPMs2 

Table 11: Corporate Decision Factors - Not Accounted for by SEPMs3 

2 Posavljak M, Tighe SL, Larson N and Rapp C, “A different kind of partnership: an infrastructure performance stock
 
exchange”, Infrastructure Asset Management, https://doi.org/10.1680/jinam.18.0039, page 4
 
3 Posavljak M, Tighe SL, Larson N and Rapp C, “A different kind of partnership: an infrastructure performance stock
 
exchange”, Infrastructure Asset Management, https://doi.org/10.1680/jinam.18.0039, page 4
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Due to the uniqueness of each community; the Budget (5.1.5.1) and Target Performance (5.1.5.2) 
projections account for all of the factors in the above tables. Then, in any scenario, lifecycle 
management activities are tailored to the City’s civil engineered assets. Specifically, timing and type of 
treatment can be applied to individual assets lifecycles, which collectively contribute to the overall 
condition/performance of the asset class in serving the community.  Section 5.1.3 identifies why 
forecasting more specific categories of treatment, other than maintenance, rehabilitation, or 
replacement for lifecycle management activities is inadequate. Similarly, section 5.1.1 recognizes the 
reasons why individual infrastructure components (e.g. a pipe section) cannot technically be 
considered assets unless they are connected to the larger asset class and providing value to the 
community. 

Please refer to the corresponding sections in Appendix B: Core Assets and Appendix C: Non-Core 
Assets for lifecycle management activities available per asset class. 

5.1.5 Levels of Service 
The term “Levels of Service” migrated to public infrastructure management from sectors incurring 
expenditures related to person-to-person services, rather than consumer goods.  The majority of 
expenditure related to public infrastructure management is concentrated on providing the end user 
(i.e. public) with a physical product (i.e. infrastructure).  As such, the Levels of Service provided by 
public infrastructure is directly proportional to the performance of that infrastructure. 

The Budget Scenario and Target Scenario performance graphs in sections 5.1.5.1and 5.1.5.2 quantify 
and illustrate the Levels of Service provided by an asset class to the public.  As explained in section 
5.1.5.1, individual assets (e.g. pavement sections, pipe section, etc.) cannot serve the public unless 
they are connected to other individual assets, where they together make up an asset class which 
serves the public. From an SME, engineering, and academic point of view, this is the primary and 
objective Level of Service quantification for public infrastructure.  As such, according to the latest 
asset management research at the University of Waterloo, it is the only perspective within asset 
management practice that answers the question “What Level of Service (i.e. infrastructure 
performance) is the public receiving for the expended funds?” 

Please refer to the corresponding sections in Appendix B: Core Assets and Appendix C: Non-Core 
Assets for Levels of Service (i.e. performance) provided by each asset class. 
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5.1.5.1 Current Performance and Projected Impact of Budgeted Capital Expenditures 
The degree to which an asset is able to fulfill its intended purpose is the performance level at which it 
performs. When discussing asset performance, it is important to note that the term “asset class” or 
“asset group” is typically used interchangeably with “asset.”  At the most granular level of an asset 
class inventory are the individual assets making up that class. Individual assets cannot fulfill their 
intended purpose unless they are connected to other individual assets in the physical environment. 
For example, a road section which is not connected to the rest of the road network (i.e. the Roads 
asset class) has no value to the community and is therefore not an asset. Similarly, a pipe which is 
not connected to the rest of the sanitary collection network (i.e. the Sanitary asset class) has no value 
to the community and is therefore not an asset, and so on.  It is therefore only when the individual 
assets are arranged together to create a network that they realize their full potential of being an asset 
to the community. This realization manifests itself in the form of an asset class, and then typically the 
“class” part is dropped for communication convenience. 

Subsequently, when looking at asset performance, it is important to always forecast at the asset class 
level, as it is at this level that the community is served.  Even when an administration is not projected 
to spend funds on individual assets for decades, by being a part of their respective asset classes, 
their performance is still serving the community. 

