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ABSTRACT

Data regarding water main breaks are essential for undertaking informed and
effective infrastructure asset management. This thesis reports on the findings o‘f a survey
regarding water main break data collection practices across North America and develops an
approach for constructing databases and integrating the data with break prediction models
to.improve the asset management practices of a utility.

The survey determines the amount and type of data collected by water utilities, the
level of comfort with the amount of data collected and the availability of alternate sources
of data. The responses provide insight into the strategies and data collection practices ef
small to mid-size utilities and show that the amount of data collected by utilities_can be
classified by the degree of data richness and defined as either an expanded, intermediate,
limited or minimal data set. Utilities can implement recommended practices to increase the
amount»of data they collect, increase effectiveness of data cellection and processing and
consider additional sources of data for water main breaks to improve their data sets.

The thesis also introduces an approach for constructing a water main break and
general network database that relates data from multiple sources fo augment the amount of
data available for asset management analysis while maintaining existing.data nvarehousing
practices. When used, managers may gain insight into current and future_performance of
the distribution network and develop future asset management strategies. The approach is
flexible, uses commonly available software tools and anticipates the evolution of data
collection, verification and storage. capabilities within the utility.

Finally, a framework is presented that guides small to medium water utilities in

identifying key data to be used in asset management and pipe break prediction modeling




and in selecting appropriate water main break prediction models. The framework may be
used to identify the magnitude of a utility's pipe burst problems today and in the future,
enhance the development of pip¢ replacement priorities baSed on forecasted breaks and
identify key data to collect in future data acquisition programs. Water utilities with varying
amounts of data can easily implement it with their existing data managemént and anaiysis

tools.
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CHAPTER 1

INTRODUCTION




1.1 BACKGROUND
Reliable, efficient and effective water distribution systems are crucial to public
. health and safety. These systems are also essential to the economic Well-being of many
" municipalities since 'manufacturing, industry and commerce rely to a large degree on
ébtaining reliable and economically-priced water delivered through a network of water pipe_
lines, more commonly referred to as water mains.

Many of these water mains installed over the decades in North America are now
beginning to break and fail. The traditional public works emphasis on managing water main
breaks has been directed toward minimizing the loss of water to key businesses and critical
facilities and the damage to built and natural infrastructure. However, breaks are also -
pofential gateways to contamination of the water distribution system (AWWA and EES,
2002) and are identified as a high priority in the assessment of water supply health risks by
the National Research Council of Academy Science_:s (2005). By replacing the pipés just
before they fail, uﬁlities reduce their risks and costs of wéter main breaks.

This thesis is ‘f‘ocused on helping small and medium size utilities by providing
information on water main break data collectioﬁ, construction, compilation, and

' management in suppor'f of asset mahagement. The research presented includes an approach
for these ﬁtilities to use water main break prediction models on a pipe by pii)e basis for
prioritizing the replacing of water mains. The work is presented as a series of three |
manuscripts that are published in peer-reviewed journals or are in the process of being peer-
reviewed. |

When I embarked on this research program my goal was to assist small and medium

size utilities with managing their pipe networks to address the risks and costs associated

with replacing water mains. Specifically, I wanted to assist them with identifying,




| collectiﬁg and constructing relevant pipe break data to analyze their pipe network,
prioritizing their water main replacements by using break predictions and guiding their data
acquisition and analysis programs. During my almost twénty yebars of experience as a
professional engineer in public utilities I observed that my colleagues in other utilities were
not using break prediction models in their practice. Within the organizations with thch I
was familiar, collection of water main break data V;/as undertaken on an ad-hoc basis ana
storage of such information was not typically comf)rehensive. Among those utilities, there

' were no common practices or sténdards for data collection and very few utilities, if any,
were awafe of the data collected by other utilities. Best practices for Canadian water
utilities regarding which data to collect were introduced in 2002 (NSGMI, 2002). As a
managér', I also wanted to compare the information I was céllecting with that of ;)ther /
utilities, to understand how. data were informing us and to share this knowledge with my
colleagues.

During this time, I also became aware of the general belief held by many utility
.managers that asset management is a panacea for solving our aging water system problems.
‘We needed to know when., where and how many pipes to replace; but we were focusing on
the entire network, not on specific pipes, to obtain funding for programs. I found that
among my colleagﬁes, once funding was obta'ined, decisions on prioritizing pipe
replacements were based on historical data, experiences and management policies rather
than on the expected performance of specific pipes vthough there are models for pfedicting
" water main breaks. In fact, many of my colleagues were not aware of these models and

none, if any, were using them. Thus, [ was convinced that we needed an approach that

applied pipe break models to inform our decisions regarding the prioritization and

scheduling of specific pipe replacements.




As aresult of my observati.ons,vmy thesis identiﬁes data that are collectéd and
available for analysis across utilities in North America, develops a methoaology for
creating and linking daté across various data sources and develops a framework for
assisting in the» prioritization of water main replacements and data acquisition based on
predictions of future water main breaks within a given water distribution systerri. The
framework may be applied across the range of data available in typical water utilities,
acknowledges existing industry needs and practices and will help managers identify and
use key available breék data.

- Our water mains are aging and fai.ling. The water mains of many municipalities
are predominantly of the 1960s to 1990s vintage because of extensive urban development
during those years, with some sfnaller amounts prior to that period. However, the
replacement needs of aging public works infrastructure has become the focus of
governmentaln and academic attention in recent years. Because few water utilities have
actively pursged aggressive water main rehabilitation or replacement programs, they are
now facing the problem of replacing or rehabilitating their aging systems (Deb ef al., 2002).
The United States Environmental Protection Agency (USEPA) identiﬁ‘es that while United
States (US) communities spent one tﬁllion US dollars in 2001 on drinking water treatment,
supply and waste water treatment and disposal, this expenditure level may not be sufficient
to keep pace with future infrastructure needs (USEPA, 2002). They also identify in a 2003
survey that the 53,000 community water systems and 21,400 not-for-profit non-community
water systéfﬁs in the US will need an estiméted $276.8 billion to continue to provide their
services (USEPA, 2005). Similarly, the Ontario Ministry of Public Infrgstructure Renewal

(PIR) identifies that over the next 15 years, $25 billion will be needed for capital renewal of

Ontario's $72 billion water and waste water assets (Ontario PIR, 2005). The Federation of




Canadian Municipalities (FCM) state that key investments must be made in core public
infrastructure to managé waste and water systems, to rﬁeet pressing environmental and air
quality needs and to maintain the economic health of Canada's communities (FCM, 200{).
Given the current level of expenditures and the increasing age of systéms, utilities need to
predict breaks and use this information to prioritize and plan when pipes should be

réplaced.

The ability to respond to the challenge of knowing when to replace a pipe varies among
water utilities. Small to medium size utilities may find it p.)articularliy challenging due to
their limited resources and technical capacity and there are many of these uti]ities across
North America. In the US, small water systems make up 90 percent of those 53,000
community water systerris (American Society of Civil Engineers; ASCE, 1999). No
analogous data exist for Canada, although the Canadian Nationél Reseafch .Counbil-»
(CNRO) identiﬁes that there are 3500 municipalities serving fewer than 5000 people and
‘that there are oply 63 municipalities serving populations greater than 100,000 (Vanier and

Rahman, 2004).

Most small to medium size water utilities and fnunicipalities share similar
chalracteri'stics‘. They purchase bulk Watér from a regional or larger supplier and require
some treatment. The treatment processes are simple processes such as ozonation, ultra-
violet (UV) dr chlorine disinfection. Small utility systems are typically coﬁpﬁsed of small
diameter pfpes and as noted by Kettler and Goulter (1985), smaller pipes break have been
obsérved to break more frequently than larger ones. This may be because their beam

strength and wall thickness are generally less than those of larger pipes.




Smaller utilities have scarce resources and technical expertise is typically not
available because staff are génerally expected to undertake a number of different functions
and do not have the luxury of developing in-house expertise. Compoundiﬁg this is the fact
that within these systems, there is little or no reliable documentation of the location,
capacity, condition and adequacy of pipe network elements for meeting present or future
needs (Myers, 2001). These utilities may also lack the resources, financially and
organizationally, to implement a complex information managerhent system program, nor
the historical data or tools to fully analyze their system. They require capital to rehai)ilitate,
upgrade and install infrastructure, but face an economic challenge in paying for these costs
given a small revenue base. For example, although the costs éf a small water syétem may
be modest compared with those of large systems, the per household costs are significantly
higher than those of larger systems (USEPA, 2001). The data shown in Figure l..l are the
per household costs .for different sized water systems for meeting anticipated needs. These
data show that households in small systems face costs that are over three and one half times

those of households serviced by large systems.

Utilities are viewing asset management as an approach for addressing this dilemma
of planning pipe replacements by uhderstanding how much rehabilitation will cost, what to
do first and Wheﬂ to rehabilitate their systems. Asset managementAis a business
administration approach to decision-making that covers an extended time horizon, draws
from economics as well as engineering science and considers a broad range of assets. The |

approach incorporates the economic assessment of alternative investment options and uses

this information to help make cost-effective investment decisions (United States Federal

Highway Administration, USFHWA, 1999). The benefits of applying an asset management




approach include the ability to link user expectations and needs and to identify the means of
assessing value, syétem condition, performance, service life and management and
investrr;ent strategies. However, for sﬁaller utilities to adopt asset management, they need
portable, reédily useable approaches thathrequire little modification, are likely to be met
with little organizatioﬁal resistance and serve to incrementally improve water main
replaéerneﬁt analysis and planning. The need for planning is urgent and the need to improve

the planning approaches will only increase with time.

1

1.2  THESIS OBJECTIVES AND ORGANIZATION/
This thesis: |
e assesses the state of data available to sfnall and medium size water uﬁlities,
e develops an approach for constructing and compiling water main break data for
anallysis and |
. | develops a framework that guides the identification of key data‘for asset
management and the selection of the most appropriate data and models for

predicting water main breaks.

Organization of thesis. The thesis is presented as a series of three manuscripts that
are published in peer-reviewed j oufnals or are in.the process of béing published or peer-
reviewed. Each of the three manuscript chapiers (Chapters 2 to 4) contains a preface,
introduction, overview of the literature, body, conclusion and references. Tables and figures
referenced in each chapter are included at the end of that chapter and all appendices are

provided at the end of the thesis. Finally, Chapter 5 summarizes the major conclusions of

this work:




There are many benefits of a manuscﬁpt-based thesis over the traditional thesis and
the primary benefit is that research findings are published and shared with the research
community much earlier than in the production of a traditional thesis. However, there are
also signi.ﬁcant disadvaﬁtéges. Literature reviews are often repeated, some continuity is lost
and much of the data, results, anci observations that would be in a traditional thesis are
conaensed or eliminated. This results in an abbreviated thesis and a perception by the
reader of a lesser effort than was the case in the research. This thesis attempts to address
these limitations by including a section in this chapter on the approach, methodology and.
context of the research. Each chapter preface provides the context for the work presented in
that chapter (paper) with respect to the overall research and thesis and the preceding
chapter. Data not provided in the papers are also inéluded in the appendices.

Chapter 2 provi&es the results of a survey that investigates the state of data
collection praétices, the commonly available water main break data and the data sources
within North American water utilities. The paper was published in the July 2006 issue of
the Journal of the AWWA. A comparison of the survey questions and those of Deb ez al.
(2002) is presented in Appendix A.

Chapter 3 presents an approach for building and relating data from various sources
for analysis, based on observations drawn from the survey responses reported in Chapter 2.
This work demonstrates how to construct water main data and databases which are based
on linking, relating, extracting and compiling data from sources internal and external to a
utility for the purpose of analysis, or in other words relating ;;elational databases. Issues
related to creating, linking, transfofming, cleansing, scrubbing and integrating data are
identified and appfoach‘es for addressing them are presented. A number of databases weré

created in this portion of the research. These are summarized in Appendix G. This paper
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was submitted to the Journal of the AWWA in February 2006, revised in October 2006 and
is scheduled for publication in January 2007.
Chapter 4 devélops a framework that guides utilities in identifying key data to be
used in asset management in general and specifically in pipe break prediction modéling and
in selecting the most appropriate model for predicting water main breaks. It provides the
~ utility with a method for considering future pipe breaks in the analysis of pipe prioritization h
| strategies. It incorporates existing tools fof data managemeﬁt and analysis that are Widely
available and easy to implement by small to medium size utilities with varying amounts of
data. This paper was submitted to the ASCE Journal of Infrastructurg Systems ir; July,

2006. The fifth and final chapter summarizes the conclusions of and discussions ariéing

from the research. A discussion of future research is also presented.

1.3 ASSET MANAGEMENT

Six components of an asset management program have been suggested (Vanier,
2001). These are inventory, asset value, deferred maintenance, condition, service life
prediction, and prioritization of rehabilitation, replacemént and renewal.

Inventory. The first building block of asset management is to determine the type,
composition, quahtity and extent of the assets. The primary capital assets that typical water
utilities own include water supply reservoirs, dams and supporting hydraulic structures,
water treatment plants, water distribution systems including pipes, valves, fire hydrants,
distribution reservoirs, pump stations, pressure reducing valves and meters to measure
distributed and purchased water. Utilities are typically maintaining inventories using tools

such as Geographic Information Systems (GISs), Computer Aided Drafting (CAD) systems

and relational databases. These systems require significant effort and resources to




implement and maiptain but for small systems, a simple spreadsheet may be all that is
requifed. Wood and Lence (2006) found that archival records are still the predominant
sources of data for utilities that serve populations fewer than 50,000. In recent years, the
use of Computerized Maintenance Management Systems (CMMSs) has also grown in
popularity and these systems usually interface with or use GIS data. These systems are
expensive to impiement and require significant resources to fnaintain. Many utilities still do

not have CMMSs.

Asset value. To plan for replacement, water utility managers must know the totai
value of their assets. Managers must have a basic understanding of system worth and how
much is required to replace it. According to Vanier (2001), the six commc;nly used terms to
describe asset value are historical, appreciated historical, capital replacement, performance-
in-use, depriv;il cost and market value. Historical valpe is defined as the original or book.
value, appreciated historical value is the historical value calcglated in current dollars and
capital replacement value is the cost of the asset in current dollars. The performahce-in-use

value is the prescribed value of the actual asset to the user. Deprival cost is the cost that

- would be incurred if deprived of the asset but still required to deliver the service. Finally,

market value is the value if the asset is sold on the open market. Utilities may not use all of

these values.

Few municipalities have specific asset values. In most cases, utilities inherit their
new infrastructure from developers who install it as part of a housing subdivision and then
transfer the ownership and maintenance of the assets to the municipality. Only the book

value of the assets constructed directly by the municipality is typically recorded. For many
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utilities, the value of their assets are simply calculated by multiplying an average cost of

._construction per metre of pipe by the total length of the network.

Condition. Asset managemenf requires knowledge of the condition of the assets. In -
the past, a significant amount of data were captured for evaluating operational values and ‘
objectives and a simple spreadsheét was used to record these data. In recent years, CMMS
have been used to warehouse and process information and‘ the management of maintenance
activity planning. However, asset hanagers face the problem of determining how and what
to evaluate, of defining what constitutes condition and indices, of providing for data storage
and of determining how to use condition data. Not only are there are no standard condition
indices for water mains (Grigg, 2004), but the challenge for many water utilities is that
condition asseésments have to be on-going. They can be costly and only provide
information for that asset at a specific time. There is alsb aneed for a signiﬁcaht
improvement in the level of accuracy in pipeline condition assessment and accurate

prediction of pipeline failures (DeSilva et al., 2002).

Deferred maintenance. Deferred maintenance is maintenance that has not been
performed or has been deferred. For utilities, managing defeﬁed utility maintenance
requires identifying and managing the maintenance that is to be deferred and the
cémpounding effect of maintenance that has not been performed such as not cleaning or .
repairing water mains. The challengé for water utility asset management lies in managing '
and integrating the amount of deferred mainténance between the various components that
.make up a system with the subjective nature of how a maintenance backlog is éalculafed. '
For example, most pipe networks are segmented and of dif:fering age, condition, value and

consequence of failure. Determining quantitativeiy the maintenance backlog of that

11




network is very difficult without accounting for reservoirs, pump stations and other assets.
Thus there is very little information regarding deferred maintenance of water distribution

systems and few if any municipalities can determine their deferred maintenance.

Remaining service life. Managing water utility assets and planning replacement
requires estimates of technical and economic service life. Asset managers face funding
constraints and cofnpeting needs, thus optimizing the expenditures from technical and

“economic perspectives is important. While technical life may be difficult to predict,
determining economic se&ice life is much simpler since it compares the immediate costs of
repairs with \the costs of renewal. So ehe question that is often raised as part of the
understanding and analysis of pipe deterioration is when does a pipe reach the end of its
useful life? One definition of when a pipe reaches the end of its useful life is when the pipe
is replaced by a utility. This can be misleading since a utility’s decision to replace a pipe
méy be based on other factors such as political choice, perception of the reliability of the
pipe or the need to increase the hydraulic capacity of the pipe. Rajani and Makar (2000)
define the time of death of a pipe as the time at which its mechanical factor of safety falls
below an acceptable value set by the utility. Kleiner and Raj ani (’1 999) propose that the
useful life of a pipe is a function of the economic costs of deterioration rate and
replacement and suggest that pipe death coincides with the optimal time ef replacement.
Statistics Canada defines the eervice life of an asset as its useful life at the time of its
acquisition which generally ends at demolition (Statistics ’Cana_da, 2006). According to Deb
‘et al. (1998), there are no standardized methods for predicting the life of distribution

systems.
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Prioritizing. Finally, effective management of water utility assets requires the
prioritization of replacement needs. That is, managers must be able to determine what to
replace and when to réplace it. This issue 1s closely tied to resolving ﬁnanoizil and technical
challenges as to whether to maintain, repair or renew an asset or to choose an alternative
such as twinning a water main. Because utility managers are usually requi)red to plan annual
capital projects, this component of asset management is usually performed. In doing so,
they have to overcome obstacles to effective prioritization such as how to address
uncertainty when longer-term planning horizons are considered or how to balance the
various needs among an organization. Traditionally, utilities have prioritized pipe
replacements based on a combination of current manngement practices and historical pipe
breakage data. Management practices include directives based on general guidelines,
consequence assessments, legislative requirements and other utility priorities. |
Rudimentary analyses that interpret historical pipe break data, including location, time and
date of break and pipe diameter and material have _r)roVided information regarding where
and how many breaks are occurring and what pipes are experiencing breaks (Kleiner and

Rajani, 1999).

14  PREDICTING WATER MAIN BREAKS

A primary goal of prioritizing pipe replacements is to identify investment strategies
that, on one hand, avoid premature replacement of pipes (i.e., unnecessary pre-investment
of funds), and on the other hand, avoid water main breaks, interruptions in service,
potential contarnination of water and the costs of damage. If utilities can predict when and

where water mains may break, this information is also useful for assisting with optimizing
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crew efforts and minimizing the results of loss of water to kéy businesses and critical
facilities. Thus asset rhanagement decisions can be improved by an ability to determine the
future performance of water mains by pfedicting water main breaks and possibly
identifying how such breaks may occur.

‘Causes of 'breaks. A number of authors have analyzed the causes of breaks,
inéluding O’Day (1982), Male et al. (1990), Savic and Walters (1999), Rajani ahd Makar
(2000), Rajani and Kleiner (2001) and Dingus ez al. (2002). According to Rajani and
Tesfamariam (2005), a combination of circumstances leads to pipe failure in rﬁost cases and .
different factors cause failure in different pipe netwofks. The causes of bréaks include
deterioration as a result of use (e.g., internal corrosion), physical loads applied fo the pipe
(e.g., traffic, frost), limited Stmctural resistance of the pipe because of construction
practices during installation aﬁd declining resistance over time (e.g., corrosion, aging
factorsj. Dingus et al. (2002) surveyed the 46 largest American Water W_orks Association
Research Foundation (AWWARF) member utilities in 1997 and noted multiple common
féilure modes for cast iron piping systems. Corrosion, impropér installation and ground

movement were the three most common causes of pipe failure.

Break prediction mpdels. Break prgdiction models ha\}e been develoﬁed to help
the water industry understand hovx./ pipes deteriorate and when pipes will break in the
future. These modeis are typically grouped into two classes — statistical and physical-
mechanical models (Kleiner and Rajani, 2001). Statistical models use historical pipe break
data to identify break patterns and extrapolation of these patterns to predict future pipe

breaks, or degrees of deterioration. Physical-mechanical models predict failure by
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simulating the physical effects and loads on pipes and the capacity of the pipe to resist

failure over time.

Statistical models have been used to analyze 1arge distribution systems (e.g.,
Kleiner and Rajani, 1999) and are typicélly characterized as either statistical deterministic
or statisticgl probabilistic equations (Kleiner and Rajani, 2001). Under the statistical
deteﬁninisﬁc modelé, the pipe breakage is estimated based on a fit of pipe bréakage déta to
various time-dependent equations, which may represent the cumulative pipe breaks as a
~ function of time from date of installation or from the earliest date of available break da_lta,
and most commonly are timg—linear (Kettler and Goulter, 1985) or time-exponential
functions (Shamir and Howard, 1979; Walski, 1982 and Kleiﬁer and Rajani, 1999).

Deterministic models were developed as early as 1979.

Statistical pfobabilistic models predict not oniy the failure potential, but the
distribution of failure. These models are more complex thaﬂ deterministic models and
require more data. Examples of these include cohoft survival, such as KANEW (Deb et al.,
. ‘2002), Bayesian diagnostic, break clustering, semi-Markov Chain and data filtering
methods. Survival analysis has been demonstrated by Matlhot et al. (2000) as useful if
there are adequate histories of pipe failures. Statistical models can use available historical-
data on past failures to identify breakage patterns and are useful if the data are limited.
Statistical methods require some technical expertise in developing the models and
_ interpreting results, but not to the degree of expertise réquired of staff if 'physical-

mechanical models are used. Kleiner and Rajani (2001) suggest that statistical models ‘

based on fewer data may be used to gain insights for future performance.




Physical-mechanical models typically fall into one of two clas.ses: deterministic
models which estimate pipe failure based on simulation of the physical conditions affecting
the pipe (Doleac et al., 1980 and Rajani and Makar, 2000), and probabilistic models that
use a distribution of input conditions, such as rate of corrosion, to predict the likelihood and
distribution of pipevfailure (Ahammed and Melchers, 199‘4). Physical models have been
developed primarily for cast iron and cement pipes and have significant data needs. Kleiner
and Rajani (2001) suggest that only larger diameter mains with costly consequences of

failure may justify the required data collection efforts for these models.
’ r

Other developments in recent years include the use of Artificial Neural Networks
(ANNSs) by Sacluti (1999) and fuzzy-based techniques by Kleiner et al. (2004). The ANN
model predicts the number of water main breaks based on a seven day wéather forecast and
is applied only to homogeneous groups of water mains for short-term fnaintenance work.
The fuzzy—b.ased techniques are appliéd to large transmission water mains. In addition, an

agent-based system for predicting water main breaks is proposed by Davis (2000).

While much work has been undertaken toward developing deteriorat.ion models, the
use of these models is not cémmon among utilities. Utilities face obstacles such as a lack of
key data, limited institutional capacity within their organization to understand and use
models and the complexity in managing work that involves a number of groups. There is no
common model that may be applied to every water system. Because the litérature suggests
that breaks and caus‘es‘of bfeaks for any particular water distribution system are system-
specific (Rajani and Tesfamariam, 2005), a utility must create its system-specific model

based on factors of deterioration that are relevant for the utility.
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Small and medium size utilities typically have the capacity to use statistical
deterministic models,"but the imialementét’ion of more sophisticated models is not practical
due to the data collection effo;'ts and model maintenance required. As this research
demonstrates, statistical deterministic models show promise for use by these utilities
because they can be applied using commonly used software, they do not require si)ecializ_ed
tools or expertise to operate, and may by their degree of accuracy provide managers with

insights into their system on future pipe breaks.

Ultimately, prediction models need data and in particular, data that are relevant for
the models and are explanatory for accurate predictions. Data collection regarding water
main breaks is not a simple exercise nor is the practice consistent across utilities. For all
utilities data collection can have significant costs if performed at a comprehensive ieVel.
These costs include not only out of pocket costs but also organizational effort and human

resources. -

While a collection of best practices have been recommended by the National Guide
to Sustainable Municipal Infrastructure (NGSMI, 2002) and AWWAREF (Deb at al., 2002),
the current state of knowledge of data collected by small and medium size utilities is
limited. Recent water utility surveys include those initiated by the National Water and
Wastewater Benchmarking Initiative A(Earth Tech, 2004), the Arnerican Water Works
Association, (AWWA, 2004) and AWWARF (Deb at al., 2002). The National Water and
Wastewater Benchmarking Initi‘ative, a partnership of a number of Canadian utilities,
examines water main breaks as a .performance measure but does not examine water main
breal; data in detail. The AWWA database (AWWA, 2004), compiled as a joint effort

between AWWA and AWWAREF, focuses on generalized data for distribution systems,
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utility reveﬁue, treatment practices and finances and does not include data on water main
breaks except the number of breaks. The survey by Deb et al. (2002) reports on responses
from five utilities serving populations fewer than 100,000 and 32 with populations greater

than 100,000. Thus knowledge of what small and medium size utilities have is needed.
( _
Small and medium size utilities need help with making predictions of the remaining

service life of water mains and guidance for integrating dafa acquisition and anélysis
programs to improve the prioritization of their water main replacements. They lack
knowledge regarding how to develop databases that support their efforts in predicting
future Breaks and what to do with break predictions. In particular, research is needed to
determine the extent of data collected, how the data should be compiled and what can be

done to support the use of models within these utilities:

15  RESEARCH METHODS

Institutional factors affecting asset management. The research goals were
initially focused on designing and conducting experiments to determine key data available
in small and medium size utilities and to assist these data with using break prediction
models that are applied on a pipe by pipe basis. As the research progressed, it became
apparent that an understanding of ﬁtility organizational stmctﬁres, behaviors and practicés,
as well asa Willingﬁess on the part of organization was needed if this research is to
influence practice. This is because water utilities are complex organizations with many staff
that have various roles, responsibilities and accountabilities. In acidition, these

organizations face a significant amount of staff retirements and "institutional memory loss"
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in the coming years. Practices thaf are easily taught and documented will be important for
business continuity.