The same logic applies to naturally “disconnected” individual assets. For example, a city of 100,000+ 
residents cannot be served adequately with one park or one recreational facility; a group of facilities 
making up an asset class is necessary. 
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The following are the general steps in determining current asset (class) performance: 

A1.	 Analyze past (previous years) and current (current year and planned work) asset 
performance and spending information 

A2.	 Fill in information gaps with professional knowledge/assumptions 
A3.	 Analyze past and current inspection information (note: in its absence, information from A1. 

is a proxy for this information) 
A4.	 Derive modelling parameters: current performance, deterioration rate, treatment trigger 

value, replacement value, and average cost 
A5.	 Forecast current performance by deteriorating asset performance from its last year of 

treatment to current year 
A6.	 Apply performance value ranges for very poor, poor, fair, good, and excellent performance 

categories 
A7.	 Create asset class graph of current performance distribution (e.g. 5% very poor, 15% poor, 

20% fair, 30% good, 30 % excellent) weighted according to replacement cost of each 
individual item with the asset class 

Note: Steps A1 to A5 are performed on individual assets at the most granular level of asset 
inventory, Step A7 is the aggregation of individual assets’ performances to create the 
overall performance of the asset class. 

To show the projected impact of the budgeted capital expenditures: 

B1. Resulting information from steps A1-A8 is loaded into the Waterloo DSS 
B2. Capital project sheet information is cross-referenced to specific assets at the most granular 

level of the asset inventory within the Waterloo DSS 
B3. Annual funding limits are set as per the annual capital budget total expenditures 
B4. The Waterloo DSS runs a “Budget Scenario” by forecasting asset class annual performance 

distribution for the next 25 years, resulting in a graph similar to Figure 10. 
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Figure 10: Sample Budget Scenario – Asset Class Performance Graph 

It is important to be aware that future forecasts are scientifically reliable only at the aggregate level of 
expenditure.  Specifically, how much in a particular year is forecast to be spent in total will then drive 
the corresponding annual performance of the asset class (i.e. the distribution of assets in very poor, 
poor, fair, good, and excellent performance categories). SME’s adjustments to actual treatment costs 
and selections regarding the individual assets to be treated within the one to three year outlook are 
always necessary, for reasons discussed in previous sections.  However, these adjustments will not 
upset the aggregate forecast. 

5.1.5.2 Target Performance and Required Expenditures 
In order to understand the complete context of the Target Performance discussion, the reader should 
review the previous section (Current and Budget Performance). 

Once a Budget Scenario has been run in the Waterloo DSS, it is reviewed by the SMEs and fine 
tuning is performed as necessary.  Should the Budget Scenario’s 25-year forecast show significant 
portions of the asset class exhibiting poor and very poor performance, a Target Scenario is then run in 
the Waterloo DSS by increasing the available funding. It is recommended that a Target Scenario 
distribution still illustrate poor and very poor categories. In the Target Scenario, unlimited funding is 
assumed to be available and is redistributed accordingly across the 25-year span to mimic typical 
cash flow patterns, rather than significant fluctuations. Figure 10 and Figure 11 show examples of 
Budget and Target Scenarios for comparative purposes. 
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Figure 11: Sample Target Scenario – Asset Class Performance Graph 
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5.1.5.3 Ontario Regulation 588/17 
The Province of Ontario recognized the importance of asset management planning when Ontario 
Regulation 588/17: Asset Management Planning for Municipal Infrastructure (O. Reg. 588/17) was 
enacted on January 1, 2018. O. Reg. 588/17 outlines guidelines and expectations for the application 
of asset management principles for municipalities. In O. Reg. 588/17, the Province introduced specific 
metrics of interest (from a provincial point of view) that are to be reported for core assets. 
Municipalities are responsible for introducing and reporting on metrics for non-core assets. Appendix 
B: Core Assets and Appendix C: Non-Core Assets contain the metrics required under O. Reg. 
588/17 and where applicable, metrics established by the City. 

5.1.6 Demand Management Plan 
An important function of the City’s Asset Management Section is to help the organization at all levels 
visualize the projected performance of the City’s infrastructure, from various angles of interest for an 
asset class. Increasing demand on infrastructure is a theme that affects all asset classes. Examples 
of demand drivers are included in Table 12 below 

Table 12: Sample Demand Drivers 

Demand Driver Present Position Projection Impact on Demand 
Services Management Plan 

Climate Change 

Autonomous 
Vehicles 

Infill 
Infrastructure 

Requirements 

The 2019 Corporate 
Climate Adaptation 
Plan identifies actions 
to help the city adapt 
our assets, 
operations and 
services to address 
the impacts of climate 
change. 
Autonomous vehicles 
are in the infancy 
stage and the City is 
considering potential 
impacts. 