Furthermore, utilities also cannot rely solely on oral corporate knowledge and need
data that are shared among the organization as well as systems that facilitate data sharing.
Most utilities are typically comprised of operations, ﬁnancial, information technology and
" engineering departments. Operations departments are responsible for operation and
maintenance activities, financial departments manage the financial aspects of the utilify
business, information technology departments maintain and manage data systems, while
engineering departments are responéible for the expansion or construction of new network
assets. In many utilities, operating departments are responsible for determining which pipes
should be replaced. Comménly activities, roles and responsibilities evolve to fit a particular
person, their strengths and interests, though these may be inconsistent with the general
organizatignal structure. Data are usually coliected and managed on an ad-hoc basis
throughout the organization by those who are involved in a specific éctivity. or who have
specific interest in the data. N6 one single person typically codrdinates or manages all the
data (typically asset managemént initiatives stall in many organizations due to the inability
to dedicate or create a position for this role). Furthermore, within any utility, data may be
oral or documented and the format and storage of such data may differ throughout that
utility. |

In addition, budgets constrain activities in these organizations. Decisions and
changes in these organizations are usually based on dialogue among and acceptahée by
- those affected. While bractices require approval by senior managers, public policy
decisions are referred to municipal councils. The prioritization and scheduling of asset

replacement projects are usually performed by groups of individuals or in some cases by '
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one individual and submitted to their municipal council for approval. These factors required
developing research méthods that could be applied to a variety of organizational structure,
technical discipline, knowledge, skill, ability and size. | \

" The District of Maple Ridge. The District of Maple Ridge, the case study for the |
research is a typical water utility. Maple Ridge was incorporated -as a municipality in 1874
and experienced significant urban development over the past three decades. It was uséd to
test the practicalities of abplying the framework and approaéﬁqs developed hérein. Maple
Ridge was interested in learning and'improving its practices. But it was a challenge as a
researcher to know, not only fér Maple Ridge but for utilities in generél, yvhat data were
| availabie, to identify potential sources of datva, to determine how to access the data, to
develop approaches to creat‘e uéeful data from various sourceé, and to develop a framework
for associating, accessing, and managing the data across all functional lines reépecting
responsibility, management and territorial issues.

For example, in Maple Ridge, data are "owned" and managed by various
departments. Water main break data are collected, stored and managed by those operating
crews that respond to breaks. Other pipe related data such ‘a.s pipe material, diameter and
age are stored in the Engineering department. The operations départment manager who
oversees the superintendents and operating crews prepares and submits a list of repla_cement
projects to the individual tasked as the corporate capital progfam coordinator who then
schedules those projects along with all other capital projects (that are submitted by all other
‘departments). The scheduling respects the available annual funding and is based on the
submitted information and the coordinator's view o‘f the future needs of the organization.
The scheduled préjects are then reviewed by the senior managers and the Chief

Administrative Officer (more commonly known as "City Manager" in many municipalities)
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prior to submissioh to municipal council for approval. Thus theuse of Maple Ridge as a
case study required the research methods that could identify data in multiple sources,
validate historic projected and estimated data, determine the basis of collaborated decisions
and distinguish policy and practice. -

Research time frame and tools. The research in Maple Ridge began in early 2002
and was completed by mid-year 2006. If is l;ased on three components:‘ firstly, on
conducting a survey of North American water }utilitie’:s, secondly, on creating, linking and
mining data\and finally, on developing the framework for using prediction models. The |
data used in the experiments are actual water system data from the Diétrict of Maple Ridge.
Analytical software used in the research include Microsoft Access® and Excel®, (Mic?osoft
Ofﬁce 2000 versions), Adobe Acrobat Reader V6; KANEW by Weston Solutions (based on
Microsoft Access® Office 97 version), S-Plus v6 and v7 (Insightful Corporation) and
Arcview GIS 3.2A and Arcmap v9 by ESRL.

Survey of North American utilities. There were a number of challenges involved
in determining the data collection practiceé of North American water utilities. The best
practices indicated -by Deb et al. (2002) and NSGMI (2002) are fairly recent observations
and there are no published réports regarding industry awareness or use of the récommended
best practices. Because the best practices récommended'in these documents are not exactly
the same, it was necessary to reconcile the differences and develop the questions in the
survey questionnaire to reflect both sets of best practicés.

Another challenge in developing the survey was the need to balance the degree of
detail in which I was interested with the effort required of the respondent to Voluntarily
provide such information. I soon recognized that in ordér for the survey to fulfill my

)

research goal of identifying the data available to mid-size utilities, the questionnaire would
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have to be detailed and that the information would not be readily available in one place or
with any one person within any organization except v&;ithin very small organizations. The
survey would have to be easy to read, and not discourage utilities from responding to it. It
would have to creaté interest and encourage persistence within those organizations
aétempting to complete it. The survey would need a layout and format that was easy to read
and cémplete (regardless of the ability of the person completing it), and yet e-as.y for me -to
compile the responses. While a few electronic formats were examined, it became apparent
that the survey would be most easily completed if the forms were sent out as a spreadsheet
workboék in order that they could be printed, completed by hand and faxed back or that
they could be c&mpleted and sent back electronically to me by users (because spreadsheet
software is commonly used by utilities). A draft Version of the survey was sent to four
colleagues, two in Maple Ridge, one in the City of West Vancouver and one in the City of
Burnaby for their comments and this allowed me to test methods of electronically
compiling the results. Minor editorial and. clarification changes were made and incorporated
in the ﬁpal version. The final Vérsion included text control (for compiling and analyzing the
data) using drop down boxes which alsé made the survey easier for users to complete.
Another challenge was how to distribute the survey and how to encéurage people to
complete thé survey. I considered giving honoraria but decided against that due to costs. Tb
encourage responses, I noted in the distribution that the results would be shared. I selected
email distribution to minimize the distribution costs and delivery time. Nét all professional
associations I approached to help me distribute the survey were helpful, though most were.
Over 400 surveys were directly sent out and about thirty personal requests and spéciﬁc
follow up telephone cg.-e‘tlls were made. In all, three mailings of the same survey were sent ™

out. The first mailing was sent to members of the Canadian Water and Waste Association .
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(CWWA). Tﬁe second to the rriéambers of the American Public Works Association (APWA)
and third to the City Engineers in the Greater Vancouver Regional District.

The responses were received gradually and the initial deadline for receiving surveys
was extended because of a low number of timely responses. The first set of responses was |
ﬁom the CWWA members. The APWA distribution Wés made through the APWA to its
members who were water resources professionais and this mailing generated a large
response from a number of U.S. utilities. The CWWA distribution included the spreadsheet
file while the APWA email disfribution contained a link to the file. The link affected the
submission of some utilities as it added anothef step to the response process and it created ‘
confusion on the part of the respondents. In many APWA cases, only a portion of the
survey was returned initially and the utilities had to re-send the survey. Whiie a majority of
surveys were completed and sent back electronically, a number of responses were returned
by fax. The faxed.responses were then inpﬁtted manually into spreadsheets for processing.

When the responses were received, they were reviewed for errors and text control.
The raw data were exported into a Microsoft Access® database. The database was queried
and then inputted to a Micros_oft Excel® file for data manipulation, anaiysi‘é and gfaphing.

Most respondeﬁts spent about 45 minlrltes completing the survey. Of the 70
responses received, 11 responses were rejected as incomplete. These usually had only one
or more of the seven spread sheets completed due to the confusion caused by the linking
requiremeht or did not realize that the file contained several spreadsheets. Those surveys
were sent back and follow up telephone calis were made where appropriate.- The design and
deilelopment of the s.urvey begaﬁ in 2003 and the surveys were finally distﬂbuted,
compiled and‘ analyzed in 2004. A manuscript feporting on the survey, Chapter 2, was

submitted to Journal AWWA in 2005 and was published in July 2006.
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Data creation. The creation of data described in Chapter 3 was inspired by the
survey results that showed a gap between data presently collected and those available (see
Figure 2.2 of Chapter 2), as well as by the fact that utilities noted the locations of different
data within their various departments. It was also driven by the discovery that the data set
purghased from the City of Seattle which was thought to have breadth and history was
actually quite incomplete. After repeated correspondences and a site Visit to Seattle, if §vas
determined that the data from Seattle could not be used for the experiments. I then
contacted four municipalities in the Greater Vancouver Regional District (Burnaby,
Richmond, West Vancouver and Coquitlam and reviewed the breadth and history of their
data. Yet again I determined that the data provided by these municipalities was insufficient.
Thus I decided to use Maple Ridge data, though limited; for input for the experiments
because of mvy ability to access thesé data, and td collect data from other internal and
external sources for this work and for other municipal projects beyond the focus of my
research.

Because of its limited data, Maple Ridge is representative of maﬁy utilities and is
ideal for demonstrating the concepts of finding and gathering data within and external to an
organization and of constructing and linking data for asset management. The Laity View
area of Maple Ridge was selected to be a case study area because it represents an urban
area and experienced constmction practices typical for the municipality. It comprises 13
percent of the utility's pipe network. Determining if data were available required meeting
with and exploring activities of various work units thro'ughout the organization. The
research effort of creating data was significant and the approach and techniques used in
doing so are presented in this thesis. These tools are general and may be used by all

utilities. New data constructed for Maple Ridge in this research include soil, surface
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material, water pressure and flow in pipes, bedding and backfill material and traffic
loading. Additional activities were carried out to verify data including field surveys of soil
and preliminary pipe sampling and analysis.

With differént departments collecting and storing data, the process of scrubbing
data was not a straightforwafd exercise. During the procéss of linking the data,
inconsistencies and missing data in the various databases were discovered (e.g., missing
material or diameter d;ta or discrepancies between the hydraulic model and GIS data).
Typically, I had to delve into the details of those databases to see which data were more
current or in some cases, to verify those data using anothér source. For exampie, if a pipe

"had different ages in the different databases (e.g., the hydraulic model and the GIS), I .
checked the age in eacﬁ database to ensure that an input error had not been made, and
checked the capital works program fo see if thé pipe had been replaced but that the age of

the new pipe had not been updated in one of the databases. I also reviewed the data for

* consistency with the knowledge I have about Maple Ridge's practices (e.g., policies such as

 that there should not be asbestos cement pipes installed after 1985). Where discrepancies
existed, as-built drawings were revigwed to determine if data were correct. It was
unfortunate fhat data were sometimes lost or deleted (e. g.,. at Maple Ridge when a pipe is
replaced, all records pertaining to that. pipe are typically eliminated). In some cases, I was
able to verify some data for these pipes, but I was not successful in most cases.
As well, the research required the develobnﬂent ofa techniciue to facilitate creating
on-demand databases for analysis and updating. This was required to address the need to

obtain data for experiments and to be able to update the original database but also to respect

the ownership of the data and the organizational structure.




"An example of how creating data. How pipe break records were created for this
research and how they are pianned to be managed in the future by Maple Ridge is an
.example of the aqtivities and efforts described above. The break records for Maple Ridge
are not stored in any one location but in yarious files and physical locations and with
different staff of the operations department in the operations building (which is separate
from City Hall and the engineering department). Because of my engﬁences with other
utilities, I was certain that Maple Ridge had some records on water main breaks. In the
cnurse of conversations with various staff over a number of months, I made rnany inquiries
and requesté of various operations and engineering staff (with suggestions of who may have
the data or where they may be stored, e.g., the archive files, in someone's previous files or:
in work request lo‘gs), I was able to obtain all water main break data for the period 1983-
2004. Information regarding water main breaks for certain yeans was only available from
field staff break forrns, in paper form, and for other years, it was available on printed
computer reports stored in separate files. Once all the records were obtained, the data were
revjewed and scrubbed to senarate out records of service connection failures (e.g..saddle
failures,‘ leaking copper service lin’e‘s) from those of pipe breaks. Subsequently, an
electronic database of the breaks v;/as then created by inpntting the data by hand into
spreadsheets, identifying the speciﬁc identification number (see Chapter 3) of the pipes that
broke by locating those pipes on maps using the location.data recorded, and adding the GIS
pine identification number as a pipe attribute. The spreadsheets were then éxported toa
Microsoft Access® database where a new input form was created to allow the addition of
future break da‘té from revised field record forms (as discussed in Chapter 3). The storage
location of the new water main break'databése was identified and rnapped by those

responsible in the engineering department for data warehousing. The database is available

26




to the operations department staff for searching, finding and sharing the raw data. The
break data for the Laity View case study was then extracted from the new water main break
database for the experiments described in Chapter 4.

While the creation of the database became more mechanical once the paper records
were o‘btained, ;:reat{ng the database required discussion and resolution regarding i) future
‘ data collection resources, efforts, quality control and training, and ii) database building,
~ownership, management and maintenance. A number of discussions and negotiations
transpired between the engineering, operations and information technology departments
regarding the goals and potential results resulting from pipe break data collection and
analysis, the roles and responsibilities for data collection, storage, management and access,
and the contribution by each department of staff time and finances. These discussions and
my desire to imﬁfove data warehousing practices, yet réspecting data ownership issues
within Maple Ridge, inspired the dévelopment of the distributed but related databases for
on-demand analysis described in Chapter 3. This portion of the research took from early
2004 until summer 2005.

Framework for using prediction models. This portion of the research experiments
was initially based on anélyzing the created data to determine if thefe were key data that are
currently available to most small and medium size utilities that could be used in prediction
~ models for improving asset management. The Laity View data set With break history from
1983 to 2004 was used for the experiments and is described in Chapter 4. ~

The experiments were designed to use statistical deterministic time-exponential and
time-linear regreésion models, survival analysis models and KANEW (Deb et él., 1998).
Time-linc?ar and time-exponential models can be used by small to medium size utilities

because these utilities typically have the institutional capacity to use spreadsheets or simple
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statistical software packagés. The survival analysis and KANEW (Deb ef al., 1998)
techniques were applied to determine the suitability of those applications for more adept
utilities, even though most utilities may not have the ability to use these more sophisticated
techniques or operate ihe more complex software required.

While not reported in Chapter 4, the aﬁplication of survival analysis was not
succgssful due to thé low number of breaks in the Laity View case which is a young
system, the limited breaks in older pipeé and the loss of data reéarding pipes that were
replaced. Survival functions were derived for all the pipe groups described in Chapter 4 but
were incomplete for the most part because survival analysis is dependent in knowing the
failure history across a large range of pipe’ ages. There were not enough failures in the older’
pipes to determine a complete survival function for' any .t}‘fpe of pipe. As such, it was
concluded that survival functions cannot be expected to be commonly used by small and
medium size utilities with limited data.

Similarly, the use of KANEW is constrained by'the limited break history to derive
cohort specific survivals. KANEW, a Microsoft Access® 97-based program was developed
based on intervjews with utility staff regarding their experience and can be very
conservative. I had a number of discussions with the developers of KANEW regarding the
program, its development, use, limitation; and application. Again, because of the
incomplete failure history of pipes in Maple Ridge, KANEW could not be applied with
success and was not reported on inv Chapter 4. The strength of KANEW is in allowing a
utility to develop replacement budgets. Using expected pipe.lives from the experiencgs of

other utilities has some value for developing network replacement budgets but is not useful

for pipe by pipe replacements.
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The éxperiments reported on in Chapter 4 were conducted during sumrﬁgr and fall
2005, and the analysis was completed in 2006.

Contribution of research. This thesis offers a number contributions for small and
medium size utilities and future researchers. It assesses the data collected by utilities, it
develops and dem?nstratés how to create and link data for asset management in general and
it explores the underlying causes of water main breaks. Finally, the research develops é
framework for utilities to use break prediction modelé on a pipe by pipe basis to improve
their method of pﬁoritizing the replacing‘of water mains for asset management and to
inform their future data acquisition and storage programs. Managers may gain insights from
the lessons leamed from conducting this research oni organizational considerations such as
institutional memory, staff training, engineering and operations responsibilities and
strétegic thinking for asset management. In particular, researchers will benefit from this
thesis because it identifies which data are available for developing future asset management

tools and how to access and construct water main break data.
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Figure 1.1 Twenty-year total per household infrastructure cost estimates
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CHAPTER 2

ASSESSMENT OF WATER MAIN BREAK DATA

FOR ASSET MANAGEMENT

" A version of this paper was published in the July 2006 issue of Journal AWWA. The paper is
titled as Assessment of Water Main Break Data for Assét Management by A. Wood and B.J.

Lence.
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PREFACE

Much researchﬁ has been.conducted over the years regarding the development of
water main break models. Bﬁt as a manager, I found that none of the medium size utilities
with whom I was familiar, used break prediction models to prioritize their pipe
replacements. Instead of developing more models, I wanted to find a way to use break
prediction models and existing‘data in asset management and in prioritizing specific pipes
and to‘ help other utilities to do likewise. As a manager, I knew that the ﬁtility that [ worked
for did not have a large amount bf data which would limit their ability to use models and I
wanted to know if the amount of data available was also a hindrance for other similar size
utilities.

In addition, as a manager, I was interested in corﬁparing our data collection
performance with other utilities and in improving our collection practices. Though best
practices for water main break data collection were recommended in 2002 (see National
Guide To Sustainable Municipal Infrastructure (NGSMI, 2002) and AWWARF (Deb et al:,
2002), I could not find reports regarding the use of the best practices, although Deb et al.
(2002) had surveyed some large utilities (;ee Appendix A for a summary of the size of
utilities surveyed and the questions posed). Therefore, I developed a survey, the rg:sults of
which would serve as a fouﬁdation for my research and distributed it to srﬁall and medium \
size utilities in order that I rﬁight use it to guide my research in developing tools and
techniques for improving utility asset management.

I have received fee‘dback on the results such as it is timely and provides managers
with a benélnnark of what is currently being done by utilities against best practices. Some
of the results were presented at the 2006 British Columbia Public Worké Association

Conference, Qualicum Beach, BC and questions by attendees include: which data are most

\
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important to collect, what methods should utilities employ to collect data and how should
data be stored and analyzed for asset management?

The raw data regarding survey responses are appended to this thesis.
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2.1 INTRODUCTION

Water.main breaks can result in ioss of water to key businesses and i:ritical facilities,
and 1¢ad to damage of infrastructure. Such events highlight the deterioration. of aging
infrastructure, which is at the forefront of policy and program discussions betwee;n national
and provincial or state governments. The need for aging water main rehabilitation is
increasing, the costs of repairs and replacement can be high, and the impact to customers
potentially significant (USEPA 2001). For utility managers, collecting, recording and
monitoring water main breaks is important, not only because such events may result in
significant public impaét and destruction of private property, but also because thé data
obtained from breaks may provide insights for management of the system a; a whole. This
information ié important in developing the tradeoffs between expenditures and the level of
service provided, and in managing rehabilitation programs to achieve a desired level of
service.

This paper repOrté on the results of a 2004 survey of water utilities in the U.S. and
Canada that determines the degree and types of field information that are currently
collected and other data availéble within diffeient departnients of the utility regarding water
main breaks. Queries were posed with reference to the best practices recommended by the
National Guide to Sustainable Municipal Infrastructure (N GSM], 2002) and AWWARF
(Deb et al., 2002). The survey results identify the data that are deeméd important and the
approach undertaken for recording and ‘_storing these data by different sizes of utilities. The
level of con‘ﬁdence that respondents have in some of the data"beiiig collected and their level
of comfort with the amount and types of data collected, is also identified.

The survey provided the utility managers with a list of daia reéoinmended as best

practices against which they could assess their own data collection practices. The survey
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findings are important for the broader infrastructure management community, because
knowledge of the daté available underpins the development of relevant data acquisition and
storage strategies and the advancement of asset management approaches. They also
provide utility managers with a basis for gauging thejr practices relative to those of other
utilitiés.

The survey was developed considering other recent water utility surveys, inéluding
those initiated by the National Water and Wastewater Benchmarking Initiative (Earth Tech,
2004), the American Water Works Association, (AWWA, 2004), and AWWAREF (Deb et
al., 2002). The National Water and Wastewater Benchrﬁarking Initiative (Earth Tech,
2004), a partnership of Canadian utilities, considers water main breaks as a benchmarking
measure but does not examine water main bfeak data in detail. The AWWA (AWWA,
2004) database, compiled as a joint effort between AWWA and AWWAREF, is based on a
2002 and 2003 survey of 337 small, medium, and Iarge U.S.‘ and Canadian utilities and
focuses on a broad range of potéble water distribution characteristics including general
information regardihg service population, pipé Imaterial, valves, fire hydrants and flushing,
finished water storage facilities, corrosion contrél, customer rﬁetering, water supply
auditing, and leakage management. It incluclles the reported number of water main breaks
_ of the utilities surveyed but does not include data recorded on water main breaks.

- The survey reported on in this paper builds on previous AWWA work (Deb et al.,
2002), but queried in greater detail the data that are collected by utilities; such as failure
causes and the geﬁeral physical characteristics of the pipe and soil, and had more responses
from small to medium size utilities. In this éurvey, 37 utilitie; serving populations below |

100,000 and 22 utilities serving populations greater than 100,000 respondéd, compared
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with five utilities serving populations below 100,000 and 32 utilities serving populations

greater than 100,000 that responded to the 2002 survey.

2.2  DESIGN OF THE SURVEY
The survey was designed for ease of completion and compilation il’;tO a data base
for analysis. Users were able to print the survey and complete it by hand, or complete it
electronicélly using personal digital assistants and laptops. Microsoft Excel® work sheets
were chosen due to their common use.
Design of the quesfionnaire. Based on a review of the literature (NGSMI, 2002; and
Deb et al., 2002), the questions posed in the survey were grouped into the‘ following six
categories: |
e General infoﬁnation such as time of bfeak, customers affected, response
personnel and equipmént, and cost of repairs;
e Location data such as nearest property address and geographical coordinates;
o Physical 'daéa such as pipe material and depth of cover; |
e Environmental data such as depth of frost and soil and air temperature;
e TFailure information such as type and cause of failure; and
e Repair information such as components replaced, repaired or installed.
The survey respondents were queried regarding how they currently store data related
to water main breaks, their estimated level of confidence in selected data, their comfort
with the aﬁlount of data and the percentage of events for which data are recorded. They

were also given the opportunity to list the additional data elements that they collect.
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Survey distribution. The survey was distributed by direct email to members of the
Caﬁadian Water and Waste Association (CWWA), and members of the American Public
Works Association (APWA) who identified in their member profile that they were either

directly reSponsible for, or interested in, water distribution and treatment.

23 SURVEY RESULTS
Seventy responses were received and after a review of each response for

completeness, 59 surveys.were deemed complete and analyzed herein as respondents. The
general feedback from th-e- respondents was that, while water main break data collection has
bec;,n identified as important and a strategic initiative (Grigg, 2004), utilities are just
beginning to collect data comprehensively, collection practices vary Widely, and most.
utilities view their efforts as evolving. |

The sizes of the respondents range from one utility serving 2,600 people to two
utilities serving a population of 0\./er one million. Most of the respondents serve populations
of between 50,000 and 500,000. The service populations of the respondents are shown in
Table 2.1.

_General water main break information. General water main break information
includes the date and time that a break is reported, the response time and resources used to
address the break, and the impact on customers. The percentages of all respéndents that
collect different general information are also shown in Figure 2.1. All the respondents
indicated that they record the date and time when a break was reported. The data related to
resources expended on the repair are generally reported in terms of the amount of crew

hours spent responding to a reported break. However, only about 70 percent of respondents

4
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record labor, materials, and equipment costs and less thah 30. percent record the cost of
property damage or the effect of the break on customers.

From a management perspective, Water main breaks are a liability and thus clear
documentation of a report of the break or the reqﬁest for assis.tance, anci the utility response
-to the information, are fequired should claims be filed against the utility. Lengthy break
response times may result in signiﬂcanf privaté or public property damage and can be
costly and embarrass'ing for utility managers.

Only 70 percent of respoﬁdents record costs. While this is surprising, it may be due to
the difficulty associated with recording some costs (e.g., some costs mayb only be
determined at a later time, such as costs from a claim or for re-paving a road). Some costs
may be determined using other sources‘,} of data such as through payroll or work order
systems. In addition, while managers need to track expenditures for cost control,

accountability of resources and planning for future management decisions, they may use

different reporting systems and may be required to report the costs for responding to water

. main breaks only on an aggregate basis.

The survey responses show that few respondents record the effect of the breaks on
customers in terms of démages incurred and the number or type of customers that
expeﬁence a water stoppage as a result of the break or repair. However, the data may be
available or calculated if necessary by determining if and where valves were operated to
shut off water to sections of a water main and if services were turned off, how long it t0§k
to restore the water service. This would allow a utility to calculate the number of customers

affected and the length of the interruption as a surrogate for the direct impact on customers.

In addition, claims data were also referenced as a potential source of information.




Location data. Location data include the nearest property address, cross street, and
geospatial coordinatesv. The percentage of respondents that record various location data is
shown in Table 2.2. Locz;tibn data along with maps can aid response crews in determining
the time and effort of response, the size of main to be repaired, the supplies needed to repair
the break and the location of valves that need to be cl/osed in order to facilifate repairs. In
addition, recording the location of the break allows future manégers to determine if there
aré repeated breaks in a particular section of water main and may help to assess if
rehabilitation or replacement of tﬁe main is required.

Most respondents record the nearest property address and cross street name, but few
record additional information that can identify the exact location of the break. The survey
responses suggest that address and cross street data come from the initial report of the break
(i-.e., the customer) but are not révised when the actual break location is determined. The
fact that data are collected suggests that dispatching a response is the primary motivation
for the collection, but that collecting location details that would assist future break analyses
is not aé high a priority.

The lack of actual break location data may suggest that either respondents find it |
difficult to record and store spatial data or do not consider the specific location of a break
important. The fact that few respondents record whéther isolation valves are operatéd can .
make it difficult for utility managers to determine the number of customers affecfed bya
break and a fepair. Tﬁe use of Geographic Information Systems (GISs) for storing
information and visualizing break data, and the low cost of Global Positioning System
(GPS) survey equipment, may change this practice in the future. GIS-stored location
information may ultimately enhance aecision-making regarding rehabilitation and

replécement. :
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Physical data. The data typically classified as physical include: the age, material
and characteristics of the pipe, and surroﬁnding soil.. The results reported in Figure 2.2
show that most respondents collect a narrow variety of physicai data. Most respondents
record data that include pipe diameter, pipe material, water servi_ce type, cover depth, and
whether the surface is a roadway or other surface.

The lack of physical data collected by respondents may be attributed to the fact that .
water main breaks are typically treated as emergency situations in which the goals are to
contain damag@, repair the break, and restore lost water service to customers or that some
information on the physical charécteristics of water mains may be available elsewhere in
the data warehouse of the utility, such as in as-built records, or in GIS form. When other
data sources are accounted for, the percentagé of respondents that possess the various data
elements increases. Analysis .of the survey results suggests respondents and utilities can be
classified, according to the richness bf the data recérded, into four gfoups. These groups
include utilities possessing:

1. basic data consisting of pipe size and material;

il. basic material and diameter data plus limited information such as age of the pipe,
use of the‘ surface at ground level, operating pressure, and type of pipe joint. If
pipes in a network are failing at joints, details about joints can be used to develop
a strategy to anticipate, prevent, and repair breaks; |

ili.  in addition to the data described in (i) and (ii), data on constfuction of the water
main; and

iv.  in addition to data described in (1), (ii), and (ii1), detailed pipe information such as
pipe wall thickness and pipe fracture toughness (typica]ly as a result of pipe

testing).
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Failur_e causes and modes. An important aspect of water main break data is the |

nature of the failure. Though thé mode of failure cannot be definitively correlated with
specific causes of the failure, they may indicate é failure mechanism and suggest a cause »of
failure for analysis by asset managers. The survey queried the respondents regérding
eleven common failure modes and the responses to the survey show that 85 percent of
réspondents recofd leaking joints, valves, hydrants and sérvice connectioﬁs and between 70
and 83 percent record tﬁe remaining seven failure modes. These failures modes are:
leaking joint, leaking service connec;[ion, leaking valve, leaking hydrant, longitudinal
break, blow-out, split bell, corrésion pit hole, curb stop failure, tap failure and failed blow-
off (i.e., air release ;/alve). Respondents could also select an “other failure modes” categofy
in the event that the failure is different from the list of failure modes provided. No other
modes ‘were reported.

While utilities are able tq determine and recc;rd the failure mode, only 25 percent of
respondents record the cause in 100 percent of their records, 37 percent of the respondents
record the cause in 75 percent of their records, and only 40 percent of .respondents recorda
cause in at least 50 percent of their records. This suggests that few respondents have a
consistently high level of information on the causes of breaks to their water mains. The
different causes of failure and the percentage of respondehts that record a specific cause of
failure are shown on Figure 2.3.

The analysis of data shown in Figure 2.3 suggests that it is difficult for respondents to
determine the cause of failure. Managers may find that in their organization, breaks are
treated as emergency situations and the utility staff at the scene of the break focus on

contrdlling the extent of collateral darhage from the break. Also, some specialized
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_ engineering background is fequired to confidently determine the cause of breaks under
response situations.

Repair activities. While it may be difficult to determine and record the cause of
breaks, the response regarding the recording of repair activities is high. The data in Figure
2.4 show the percentage of respondents that record a specific repair activity. Repair
activities typically include repairing clamps and joints or replacing sections of pipes,
valves, hydrants, and connections. This could be explained by the fact that. utilities can
more readily record response actions in the field than determine 'the cause of a water main
break.

Environmental‘data. Environmental data related to water main breaks include
infc;rmation such as air temperature, soil acidity, and moisture, and other antecedent
conditions. The environment is important for water mains as the National Research Council
of the National Academies (2005) identifies that water main breaks and théir répairs are
also potential gateways to contamination of the water distribution system. The survey
responses show that very little environmental information is collected by respondents. Only
12 percent éf the respondents record environmental data for all of their water main breaks
and only 27 percent record any environmental data at all. In fact, environmental data is the
least recorded group of inforrﬁation for all of the respondents. |

If a respondent collects environmental information, mc;st likelyvit is information on
the depth of frost (27 percent of respondents). Less than 10 pefcent of the respondents take
soil sampl.e;,s. This is shrprising as it is well publicized that there is a significant relationship
between external corrosion of water mains and soil conciiitions. Figure 2.5 shows the
percentage of the respondents ‘that record a given type of eﬁvironmental data, or can obtain

the data elsewhere either within the utility or from sources external to the utility such as
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other agencies. In some cases, a significantly greater percentage of respondents indicated
thaf more data are .available from other sources than are recorded.

Hydraulic models. When asked whether the ﬁtility has a water model and whether it
is used, 78 percent of the respondents report having a hydraulic model. Only 71 percent of
the respondenfs use these models for some purpose. The most popuiar uses of models in
deséending order of popularity (i.e., based on the percentage of respondents) are for capital
planning (69 percent), development planning (61 percent), opérations (56 percent), and
mainteﬁance purposes (42 percent ).

Confidence in data. A key survey question regards the level of confidence that a
utility places on the physical data that it collects. Utilities were asked if their confidence in
the data collected is high.. The intent was tb determine hot only the level of confidence but
also if this level varies by data type. The 'conﬁdence of tﬁe resp;ondents in selected
parameters is summarized in Figure 2.6. As shown in Figure 2.6, at least 72 percent of
utilities have high confidence in pipe diameter and material, but only 48 percent are highly
confident about the year of installation. |

Level of comfort with the amount of data collected. Utilities were asked to
indicate their levél of comfort with the amount of data collected. Sixty-four percent of the
respondents were corﬁfortable with the amount of data collected. However, 22 percent were
not comfortable and 14 percent had no opinion regarding their level of confidence in the
data collected. The; level of comfort with the amount of data collected varies with utility
size. Between 50 and 60 percent of respondents with service populations between 10,000
and 100,000 and approximately 70 percent of those serving between 100,000 and 500,000
are comfortable with the amount of data collected. Both respondents with service

populations greater than one million were also comfortable with their data.
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Sources of data available to utilities. The additional sources of physical data for the
respondents are summarized in Table 2.3. The number of respondents that indicated that
data were available from the other sources is also listed. For example, 46 percent of
respondents identified other sources for obtaining normal operating pressures. Managers
may use this table to consider similar data sources within their organization. They may also
be éncoﬁraged to determine if this information is available from other sources that are not
as yet i‘dentiﬁed.

Storage of data. Different sizes of utilities have different means of data storage. The
use of a GIS as a data management system is greafest for respondents that serve a
population of between 50,000 and 100,000 (four of these ten communities use GISs), and
archival records are the predominant source of détg for utilities that serve a pop/)ulation of
between 10,000 and 50,000 (eight of the‘se fourteen communities use archival records). Of
the fifteen respondents that serve a popu?ation of between 100,000 and 500,000, seven use
archival records (such as as-builts and other paper-based historical records) as a source of
water main break data, and four use GISs.

Statistical confidence of the survey results. Although the number of respondents is
low, the sﬁrvey results can be used to draw some inferences regarding the practices of water
utilities in general. A statistical analysis of the signiﬁcanée of the survey sample for -
providing obseﬁations for the general Canadian-U.S. utility population was undertaken.
The accepted measure range of confidence limits is calculated using Wild and Seber -
(2000), to be between 11 percent and 13 percent for this survey. This is to say that if 63

percent of the respondents indicate that they record when water service is restored, we may

expect that more than 50 percént (i.e., the lower confidence limit) but less than 75 percent
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(i.e., the higher confidence limit) of all water utilities in the general population would

record the same. Appendix B summarizes the statistical confidence of these results.

24  DISCUSSION AND RECOMMENDATIONS
While all respondents are collecting data, they clearly de not collect all data suggested by
best practices recom’meﬁded by the National Guide to Sustainable Municipal Infrastructure
(NGSMI, 2002) and AWWARF (Deb at al., 2002). However, based on the responses it is
apparent that data'acquisition is evolving and that there is a strong interest in comparing
their practices with others and with best practices.

| Feedback from the respondents iﬁdicates that the average respondent spent about 30
to 45 minutes completing the survey. This is in addition to the time that respondents spent
determining the appropriate people within the organjzation to complete the survey. VSuch
decisions are common among larger organizations where responsibilities for data
collection, n&anagement and analysis are shared.

The amount of data that respondents and utilities in general hz(we can be categorized
into general classes of data richness. Based on the survey results, it is suggested that four
classes exist. These are: expanded, intermediate, limited and minimal data set classes. As
shown in Figure 2.7, the proposed data set classes are based on the breadth and record

length of data irrespective of the traditional data categories such as break, pipe inventory,
N _

~

and operé‘tional data because the survey results indicate that many respondents collect data
in varying amounts in each of the traditional data categeries. Expanded data sets are
comprised of information, and records over a long period of time. These may include: an
inventory of pipes that is correlated to pipe information such as diameter, material; year of

installation, type of joint, surface cover, type of failures, probable cause of failure, type of
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repair, pipe testing information such és pipe wall thickness at time of break, type of pipe
lining, soil testing inforrﬁation such as corrosivit?, and pH. Intermediate data sets are
comprised of information on inventory and pressure zones, a break’ history of some length
of time, and some amount of iﬁformation regarding pipe diameter, material, age, exterior
surface condition, and installation, surface cover, énd pipe protection. A utility possessing
information with this degree of data righr;ess has generalized descriptions regarding the
type of failures encountered and probable cause of those failu\res. This case is similar to the
expanded data case but does not include pipe and soil testing data although installation
details may be available. Limited data sets have only limited information on the pipe
network, surface uses and loads. This would be an inventory, infon’nationv reéarding
pressure zones"cvlnd geﬁeralized problem areas, a break history of a minimal length of time,
| and a nominal ’amo_un’t of information regarding pipe diameter, pipe material, year of
installation, and surface cover. Under this case, the information comprising the intermediate
déta set is sighiﬁcantly reduced. Minimal data sets are comprised of pipe lengths,
identification of pressure zones, generalized problem aréas, and nominal information
regarding pipe diameters.

Given that asset management is becoming important for utility managers, more
attention and effort should be given to improving data collection in the following areas:

Collect for the future. Managers need to cbnsider the long view when assessihg
- their data collection strategy. Water main break data will be useful for future asset
inanagers who wiil have to make difficult investment decisioﬁs regarding which pipes to
replace. Estimates for the U.S. (USEPA, 2002) suggest that the calgital needs for drinking
water in the U.S. for the };)eriod between 2000 and 2019 range from 154 to 446 billion U.S. »

dollars. There are no similar estimates for Canada. Future managers will need to make wise
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| /
decisions to take into account not only the ability of the public to afford replacing these
pipes but also the scarcity of human resources and capital to actually perform the work.
" Because the practice of infrastructure asset management will evolve, data requirements for
making critical decisions are important but can also be expected to grow. Thus, the data
collection strategy for utilities should be to gather the data recommendéd as best. practices
keeping in mind that much of the data will be useful for future management decisions
rather than for today’s decisions. It will likely take some time to establish a data record of
sufﬁcient length to support such decisions. Many managers may resisi this apprpach
because they may prefer to know what is needed and why before embarking on data
collection programs. In some cases, such a strategy rhay be undertaken with little additional
effort. For example, a utility may be able to accumulate more information by collecting -
additional information as part of existing tasks, such as a description of the failure mode,
bedding, backfill and depth of cover. To facilitate asset management, data collection
efforts should also include, where possible, the ty}ies and causes of breaks, and' the physical
data of ;111 mains so as to provide a deeper understanding of the failure modes and
mechanisms.

Record data effectively. For collection practices to be effective, utilities need to '
record data continuously, qonsistently, and accurately. Data should be collected on all
breaks to ensure that the records portray the state of the whole system. Missing records may
create a level of uncertainty regarding the records that are collected and undermine the
confidence in conclusions drawn from technical analyses and lead to organizational
frustration.

In order to record data in a consistent manner, the use of standard operating practices,

procedures, and forms-as well as training for those who collect data are important. If a
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utility is already collegtiﬁg data, a review of all data collection forms is useful to ensure
consistency in methods as well as to expand the data collected if appropriate. An audit of
the records for quality and accuracy should be undertaken periodically. A suggestéd model
for an audit exercise is the formation of a quality control group within the utility to audit
the data and ensure qualify across the organization. This group could also develop-
guidelines of practice for educating staff.

The most efficient approach for recording data will vary among utilities and should
reflect business and work flow processes and organizational structure of the utility. Many
utilities may have different departments, such as laboratory, maintenance, technical, and
financial departments, and response teams that collect or generate information. In such
casés, if may be beneficial to bundle or group data based on organizational departments and .
develop a process for ensuring that the data are collected, assessed for relational links
related to other data, recorded and stored in an éffective manner. For example, data forms} "
could be circulated among selected departments within the organization to collect input
data comprehensively and to improve the sharing of information among departments, or
depending on the data énd organization, the data collection process between departments
could be independent but linked or related via an asset index.

The storage of data can be undertaken in various ways (seé Table 2.35, orina
comprehensive data warehouse. Some utilities prefer a comprehensive data warechouse to
facilitate the synthesis and visual representation of data and VieW GIS technology as the
ideal tool for this purpose.

. Alternate sources of data and relating data. The survey résults clearly show that
,valternate sources of data related to water main breaks exist in many orgaﬁizations. Table 2.4

summarizes the potential range of information sources identified in this work for different
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data elements. For example, current and future capital project designs, as-builts, or asset
pro-formas can be used to capture information such as specifications, test pit logs, and
inspection records. |

Utilities may wish to consider the concept of'a data web, which may be thought ofas .
a relational structure of the utility’s data sources, including break records, maintenance
reports, pipe and soil samples, customer information, archival systems, hydraulic model
output, capital rehabilitation planning 'data, GISs, 'and.maintenance management systems.
The links between these data sources, support the web, and are keyed to some index of the
asset, for example, a pipe identification numoer. The use of the links reduces the need to
convert data when a new information management system is developed and impiemented
and facilitates the synthesis of existing corporate data for specific analyses. A data Web is
not a data storage application nor software, but a concept of relating or linking data and
-separate data sources in an organization to each other. While the development of a data web
for a utility reduces the need to convert and store data, the addition of data elements in each
- data system, such as the asset index (e.g., corresponding to a pipe identification number)
may be required. A well-designed data Web would enhance utility management,
particularly for small communities who cannot afford wholesale data management system
' implementation, conversions and upgrades. Design considerations may include - |
identification of the architecture of the web, the characteristics and number of required
links, and the appronriate connections between the eile.ments to be “webbed”. Tacit
information or knowledge that is currently not recorded can also be linked within the web.

Decision support tools. In developing decision tools for supporting asset

management, utilities should consider a range of systems that are flexible and easily

accessible for both present and future uses. The systems should be reliable and maintained
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over time. Data that have been collected are useless if the decision makers within the
organization cannot access them or are unaware of their existence.

Analysis of the survey reéults suggests that decision support tools for pﬁorit@zing the
replacement or rehabilitation of water mains should be tailored to the degree of richness of
the data available to a utility. Utilities that have a minimal amount of data cannot use
sophisticated tools such as physical (Rajani and Makar, 2000) or statistical pipe
deterioration models (Shamir and Howard, l§79; Jacobs and Kamey, 1994; Andreou et al.,.
1987, Kleiner and Rajani, 1999), or life cycle posting. These tools, and most recent
research in water distri‘t.mtion.a_lsset management have focused on utilities that possess large )
amounts of data and more research is required to develop robust approaéhes -for utilities
with limited or minimal data records. These tools should also be flexible enough to adapt as -

utilities increase the amount and types of data collected.

2.5 CONCLUSIONS _

Studies, even as recent as in 2004, have identified the need for stahdardized majn
break databases and terminology and continued research regarding database development
as strategic for informed infrastructure management (e.g., Grigg, 2004; O’Dayetal., 1986).
The results of the survey reported herein indicate that water main break data collection is
evolving, that industry practices do not match best practices recommended by the National

- Guide to Sustaina‘ble Municipal Infrastructure (NGSMI, 2002) and AWWARF (Deb et al.,
2002) at this time, and that most respondents recognize the need for a strategy for data
quality improvement. The data-related chall‘enges that all utilities face include difﬁéulty in

mobilizing financial and human resources, absence of historical data, lack of knowledge of
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current organizational practices, low reliébility of previously collected data, difficulty in
prioriti’zin'g‘:,r data collection, and the need to develop effective data sforage programs.

While it is generally accepted that the use of reliable data regarding asset inventory
and condition will enhance the management of municipal infrastructure (Vanier, 2001), the
feedback from the respondents is that data collection practiees regarding both inventory and
condition vary widely. General data regarding customer location, time of break, and
emergency response actions are typically available, but inforrna\ltion regefding specific pipe
location and physical attributes is inconsistent. Most respondents do not have a
consistently high fevel of information regarding causes of failure and soil and pipe
sampling are generally not undertaken. Confidence in and comfort with the amount of data
collected varies; mid-size respondents expressed the least level of comfort with the amount
of data collected. Many respondents identified additional sources of information including
~ archival, operation and maintenance and GIS information, and hydrauiic models; Moreover,
having a hydraulic model does not guarantee that it is used. This may depe’nd on the staffs’
ablility to operate and maintain the model and on the reliability and currency of the input
data.

While both physical and statistical models have been developed for predicting pipe
deterioration and for developing water main rehabilitation plans, it is evident that the choice
and application of these models are limited by the data that utilities have regarding water
main breaks (Rajani and Kleiner, 2001; Kleiner and Raj ani, 2001). In general, utilities can-
be classiﬁed as those possessing expanded, intermediate, limited or minimal data. L
Characterization of these classes may be used to inform the development of new asset

management techniques such as condition models or heuristics and new ways of effectively
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collecting, storing, combining, and representing water main break data. This is a subject of

a forthcoming paper by the authors.
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Table 2.1 Service population of respondents

Service but ' ‘ ) <1 >1

Population | <5,000 | <10,000 <50,000. <100,000 <500,000 million million Total

Canadian
utilities * 1° 2 8 9 6 3 1 30
US.
Utilities © 1 13 3 O 1 29
/
Total
responses 1 3 21 12 17 3 2. 59

a) Canadian respondents were from Alberta (5), British Columbia (9), Manitoba (2), New
Brunswick (2), Newfoundland (1), Nova Scotia (1), Ontario (6) and Saskatchewan (4). An A
incomplete‘survey was received from one Quebec municipalfty S0 its response \;vas not
included in the analysis. Admittedly, the survey was in English and may bea reasoﬁ for the

- low number of responses from Quebec.
b) Population served is approximately 2600.
c) U.S. respondents were from Alaska (1), Arizona (1), California (3), Colorado (1), Florida
(1), Ilinois (1), Kansas (2), Massachusetts (1), Maryland (1), Michigan (1); Minnesota (1),
Mississippi (1), North Carolina (1), Nevada (1), Pennsylvania (1), South Dakota. (1),

Tennessee (1), Texas (3), Utah (1), Washington (4) and Wisconsin (1).
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Table 2.2 Percéntage of respbndents that record location data

Location Data

Percentage of respondents that record

location data

Nearest property address 93%
Cross street name 78%
Distance from crdss street 44% |
Isolation Qalve operated 36%
Distance from nearest property

line | 34%
Coordinates (northing and easting) 10%
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Table 2.3 Additional sources of break-related physical data for respondents

Number of Archival | O&M’ | GISs’ | Other
respondents
having
additional
sources ,
Normal operating 27 X X X Models, fire
pressure : flow tests
External
.Trafﬁc clas’sificatio‘n ‘ 23 X X X tsr(;;;.lcfs and .
or type of road usage ,
management
systems
Year of installation 22 X X X
Typical flow in area 21 X X X Models
of break A
Pipe .wall fhickness / 19 X X X External
classification : sources
T ' External
Type of pipe lmmg , 16 X X X SOUTCes
Length of pipe
segment containing 14 X X X’
the repair
Pipe protection
( wrapped / anodes) 13 X X X
Underv boulevard or 12 X X External
roadway SOUrces
’ Pavement
Surface material 11 X X management
systems
Depth of cover 9 X X
Type of joint 8 X X X
Bedding material 8 X X
Type of water service 7 X X
sztegory of native 7 X X X
soil
Pipe fracture 4 X X External
toughness sources
Backfill material 4 X X
Pipe modulus or 3 X External
rupture , sources
Pipe sample collected 2 X

Main tappings




Condition of cement
lined pipe interior
Pipe material

Pipe diameter
Condition of unlined
pipe interior
Condition of bedding 1
Condition of pipe
exterior

2 X 1 Models

SIS e

1 Operation and Maintenance records (O&M)
2 Geographic Information Systems (GISs)
3 GISs are the most popular source of length of pipe segment containing repair data.

4 Evaluated with swabbing.
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Table 2.4 Suggested sources and approaches for

collecting physical data on water main breaks

; .

}

'Physical data

Suggested sources of information

Pipe diameter

Best capturéd in the field during break repairs and
available from as-builts

Depth of cover

Best captured in the field during break repairs and
available from as-builts

Pipe material

Could be captured in the field during break repairs,
available from as-builts and analyzed off-site, e.g., in a
laboratory for determining the different types of cast iron

pipes

Condition of bedding

Could be captured in the field during break repairs and also
obtained with extra field work

Category of native soil

Could be-captured in the field during break repairs,
determined from other records and also could be analyzed )

in a laboratory

Condition of unlined pipe
interior

Could be captured in the field during break repairs, and
also could be analyzed in a laboratory

Condition of pipe
exterior

Could be captured in the field during break repalrs and slo ~
could be analyzed in a laboratory

Type of water service

Could be captured in the field during break repairs or from
other sources of information (e.g. land use plans)

Surface material

Could be captured in the field during break repairs or from
other sources of information (e.g. models)

Surface use (under
‘boulevard or roadway)

Could be captured in the field during break repairs or from
other sources of information (e.g. model)

Traffic classification or
type of road usage

Could be captured in the field during break repairs or
from other sources of information (e.g. transportation plan,
traffic models) - ’

Length of pipe segment
containing the repair

Could be captured in the field durlng break repairs or
obtained with additional field work, or from as-builts or
GIS

Bedding material

Could be captured in the field during break repairs, may be
available from as-builts and other sources and/or bundled
with information gainied through additional field work

Pipe protection
(wrapped/anodes)

Could be captured in the field during break repairs, may be »
available from as-builts and other sources and/or bundled
with information gained through additional,_ field work
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Physicai dafal Suggested sources of information
Could be captured in the field (bundled with information
.. gained through additional field work or from other sources
Type of joint

of information (e.g., archives or construction inspection
records)

Year of installation .

May be available from as-builts or other archival records
such as construction inspection reports

Backfill material

May be available from as-builts or other archival records
such as construction inspection reports '

Typiéal flow in area of
break

Technical tools (e.g., models)

Normal operating
pressure

Technical tools. (e.g., models)

ACondition of cement
lined pipe interior

May be available from as-builts and better anaiyzed ina
laboratory for current condition

Pipe modulus of rupture

May be available from as-builts and better analyzed in a
laboratory for current condition

Type of pipe lining May be available from as-builts and better analyzed in a
laboratory for current condition
Pipe wall May be available from as-builts and better analyzed in a

thickness/classification

laboratory for current condition

Pipe fracture toughness

May be available from as-builts and better analyzed in a
laboratory for current condition
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Figure 2.1 Percentage of respondents that collect general information
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Figure 2.3 Percentage of respondents that record failuré causes
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Figure 2.4 Percentage of respondents that record repair activities
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Figure 2.6 Percentage of respondents that expressed confidence in data collected
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Figure 2.7 Classes of data richness among water utilities
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CHAPTER 3

CONSTRUCTING WATER MAIN BREAK
DATABASES FOR

"~ ASSET MANAGEMENT

A version of this paper has been accepted and scheduled for publication in the January .
2007 issue of Journal AWWA. The paper is titled as Constructing Water Main Break
Databases for Asset Management by A. Wood, B. J. Lence and W. Liu.
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PREFACE

The survey results as reported in Chapter 2 confirm that a number of sources of data
exist for use in analyzing water main breaks. In fact, the figure shown below (reference
Figure 2.2) inspired my interest in developing an approach for obtaining and maximizing
data from different sources internal and external to the utility. If utilities can obtain and
integrate data from a wide variety of sources for analysis, they should be able to improve

the breadth and richness of their water main break data for asset management.