Infill construction in 
the City’s core is 
occurring along with 
design changes (e.g. 
complete streets) to 
accommodate 
changing 
demographics and 
needs. 

More freeze/thaw 
winter events are 
anticipated as are 
more extreme 
summer 
temperatures. 

Users of road 
infrastructure will 
require that the 
City anticipates 
and responds to 
the needs of 
autonomous 
vehicles. 

The City has 
limited greenfield 
sites left and 
significant infill 
construction will 
be needed to 
accommodate the 
anticipated 
population 
growth. 

Additional stress on 
road surface & 
underground 
infrastructure 
resulting in the 
potential for more 
repairs. 

Additional 
technological 
advancements may 
be required in 
traffic signals 
and/or streetlights 
to transmit GPS 
information. 
Potential need for 
additional roadway 
features. 

Increased demand 
for renewed and 
enhanced 
Transportation 
networks to 
accommodate 
more users. 

Monitor and adapt as 
per 
recommendations 
identified in the 
Climate Adaptation 
Plan. 

Monitor and adapt 
rehabilitation 
activities as 
necessary. 

Monitor and adapt as 
necessary. 
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The Waterloo DSS can be used to perform sensitivity analysis for climate change drivers. For 
example, a graph can be generated to show infrastructure performance, in terms of those portions of 
the network that would be flooded during 10-year, 50-year, and 100-year storm events. For infill 
infrastructure requirements, the Waterloo DSS can be used to project the level of treatments and 
corresponding performance that would be necessary to accommodate different rates of infill 
developments. 

In conclusion, demand management planning is another organizational process that can be supported 
by the Waterloo DSS. 
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5.1.7 Risk 
In general, risk (as an organizational phenomena) is any factor that could potentially mitigate the 
organization’s ability to attain its goals.  In the case of municipalities, the overarching goal is to 
provide safe and adequate public infrastructure for the community’s socioeconomic wellness. 

Asset management research conducted at the University of Waterloo has identified that the concept 
of the risk related to public infrastructure requires more analysis. The current approach is to transpose 
risk methodologies used for private industries over to public infrastructure. This is difficult, if not 
impossible to do as the private sector is based on a for-profit model, and municipalities are not. 
Typical assets (e.g. machinery) owned by private industries are designed to last for a specific purpose 
and for a certain length of time. When the asset fails or becomes obsolete in its purpose (e.g. more 
efficient technology becomes available), it is replaced. The majority of public infrastructure (e.g. civil 
engineered) is designed differently, to survive certain one-off events, for example a once in 50 or 75 
years natural disaster (e.g. storm, earthquake, flood, etc.). Public assets are not designed to fail, per 
se, rather their performance (level of service) declines over time to a level unacceptable to most 
stakeholders. 

The asset management industry is gradually realizing that private sector framing of risk cannot simply 
be transposed onto the public sector, and prioritization of projects cannot occur under the assumption 
that engineers design infrastructure to fail. It is our belief that the City of Waterloo is the first 
municipality in the world to minimize actual public infrastructure management risk by being able to 
quantify the performance of its entire infrastructure portfolio through the Waterloo DSS, on an ongoing 
basis. Consequences of failure include under or over spending on infrastructure, which ultimately 
leads to suboptimal socioeconomic wellness of the community.  Subsequently, according to asset 
management academics and professionals, the City is ahead of the curve in understanding and 
managing public infrastructure risk. 

In conclusion, the approach to risk concepts and application do not translate between established 
practice in the private sector and the public sector. This would require the changing of public sector 
logic all the way to and including linking risk to profit.  Since municipalities are governmental, non
profit organizations, underpinning our society and standard of living, it is the application of risk 
mitigation that requires adjustment to meet municipal purposes.  In collaboration with academic and 
private sector partners, the City has done and continues to do this successfully. 
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