Getting data from other sources can help utilities

W Data available from break records

O Data available from break records and other sources

A key consideration for utilities is storage and management once the data are

created. The focus of how to manage data in the Asset Management Systems currently

being marketed is on consolidating all data into one large database (e.g., MAXIMO and
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Hansen). Converting and consolidating da.ta into one database is expensive, resource
intensive; and creétes data ownersﬁip conflicts. It is unrealistic té e);pect small anc} medium
water utilities to make the financial and organizational investment to achieve such as
database and thus this is a significant barrier to improving asset management. The research
presented in this chapter describes an approach for accomplishing the acquisition and
integration of data from other sources for analysis and may be used to foster dis;:ﬁssion'
between various departments‘on how asset management data can be managed and
coordinated within an organization. The research provides techni»ques and approaches for
creating data,' cbnstructing databases and relating those databases to each other. Most
importantly, this work can be applied to practige, and has been the case of the Laity View
area of Méple Ridge.

For Maplé Ridge, the research resulted in the chstruction of a water main break
database, the compilation of soil type data with which to analyze the relationship between
soil and water main breaks, a review of the current'watef main replacement policy (of
solely replacing asbestos cement pipes), a survey of Soil and corrosion poténtial and a
renewed staff interest in irﬁproving the process and framework of deciding why, which and
when pipes should be replaced. In addition, the approach of constructing databases from

different sources and relating databases has been adopted by staff for dealing with all water

system data and is being explored for use with Maple Ridge's sewer system.




3.1 INTRODUCTION

The traditional ipublic works erﬁphasis on managing water main' breaks has been
directed :toward minimizing the loss of water to key businesses and critical facilities (such
as hospitalé and industrial plants) and minimizing the damage to built and natural
infrastructure. However, breaks are also potential ‘gateways to contamination of the water
distribution syétem and have been identified as a high priority in the assessment of water
supply £1ealth risks by the National Research Council of Académy Sciencés (2005).

Predicting water main breaks to reduce such risks and optimize the investment in
aging infrastructure requires reliable pipe data. These data include age, diameter and
material for the subject distribution system and the number and nature of breaks that occur
in the water mains. A recent study identifies a need for standardized main break databases
and continued research regarding database developmént (Grigg, 2004). Based on a 2004
survey of North American utilities, Wood and Lence (2006) observe that water main break
-data collection is evolving and indust_ry practices do not mat;:h best practices recommended
by the National Guide to Sustainable Municipal Infrastructure (NGSMI, 2002) and
AWWAREF (Deb et al., 2002).

For utility managers, collecting, recording and monitoring water main breaks is also
- important because such events may be used to gain insights for the management of the
entite network. This information‘is irhportant in developing the tradeoffs between
expenditures and level of service provided, and iﬁ managing rehabilitation programs to
achieve a desired level of service. For example, many utilities focus their water main
replacement program on tolerating a certain level of breaks in the water distribution system,
or perhaps through targeting replacement of water mains of a particular vintage, or of a

material that is prone to breaks.
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Wood and Lence (2006) suggest a number of sources of data that may be used for
improving a utility's data breadth and richpess for analyzing water main breaks. This péper
introduces an approach for coﬁstructing a water main database which is based on linking or
“relating” data from sources internal and external to a utility for the purpose of knowledge
discovery, or in other words relating relational databases. Issues related to creating,
linking, transforming, cleansing, scrﬁbbing and integrating data are identified and
approaches for addressing them are presented. This approach may assist utilities in
developing data acquisition and management Astrategies and guiding knowledge discovery.
Recognizing that data collection and storage is organizationally driven, the api)roéch is
designed to be easily adapted.

The approach links information among multiple databases and respects
decentralized data input in order to maintain ease of data storage and management. This
reduces the need for wholesale conversion of data to a central database and is likely to be
cost effective for small to mid-size utilities. The decentralized approach to database
construction requires coordination of data acquisition, personnel and a clear strategy for
encouraging departmental cooperation.

To demonstrate the efficacy of this approach for use in analyzing and pfedicting
breaks in a water distribution system, a data schematic is created for analyzing water mains
and predicting future breaks for the Laity View area of the District of Maple Ridge, BC.
The develop:men't of a data schematic is nof merely a data storage exercise. Rather it is the
creation of linkages thaf can be used to aggregate information for analysis and that allow
data to be updated over time. The linkages are created among\ primary and secondary data
sources. For examplé, a municipality may not have a transportétion plaﬁ that specifies

traffic volumes, but if knowledge of the volume of vehicle traffic over a water main is
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desired, it may be able to use volume data from a traffic management system database. The
use of data from different sources provides flexibility for utilities to focus on collecting

data for future analyses without having to commit to specific application software.

3.2 STATE OF DATA IN UTILITIES

Water main break data collection practices vary acroés utilities and for many
utilities, data collection can have signiﬁcant costé if performed at a comprehensive level.
These costs include direct financial costs as well as organizational effort and human
resources. The challenges of collecting data include difficulty in mobilizing financial and
human resources, abseﬁce of historical data, lack of knowledge of current organizational
practices, poor reliability of previously collected data, complications due to the emergency-
oriented collection conditions when breaks occur, difficulty-in prioritizing collection |
‘efforts, and the need to develop effective data storage programs (Wood and Lence, 2006).
In recent years, rﬁany utilities have been developing improved data acquisition and
management strategies fof water main breaks and in some cases using third parties for
analytical tasks fo\r obtaining specialized data suéh as soil conductivity.

Most munic_ipalities do have some information régarding their water pipes and
conditions, but few have been maintaining records of pipe breaks for longer than a decade,
and very little information is available regarding individual pipes_ in a given network
‘(Pelletier et al., 2003). In a case study of three municipalities in Quebec, they found that
only six parametérs (diameter, length, type of material; year of installation, type of soil and
land use above the pipe) were available for analysis. In recent years, best practices have

been identified for water main break data collection (Deb et al., 2002; NSGMI, 2002). '

Wood and Lence (2006) surveyed North American utilities and conducted detailed
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interviews to determine the richness of data available to utilities for analyzing watér_ main
breaks. They found that utilities in general can be categorized into general classes of data
richness. These are the: expanded, intermediate, limited and minimal data set class.!The
data set classes are based on .the breadth and record length of data irrespective of the
traditional data categories such as break, pip‘e inifentory, and operational data because the
survey results indicate that many respondents collect data in varying amounts in each of the
traditional data categories. The resulté of the survey also showed that while many utilities
d;) not t'ypical_ly haQe a common break and water main database or the appropriate data,
they may find relevant information available elséwhere in their organization and use this

information to expand their database.

3.3 WATER MAIN BREAK DATA FOR ASSET MANAGEMENT

Two challenging asset management issues are the determination of remaining
servicé life and the prioritization of rehabilitation efforts. Both of these issues rely on
knowledge discovery. To determine remaining service life, one must be able to assess the
condition of a pipe and the expected remaining life or some measu;e of how long a given
pipe can be expected to last from the date of installation. It is difficult to determine the
exact condition of buried pipes because they are difficult to comprehensively inspect. 'As a
minimum, utilities should have a database‘of water main breaks because the occurrence of
breaks may reflect the condition of a pipe and typically the number of annual water main
breaks is used as a surrogate for the conditjon of the network. However, breaks do not
necessarily reflect pipe condition as there are many causes of breaks such as damage from

adjacent construction and frost heave.
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Once pipé coﬁdition is determined, the calculation of remaining service life can be

~ made using deterioration models that predict when failure of future breaks will occur.
These models may be either statistically or physically based. The coﬁcept of remaining
service life is that, given use and time, all pipes will reach a point when they are replaced
for reasons such as poor condition, perception of poor.reliability or the need to increase
hydraulic capacity. Rajani and Makar (2000) define the time of death of a pipe as thé time
at Which its mechanical factor of .safety?alls below an acceptable value. Kieiner and Rajani
(1999) propose that the useful life of a pipe is a function of the economic costs of
deterioration and replacement and suggest that-pipe death coincides with the optimal time
of replacement. |

Prioritization of rehabilitation efforts involve the timing and scheduling of repairs or
replacement of pipes. This is closely tied to resolving financial and technical challenges as
to whether to maintain, repair or renew an asset or to choose an alterna’tive such as twinning
a water main or constructing an alternative water main. Prioritization is compounded by
unceﬂai_nty regarding available funds and organizational trends when longer-term planning
horizons.are considered. Many engineers have faced ciréumstances where short-term
solutions may not be the most economical in the long term but are the most expedient, for
instance when a main is repeatedly repaiféd instead of replaced because capital replacement
funds are difficult to obtain, but emergency ope\rating funds are available.

Deb et al. (2002) describe four general approaches for prioritizing pipeé for
replacement: the Deterioration Point Assignment .rﬁethod (DPA), breai(-even analysis,
| failure probability and regressibn methods, and mechanistic methods. Kleiner and Rajani
(2001) suggest that only larger diameter mains with costly consequénces of failure may

justify the data collection efforts and costs required to calibrate mechanistic models. Deb et
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al. (2002) suggests that break-even analyses be augmented with predictive fechniques for
pipe breaks, such as' failure probability, regression and “mechanistic methods. Other
considerations for prioritizing> water main replacements also include reliabilitiyb (Xn and
Goulter, 1998), consequence of failure (Cooper et al., 2000), consideration of other assets
(Grigg, 2004; Vanier, 2001), and on-going engineering and management processes.

Davis (2000) suggests that for analyzing the impact of changes in a water inain
rehabilitation strategy, an agent-bésed approach is promising. - Agents are defined as
information-processing systems and.are based on artificial intelligence approaches. Davis
proposes a loosely coupled generic agent-based decision support framework for water
ntilities. In this framework, agents are used to extract data from infrastructure, Geographic
Information Systems (GIS) and strategic databases. Agents are also used to cleanse data,
interface with other databases, predict pipe.deterioration and assist in developing
rehabilitation strategies. Small to medium size utilities often do not have staff with the
skills to implement agent-based approaches. For these utilities, an approach that employs
engineering expertise and common data processing systems is likely to be more feasible.

Knowledge disco\iery is the process ’of identifying valid, useful and ultimately
understandable patterns in data (Toria et a{., 2004). The an‘alysis of water main breaks is
limited by the challenges faced in constructing databases such as limited personnel and
resources, missing and conflicting data, and non-cornputerized information (Pelletier et al.,
2003; Habibian, 1992; and O’Day, 1982). Furthermore, baby-boomer staff of many
utilities will retire over the coming years and data mining will be overshadowed by the
issue of data creation and storage because much water distribution data are oially recorded

or are stored in discrete departmentally managed databases rather than in a central database.
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3.4 CONSTRUCTING WATER MAIN DATABASES

The approach for sourcing, eonstructing and linking water main break data
proposed herein is to create a connected data schematic and undertake knowledge discc.)‘very
based on these data as shown as Figure 3.1. Identifiers that are shared among 'datal;ases are
-used to loosely associate and relate data across databases, as represented by the wavy lines
in the figure. Data from different databases such as pipe break data files, soil characteristics
rnaps, ortho-photographs, as-builts and orally recorded information are linked by creating
identifiers in each data source that are common to one or more sources. For example,
specific pipe segments, surface material and break data can each be assigned a common
pipe identification number (pipe ID).

Informatioﬁ that are only orally recorded and transmitted between staff or no longer
documented within an organization may be used to “create” data that can be verified and
integrated for analysis. Construction standards and practices and manufacturer data can be
identified through interviews. Data from external sources such as the US Department of
Agriculture (USDA) and Canadien Soil Survey (CSC) can also be related.

The database is created using processed and blended data. The processing and
vblending of daté is performed by technical specialists using tools such as GIS, spreadsheets
and databases. Analysis of the data can then be performed to identify network performance
ineluding the occurrence of water main breaks, complaints and pressure deﬁciencies. These
can be accomplished with various approaches such as statistical, physical and neural
network modeling and risk analysis. From the analysis and knowledge discovery, utilities
can develop strategies to predict the remaining service life and prioritize rehabilitation

efforts.
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Identifying the Purpose of Analysis. The first step is to identify the purpose for
which the data are to be analyzed. In addition to asset rriénagement, objectives such as |
performance measurement and improvement, research and development, colst recovery of
services, transparency and public accountability may be identified. After the purpose‘is
established, the data requiréd may be determined, i.e., if the purpose of the analysis is to
determine factors associated with breaks that lead to service life estimates, the data should
inélude pipe material, age and diameter. Asse;t management analyses of pump stations
' require horsgpower ratihg, pump run times, -vibration levels and maintenance details.
Pavement asset management requires data on pavement thickness, sub-basé material,
Annual Average Daily Trafﬁé (AADT) and type of axle loading. The purpose of the
analysis affects the design of the schematic, the reliability of the relationships between the
elements and the degree of information transferred across a link.

Developing a data schematic. A data schematic identifies the data required, their
potential sources and if and hbw they are related. The schematic should be constructed
considering the characteristics of the data elements including the availability of data,
whether sources are primary or secondary or require interpretation, whether data can be
obtained from parallel or through a series of sources, the confidence in and explicitness of |
the data, and how data may be linked. In addition, data can be obtained fromrmulti'ple
sources and some sources may be more readily available than others. Parallel sources
contain the same or related data and data can b¢ drawn in paraHel, while sources that are in
series contain data that in some way can be related to each other and are dfawn in series. .
Once sourced, déta can be linked across various databases using identiﬁers that are unique

for specific databases or are common across a number of databases (e.g., a common pipe ID

number). Linking data from various sources also allows for the updating of the various
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Asoilrc‘es of data as a result of analysis, knowledge discovery or further research. For
instance, if the purpose of the analysis is to determine if water mains under heavily traveled
roads experience higher rates of water main breaks, data of interest incll;de the surface
material, road funqtion and traffic volumes. If current network pipe data do not inciude
these attributes, surface ortho-pho‘tographs may be use(i to determine the surface material. .
The road function on the surface over a water main may be determined using a
transpoﬁation plan. Alternativeiy, if the transportation plan does not contain road.use data,
but traffic counts or a traffic network plan exist, this information may be used to determine
traffic loading. | |

Identifying Sources of data. Wood and Lence (2006) provide a list of alternate |
sbecondary sources for break-related data based on survey respondénts’ written observations
and personal interyiews. On their own, these data are not very useful for analyzing breaks,
but when combined, they can provide useful information for developing re'habilitation‘ and
operation ahd maintenance strategies. The following is a detailed discus_sion of the
alternative sources that utilities should consider in building a water main break database.

‘Network data. Network data may be available from GISs, Asset Ménagement (AM) |
/ Facilities Management (FM) systems, databases, spreadsheet systems and other analytical
movcilels, e.g., hydraulic models. Other sources of data include Supervisory Control and
Data Acquisition (SCADA) systems and monitoring systems. AM/FM and SC_ADA
| systenis' typically are enterprise systems, used by many departments throughout aﬁ
organizétion, store large amounts of data on large server da\tabases and operate on a client-
server environment. AM/FM systems collect and store maintenance, repajr> and financial

o~

' information while SCADA systems collect and store operating data such as pump-run

times, pressure and hydraulic data.




If GISs are being used for network mapping, each pipe in the system is given an
iﬂdividual pipe ID and may have corresponding information such as year of installation,
length of pipe segments, diameter and material. The léngth of pipe segment is typically

obtained from the geometry of the spatial file and are usually collected from as-builts as
part of the construction of the GIS. Many utilities use hydraulic rﬁodels for their water,
sewér and drainage infrastructure. Hydraulic models contain information such as flow,
pressure and pipe layout that can be useful for analysis of water main breaks and asset
management. For example, rdughness, mass balance discrepancies and hydraulic losses
- calculated in a model can be indications of pipe condition. As-built drawings, previous
construction standards, staff experience, purchasing records, manufacturer specifications,
inspector and surveyor field notes, main tappings, flushing records, swabbing, laboratory,.
hydrant fire flow testing, inspections, water quality testing results, and customer complaints
‘may be used to indicate information sﬁch as the bedding and backfill material, depth of
cover, type of joints, pipe protection, original pipe wall thickness, current wall thickness,
condition of pipe interior and level of intemal corrosion.

Surface data. Squrces for surface material, laﬁd use and traffic loading data include
high resolution (e.g., 0.15 metre / 6 inches) ortho-photographs and asﬁbuilt drawings. Land
use and transportation plans, GIS maps of roads and orally recofded knowledge of types
and ratios of réad_ users, and traffic patterns provide information about surfacé use, traffic
loading, and poténtia‘l sources of damage from surface activities. Ortho-photographs may
be loaded into GIS as a “background theme” and overlain with the pipe network to generate

drawings to determine surface material data for each pipe. This may reduce the need for

field surveys.




Soil data. Soil data are available from both provincial and federal govemﬁent
databases in Canada and analogous sources in the US. The .CSC National Soil Database
contains the soil types for all of ‘Canada and is the national repository for survey
infor‘mation.from the broad (1:1 million scale) to the detailed level (1:10,000 to 1:250,000
scale). The USDA Natural Resources Conservation Service is responsible for the National
Cooperative Soil Survey Which inclucies the efforts of federal, state, and academic
institutions (Rossiter, 2005). The Washington Suburban Sanitary Commission has
developed soil corrosivity maps based on USDA soil survey results (Habibian,1992). While
agricultural surveys may be limited in terms of their usefulness in corrosion analysis, when
combined With a séil sampling or survey program, they may be used to provide a generél
understanding of the soil conditions. Utilities should also review boreholes and logs from
previous studies, well drilling data and information gatheréd- on construction projects. Sbil
permeability data and water table information can be useful for drainage and sanitafy sewer
inflow and inﬁltration analysis.

Other sources of data. Utilities should explore the data collected by others or used

within the organization such as mapping of envirohrﬁentally sensiﬁve areas, pavement
management systems and infrastructure plaps. Environmental information such as water
and ambient temperature and the frequency of frost, may be available from water quality
testing, weather and environment agencies. Gas pipeline, electrical, telecommunicaﬁon or
other utilities operating in the area may have information on soil data, stray currents and the
corrosivity of soils. |

Information that are not recorded but available orally from staff can be obtained by
using interviews of staff to determine, for example, the type of bedding and backfill

inaterial, pipe lining and pipe protection. Whenever possible, verification of observations
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is recommended. Broéd surveys and spot testing are other techniques to consider when
obtaining data. For example, a program that samples soil for corrosivity and relates the
agricultural classifications to soils can yield insights into potential corrosion hot spots aﬁd
focus monitoring efforts.

Linking data. The objective of connecting or linking data is by relating relational
databases to supbort on-demand data analysis. Data from multiple sources may be linked in
series‘, or parallel or remain unlinked. This ap;proach can facilitate the updating of the
analysis data set as data sources are updated and thereby support future knowledge
discovery. Information proc'essing tools, such as GISs, spreadsheets and databases can be
/used to create électronic records, manipulate and analyze data. Output from these tools is
also easily exported to other, comprehensive databases. GIS shape files ‘can contain a
myriad of information that may be viewed and exported for analysis using other analytical
| - software such as spreacish’eets and databases. Depending on the expertise and skills of
those analyéing the data for knowledge discovery, utilities may choose to use a spreadsheet
file as the main data analysis file. An example of which is dgscribed in the case study
presénted’ in this paper.

If break records are stored only on'paper, an electronic break database sh)ould be
created. Spreadsheets are easy to use and the data can be easily transferred fo GIS format
for viewing while being retained as the key database. Pipe ID numbers that are assigned for
GIS network maps can be used as the coﬁnection between the break records and pipe
characteristic data. If records do not specify the exact location of the break along a pipe

ségment, some extrapolation may be required to identify the damaged pipe. For example, a

" house number may need to be used to define the location along a pipe where the break

occurred.




A process for coriverting geographical archival information into electronic data for
relating data is shown in Figure 3.2. In the first step, information in tlie form of paper maps
is scanned to create Tag Image File Format (TIFF) images. Then the images are digitized to
create polyline drawings and GIS are used to build polygon coverage. Attributes are
attached for each polygon and then related io a common identifier, such as a pipe ID.

Using the intersect function of the GIS, the attributes of the network pipes and the attributes
of the polygons are combined and exported as a spreadsheet file. All the files form a
portion of t.he data WarehOIise that is used to create the main analysis file. For example, soil
image rriaps may be digitized to ¢reate a closed polyline drawing of soil types; fitted to the
cadastral drawings of the water network in AutoDesk Map® using the 2D transformation
process, and then used to i)uild pol}igon coverage of the soil conditions with ArcMap®. If
each polygon is assigned a soil type identification number that corresponds to a soil type,
then using the intersect function of ArcMap®, the pipe end corresponding soil attributes _
can be generaied and exported to a shape file, and ultimately exported as a spreadsheet file
of pipe IDs and corresponding soil type. - |

Hydraulic models may be used to calculate the flow through model liIiks, and the
pressure and heads at nodes within the water distribution system. A process for estimating
pressure data along each link within the network is shoWri in Figure 3.3. Hyciraulic model
outputs (e.g., flow and friction coefﬁcient estimates in links and pressure estimates at
nodes) are determined for the corresponding pipe ID. The pipe link and node shape files are
combined using GIS tools, exported to a spreadsheet file, and thereafter combined with the
other pipe network data, such as .pipe material, diameter, date of ‘installation, and length.

Often, the hydraulic ‘model and the pipe network do not have ai one to one

relationship, and commonly the hydraulic model is a skeleton of the network where a link

90




in the model may actually represent a number of pipes in the real system. Foi example, the
City of Toronto recently skeletonized their 307,956 pipe network to a 76,989 link hydiaulic
model (Schick, 2005). In this case, the pressure and flow may be related by buffering the
hydiaulic model output to the pipe network data. Buffering creates a relationship between
the links in the model and the well documented nipes in the pipe network; a process shown
in Figure 3.4. Here, the pipe network data (a .DWG file) is converted to a shape file with
identification numbers (usually the pipe ID) and the hydraulic model data aie prepared as a
shape file. The two shape files are buffered using GIS analysis tools. Buffering the two
shape files creates a relationship between each pipe and the model pressure and flow in the
links. Using this process, all pipes can be associated with corresponding flows and
pressures. This approach may also be used for combining sewer or drainage hydraulic

- models or other spatial data.

Processing Data. Prior to the analysis stage, data should be piocessed to reduce
errors and inconsistencies and to produce a coherent data set. Data processing activities
include simple transformaticns (¢.g., detecting and removing cutlieis), cleaning and
scrubbing, blending data from the various sources and summarizing the data to reduce the
number of records (Torra et al., 2004).

In the process of relating the data, analysts rnay‘ discover inconsistencies in the
databases and may have to detei‘mine the reliability of the data and how to treat incomplete
data, e.g., pipes that do not have an installzition date. Analysts may also find pipes that are
missing material or diameter data or that hydraulic model output and GIS data differ. It
falls on thelanalyst and data schematic builder to carefully consider the impacts of data use
approaches and how these approaches affect the ability to achie\ie the purpose of the

analysis.
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Knowledge discovery. Once data processing is complete, utility managers may
analyze and extract knowledge and gain insights regarding their system. Typical
knowledge diecovery techniquee include spatial and statistical analyses using GIS,
spreadsheets, databases, physical and statistical pipe deterioration models and artificial
intelligence techniques. Here, patterns in the data may be determined such as break
patterns? and rates for differing pipe materials, diameters, and ages and the spatial
distribution of the breaks over time. As an example of the use of such observatiens,
knowing the proportion of pipe materials of a distribution system and the failure rates
within each material class can help determine the vulnerabilities and failures that may be
expected of t-he‘system. Determining the past, present and future failure rates for pipes of
different vintages, diameters, soil conditions, and surface loadings is impertant for éuiding

a utility’s rehabilitation program.

3.5 WATER MAIN BREAK DATABASES FOR MAPLE RIDGE, BC

The construction of a data schematic for anlalyzing water main_breaks is
demonstrated here for the area of Laity View in the District of Maple Ridge. This area
comprises 13 percent of the 335 kilometer distribution system for the District and
represents an utban area. The Laity View area experienced construction practices and has .
~ soil types typical for Maple Ridge. The District has information residing in various formats
(e.g., electronic, archival, and oral) that are distributed and managed across the
organization. For example, tne Operations Department has paper copies with limited
information on the break history of water mains from 1983 to 2004, and no database, while
the Engineering Denartment has a skeletonized hydraulie model of the system constructed

in 2001 in a .DWG format and a spatial representation of the pipe network in GIS.
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The purpoée of this analysis was to detérrhine relati;)nships among water main
breaks and factors such as pipe age, material, soil and depth of cover so as to aid in asset
management (NSGMI, 2003). The infonnation processing tools used were Microsoft
Excel®, Microsoft Access®; Arcifiew® GIS and Autodesk® Map. These software tools
were selected because they are available in-house, and District staff are trained to use them.

The data set for the Laity View area of Maple Ridge represents an intermediate
water main break data set with a 20 year break history (1983 to 2004). The data included
pipe material, pipe diameter, whether the pipe is under a boulevard or roadway, the year of
installétion, depth of cover, length of pipe segment, surface material, normal operating
pressure, bedding material, whether the pipe is wrapped or anode protected
(wrapped/anodeS); backfill material, type of road function, traffic classification, type of
pipe lining and typical flow in the pipe.

Constructing and linking data. The availability and location of the data, level of
conﬁdenée in them, and information regarding how they were created are identified and
listed in Table 3.1. Data associated with a low level of confidence are candidates for a data
veriﬁcatién program. Based on the various sources of the data and the goal of aiding asset
management, the schematic of how data can be related as shown in Figure 3.5 was created. -
The schematic identifies potential links and inputs for analysis and maj or data of interest.
Primary sources of data typically aggfegate data and are réadily available but do not contain
all the data deemed of interest for asset managément. ‘Sec‘ondary sources that contain
additional information were identified. Many of these use various data formats (e.g.,
databases and paper records) and are distributed across the organization. Some data are
available from parallel sources and one or all of th.e sources may be used for analysis. For

example, traffic volumes may be obtained from a transportation plan or from a traffic
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network plan, traffic volume_l database and pavement management system. The
transportation plan, traffic network plan and pavement management system use AADT for
defining the volume of traffic while the traffic network plan contains 24-hour vehicle
volumes which may be transformed to equivalent AADT. |

Where possible, data were linked using the pip’e ID as the common link across the
databases in order to facilitate updating $f all data sources using the results of the
knowledge discovery process and additional field investigation. Like many utilities, the
electronic water distribution network information for Maple Ridge includes year of
installation, diameter and material and these are available froni the GIS and drawing files.
The length of the pipe segment was obtained from the geometry of thé pipes in these files.
Autodesk Map® tools were used to define and create the shape file for the region. The
study area was defined for extraction from the water ncfwork map, and exported to a shape
file with the object data for each pipe. The shape file was viewed anci plotted in ArcView®
GIS 3.2A and exported as a spreadsheet file as the main data file for analyses. The
District’s hydraulic model data are stored in a .DWG format but the model uses links and
nodes which do not completely relate to specific pipes. In many cases, liﬁks represeﬁt a
number of pipes in series and required buffering.

The break history for Maple Ridge is limited in detail, but is relatively long. Breaks
are recorded by operation and maintenance staff and stored in paper form. The reéording of
break locations as well .as the amount of environmental and break information varies among
the records within a given year and during the period of record. Field crews typically
record locétions with respect to the nearest cross street but do not record the ex_éct location
of the break. As a result, if a pipe experienced multiple breaks but the exact locations of

these breaks are not identified, it cannot be determined if the pipe failed at the same
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location or at multiple sites algng the pipe. However, identification of the exact location
was not necessary because the purpose of this analysis was to determine if and WI;en a pipe
-broke and not the exact location of the break along each pipe.

To create the electroni(;, break database, the data from the field crew reports were
entered into an electronic spreadsheet. Pipe ID from the water network map were added to
the break record. The data worksheet was then converted to a database that was then
exported as a. DBF file to GIS where it was plotted for visuaiization..

The District does not have detailed soil information. To construct these data, a
number of secondary sources including federal, provincial and local government reports
(Golder, 2002; Luttmerding, 1981;‘.Luttmerding, 1980) Weré reviewed. While the
provinci'al reports use agricultural soil classifications, soil groups based on the parent
- material (i.e., the upper stratigraphic unit) better represent the soil types at installation
depth. The three main classes of parent material are: marine clay, marine sand or eolian silt.
The provincial soil maps were converted into an electronic form and intersected with the
watér network maps as described previously in.the Iinking data section.

To obtain information regarding surface material, »theA ortho-photographs of surfaée
féatures were plotted as background to the water distribution network. The possible surface
material types are asphalt, gravel (typically representiﬁg a road shoulder) and landscaping.
Whether the water main is under a boulevard or roadway was similarly determined and
recorded.

A GIS-based map of the roads, overlaid on the water pipe network and knowledge
based on the District of Maple Ridge Transportation Plan was used to classify the traffic on
the ground surface above the water main. Categories of trafﬁ(; loads that were used include

those attributed to local, collector, arterial, and commercial roads, and lanes and those
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experiencing no traffic, such as boulevards. In the case where a pipe is under two or more
road classifications, the classiﬁcatién,corresponding to the heavier traffic rdad function was
selected. As is the case for many utilities, the quality and amount of construction details
provided in as-builts varies depending on the designer, contractor and time period during
which the main was constructed. Thus, the confidence in these details also varies.
However, in spite of the variability of records, utilities may find that construction
standards, in place for years., may provide reliable information. For example, the standard
cover used for construction in Maple Ridge is generally 900 millimetrés (three feet) and has
been verified by interviews with staff (Thain, 2005). |
" Data regarding bedding and backfill material, and pipe lining and protection
practices were determined through interviews with staff. 'Relationships between the bedding
and pipe material were established and a data'set of bedding material was created.
Similarly, whether pipé protection exists for pipes in the study area ‘was determined using
the soil type for each pipe. Where the soil typé indicates clay and the pipe material is
ductile iron, the pipe was considered on the basis of practice to be wrapped. All other pipes
are considered to be unprotected. This assﬁmption is identified as one which may reciuire
further verification.

While some data were obtained using secondary sources, it was not possible to
obtain or construct all data. Also, while minimal scrubbing of the data was required, there.
were some gaps in data. For examplg:, when the District replaces a pipe or segment of a
pipe, it does not retain any history of the pipe. Consequently, there is no information
regarding the former history of the age, material or diameter of pipes that have been-

replaéed unless the data are recoded on the bréak record form (typically this would only be

diameter and material data).




Preliminary analysis and knowledge discovery. Knowledge discovery results for
this case ﬁre reported in Figures 3.6 to 3.8 and Tables 3.2 and 33 In the study area, 69
percent of the pipes are ductile iron, 26 percent are a_sbestos cement, ﬁve perceﬁt are cast
iron and less than one percent is steel pipe. The number of b;eaks over time, plotted in
Figure 3.6, may help managers develop strategies and budgets. While data indicate a stable
number of annual breaks over the past years, a prediction model would be useful to
estimate if and when the number of breaks will increase. Of the 47 breaks that occurred,
there were 32 first-time breaks. During 1983-1999, ten breaks occﬁ;red in nine pipes and
these pipes were replaced. Because Maple Ridge does not retain data on pipes that are
replaced except what is on the break records (which may record the pipe diameter and
material); ;)nly 37 i)reaks had associated pipe diameter, material and age data. The
usefulness of knowledge discovery is in detéfmining patterns of pipe breakagé aﬁd insights '
based on these patterns. One example pattern is ilh‘lstrated in Figure 3.7 and i“abie 32
which Si’lOW that the majority of first breaks occur when pipes are between 15 t0 19 years
old, and that pipes of thé 1960-1974 vintage have a significantly higher rate of failure than
others, and tIllus attention should be given to these pipes. In addition, other relationships.
such as that between breaks and pipe size (as shown in Table 3.3) and br—eaks and soil
conditions (as shown in Figure 3.8) can provide insights, such as the amount of failures in
ductile iron pipes that are installed in clay soils.

Currently, the water main replacement program of Maple Ridge is targeted at
replacing asbestos cement pipes. As a result of this project, Mapile Ridge initiatgd a soil
corrovsivity survey and plaﬁs to correlate those resulfs with the soil data created in this
study. They are also examining ways to improve prioritization of the rehabilitation of water

mains using the newly gained knowledgé. Practices have also been revised including: data
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on replaqed pipes are now retained, field data are ndw being collected when new pipes are
installed, and new wafer main break forms have Been implemented. Communication on
data collection is improving as departments work together to collect and share data and
have a better understanding of each other’s role in achigving the common goal of effecfive

asset management.

3.6  DISCUSSION - |

The process of creating a data schematic émoné multiple databases for data
compilation, analysis and knowledge discovery may yield valuable insights for improving
asset management practices. It expands the data available for analysis for both present and
future applications and respects decentralized data input and management. The use of
decentralized data storage reduces problems related to data ownership among units within
organizations regarding data collection, management and dissemination of watér, sewer,
drainage or other infrastructure information.

_As in any business pfocess, itis important to document the pﬁrp_ose for constructing,
structuring, sourcing and linking the data schematic. A cléarly documented outline of the
relationships between the key data sets is important for future managers and those utilizing
the data. NSGMI (2003) suggests some key relating information such as asset number,
asset location and Work order numbers. Thé work undertaken herein suggests that those
collecting data within an organization should share infofmation regarding the purpose for
collecting and s‘elect'ing the amount and type of information to avoid duplication and focus
efforts. Data managers must also be aware of disclosure control in which important or
confidential data may be inadvertently connected and unintentionally released to third

parties (Torra et al., 2004). For public utilities, the issue of private and proprietary
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information is important and should be considered (e.g., considering the Freedom of
Information Act in British Columbia.).

Processing of data is a significant step in dafa schematic construction and relating
data. For example, in the Maple Ridge case study, use of agricultural soil classifications
resulted in ‘too many soil zones for analysis but reducing the number of classifications and
using the parent maferial categories improved the understanding of the relationship between
soil type and the number of water main breaké. Summarizing and aggregating data requires
expertise and knowledge of the intended analyses.

In seeking data sources, utilities should consider data that other agencies are
collecting even if they are doing so for different purposes and determine whether the data
are useful as a secondary source. Application of new technologies, such as inﬁared, electro-
fnagnetic surveys and Light Detection and Ranging (LIDAR) may be employed to capture
relevant Qata.

Utilities face the challenge of capturing undocumented institutional information and
knowledge over the next decades as their baby-boomer staff retire. As demonstrated
herein, interviews are useful in capturing these data, but the processes of int(;,rviewing staff
éan be awkward. The authors found that staff shared more information when interviewers
‘began the session by making observations and asking about the validity of these
observations, and then asking specific questions. Maps and other visual cues usually
triggered the interviewee’s memory. It is important for inter;liewers fo pose questions and
prpsent the exercise as soliciting information to aid in knowledge discovery rather than
griticisrh of past practices. It is equally important to, where aﬁpropriate, validate the

observations and experiences of staff. It is noted that retired staff seem uncomfortable with
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" general observations unless they could also provide exeeptions. Though there may be
confidence in orally recorded data, veriﬁcation should be undertaken where possible.

A limitatien of constfucted databases is the possibility that created data are more
correlated than data that are collected independently. For exampie, in the case study, 511
ductile iron pipes are defined as cement mortar lined and the pipe material determined the
backfill and Bedding data. This may affect the amount of explanatory variables in an
analysis. Other limitations include the fact that data may no{ always be accurate er
quantifiable. Tﬁe limitations may be overceme by a program to verify the data over time,
which is a lohg-tenn exercise. For predieting future water main breaks, it may be difficult
to determine if variables are significant if there is a limited history of breaks. It is important
that the data are stored and that future break data be added to increase the history and data |

set for further analysis.

3.7 CONCLUSIONS |

Grigg (2005) has identified the need for standardized main break databases and
continued research regarding database development as strategic for informed infrastructure
management thoﬁgh the topic of databases has been the subject of ether authors such as
Deb et al., (é002); Habibian (1'992), and O’Day, 1982). However, surveys and literature
indicate that data are typically scarce. Compounding this, water main break data in
centralized databases are not common and approaches and techniques to relate and manage
data for analysis are needed.

The approach presented herein expands the sources (including, in pérticular, oral
transmission) and the amount of data for asset management. Researchers and managers

may gain insight into a system by systematically sourcing, relating, processing, blending

100




and analyzing data. The framework is flexible, anticipates the evolution of data collection,
building, verification and storage and allows for a variety of users. It does not abruptly
disrupt data collection and warehousing practices.

A key beneﬁt of this approach of relating data is that it allows managers to continue
to expand data collection. because databases are decentralized. It also fosters a dialogue of
data development, knowledge discovery and information processing across an organization.
It is flexible and can be adapted to all utilities, whether they are small, medium or large,
and regardless of the uniqueness of the data collected and organizational framework..

The recording of future breaks and verification tasks are important for building
confidence in the data and for augnienting it. A long-term strategy should be developed
that verifies and improves the Breadth of data and confidence in the database. The tasks can
be opportunistic, undertaken when other repairs of the system are occurring, or systematic.
When pipes are replaced or new service connections are installed, opnortunities arise for
obtaining physical samples and verifying the nature and condition of pipe protection, -
beddinlg, backfill and the pipe exterior. An example systematic program is a utility-wide
survey of soil corrosivity in Varions soil classifications and an exercise that improves the
understanding of the relationships among soil classifications, corrosivity and breaks.

- This approach can also be used for sewerage, drainage and other systems for
improt/ing asset management, operation and maintenance analysis, performance and public
accountability. For example, by relating and analyzing grease build-up areas, complaints,
slope, flow and model flushing velocities, a sewer system manager can analyze
performance and resource efforts and develop plans to address previously “un-connected”

problem areas. As well, for a road network, constructing relationships between complaints,
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traffic volume, speed aﬁd crash data, lighting level, signage, road condition and geometry,
managers may be able to improve road Safety and predict high crash locations.

As observed in the Laity View area case study, the process and results improve |
communication and the basis for decision making. New insights ca_ri assist managers in
focusing effert and resources and discovering unanticipated issues and cEailenges. While
the foc~us of utilities has been on collecting and storing data, the next step will be in the
application of data mihing and knowledge discovery. As more tools become available to
analyze data, managers need to consider the business intelligence that it should employ to

wisely invest resources to meet future demands.
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Table 3.1 Water main break data availability for Maple Ridge

roadway

Ortho-
photographs
(0.5metre/1.6 feet
and 0.15metre/0.5
feet intervals)

interpretation of
data available

. Availability for
_ “off the shelf”
Data element analysis Secondary source | Notes Confidence/reliability
Pipe material Available in High
AutoCad in . DWG
format
Pipe diameter Available in High
AutoCad in DWG
format and GIS
Type of water : Available in Requires Medium
service Ortho- interpretation of
- photographs data available
(0.5metre/1.6 feet | -
and 0.15metre/0.5
feet intervals)
Under boulevard or Availablein /| Requires High

Year of installation
/age

Available in
AutoCad in .DWG

Medium - high

material, future
field verification
required

format and GIS
Depth of cover Orally recorded Based on Medium — but could be
' information - standards of the verified over time
day '
Length of pipe Available in Medium
segment AutoCad in DWG
format and GIS
Normal operating Available in Need buffering to | Medium — High
pressure model and in’ assign pipe with
. .DWG format node data
Type of joint Not available Field investigation | Low
commenced for
‘ ‘ future pipe breaks:
.| Condition of pipe Not available Field investigation
exterior commenced for
, future pipe breaks .
Bedding material Orally recorded Data inferred from | Medium ~ but could be
information known pipe verified over time
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Data element

Availability for
“off the shelf”
analysis

Secondary source

Notes

Confidence/reliability

Pipe protection Orally recorded Use of soil maps Medium — but could be
(wrapped/anodes) information to infer verified over time
information,
future field
verification
: required )
Backfill material Orally recorded Data inferred from | Medium — but could be -
information known pipe verified over time
material, Future
field verification
, required
Traffic classification Transportation Need better
or type of road usage plan designation understanding of
and maps traffic loading
Type of pipe lining Orally recorded Data inferred from | Medium - but could be
: information known pipe verified over time

material, future
field verification

required
Typical flow in area Available in Some more Medium-high (from model
of break hydraulic model modeling confidence)
and in DWG information
format (typical flow)
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Table 3.2 Water main breaks for a given year of installation (1983-1999)

Percentage
Length in Number of of pipes in
Year of Number metres breaks as an age group
Installation of Pipes (feet) age group with breaks
1,687 o
1955-1959 14 (5.535) 4 29%
2,968 o
1960-1964 32 9.738) 8 25%
1,511 o
1965-1969 12 (4.958) 7 58%
4,791 o
1970-1974 52 (15,719) 11. 21%
' 4,030 o
1975-1979 56 (13,222) 3 5%
4,122 o/
1980-1984 56 (13,524) 1 2%
4,584 o
1985-1989 56 (15,040) 3 5%
7,452 o
1990-1994 96 (24,450) 0 | 0%

' 3,003 o
1995-1999 51 (9.853) 0 0%
Unknown 4 29 0 0%

05) ’
Total 429 34177 9%

37

(112,135)




Table 3.3 Pipe breaks for pipes of a given diameter (1983-1999)

Percentage
of pipes for
Pipe diameter in - each
Number diameter
millimeters Number of of group with
Pipes breaks _breaks
100 2 0 0.0%
150 246 26 10.6%
200 1T 7 6.0%
250 \ 62 4 6.5%
300 , 2 0 0.0%
350 0 0 0.0%
- 429 37 9.0%
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Figure 3.1 A schematic for constructing and using water main break data for

knowledge discovery

Soil maps
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Figure 3.2 Process for digitizing and creating data from archival geographical data

Scan hard copy
image and
create TIFF
image

Create closed
polyline drawing

Use GIS to create
polygon coverage
(closed polylines)
and identify
attributes to be
linked

Apply GIS processing
tools (e.g., intersect
function) to pipe network
| and the polygon to
generate shape file

o

Sde notebalow

v

Export attribute data
of the shape file to
analysis file (e.g.,
spreadsheet file)

4 i e/ oo B 0 0wt e o £ o

Note: Title of data columns

Number
Month Years Pipe of
Pipe Material Year of Year Of of of Years In length breaks
ID Size Material Code installation | Failure | Failure | Service | Ground (metres) to 1999
Has pipe been Soil Number Under
replaced since zone of soil boulevard Surface Traffic Pipe
break? type zones or road material classification | lining | Bedding | Backfill
Q Vv C_number HGL Max demand day
Pipe protection | C factor Roughness (I/s) (m/s) (Hazen) (metres) pressure _(PSI)
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Determine hydraulic model
input and output data and
relationships of data. For
example, are pressures
calculated only for nodes or
are they also assigned to
model links? Do the pipe
link data include all the data
being sought for analysis?

Figure 3.3 Linking hydraulic model data with network data

v

Combine hydraulic model
output node pressures and
link flow data for a given
pipe ID.

Determine pipe
network
information such as
material, diameter,
date of installation,
length, etc. How
does the pipe
network relate to
the model, i.e., are
there one-to-one
relationships or is

-the model

skeletonized?

Combine hydraulic model data with pipe network data.

Export combined attributes to analysis file




Figure 3.4 Buffering data to create data relatiohships using GIS

Pipe ID 1 and Pipe ID 2 are network
Link ID 1 is a link that pipes in GIS. Each pipe identified as
unique. :

defines connectivity in the
hydraulic model. Each |ir?8"'

identified as unique in ¢
model.
Link 1D1
//
{
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Buffering the Link ID 1 "data
data to Pipe 1D 1 an.d :
Pipe ID 2 gives the 1. Create shape files of model

attributes of L_ink ID '1 to data and network data.

the network pipes Pipe e 1D ith

ID 1 and Pipe ID 2. Eilr?l? ||D11d‘g;§:1 2. Buffer data using capabilities
of GIS.

3. Export the attributes of the
buffered shape file as a
spreadsheet file.

Pipe ID 2 with
Link ID1 data
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Figure 3.5 Maple Ridge water main break analysis data schematic
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Figure 3.7 Number of years in service when break occurred in pipes (1983-1999)
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Note: Of the 47 breaks in the area, no pipe age data were available for 10 of the 47 breaks.
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Figure 3.8 Number of breaks for pipes in a given soil type installation (1983-1999)
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CHAPTER 4

USING WATER MAIN BREAK DATA
TO
IMPROVE ASSET MANAGEMENT

FOR SMALL AND MEDIUM UTILITIES

A version of this paper has been submitted for publication to ASCE Journal of
Infrastructure Systems as Using Water Main Break Data to Improve Asset Management for

Small and Medium Utilities by A. Wood and B. J. Lence.
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PREFACE
In the previous chapter, I created data and a number of databases fo demonstrate
some techhiques that utilities can employ to enrich their asset managemeﬁt data sets. In
Chapter 4, I demonstrate that once data are created and linked for analysis, utilities can use
these data within a framework that I developed for improving their asset management
- practices. The intent of this research is not to create a new model, but to develop a
framework that uses break ﬁrediction models that small and medium size utilities can
apply. The soil and surface material data that were created in Chapter 3 were used in the
experimental applicatioﬁ of this framework and give significant insights - into thé factors
that influence pipe breaks.
While the data created provided a demoﬁstration case, there was not sufficient
" - information to apply all the models that [ initially proposed to investigate. The use of
statistical deterministic time-linear and time-exponential models cou}d be sufficiently
demonstrated with the data created in Chapter 3, but there were insufficient data to obtain
meaningful results from an application of the survival analysi}s and KANEW (Deb at al.,
1998) models. Thus, all four types of models Were- applied in an effort to obtain proof of -
c}oncept, but only two types of models are reported in the manuscript that comprises
Chapter 4. |
It is important for utilities to continue to create and mine data. This research
reinforces the notion that not all data may be useful for applying sophisticated models but
that unsophisticated pipe break models can provide insights into the perforrriarice ofa W&tCI“
-main system, be used in identifying system specific factors that may cause breaks, guide

the development of a water main break data collection strategy, be used to identify groups
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of pipes, their historical and predicted break frequenéy to further investigate and prioritize -

for replacing and thus be a benefit to communities.
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4.1 INTRODUCTION

Water utilities have aging and deteriorating infrastructure and must prioritize the
replacement of their water mains to minimize pipe breaks. Breaks result in loss of Water to
key businesses and critical facilities, may lead to darilage of pther infrastructure, and have-
been identiﬁed as a pathway for mierobial contamination of distribution systems (AWWA
and EES, 2002). The need for rehabilitating aging water mains is increasing, the costs of
repairs and replacement can be high, and the impact on customers potentially si gniﬁcani
(USEPA, 2001). Asset management practices are generally used to prioritize pipe
replacements and thereby identify iiivestment strategies that, on one hand, avoid premature
replacement of pipes (i.e., unnecessary pre-investment of funds), and on the other hand,
avoid water main breaks, commensurate interruptiqns in service eind the costs of damage.
An effective asset management decision is dependent on the ability to determine the future
‘performance of water mains by predicting water main breaks, and identifying how such
breaks may occur.

Much research has focused on the development of models for predicting water main
breaks and pipe deferioration, but the use of such models is not common among utilities. In
addition, the amount and quality of water main Break data available for developing or
implementing these models varies among utilities (Wood and Lence, 2006). Many utilities
lack data and are not confident in the data they have. and this is generally an impediment to
their investing in pipe prediction models. 'However, they can create and relate data that can
be useful for asset iiianagement (Wood et al., 2007).

This paper develops a framework that guides utilities in identifying key data to be
| used in asset management in general and specifically for pipe break prediction modeling

\

and selecting the most appropriate model for predicting water main breaks. This
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information may then be used to enhance the development of réplacement priorities based
on forecasted breaks, the maintenance of the database, and the identification of future data 5
acquisitiorll programs. It provides the utility with a method for considering future pipe
breaks in the énalysis of pipe prioritization strategies, and it incorporates existing tools t\'or\
data management and analysis that are widely available and easy to implement by small
and medium rsize utilities. The framework is applicable to utilities with varying amounts of
data, and it is demonstrated here with a case study based on the Laity View area of Maple
Ridge, B.C and constructed data. The following sections review the available techniques
for predicting pipe breaks, the factors that influence break predictions, the framew§rk
developéd for assisting in _asset management of bipe networks and the results of the Maple

Ridge example impleméntation of this framework. The framework can be applied without

creating and constructing data, but the usefulness without such efforts is limited.

42 ~ WATER MAIN BREAKS

A number of authors analyze and report on the causes .of breaks, including O’Day
(1982), Marks et al. (1987), Male et al. (1990), Savic and Walters (1999), Rajani and
Makar (2000), Rajani and Kleiner (2001) and Dingus et al. (2002). According to Rajani and
‘Tesfamariam (2005), a combination of circumstances leads to pipe failure in most cases and
different factorsbcause failure in different pipe networks. The causes of breaks includé
deterioration as a result of use (e.g., internal corrosion)‘, physical lvoads applied to the pipe
(e.g., traffic, frost), limited structural resistance of the pipe b'ecauée of construction
practices during installation and declining resistance over time (e. g corrosion, aging

factors). Dingus ez al. (2002) surveyed the 46 largest American Water Works Association

Research Foundation (AwwaRF) member utilities in 1997 and note multiple common
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failure modes for éast iron pipe systems. Corrosion, improper installation and ground
movement are the three most common causes of pipe failure. According to Levelton
(2005), corrosion is dependent on a number of factors including material, soil type,
chemical characteristics of soil, soil bacteria and stray electrical currents.

Prediction modeling of water main breaks. Break prediction models have been
developed to help the water industry understand how pipes deteriorate and when pipes will
break in the future. These models are typically grou;;ed into two classes — statistical and
physical-mechanical models (Kleiner aﬁd Rajani, 2001). Statistical models use historical
pipe break data to identify break patterns and extrapolation of these patterns to predict
future pipe Breaks, or degrees of deterioration. Physical-mechanical models predict failure
by simulating the p}\lysical effects and loads on pipés and the capacity of the pipe to resist
failure over time.

Statistical models are typically characterized as either deterministic or probabilistic
equations (Kleiner and Rajani, 2001).. Under the deterministic modeis, the pipe breakage is
estimated based on a fit of pipe breakage data to various time-depéhdent equations, which
may represent thé cur’nulaﬁve pipe breaks as a function of time from date of installation or
from»the earliest date of available break data, most corr;monly are time-linear (Kettler and
- Goulter, 1985) or time-exponential functions (Shamir and Howard, 1979; Walski, 1982 ana
Kleiner and Rajani, 1999). Prior to fitting these functions, pipes are partitioned into groups
that have similar characteristics, and the functions are evaluated for these groups. The -
characteris.tics‘ used to sort the pipes are based on the factors that are assumed to influence
breaks such as pipée age, pipe material, diameter, or soil type. Probabilistic models predict
not only the failure potential, but the distribution of failure. These models are more

complex than deterministic models and require more data. Examples of these include

124




cohort survival, such as KANEW (Deb et al. 1998), Bayesian diagnostic, break clustering,
semi-Markov Chain and data filtering methods. Physical-mec};anical models typically fall
into one of two classes: deterministic models whieh estimate pipe failure based on
simulation of the physical conditions affecting the pipe (Doleac et al., 1980, and Rajani and
Makar, 2000), or probabilistic models that use a distribution of input conditions, such as
rate of corrosion, to pr‘edict the likelihood and distribution of pipe failure (Ahammed and
Melc“her's, 1994). These models have been developed primarily for cast iron and cement
pipes. |

Physical models have significant data needs. Kleiner and Rajani (2001) suggest that
only larger diameter mains with costly consequences of failure may justify the required
data collection efforts for these models, and that statistieal models based on fewer data may
be used to gain insights for future performance. Raj ani. and Tesfamariam (2005), in using a
prebabilistic approach, suggests that breaks and causes of breaks for any particular water
distribution network are system-specific and that a uﬁlity must create its system-specific
model based on the deterioration factors that are relevant for that utility. While small and
medium utilities typically have the capacity to use statistical deterministic models, the
implementation of physical models is not practical due te the data collection efforts and _
model maintenance required. For small and medium utilities, it is often most important to
gain insivghts about the rate of pipe breakage, that is, whether the quantity of expec;ced
breaks is increasing linearly or exponentially. Knowing the rate of change for utility
managers is important because:budgets and performance are based in part on future needs =
such as the number and rate of preaks in the system. |

Factors for predicting water main breaks. A number of studies identify factors

for predicting water main breaks, though what is considered relevant data appears to be
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specific to the system investigated. O’Day (1982) reviews break studies in Manhattan and
Binghamton, New York, and cites a num‘t;er of studies that use age as an indicator for -
predicting break rates for cast iron pipes. He notes, however, that age alone is a’per
predictor of main break patterns and identifies the major déterminants of water main break
rates, as localized fac;[ors such as corrosion conditions, construction practices and external
loads. He also finds that soil type affects external forces on water mains, such as shrink-
swell, frost penetration and extemall corrosion. According to Jacobs and Kamey (1994),
pipe age range is an effective basis for models because pipes of a given age range are
typically uniform with respect to manufacture, installation and to‘ a large extent, operating
conditions. Moreover, pipe installed in geographically contiguous sections often share

~ similar soil bonditions, installation conditions and pressure régimes. In their study, Jacobs
and Karney group pipes based on material, diameter 'and fairly broad age ranges and
develop regression relationships for pipe breakage versus age and versus pipe length. Savic
and Walters (1999) suggest that the causes of water main failures may be split into pipe
quality and ége, type of environment, quality of construction workmanship and service
condition and find that age, length, and diameter are the most important variables in
influencing pipe bursts. Kettler and Goulter (1985) find that break rate, age and material are
related for asbestos cefnent and cast iron pipes. In their study, no single type of failure of
asbestos cement pipes exhibited a marked change in the rate of failure with time, while
there were distinct changes in the failure rate with time for some types of failure in cast iron
'pipe§. According to Male (1990),_ different manufacturing processes of cast iron pipes can
account for differences in durability. Cooper ef al. (2000) apply a probabilistic approach to
estimate trunk ﬁlain failure probability, based on four key variables: numbe; of buses per

hour, pipe diameter, soil corrosivity and density of pipes in a given area. They find that
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pipe age and material are important factors contributing to the break probability. Rajani and

Tesfamariam (2‘005) show that long-term performance of buried caet iron is dicteted by pit

growth rate, unsupported length, fracture toughness and temperature differeﬁtial.

Data typically used in models are surrogates for factors that can explain breaks. For

“example, as shown in Table 4.1, the age of a pipe may represent the method of pipe

manufacture or particular construction standards, as well as deterioration over time.
' Bedding material méy be an indicator of a particular construction practice that inducee |
physical stress, of the structural resistance of the pipe, or of the soil type. For example, in
" some utilities where native soil is used as backfill, the soil may not screened for rocks and
other objects or properly leveled. As a result, this construction practice results in
circurnstances where a stress is induced on pipes and ultimately causes failures. In some
cases, fines migration of corrosive native soil through particular bedding types can occur
and create the potential for external corrosion. Soil type can represent corrosivity and
potential for external pipe corrosion, this is also dependent on the pipe material.

Avhilability of water main data within utilities for models. The amount of water

main break data needed for extensive model development is not commonly available in
utilities (Wood and Lence, 2006), in spite of best practices recommended by the National
Guide to Sustainable Municipal Infrastructure (NGSMI, 2002) and AWWAREF (Deb et al.,
2002). Most municipalities only have limited recorded pipe breakage histories and do not
have much data for analysis (Pelletier et al., 2003). However, in many instances utilities
may have more available data than they realize. They can apply approaches such as

_constructing and relating available data from archives, models and other such sources

(Wood and Lence, 2006) to construct and link databases for analysis.




' A.‘key to any data management strategy is identifying the purpose for which one is
collecting and analyzing the data, whether it is for asset management, compiling an
inventory of assets or discovering the magnitude and nature of pipe breaks. There is
growing interest in using Knowledge Discovery tec_hniciues such as data mining for water
main break data (Savic and Walters, 1999). Knowledge Discovery is the process of

identifying valid, novel, potentially useful and ultimately understandable patterns in data

(Torra et al., 2004)..Such patterns may help to identify factors that are related to breaks.

4.3 , A FRAMEWORK FOR USING DATA AND PREDICTION MODELSIF TO
IMPROVE ASSET MANAGEMENT

The framework develciped herein may be used to guide a utility in identifying the
magnitude of its water main break problems today and in the future, arid thereby enhance
the development of strategies for prioritizing Ipipe replacements and dzita collection. Its
salieiit feature is that it integrates break prediction or deterioration models that provide an
indication of future pipe conditions with existing data, and thereby uses enhanced estimates
of vulnerability for each pipe. Itis designeil to accommodate systems with limited data but
is sufficiently flexible to adapt for additional information that may be acquired over time.
Other désign considerations include ease and transparency of use and facilitation of a
decision-making process that is repeatable and defensible.

Traditionally, utilities prioritize pipe replacements based on a combination of
current manégement practices and historical pipe breakage data. Managemerit practices
include directives baéed on general guidélines, conéequence assessments, legislative
requirements, and other utility priorities. Rudimentary analyses eniployed interpret

historical pipe break data, including location, time and date of break, and pipe diameter and
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méterial, and typically has provided information regarding where and how many breaks are
occurring, and what pipes are experienciné breaks (Kleiner and Rajani, 1999). Considering
this information, the priority of the utility may be to replace water mains of a certain
material or size, those in a certain area due to previous failures, those under roads that are
to be re-paved, those that ere currently undersized, or those that have significant
consequences if failures were to occur, sueh as mains that serve hospifals. Some utilities
may use a mulﬁple obj ecti\./e approéch, weighting each of a nurﬁber of prioritization
criteria, and assigning points to each pipe that describe the degree to which it meets a given
criteria (Deb et al., _2002; Sargeant, 2003). For each pipe, the sum of the prociuct of the
weight and assigned point-sAfor each prioritization criteria is obtained and used to prioritize
candidafe pipes.

The framework developed in this research is shown in F igure 4.1. In order to
: forecast'pipe breaks, the historical data set may need to be expanded with data available
from other sourcee within the utility and from external agencies. In addition to historical
pipe breakage data, data for factors that may be important for pfedicting water main breaks
as previously described may need to be obtained, including soil type, surface, bedding, and
backfill material, type of road usage, or typical ﬂew in area of break. This information may
be consolidated by creating a schematic of data, which does not establish a new database
pér se, but draws from available data for analysis Wheﬁ required, as described by Wood and
Lence (2006) and Wood et al., 2007.

These data may be used directly in the prioritization process and as input to break
prediction and deterioration models. The input to the models is developed by grouping

pipes in which breaks have occurred based on factors that contribute to breaks. Material

and diameter data are available to most utilities and should be considered as the minimum
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factors on whigh to base pipe groups. The decision of whether to use a physical- -
mechanical or"statistical break prediction model may be made at this point, because the
pipe material determines whether a physical model exists for a given pipe and the diameter
influences the practicaiity of applying such a model.- For small and medium size utilities,
thé practical starting point is deterministic statisti(;al models, which may bevdeveloped with
readily available commercial software, including spreadsheets. More capable utilities may
consider more complex statistical or even physical-mechanical models, hdwever; the long
term uée and maintenance of these models is a serious consideration for those who choose
these model‘s. )

To evaluate the accuracy of a given statistical model, a portion of the break data
should be used to develop the equations and the fnost recent portion of the break data
should be retained aé a holdout sample for comparison. For example, 1f a utility has twenty
years of break history, it may choose to'develop models baséd on the first fifteen years of
data, -‘and compare the model predictions with the remaining five years of actual breaks to
assess the accuracy of the predictive model. While five years is a reasonable length of |
holdout sample, this is a function of the length of record, and data required to generate the
statistical models.

In developing and using statistical models, one must determine the amount of data
that are required, the level of detéﬂ to be modeled, and the knowledge that will be gained.
In ord;ar to determine the length of record required to develop a credible stgtistical model,
the pipe break record used to model the system may be varied to evéluate the sensitivity of
the model accuracy to the length of record usgd.

In order to evaluate the important factors for predictiﬁg pipe breaks, the pipe break

data may be subdivided into _different. sub-groups and models for each of these sub-groups
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may be developed and compared in terms of their relative accuracy. This process naturally
reduces theé number of breaks within each sub'—groﬁp used in performing statistical aﬁalyses,‘
but may yield more credible models. Considering data that are typically availablé to.
utilities (Wood and Lence, 2006), potential sub-groups (;f pipes for these models, include
those of a specified i) pipe material andAd'iameter, which indicate pipe strength; ii) pipe
material, diameter; and age which indicate‘ pipe strength and age effects such as
deterioration and construction practices; and iii) p‘ip'e material, diameter, soil type, and age
which indicate pipe strength, interaction of the pipe material and the.soil, and age effects.
Should the utility have access to information regarding surface conditions, this may also be
considered in forming the pipe sub-groups.

© With the knowledge gained fr;)m the model results, managers can then target pipes
that have the highest predicted breaks or rates of breaks for prioritization. This information
is also useful for identifying future investigative programs such as soil and pipé condition
assessments and data acquisition strategies such as changes in ﬁe’ld co_llection practices.
i‘he utility may also choose to verify the data or conduct investigative assessments to |
understand the deterioration of pipes that have significant breaks but cannot be accurately
modeled.. From these activities, new data can be créated to improve the understanding of .
i)ipe deterioration factors. |

Pipe network managemient practices may also be altered based on the model results.
Examples .of such changes include identification of new design specifications such as the
type of joints required for certain pipes in a particular soil, and introduction of corrective
measures such as cathodic protection programs. In order to maintain relevance, it is
recommended that models be rbutinely reviewed and updated as part of the detailed capital
. : ) _

plan of the utility and to account for changes in the rate at which breaks are occurring as a
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result of the changes in pipe management practices. Finally, break data should be kept

~current.

44 BREAK PREDICTION MODELS FOR LAITY VIEW, MAPLE RIDGE, BC

The‘a.pplication of the framework is demonstrated using the Laity View area of
Maple Ridge, Bc; Canada. This area comprises 13 pércent of ‘the‘ 335 kilometer distribution
system for Maple Ridge, is representative of the urban area, experienced the same
construction practices and has soil types found in the rest of the municipality, and is home

to a population of approximat.ely 6,000. The pipe materials found in the area are asbestos |
cement, cast iron, ductile iron and steel, and in diameters of 150, 200 and 250 mm. Pipe
- installation records began in 1959 and few pipes in Maple Ridge were installed before this
date. The soil types found in the Laity View area are clay, silty-clay, silt and sand.

Break data are available from 1983Ito 2004. A tbtgl of 54 breaks occurred in this
period, and seven of these occurred after the year 2000. Preliminéry analysis of these data
indicates that breaks are occurring in asbestos cement, cast iron and ductile iron pi};es, .in
| pipes that are greater than 15 years old, and in clay and silty-clay' fype soils (Wobd etal.,
2007). |

Given the 20-year history of record, the final five years from 2000 to 2004 was
selected as the holdout sample. To investigate thé important factors for predicting pipé
breaks, pipes in the area were grouped based on the four types of sub-groups previously
described. Information for surface material which included asphalt, concrete, and gravel or
grass, is available fo_f this region and thus another sub- groﬁping was examined that

included pipes of a specified pipe material, diameter, age and surface material. The
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combination _of knowing which factors are important for predicting breaks and the common
failure types for a network can provide insight on pipe deterioration Behavior.

Pipe age sub-groups were created by examining the data and identifying time
periods in which a meaningful number of breaks occurred. For asbestos cement and cast
iron pipes, these sub-groups Were comprised of pipes with installation dates before 1959,
betWeen 1960 and 1974, and between 1975 and 1984. Asbestos cement and cast iron pipes
were not installed in Maple Ridge aftgr 1984. Ductile iron pipes Were-sub-grouped into
pipes with iﬁstaﬂation dates between 1970 and 1979, 1980 and 1989, 1990 and 1999, and
subsequent to 1999. The only steel pipes were installed in 1978 and are app‘roximately 24
metres in.len.gth. These have not broken. Stétistical deterministic equations for each group
of Laity View pipes were developed for time-linear and tifne-exponential functions. -
Statistical determiniétic ‘equations were selected as fnost appropriate for Maple Ridge
because they do not have a sufficient amount of pipes (e.g. grey cast iron) and data (such as
remgining pipe wall thickness) to use phyéical-mechanical models or the resources to

| maintain compiicated médéls (Maple Ridge has only three engineers on staff and relies on
technical support staff for much of the engineering department duties and responsibilities).
Statistical deterministic models can be easily taught to and applied by technical staff and
require fewer daté. The results should provide insights for future performance and improve
Maple Ridge's current practices of prioritizing water main replacements which are based on
experience. |

The tirﬁe-linear equations for the cumulative number of Breaks at year t are based on
Equation 1.

N(t) = A (t-t,) + C (1)
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Where N(t) is the cumulative number of breaks for the year t, t, is the reference year, in the

case of Laity View, 1983, A is a coefficient and C is a constant.

Time-exponential equations for the cumulative number of breaks at year t are based |
on Equation 2.
N(t) = A e ¥ ' o (2)

Where A and k are coefficients and all ofher variables are as described above.

Asnoted earlier in this chapter, these equaﬁons and their coefficients are specific to
the Laity View area pipes and théir respective sub-groups. Utilities should develép their
own equations using their system-specific data, selected sub-gfoups and estimated
coefficients (though they may choose to also use time-linear and tirﬁe-lihear regression).
For eaéh sub-group which had sufficient data, eqﬁations were derived using S-Plus®and .
spreadsheet software to solve for the coefficients. A minimum of two breaks is required in
order to estimate these equations, and thus equations could not be derived for all sub;
groups analyzed. Fpr each sub-grouping analysis, the percént of ail pipes for which an
equation could be derived was estimated, as this is an indication of the extent of the
network that may be modeled. The acéuracy of the derived equations, henceforth referred
to as models, was calculated as the percent error of model predictions relative to the
cumulative breéks in 2004. Finally for time-linear models, R- squared estimates are
reported.

Results of break prediction models. The accuracy of the prediction results for
both time-linear aﬁd time-exponential models for the various sub-groups ar.e shown in

Figures 4.2 through 4.6. The different amount of breaks and the rate of breaks among the
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various groups suggest that there are differences in behavior for deterioration and breakage.
For the material sub-groups, three sub-groups could be modeled; those for asbestos cement,
cast iron and ductile iron pipes and these represent approximately one hundred percent of
the pipe length in the network. As shown in Figure 4.2, the time-linear models are rﬁore
accurate than the time-exponential models for asbestos cement and ductile iron pipes; the
percent error for the time-linear models was 29 and 34, and the percent error for the time-
exponential models was 210 and 136, for the asbestos cemeni and ductile iron pipes,
respectively. The range of R-squared statistic for all of the time-linear models was 0.81 to
0.92 and the average R-squared value was 0.84. The results for the cast iron pipes indicate
that while few breaks have occurred in these pipes they are occurring at an incr;_:asing rate.
The accuracy of predictions for material and diameter sub-groups is shown in
- Figure 4.3. Here, seven sub-groups had sufficient number o‘f breaks to be modeled and
these represent 99 percent of the pipe lengtﬂ in the network. Agaiﬁ, With the exception of
the cast-iron pipes, the time-linear models afe rﬁore accurate than the time-exponential
- models. While the most accurate mddel is the time-linear model for the ductile iron pipe
with a diameter of 150 mm, in general the performance of time-linear models for the
asbestos cement and ductile iron pipes is similar. The aQerage R-squared statistic for all of
the time-linear models was 0.84 and the R-squared statistic was between 0.75 and 0.95.
When age was considered, seven sub-groups contained sufficient number of breaks
to be modeled, and these represent 56 percent of the pipe length in the netwbrk. As shown -
in Figure 4.4, the accuracy of the time-linear models for ductilé iron pipes improved
dramatically, indicating that age effects are important in predicting break rates for these
pipes, and should be investigated. With respect to the asbestos cement pipes, the age

delineated sub-groups suggest that different age groups of 150 mm asbestos cement pipes
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are behéving differently with respect to breaks, the ability to accurately predict breaks
differ and that the number of breaks for pipes installed between 1975 and 1984 are
iric;reasing. The R-squared statistic for__ all of the time-linear models was between 0.75 and
0.94 and the average R-squared statistic was 0.84.

When pipe-soil ihteractions were coﬁsidered, eight sub-groups could be modeled,
but this represented only 38% of the pipé léngth in the network. The accuracy of
predictions for the material, diameter, soil and age sub-groups is shown in Figure 4.5.
These resufts suggest that the accuracy of predictions for pipes of the same material differs
in different soils, even when they are installed at the same time. When clay is considered
as a factor in the analysis, the accuracy of the time-linear models stayed the same or ‘\
improved relative to' analyses that considered only material, diameter and age. The average
R-squared statistic for all of the time-linear models for these sub-groupings was 0.78 and
ranged between 0.63 and 0.94.

- The accuracy of the models for material, diameter, age, and surface material sub-
groups is shown in Figure 4.6. Hére, eight sub-groups could be modeled bu"c'these
represent only 40 percent of the pipe length in the network. While the average R-squared
statistic for all time-linear models for this case was 0.84 and ranged from 0.72 to 0.95, the
accuracy of these modgls is no better than the accuracy of the time-linear modéls for the
material, diameter, and ’age sub-groups alone. This indicates fhat, in contrast to soil type,
surface material may not be an important factor to consider in predicting pipe breaks for |
Maple Ridge. |

Observations. It is important to note that some of the data that were creéted- as part
of an earlier water main break database constructed (see Chapter 3) contributed to

increasing the accuracy of the épplications of the break prediction modéls. In particular, the
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soil data provided insights for engineering staff by indicating that soil characteristics may
be an influence on the rate of corrosion in certain pipes or bedding and backfill used in
installing the pipes and thus conﬁﬁned the value of creating, relating and processing data.
Asa resulf, though the effort was significant, the data creation and mining provided
insights and is useful for management decisions and ésset management. Without created
.data, the analysis and use of prediction models would be limited.

For Maple Ridge, the pipe groups associated with mod_elé »that accurately predict
high break rates are: 250 millimeter diameter asbestos cemeﬁt pipes installed in clay soil
between 1960 and 1969 and 150 millimeter diameter asbestos cement pipes installed in clay
soil between 1960 and 1969. As a result of these analyseé, consideration of the break rates
of various pipe groups and discussions with operations a’nd maintenance staff, asbestos
_ cement pipes will be prioritized for replacement (along with cast iron pipeslwhen
opportunities arise) and further attention will be given to collecting data on ductile iron
pipes. More importantly, because soil type was identified as an important factor in
modeling breaks, a soil sampling program was undertaken to improve the utility’s
information fegarding soil resistivity, pH, chlorides/ and soil type. A preliminary pipe
sampling program was implerﬁented ét thle‘ same time to collecf information on asbestos

: | ,
cement pipes and ductile iron pipes in the area. As a result of the sampling programs, the
importance of bedding and backfilling practices and construction inspections was identiﬁed_
and changes in construction specifications and inspection practices are being developed.
Plans are underway to apply this framework to the rest of the Maple Ridge network.
Ultimately, scheduling of the pipe replacements and budget estimates will be undertaken in

conjunction with other management considerations such as road rehabilitation.
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An ongoing problem for utility managers is the allocation of scarce resources for
both data collection and analysis. Oné approach for determining the value of the
framework and a supporting data collection program is to evaluate the value of the
additional information obtained. The value of additional information may be estimated by
comparing the decision that would be undertaken without the additional information with
the decision that would be undertaken with the additional information (Schuyler, 2001).
For example, for Laity View, the value of developing statistical models that incorporate soil
data may be determined by comparing the cost of réplacing the group of pipes that has the
highesf‘break rates based on data for material, diameter and age (i.e., 250 ﬁm diameter
asbestos cement pipes) with that of a replacement strategy that considers replacing only
those 250 mm diameter asbéstos cement pipes in clay soils. If all 250 mm diaméter
asbestos cement pipes, with a total length of 646 meters were to be replacéd, the total cost
of replacement would be $193,800 (assuming a replacement cost of $300 per meter). By
applying the framework it was determined that all the breaks in fhese pipeé occurred in clay
soil. Ifitis a;sumed that all future breaks of this pipe type will occur in clay soils,
replacement of these pipes, with a to£al length of only 258 meters would cost $77,400. Thus
the value éf the analysis and the soil information is approximately $193,800 - $77,400 =
$116,400.

While this additional information may not always lead to savings in terms of
reducing the cost of pipe replacement, for example in ;:ases where the all pipes of a certain
material, diameter and age were installed in thé same soil type, the information re‘ga‘rding _
soil type may still be of beneﬁt. This information could be used to improve the installation

practices or justify corrective measures.
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4.5 CONCLUSIONS

Predictive modeling is useful for identifying replacement needs over time.
However, utilities do ﬁot commonly use pfedi;:tive modeling as part of their asset,

' managément practices. There are no common databases fér bfeak analysis or common
condition indices, and few utilities undertake condition assessment (Grigg, 2004), all of
Whi;:h hinders industry-wide use of predicﬁve modeling. The ﬁamework presented in this
paper improves upon the traditional pipe prioritizatfon approaches that only look at the past
history in aggregate and do not necessarily take into account trends and timing 'of future

' breaks..An advantage of the framework is that it can be applied by smali to medium size
utilities with limited information and commoﬁly used analytical tools. For example, for

~ Maple Ridge, while useful information was gained by investigating soil type, reasonable

insights may have been drawn from analyses that considered only material, diameter and

age, information tha;c is typically' available to most utilities. Because factors that cause
breaks vary among utilities, utilities may find individually that creating more data (such as
by collecting traffic loading, backfill and pressure data) and relating data for mining and
énalysis is worthy of the effort and expands the use of this framework. With.this in mind,
the framework is flexible and allo§vs for consideration of any available data. In addition to
guiding water main replacements, the framework may also be used to identify the key data
for predicting water main breaks.

Because there is variability in the causes of pipe breaks among different utilities, in
order to understand the performance of their system, utilities should coliecj[ data as'
identified in recommended Best Practices; see National Guide to Sustainable Municipal
| Infrastructure (NGSMI, 2002) and AWWARF (Deb et al., 2002). 'Additional information

may often be obtained efficiently at the time of the break repair by revising forms to collect
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more information, such as bedding or backfill m,aterial (Wood and Lence, 2006). Training
will often be required, and it is prudent to verify data. Convincing staff to collect data may
be an obstacle, but involving them in decision making can be a way to gain support. By
using models to predict future breaks, reviewing the accurady of the predictions and

updating the models, a utility can improve its asset management practices.
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Table 4.1 Typical data used in models and factors for which they are a surrogate

Surrogate

Factor

Age

Method of pipe manufacture,
construction standards,
deterioration over time

Pipe material

Construction practice, method of
manufacture, failure mechanisms and
causes, joint failures

Pipe diameter

Wall thickness and resistance to beam
loading, pipe use,
method of pipe manufacture,
- construction standards

Type of pipe lining

Method of pipe manufacture,
" resistance to corrosion

Bedding and
backfill material

Physical stress on pipes caused by
construction practices, structural
resistance, soil type, fines migration

Pipe protection
(wrapped/anodes)

~ Structural resistance, life expectancy,
- construction practice,
method of pipe manufacture

Pipe condition

Remaining life

Soil type

Soil corrosivity, physical loading on the
pipe such as swelling and frost, level of
pipe protection, ground water effects such
as draining ability or corrosion,
construction practice, bedding and/or
backfill material

Under a boulevard

Physical loading from surface loads such

or roadway - as traffic, road salt effects
Depth of cover Physical loading on the pipe from the
weight of soil
Surface Physical loading from surface use
material/type ’
Normal operating Internal pressure on pipe structure
pressure )
Typical flow in area Physical impact from factors such as
- ofbreak accelerated internal corrosion from low
flow mains '
Traffic Physical loading from surface loads such
classification as traffic volumes and wheel loads

Road/surface usage

Physical loading from surface loads




Figure 4.1 Improving asset management using pipe break prediction models
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Figure 4.2 Degree of accuracy of time-linear and time-exponential predictions for
material groups

250%
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200% - @ Time-exponential ||
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-50% 7 Asbestos cement pipes Cast iron pipes Ductile iron pipes

-100%

Note

In 2004, there were a total of 32 breaks in asbestos cement pipes, 5 in cast iron pipes and
17 in ductile iron pipes.
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Figure 4.3 Degree of accuracy of time-linear and time-exponential predictions for
material and diameter groups
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Notes

AC denotes asbestos cement pipes, CI denotes cast iron pipes and DI denotes ductile iron
pipes.

Pipes are grouped by material and diameter (in millimeters). For example, AC 150 pipes
are asbestos cement pipes of 150 millimeters diameter.

In 2004, there were 24 breaks in AC 150 pipes, 5 in AC 200, 3 in AC 250, 4in CI 150, 9 in
DI 150 and 2 in DI 250 pipes.
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Figure 4.4 Degree of accuracy of time-linear and time-exponential predictions for

material, diameter and age groups

250%
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O3 Time-linear
@ Time-exponential
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100%
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AC 150 AC 150 AC 150- AC 200 AC 250 DI 150 1980- DI 200 1980-
50% 1960-1969 1970-1974  1975-1984  1970-1974  1960-1969 1989 1989
= 0
Notes

AC denotes asbestos cement pipes, CI denotes cast iron pipes and DI denotes ductile iron

pipes.

Pipes are grouped by material, diameter (in millimeters) and age. For example, AC 150
1960-1969 pipes are asbestos cement pipes of 150 millimeters diameter installed between

1960 and 1969.

In 2004, there were 12 breaks in AC 150 1960-1969 pipes, 7 in AC 150 1970-1974, 5 in AC
150 1975-1984, 3 in AC 200 1970-1974, 3 in AC 250 1960-1969, 4 in DI 150 1980-1989

and 3 in DI 200 1980-1989 pipes.
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Figure 4.5 Degree of accuracy of time-linear and time-exponential predictions for
material, diameter, soil and age groups
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Notes

AC denotes asbestos cement pipes, CI denotes cast iron pipes and DI denotes ductile iron
pipes.

Pipes are grouped by material, diameter (in millimeters), soil type and age. For example,
AC 150 Clay 1960-1969 pipes are asbestos cement pipes of 150 millimeters diameter
installed in clay soil between 1960 and 1969.

In 2004, there were 7 breaks in AC 150 Clay 1960-1969 pipes, 7 in AC 150 Clay 1970-
1974, 2 in AC 150 Clay 1975-1984, 2 in AC 250 Clay 1960-1969, 4 in DI 150 Clay 1980-
1989, 3 in AC 150 Silt 1960-1969, 3 in AC 200 Silt 1970-1974 and 2 in DI 200 Silt 1980-
1989 pipes.

151



Figure 4.6 Degree of accuracy of time-linear and time-exponential predictions for
material, diameter, age and surface material groups
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Notes

AC denotes asbestos cement pipes, CI denotes cast iron pipes and DI denotes ductile iron
pipes.

Pipes are grouped by material, diameter (in millimeters), age and surface material. For
example, AC 150 1970 - 1974 Asphalt pipes are asbestos cement pipes of 150 millimeters
diameter installed between 1970 and 1974 under an asphalt surface.

In 2004, there were 5 breaks in AC 150 1970-1974 Asphalt pipes, 7 in AC 150 1960-1969

Gravel/grass, 5 in AC 150 1970-1974 Gravel/grass, 3 in AC 150 1975-1984 Gravel/grass,
2in AC 200 1970-1974 Concrete, 2 in AC 250 1960-1969 Gravel/grass, 4 in DI 150 1980-
1989 Gravel/grass and 2 in DI 200 1980-1989 Asphalt pipes.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS
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5.1 SUMMARY OF RESEARCH GOALS

Asset management of water systems involves assessing when to replace aging and
deteriorating pipes. The goal of this research is to assist small to medium size utilities wifh
identifying, collecting and constructing relevant pipe break data to analyze their pipe
network, and using break predictions to inform their water main replacement strategy and
guide their data acquisition programs. First, the data-that are collected and available for
analysis across utilities in Nerth America are identified. Next, a methodology te create and
link data obtained from various data sources that can be used in utilities of all sizes to |
construct databases is developed. Finally, a framework to assist the prioritization of water
mainv replacements and data acquisition based on predicting future water main breaks
within a given water distribution system is presented. The framework is applicable for the
range of data available in typical water utilities, acknowledges existing industry needs and
practices and may help managers to acquire and use available data.

Mﬁch of the focus of water main break research has been on the data rich and
technically sophisticeted larger utilities. However, small and mediurﬁ size utilities need the

| techniques developed in this research because they have scarce resources for asset

management within their organizations. Compared with larger utilities, they do not have the
staffing expertise or the capacity for training, monitoring or developing back-up systems
(Ontario PIR, 2005). Within these uﬁlities, there is little or no reliable documentation
regarding the location, capacity, cendition and adequacy of pipe network elements for
meeting present or future needs (Myers, 2001). These utilities may also lack' the financial
and organizational resources to implement a ecomplex asset management progfam or lack
the historical data or tools to fully analyze their system. They need relatively inexpensive

techniques. This research provides adaptable approaches for efﬁciently acquiring data

154




iegafding water main breaksi, compiling, analyzing and using the data io predict future
water main breaks and impiov_ing prioritization of pipe replacements.

Selecting the case study. The research in this thesis uses real data from the District
of Maple Ridge, BC. Maple Ridge was selectéd because it is a medium size water utility, is
similar to municipalities that have undergone urbanization over the past decades and
possesses data that were made available to me. Mi)reover, Maple Ridge was interested in
using break prediction models to imprové its asset managément practices and while it
lacked a comprehensive water main break database, it was receptii/e to developing |
databases for analysis. It also needed a strategy to manage and maintain the data after they
were used to predict water main breaks. Appendix C is a summary description of the Maple

Ridge water system.

52  CONCLUSIONS

Water main'b_reak data collection is evolving and industry practices do not matchi
best practices recommended by NGSMI (2002) and Deb et al. (2002) at this time. Utilities
need a strategy for data quglity improvement that will heip them deal with challenges such
as difficulty in mobilizing financial and human resourcés, absence of historical data, lack of
knowledge of current org.anizational practices,‘ low reliabiiity of previously collected data,
difficulty in prioritizing data colllection, and the need to develop effective data storage
programs. In general, utilities can be classified as those possessing expanded, intermediate,
limited or minimal data. While both physical and statisticial models have been developed
for predicting pipe deteriorati(in and for developing water main rehabilitation plans, it is
evident that the choice and application of these models are limited by the data that utilities

have regarding water main breaks (Rajani and Kleiner, 2001; Kleiner and Rajani, 2001).
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For practitioners and researchers alike, characterization of these data classes may be
used to inform the development of new asset management techniques that ére_ tailored»tc-)
the data limitations th_at utilities face. Utilities may also improve their data collection ny
modifying their current practices and more significantly, they can seek out alternative data
sources from which to analyze breaks and ultimately predict future breaks. The alternate
sources thét are identified in this reéearch can yield information for researchers and
managers alike. |

The process of creating the data schematic as developed in this research is useful for
linking multiple databases in order to comp_ile and analyze data. It expénds the data
available for analysis for both present and future applications and allows decentralized data
input and management. More importantly, it is a flexible approach that all utilities can
employ without significant resource commitments. It reduces problems related to data
ownership among units within 6rgénizations regarding daté collection, management and
dissemination of infrastructure information. ﬂ

The framework developed in this research for linking data 1s flexible, anticipates the
evolution of data collection, building, verification and stofage and allows for a variety of
users. It does not abruptly disrupt data collection and warehousing practices and it ailows
managers to continpe to expand da;ca collection because databases are decentralized. It is |
flexible and can be easily adapted to all utilities, whether they are small, medium or large,
and regardless of the uniqueness of the data collected and organizational framework. This.
technique can also incorporate tacit data. The importance of capturing tacit data will
increase 6vér the next decades as baby boomer staff retire.

This thesis develops an approach for using break prediction models for identifying

replacement needs over time and uses improvement in model accuracy as means of
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identifying the key data for predicting future water main breaks and informing future data
acquisition strategies. Traditional approaches for prioritizing pipe replacements do not
" incorporate break predictions. The framework developed in this research allows for the

construction, assessment and use of any available data by any size utility. .

5.3 OBSERVATIONS

| General observations. A number of observations.arise from this research. While
this research primarily focuses on engineering science, a number of the observations relate
to management science end the felationships organizations and people have with data
utilization. While these topics arise from the research, they are not addressed in this thesis
and future researeh in these \.areas will be valuable.

1. As noted in the thesis, data are collected throughout an organization by various
departments and staff for various purposes. For data to be used corporately, executives
must acknowledge and address data ownership among departments and managers.

2. Because asset management is a cerporafe responsibility, proprietary issues and
organizational compartmentalization can pose major challenges to implementing an asset
management prograrn. Corporate objectives of knowledge management (e.g., database
development and fnaintenance) should be established and most importantly, be accepted by
Ithose responsible for collecting, managing and analyeing the data. These objectives should
be establishe;i and promoted by utility executives throughout the utility because in some
organizations knowledge may be viewed as power and data may be interpreted as a

surrogate for knowledge.
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3. An important task for managers is to establish and encourage a culture of
knowledge sharing (Connelly, 2000). Motivating and coaching staff to share knowledge
can be a major challenge. As well, managers them_selves are not immune to the habit of
hoarding information and knowledge, though this tendency may be reflective of the
corporate culture and the individual's relationship with their subordinates, peers and
supervisor.

4. A significant need exists in utilities for cai)turing institutional memory and data
that currently exist and which will be loét as employees ‘retire. Commonly, large amounts of
institutional memory are not recorded. For most utilities, there is a need to capture the
memory of operating departments since they are more often characterized as "action
oriented" and "hands on" rather than "paper loving". Managers must find solutions to
address this important issue.

5.. Water utilities also face recruifing; training gnd caf)acity building challenges. The
view that staff will join an organization early in their career and spend thirty years in that

“organization is becoming éxtinct. For exafnple, District of Maple Ridge recruiters consider
obtaining five to ten years of service from a non-union manager (before he or she leaves the
organizétion) as a valuable experience. Compounding this, currently, there is significant
competition among BC employers to recruit and retain engineérs. Utilities also require
training and capacity building programs for new staff as well as existing staff. Qne
challenge for many utilities is that training budgets are often the first to be cut in times of
financial restraint (because budgets are primarily viewed as supporting expenditures and -
training as a discretionary expgnse). This was the case in Maple Ridge's history. The
sucvcess of training programs is dependent on the mafketiﬁg and implementation of the

training as well as the quality of the training. This aspect of organizational development is
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also important because according to Jacobson and Prﬁsak (2006), organizations will receive
greater value from information by developing strategies and training staff to help them use
what they have rather than by searching for more data. -

6. Utility managers also need to inspire and motivate positive change. Duriﬁg the
course of the research, the author observed that managers find that support for change
(from their supervisor or employeeé) is not automatic, and factors that influence the support
or change include the career goals of their ~ciupervisor, their level of influence within the
organization's politics, staff motivators and how the utility is governed. For example,
changes in data collection practices because of legislation tend to be more rapidly
implemented than other reasons for changes (NSGMI, 2003).

7. A final obsebrvation is that organizational leadership, structure and behaviour have
a major influence on a utility's focus and practices. Based on what I have observed of
various utilities, the manner in which engineering and maintenance departments function
and in which responsibilities are distributed within a utility can lead to duplication of work
(because of ambiguity or the desire to possess the information or responsibility) or the
incompletion of work (because each depai'tment may deny responsibility and assume that
the other is addressing the issue). Furthermore, utility executives need to provide strategic
thinking and leadership of the organization, while balancing corporate and individual goals
and strengths. Without this, staff efforts may.be misplaced or frustrated or may flounder.

Profes‘sional applications. This thesis has many practical applications for small and
medium size utilities. It provides information on data collection and presents an approach |
that a water utility may adopt should they decide to use break prediction models.

Given the work reported in Chapter 2, utilities can assess their practices against

those of their peers and those recommended as best practices. They can identify and
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improve their data collection practices and use the survey results to facilitate discussions
within their organization regarding the availability and sto}age of data. They may find
additional data available from other sources such as those identiﬁed in this thesis. If there
are insufﬁcient data for analysis, they may compile and link data and construd additional
databases to e);tend the breadth of data as demonstrated in Chapter 3. Following that
example, they can construct a data schematic for their organization to analyze their system
for asset management in general and to explore the underlying causes of water main breaks.
Once they have constructed and analyzed the data which is useful despite the_ effort
required, they can then use the framework developed and demonstrated in Chapter 4 to
incorporate the use of break prediction models to improve asset managerrient and to inform
their future data acquisition and storage programs. The approaches developed in Chapters 3
and 4 address the problems faced by utilities, and are designed to be adaptable to their
needs and the examples used are based on real data.

Reéearchers; will also benefit from the work reported in Chapters 2 and 3 whicﬁ
identifies the data that are available for developing future asset manégement tools and how,
utilities can access and construct data for research purposes. |

Lessons learned. While the research has a number of applications, a number of
lessons were learned. When applying the research as described in Chapter 3, a utility
requires staff and external help in two areas. Firstly, they require technical assistance in the
following tasks:

¢ Deciding on the objective of the exercise. A suggested objective is presented in the

thesis and other purposes are also identified. These should be developed by

managers and engineers.
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e Creating data by rgviewing different sources of data (internal and external to the
uti}ity). The thesis presents a number of techniques such as buffering a .c-ollecti_o_n of.
data, interviewing people to capture tacit information, examining previous practice
standards and conducting sur\}eys. Some of this work can be undertaken by
consultants and by training existing staff.

e Deciding upon the databases to be related and the nature of the relationships. Some
databases and relationships are suggested in this thesis, but these decisions should
be determined jointly by utility and data managers.

Secondly, the utility will require more technical resources to:
e Review the extent of data availability throughout the organization. The thesis
suggests sources to explore.
o C(Create data from paper records.
e Establish links among various databases.
e Map the links and various databases. This can be undertaken by line staff and
this thesis provides guidance for this task.

e Perform some exploratory analyses.

It should be noted, that the technical work requires some understanding of the data
and some ability to read design drawings. In addition, the project manager applying the
research should ha\(e strong communication and interpersonal skills to determine where

data may be available and to obtain consensus on data sharing among various departments.

They should be tactful, diplomatic, persuasive, patient and persistent and should not be




easily discouraged because applying the work will take tirﬁe within any utility. Sponsorship
and support from the utility exeeutive should be obtained which will help when working
through departrhent_al and corporate issues. Finally; it is not unrealistic to expect that a
prej ect such as described in Chapter 3 would take a 1.2 person years to two person years of
effort and a project such as described in Chapter 4 may take as much as one person year.
Validation of the work. While the proof of this work lies in the arguments and
demonstration of the appreaches developed, the validation of the contribution will be the
_ acceptahce of the methods proposed in practice and whether they are employed by utilities
to improve asset management and data productivity. In using their own system-specific
data and the thesis as guidance, this research may be applied and adapted to utilities of
various sizes possessing a range of abilities for improving their asset management
practices. Ultimate validation may be undertaken by evaluating the success of such
applications. |
. Further research. To make the application of this research more useful, further
‘research is needed in the following areas. |
1. The survey was developed in English and forwarded to those communities listed
in Appendix E. Only one response was received from the Anglo-Quebec municipalities.
Investigation of French-Canadian water main break data collection practices could inform
these communities and the larger weter utility industry, although the data available to
Pelletier et al. (2003) suggest that French-Canadian practices are no different than those
identified in this research. Regardless, translating and distriButing the survey throughouf
Quebec is a potential future project. |
2. Testing the framework of using water main break prediction models in a utility

that has more water main breaks, a longer history of breaks or different climate would add
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further confirmation of the applicability of the research to other utilities. The framework
has been designed and demonstrated to be robust, though further confirmation would be
useful. Furthermore, with a larger number of breaks to analyze, it is possible that other key
data may be identified as impoﬁant for determining the accuracy of break prediction
models.

3. Application of a combination df statistical ana physical-mechanical models
should be explored within the framework provided herein. The accuracy of predictions for
the different tybes of models could also be assessed to give further guidance for.choosing
models. In addition, combining the models in a case study could provide insights that can
be used to pofentially demonstrate or improve the robustness and flexibility of the
framework developed herein. |

4. Finally, the topics identified in the general observations section should be further
explored to assist ﬁtilitiés in applying the research in practice. These issues include how
utilities can increase knowledge sharing (of data and practig:es) within thei‘r organization /
and identifying key organizational structures, leadership attributes and motivators that are
needed to irriprove water utility management. While small and medium sfze utilities are
éble to make operating policy and practicé changes quickly because decision making
typically rests with fewer staff thaﬁ is the case in larger organizations, they are like niost :
organizations. They are limited by fesources including leadership and motivation skills and
training to execute large changes. Research in determining and assessing the required skills,
personaiity aptitudes, abilities, training and hurﬁan resource needs for iﬂstitutionalizing the
approaches presented in Chapters 3 and 4 would be useful in extending the impact of this

work.
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Future research interests of the author. Three areas tha‘; I am considering fof
further research arising from the work in this thesis include applying additional approaches
to analyzing break data, applying the data construction approach and framework developed
herein to other infrastructure assets, and enhancing utility knowledge management
practices.

1. A_pplying Knowledge Discovéry tools sﬁch as artificial intelligence to analyse
large water main break databases. This has potential to assist those water utilities fortunate
enough to have a breadth of data and a long history of breaks and to reduce the necessity
for having many experienced staff to manage infrastructure assets.

| 2. Applying the concept of linking and relating data (as shown in the water main
break schematic éhown in Chapter 3) and using stati;stical deterministic and other prediction
models to sewerage and drainage systems. Extending the approach presented in this thesis
to these infrastructure Systems has several advéntages. These systems are usually owned
and managed within the same managerial unit and typically have similar replacement
values as water systems. Nonetheless, there are differences among the systems. For
exgmpie, sewér systems are easier to inspect using video cameras and a common conditioh
rating system for them exists. :’fhough drainage systems could use the same condition rating
system, they are rarely evaluated and wear out at a faster rate. |

3. Examining how to fnanage knowledge of a system within an organization. The
data schematic and concept of relating relational datébases as discussed in this thésis has
potential to play a significant role in cbnnecting data for various services among the
members‘ of an organization, but research is needed to assist utilities in capturing,
managing, maintaining and using this knowledge. Example research questions include:

what are the best techniques for interviewing and recording tacit data from retiring
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employees, what is the optimal organizational structure for sharing knowledge among
engineers and maintenance staff, and what are the most efficient and effective approaches

that utilities can employ to make data accessible across an organization?

5.4 | CLOSING REMARKS

The approaches developed herein are easily applied. Thgre are signiﬁcantly more
- small and medium size utilities than larger utilities (Vanier and Rahman, 2004) and thése
utilities can benefit from applying the work. The apbroaches havé been demonstrated with
real data and may provide utilities with insights and guidance for allocating their scarce
resources, considering their current limitations and future needs. The appliéation is
practical and can be implemented incrementally. The thesis chapters are at various stages of
publication or review. Chapter 2 was published in the July 2006 issue of the Journal of the
AWWA. Chapter 3 is published in.the January 2007 issue of the J ouﬁal of the AWWA.
Chapter 4 was submitted to the ASCE Journal of Infrastructure Systems in Juiy, 2006. An
invited presentation on the results of the first paper was made at the September 2006
Annual Publié Works Association of BC (a chapter of the American Public quks '
Association) Conference in Qualicurﬁ Beach, BC. In addition, the work will be presented aé
part of a water system asset mahagement workshop to engineers in the Greater Vancouver
area. |

In closing, as a result of the work conducted in this thesis, Maple Ridge has
implemented a number 6f the findings to improve its water main break data collection
i)ractices. It has uﬁdertaken soil surveys, tested a number of pipe sampies and verified some
of the linked and related data. It is also developing a utility wide data schematic that will

form the basis of a data warehouse strategy that will be applied to the entire water system
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and sanitary sewer system. Finally, the framework for determining the data that contribute
to pipe failures will be implemented beyond the case study area to improve Maple Ridge's

asset management practices.
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~Appendix A summarizes the utilities surveyed and the data queried by Deb et al.
(2002) and by the author as part of the survey reported on in Chapter 2. A comparison of
. the sﬁrvey responses by service population is shown in Table A.1. A comparison of the

queétions asked by the two surveys is shown in Table A.2.

Table A.1 Comparison of North American utility résponses
by service populations

Survey <100,000 >100,000
Survey by Deb et al (2002) 5 32 '
Survey by Wood and Lence (2006) 37 22

Table A.2 Comparison of questions posed by
Deb et al: (2002) and Wood and Lence (2006)

| Survey question by Deb et al (2002) [%ussslf)lg: :ggliiifc: Notes
Utility size ' : . yes
Water production ' no
Total length of pipe yes
Main failures _
Formal program for control of failure n/a
Main inventory n/a
Computerized main inventory of total n/a
- Failure records . yes Wood and L;nce survey
focused on failure records
Computerized failure records of total n/a
General Information yes
Date, address yes :
Wood and Lence also
Temperature yes quen'ed air, water, change
- in water temperature and
, soil temperature
Time of detection and arrival yes includes repair date
Impact on surroundings
\ Wood and Lence survey
Services affected  yes includes type of services
' and length of outage




Wood and Lence survey
: includes quantity-of
Blocks affected ' no parcels and number of

customers affected and
_ property damage
Hydrants affected no
~ Proximity to buried objects no
Water main information
Material A yes

Wood and Lence survey

Location in street , yes includes surface use
Diaméter yes )

Depth yes Cover depth
Installation date yes ’

Wood and Lénce survey
Cathodic protection yes J queried pipe protection
: and /or anode installation

Joint type , yes
Type of repair ' yes
Pressure
Range yes Operating pressure
Pump station status no Wood gnd Lenge Survey
_ queried flow in area
Failures
Wood and Lence survey
: queried on suite of types
Type of failure yes (11), Deb et al. just
: queried if type of failure .
was recorded
Wood and Lence survey
Probable cause : yes queried on suite of causes
(3)
Wood and Lence survey
Tvpe of repair es queried on suitq Qf repairs
ype P ) . ye (7) and additional
treatments
Wood and Lence survey
queried on both exterior
Exterior/interior of pipe , yes ~and interior, lining
' condition and other
details
Wood and Lence survey
Bell condition : no -1 queried on Joint type

Condition of valves
Required for isolation yes

Condition no




Wood and Lence survey
Reporting bedding conditions yes queried on material and
L . condition separately
Reporting of seismic/geotechnical
conditions A ,
Wood and Lence survey
queried on native soil,
Soil description yes soil pH, 8911 Moisture
’ , . content while Deb at al.
identified if soil
, description was recorded
Geologic unit description no
Groundwater depth . , no
Seismic hazard unit no
Collecting field samples )
Pipe samples , yes
Soil samples . yes ,
: Wood and Lence survey
Use of automated systems : explored other sources of
A _ , data
-Field portable computers see note
GPS - : see note
GIS see note
DBMS )
see note
Formal renewal program
Main replacement n/a
Main rehabilitation : n/a
"Costs records ' _
Direct labour yes Wooq and Lgnce survey
, . queried on crew hours
Wood and Lence survey
- Indirect labour see note queried on all labour
) ] _ _ costs
~ Materials , A yes B
Equipment , ' yes
. ' Wood and Lence survey
Surface repairs see note - queried on Property
, damage costs
. Wood and Lence survey
Damage : yes queried on Property
damage costs
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Appendix B provides the statistical anelysis for guiding the interpretation of the survey

results and their applicability to the general population of water utilities. Given a specified

percentage of respeﬁdents that collect a particular type of data, one may wish to determine the

percentage of all water utilities that are likely to collect the given date. Such c&uestions are

addreésed using the confidence range of observations regarding the paréicular type of data for

Autilities in the general population, and fhese are based on the standard error of the sample

population. ' -
Wi‘ld and Seber (2000) suggest that ah accepted measure of the confidence in the

behaviour of the general pof)ulation (e.g., all water utilities) is equivalent to two standard errors

of the sample proportion (e.g., the respondents). The standard error of the sample proportion is

calculated using the equation:

Se (p) = (p*(1-p)/n)™’ (B1)
Where Se(p) = the standard error o‘f a sample proportion,
P = the proportion of the sample that collects a givee data type or element,
n = the sample size, in this case 59 utilities.

For example, using Equation Bl,iif 63 percént of the respondents (i.e.,. 37 responses of
the 59 survey respondents), indicate that they record when water service rwas restored, we may
expect that more than 5'0 percent (i.e., the lower confidence limit) but less than 75 percent (ie.,
~ the ubper confidence limit) of all water utilities in the general population would record the
same. The lower confidence limit of 50 percent is calculated by the response proportion minus

two times the standard error of the sample population, i.e., 0.50 = 0.63‘ —0.13, where 0.13 =

2*Se(p) = 2 (0.63*0.37/59) *°.




Because the standard error is calculated using the sample probortions, the standard error
varies with the number of responses. For example, the higher the number of responses for
rec'ording a given type >of data, the more certain we are of the general population recording that
type of data. The range of standard error is between 5.5 percent and 6.5 percent for response
proportions of between 33 percent (20 responses) Iand 76 percent (45' responses) A summary of

values for the standard error for various levels of responses and the general population

confidence limits corresponding to those responses is shown in Table B.1.

. Table B.1 Coﬁﬁdence limits for the general population®
based on proportion of responses

Upper limit of | Lower limit of
the confidence | the confidence
level for the level for the
general - general
population population
Standard (within 2’ (within 2
Number of Percentage of error of standard " standard
responses respondents | response - % errors) errors)
20 34% ' 6.2% 46% 22%
30 51% - 6.5% 64% 38%
37 63% 6.3% 75% 50%
39 66% 6.2% 78% 54%
44 75% 5.7% 86% 63%
45 76% 5.5% 87% 65%

a) Based on 59 responses (i.e., the sample size).
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Appendix C describes the municipality of Maple Ridge;, its water utility and the

Laity View area.

MAPLE RIDGE, B.C.

General description. The Distficf of Maple Ridge (BC) is a mupicipality located
within the Gréate‘r Vancouver region. Of the 75,000 people that resided in the municipality
in 2005, approximately 65,000 residents were served by the water utility and 12,000 were
served by on-site private wells. The municipality is in transition ﬁom ‘being predominantly
rural to being a suburban cémmuhity. It has a town centre and surrounding urban area.
Q;Jtside of the vurban boundafy are lands that are zoned rural and agricultural.

Distribution system. The distribution system of Maple Ridge has over 15,000
connections and is comprised of 5 pump stations, 7 reservoirs and approximately 350,000
~metres of water mains. A summary of the utility’s pipe ihventory by material types for |
2001 is shown in Table C.1 A summary of the VOlL‘Ime of water pur‘clhased in 2001 from the
Greater Vancouver Water District (GVWD.) and distributed daily is presented in Table C.2.

| A comparison of the age of Maple Ridge water mains with a number of
| municipalities across Canada that are part of the Earth Tech benchmarking initiative (Earth
Tech 2004) is shown in Table C.3. The table s'}iows the distribution of pipes by age cohorts
of Maple Ridge comﬁared with the entire set of communities in the study. The participénts
include Richmond Hill (ON), City of Delta (BC), City of Waterloo (ON), City of Calgary
(AB), City of Ottawa‘(ON), Regional Municipality of Halton (ON), City of Saskafoon
(SK), City of London (ON), City of Toronto (ON), City of Hamilton (ON), City of Thundér

Bay (ON), City of St. Catherines (ON) and City of Victoria (BC).
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Financial measures. Financially, the utility operates as a self-liquidating utility —
i.e., annual revenues and expenditures must balance. A five year business plan is submitted -
to Maple Ridge Council each year and rates are established by Council bylaw. In 2003,

residential water customers were charged $230 per household and metered customiers were

charged $0.395 per cubic metre. A financial summary of the 2001 major expenditure
cétegories is shown in Table C4

Laity View. The Laity View area of Maple Ridge represents approximately tenﬁ
percent of the water distribution system of Maple Ridge and serves a population of
approximately 6,000. |

The total le;ngth of water mains in this area is 36,300 metres. A regional water main :
forms the boundary on one side of the study area while larger pipes may be used to form
the internal boundaries for six selected pipe zones. These zones arecornpriséd of mainly
150 mm pipes. One zone has a few metres of 100 mm pipe serving a very short cul-de-sac.
The zones are shown in Figure C.1. Because Mgiple Ridge has a minimal number of
pressure zones (most of the urban part of the District is served by one Water pressure zone),
the study area has only one water pressﬁre zone.

. Laity View is known to have multiple and Toutine breaks. Typical break repairs are

approximately three metreg in length. The number of connections and number of people
affected by breaks are not recorded. A comparison of Laity View break rates against those

of North American and European water utilities as identified in an AWWARF study (Deb

et al., 2002) is shown in Table C.5 below. The break rates for Laity Viewraire comparable

with those of other North American utilities, and are less than those of European systems.




Table C.1 . Maple Ridge water system inventory

[ Asbestos Ductile |Galvanized|Poly Vinyl o Totai léngth
cement |Castiron|Copper| iron Iron Chloride | Steel of mains
(m) (m) (m) (m) (m) (m) (m) (m)
Total 67,422 13,183 59 252,501 180 2,968 (11,856 348,169
Table C.2 Maple Ridge system water volumes
Annual Average Daily Annual Total Volume
Water Consumption Peak Day Purchased
(ML/d¥) (ML/d) (ML)
2001 29ML/d 52 ML/day 10,400
‘ (6.4 MGD) (11.5MGD) (22,900 MG)

* ML/d is Mega-litres per day, ML is Mega-litres and MGD is Million Imperial gallons per day and

MG is Million Imperial gallons.

Table C.3 Comparison of age cohorts of Maplé Ridge pipes against

Earth Tech National benchmarking utilities

. Participatin
Maple Ridge utilitics

0-24 55 46
25-49 45 42
50 -74 0 6
75-99 0 5

> 100 0 1

Total 100 100

Table C.4 Summary of major annual expenditure categories for 2001

b

Total Utility Total Utility Water Purchase Debt
Revenues Expenditures Expenditures “Servicing
2001 $6.5M $6.5M T $2.4M $2.6M
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Table C.5 Comparison of Laity View pipe break rates

against those of other North American and European systems

Laity View North America European
average break rates* break rates *
. break rates
Break rate
(breaks/m/year) 0.0001126 0.0001375 0.000313

* source: Deb et al. (2002)




Figure C.1 Laity View area

The following figure is of the approximate extent of Maple Ridge's water system and the
boundaries of the Laity View system. There are some developing sections northeast of the
figure. : '
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Appendix D is the survey that was distributed to North American water utilities in

2004. The survey was comprised of seven spreadsheéts.

Survey of Water System ( mains and fittings ) failure

Please complete this page and the 6 subsequent pages of questions about the information that your
organization maintains on water main and fitting failures. If you are not the best source of this
information please forward the survey to the appropriate person(s) in your organization.

Orgapization | ' - ' ‘ L ' |

Position

Department o - title

Cornitact ( name of person who compléted this
survey ) ’

E-mail address: |

Telephone . .
" number: Area code - : - Extension

Address |

What is the total population of your jurisdiction [ ' |

What is the population served by your water system? | s o |

What is the total length of your water mains? | . N

General water system breakage data are collected by: |

Our data are managed using: |




INCIDENT GENERAL INFORMATION

DATA
RECORDED
IN BREAK
RECORD

CONFIDENCE
LEVEL IN
DATA
COLLECTED

Date of reported break

Time of reported break

Reported by

Address of reporter

Ph. Number of reporter

Date of repair start

Time of repair start

Date of repair finish

Time when water service was resumed

Total hours on site

Quantity of parcels without service

Was service to customers disrupted

Estimated number of customers affected
affected customers by residential type
affected customers by commercial type
affected customers by industrial type
affected customers by institutional type

Repaired by

Indication of property damage y or n

Property damage cost

Employee researching pipe & completmg form

ID of water main feature being repaired

ID assigned to break, leak etc

Sketch of damaged facility

Digital photo of damaged facility

Length of unsupported pipe

Job / work order number

Dates of previous breaks at same location

Equipment used

Crew members

Crew total hours

Total labour cost

Total materials cost

Total equipment cost

Please list any locational incident details tlmt Yyour organization records and also any comments
that you would like to include:




INCIDENT LOCATION INFORMATION

DATA
RECORDED
IN BREAK
RECORD

CONFIDENCE
LEVEL IN
DATA
COLLECTED

Nearest property address
Distance from nearest property line
Cross street name

Distance from nearest cross street
Northing and Easting coordinates
Isolation Valve operated ( Gate valve ID )
Isoldtion Valve operated ( Gate valve ID )

Please list any locational incident details that yvour organization records and also any comments
you would like to include:




INCIDENT PHYSICAL DATA

DATA
RECORDED
IN BREAK
RECORD

CONFIDENCE
LEVEL IN
DATA
COLLECTED

IS DATA
AVAILABLE
FROM
OTHER
SOURCES?

YES or NO

OTHER
SOURCE
OF
INFORMA
-TION

COMMENTS

Pipe diameter

Pipe material
Length of pipe segment
containing the repair

Year of installation
Pipe wall thickness /
classification

Type of pipe lining

Pipe protection (wrapped /
anodes)

Type of joint

Type of water service
Normal operating pressure
Under boulevard or roadway
Surface material

Depth of cover

Bedding material

Condition of bedding
Backfill material

Category of native soil

Pipe sample collected

Condition of pipe exterior
Condition of unlined pipe
interior

Condition of cement lined pipe
interior

Traffic classification or type of
road useage

Pipe modulus or rupture
Pipe fracture toughness
Typical flow in area of break

Please list any locational incident details that your organizaiion records and also any comments that you would like to

include:
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INCIDENT FAILURE DESCRIPTION DATA CONFIDENCE
RECORDED LEVEL IN
IN BREAK DATA COMMENTS
RECORD COLLECTED
Types of failure are recorded in this - \\\\
precentage of our incidents N

The following failure modes are fields that are

recorded: YES or NO

NONE - HIGH

Longitudinal break
Blow out

Split bell
Corrosion pit hole
Leaking joint
Leaking hydrant
Leaking valve

Tap failure
Curbstop failure
Leaking service-connection
Failed blow-off

Please list below any additional tvpes of failure that your or

comments you would like to include:

-ganization records and any

IF DATA ARE

‘ARE DATA
SUSPECTED CAUSE OF FAILURE RE(%‘,ISED CC{’EFV‘SE II}I\,CE EASILY AVAILABLE,
IN BREAK DATA AVAILABLE SOURCE OF COMMENTS
RECORD - COLLECTED FROM OTHER INFORMATION
SOURCES? IS
Is your water corrosive to your
watermains (yes or no) .
\ N\
Causes of failure are recorded in this | \\\ \\ \\ \\ \
percentage of our records \
The following causes are fields that
are recorded: YES or NO NONE - HIGH YES or NO PICK BOX

Corrosion

Traffic load

Poor construction practices
Ground frost

Settleinent

Joint failure

rock contact

Construction disturbance
High pressure

Water temperature change
Frozen pip-e

Errosion / unsupported pipe

Unknown

Please list any locational incident details that your organization records and also any commenis you would like to include:
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. DATA CONFIDENCE
INCIDENT REPAIR DETAILS RECORDED LEVEL IN
' IN BREAK DATA
RECORD 7 COLLECTED _
Repair activities are recorded in this precentage of our o \
incidents . . " , &
_The following activities are fields that are recorded: YES or NO NONE - HIGH

Repair clamp
Replace pipe section
Replace valve
Replace service connection
Replace hydrant part(s)
Replace entire hydrant

. Anode installed
External protection installed

" Repair joint

Surface restoration
Dechlorination performed

Please list any locational incident details that your organization records and also any comments

you would like to include:




ARE DATA

INCIDENT ENVIRONMENT RECDSESED Cigzlgfll‘;fE EASILY IFVDATA };ASEE
CONDITIONS AVAILA >
AVAILABLE COMMENTS
H}:EBREAK DATA FROM OTHER SOURCE OF .
CORD COLLECTED SOURCES? INFORMATION
Environment information is e ) \ \§ N\
recorded in this percentage of our = \ \ \
incidents e & \
The following information are \\\
_fields that are recorded YES or NO YES or NO PICK BOX \\\

Water temperature

Air temperature
No. of consecutive days
below 32 for 0 c

Depth of frost

Water temperature change
Soil temperature at pipe
depth

Soil sample taken
Soil PH

Soil moisture content

NONE - HIGH

Please list any locational incident details that your organization records and also any commenis you would like to include:

Does your organization possess a
water model?

Is your model used?
For what reasons does your
organization use your model?

What is the name of your water
system model?

Do you feel comfortable that the
amount of data you collect and
manage, adequately serves your
utility?

How many minutes did you take to
complete the survey?

Comments on the survey :

Development planning

Capital Works planning

Operation of water system

Maintenance of water system

Specify other:

Would you like a copy of the
survey results? Yes or No

If so, by mail, fax or e-mail?

* Please return the completed .xls ﬁlé to Andrew Wood by E-mail L
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" awood@mapleridge.org or.by fax : 604-467-7425

This survey is being conducted by the Corporation of the District of Maple Ridge -
Engineering Department

District of Maple Ridge
11995 Haney Place .
Maple Ridge, British Columbia

Canada, V2X 649
attention: Andrew Wood, Municipal
Engineer

Thank you very much for your
participation.

\
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Appendix E lists the organizations to which the Wood and Lence 2004 survey was
directly mailed, not including those sent by the Canadian Water and Waste Association
(CWWA). A list of those communities contacted by the CWWA is not available. The total
number of organizations to whom surveys were mailed was 411.

Name of organization State/Province Country
Abbotsford, City of British Columbia CAN
Aberdeen, City of South Dakota USA
Abilene, City of Texas USA
Ada, City of Oklahoma USA
Addison, Village of Illinois USA
Aiken, City of South Carolina USA
Alachua County Florida USA
Albuquerque, City of New Mexico USA
Alexander City, City of Alabama USA
Allentown, City of Pennsylvania USA
Anchorage, City of Alaska USA
Antioch, City of California USA
Arlington County Virginia USA
Arroyo Grande, City of California USA
Atlanta, City of Georgia . USA
Auburn, City of Georgia USA
Aubumn, City of Alabama USA
Augusta County Georgia USA
Bakersfield, City of California USA
Ballwin, City of Missouri USA
Bangor, City of Maine USA
Barrie, City of Ontario CAN
Barrington, Village of llinois USA
Bathurst New Brunswick CAN
Bay City, City of Michigan USA
Bedford, City of Virginia USA
Bellingham, City of Washington USA
Beloit, City of Wisconsin USA
Beloit, City of Wisconsin USA
Bexley, City of Ohio USA
Birmingham, City of Alabama USA
Bismarck, City of North Dakota USA -
Blair, City of Nebraska USA
Bloomington, City of Indiana USA
Bloomington, City of Minnesota USA
‘Bolingbrook, Village of Illinois
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Boone County , Kentucky USA
Bowling Green, City of Ohio USA
Boyle County Kentucky USA
Brampton Ontario CAN
Brandon, City of Mississippi USA
Bridgewater, Town of - Nova Scotia . CAN
Brookline, Town of Massachusetts USA
Broward County Florida USA
Brownwood, City of Texas USA
Bryant, City of Arkansas USA
Burlington, City of North Carolina USA
Burlington, City of lowa USA
Butler, Township of Ohio " USA
‘Cabot, City of - Arkansas USA
Caledonia, Town of Wisconsin USA
Cambridge Ohio USA
Camden, City of South Carolina USA
Campbell, City of California USA
Camrose, City of Alberta CAN
Capital, Regional District British Columbia CAN
Carmel-by-the-Sea, City of California USA
Carpinteria, City of California USA
Cartersville, City of Georgia USA
Cary, Town of North Carolina USA
Cedar Rapids, City.of Iowa USA
Chamberlain, City of South Dakota USA
Champaign, City of Illinois USA |
Chandler, City of Arizona USA
Charlotte, City of North Carolina USA
Chatham County Georgia USA
Chatham-Kent, Municipality of Ontario CAN
Chattahoochee, City of Florida USA
Chattanooga, City of Tennessee USA
Chersterfield, City of Missouri USA
Chester Metropolitan District South Carolina USA
Chetwynd, District of British Columbia CAN
Chicopee, City of Massachusetts USA
Chilliwack, City of British Columbia CAN
City of University Texas USA .
Claremont, City of California USA
Clarksville, City of Tennessee USA
Clearwater, City of Florida USA
Cleveland, City of Mississippi USA
Cleveland, City of Ohio USA
Clinton, City of Mississippi USA




Clovis, City of California USA
Coconut Creek, City of Florida USA
Collierville, Town of Tennessee USA
Columbia Heights, City of Minnesota USA
Columbia, City of Missouri USA
Columbia, City of South Carolina USA
Columbia, Govt of District of District of Columbia USA
Columbus, City of Ohio USA
Columbus, City of Nebraska USA
Concord, City of California USA
“Cooper City, City of Florida USA
Coral Gables, City of Florida USA
Corner Brook, City of Newfoundland CAN
Coronado, City of California USA
Council Bluffs, City of Iowa USA
Crystal Lake, City of Ilinois USA
Cullman, City of Alabama USA
Cumberland, Town of Maine USA
Dalton, Georgia USA
Danvers, Town of Massachusetts USA
Dauphin Manitoba CAN
Daytona Beach, City of Florida USA
Dekalb County Georgia USA -~
Delta, District Municpaliy of | British Columbia CAN
DesMoines, City of Iowa USA
Dodge City, City of Kansas USA
Dorion, Ville de Quebec CAN
Dorval, Ville de Quebec CAN
Dover, City of New Hampshire USA
Downey, City of California USA
Dublin, City of Ohio USA
Dubuque, City of Iowa USA
Durham, Regional Municipality of Ontario CAN
Eagan, City of Minnesota USA
Eau Claire, City of Wisconsin USA
Edmundston, City of New Brunswick CAN
Effingham, City of Illinois USA
Elgin, City of [linois USA
Enterprise, City of Alabama USA
EPCOR Water Services Inc. Alberta CAN -
Escondido, City of California USA
Esquimalt, Township of - British Columbia CAN
Eugene, City of Oregon USA
Everett, City of Washington USA
Alabama USA

Fairhope, City of
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Fairview Heights, City of [linois USA
Fenton, City of Michigan USA
Flower Mound, Town of Texas USA
Forsyth, Village of [llinois USA
Fort Wayne, City Indiana USA
Fox Point, Village of Wisconsin USA
Franklin, City of Virginia USA
Fredericton, City of New Brunswick CAN
Fresno, City of California USA
Ft. Myers, City of Florida. USA
Gainesville, City of Florida USA
Galesburg, City of Illinois USA
Gander, Town of Newfoundland CAN
Garland, City of Texas USA
Gastonia, City of North Carolina USA
Georgetown County South Carolina USA
Germantown, City of Tennessee USA
Glendale, City of Arizona USA
| Goffstown, City of New Hampshire USA
Golden Valley, City of Minnesota USA
Goodyear, City of Arizona USA
Grafton, Town of Massachusetts USA
Grand Falls-Windsor, Town of Newfoundland CAN
Grand Prairie, City of Texas . USA
Greater Chicago, District of JUllinois USA
Greensboro , North Carolina USA
Greenville County South Carolina USA
Guelph, City of Ontario CAN
Halifax, Regional Municipality of Nova Scotia CAN
Hallandale Beach Florida USA
Halton, Regional Municipality of Ontario CAN
Hamilton, City of ‘ Ohio USA
Hampton, City of Virginia USA
Harford, County of Maryland USA
Harlan, City of lowa USA
Hartsville, City of South Carolina USA
Hastings, City of Minnesota USA
Hattiesburg, City of Mississippi USA
| Helix Water District California USA
Henderson, City of Nevada USA
Henrico County Virginia USA
High Point, City of North Carolina USA
Highland Village, City of Texas USA
Highline Water District Washington USA
Hillsboro Oregon USA
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Houston, City of Texas USA
Huntsville, City of Alabama USA
Huron, City of South Dakota USA
Huron-Kinloss, Township of Ontario CAN
Hutchinson, City of Minnesota USA
Iles-de-la-Madeleine Quebec CAN
Incline, Village of ‘Nevada USA
Independence, City of Missouri USA
Iowa City, City of Iowa USA
Irving, City of Texas. USA
Jackson, City of Mississippi USA
Jacksonville, City of Florida USA
Kansas City, City of Missouri USA
Kelowna, City of British Columbia CAN
Kennewick, City of Washington USA
Kerrville, City of Texas USA
Killeen, City of Texas USA
Kingsport, City of Tennessee USA
Kingston, City of Ontario CAN
Kirksville, City of - Missouri USA
Knoxville, City of . Iowa USA
Knoxville, City of Tennessee USA
La Palma, City of California USA
La Vista, City of Nebraska ‘'USA
Lake Zurich, Village of Illinois USA
Lakeland, City of Florida USA
Lakewood, City of California USA
Laporte, City of Texas USA
Las Vegas, City of Nevada USA
Lawrence, City of Kansas USA
Leawood, City of Kansas USA
Leduc, City of Alberta CAN
Lenexa, City of Kansas USA
Lewiston, City of Maine USA
Lexington North Carolina USA
Lexington-Fayette Urban County Kentucky - USA
Lincoln City, City of | Oregon USA
Lindsay, City of California - USA
Little Rock, City of Arkansas USA
Lombard, Village of Illinois USA
Lompoc, City of California USA
London, City of Ontario CAN
Longview, City of Washington USA -
Los Angeles, City of California USA
Louisville Metro Government Kentucky USA
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Lowndes County Georgia USA
Lubbock County Texas USA
Macon, City of - Georgia USA
Madera, City of California USA
Madison, City of Mississippi USA
Madison, City of Wisconsin USA
Maitland, City of Florida’ USA
Mandeville, City of Louisiana USA
Mankato, City of Minnesota USA
Mansfield, Town of Connecticut USA
Maple Ridge, District of British Columbia CAN
Marana, Town of Arizona USA
Markham Ontario CAN
Marquette Michigan USA
Maryville, City of .| Tennessee USA
‘| Mc Comb, City of " Mississippi 'USA
McAllen, City of Texas USA
Medley, Town of Florida USA
Medicine Hat, City of British Columbia CAN
Memphis, City of Tennessee USA
Middletown, City of Ohio USA
Milwaukee, City of | Wisconsin USA
Miramichi, City of New Brunswick CAN
Mission Viegjo, City of California USA
Mission, District of British Columbia CAN
Missouri City, City of Texas USA
Mobile, City of Alabama USA
Moncton, City of New Brunswick CAN
Monterey, City of California USA
Montreal-Nord, Ville de Quebec CAN
Morton, Village of Ilinois USA
Mount Vernon, City of Ohio USA
Mountain View, City of California USA
Mt. Zion, Village of Ilinois USA
Murray City, City of Utah USA
Murrieta, City of California - USA
Muskegon, City of Michigan USA
Muskoka,District of Ontario CAN
Nelson, City of British Columbia CAN
New Albany Ohio USA
New Lenox, Village of Illinois USA
New Orleans, City of Louisiana USA
Newington, Town of Connecticut USA
Newport News, City of Virginia USA
Newton, City of Kansas USA
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-| Niagra, Regional Municipality of Ontario . CAN
Norfolk, City of Virginia USA
North Battleford Saskatchewan CAN
North Las Vegas, City of Nevada USA
North Miami Beach, City of Florida USA
North Miami, City of Florida USA
‘North Redding, Town of Massachusetts USA
North Vancouver, District of British Columbia CAN
Northbrook, City of Illinois USA
Oak Park, Village of Ilinois USA
Oklahoma City, City of | Oklahoma - USA
Oakland, County of Mississippi USA
Olathe, City of Kansas USA
Olympia, City of Washington USA
Omaha, City of Nebraska USA
Orlando, City of Florida USA
Oromocto, Town of New Brunswick CAN
Ottawa, City of A Ontario CAN
Overland Park, City of Kansas USA
Owensboro, City of Kentucky USA
Oxford, County of Ontario CAN
Ozark, City of Alabama USA
Palatine, Village of Ilinois USA
Palmdale, City of California USA
Pasadena, City of California USA
Pasadena, Town of Newfoundland CAN
Pebble Beach California USA
Penticton, City of A British Columbia CAN
Peterborough, Utilities Corp. Ontario CAN
Phoenix, City of Arizona USA
Pierre, City of South Dakota ‘USA
Pigeon Forge, City of Tennessee USA
Pitt Meadows, District of British Columbia CAN
Plainview, City of Texas USA
Plano, City of Texas USA
Plantation, City of Florida USA
Plymouth, Town of Massachusetts 'USA
Pointe Claire Quebec CAN
Pomona, City of California USA
Port Angeles, City of Washington USA
Port Coquitlam, City of British Columbia CAN
Port Moody, City of British Columbia CAN
Port St Lucie, City of Florida USA
Portland, City of Oregon USA
Portsmouth, City of New Hampshire USA
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Presque Isle, City of Maine USA
Prince Albert Saskatchewan CAN
Punta Gorda, City of Florida USA
Qualicum Beach British Columbia CAN
Quispamsis, Town of New Brunswick CAN
Ralston, City of Nebraska USA
Rapid City, City of South Dakota USA
Red Deer Alberta CAN
Redmond, City of Washington USA
Redwood City, City of California USA
‘Regina, City of Saskatchewan CAN
Reno, City of Nevada USA
Revelstoke, City of British Columbia CAN
Richardson, City of Texas USA
Richmond, City of Virginia USA
Rio Rancho, City of New Mexico USA
Rockford, City of Ilinois USA
Rocky Hill, Connecticut USA
Round Rock, City of Texas USA
Royal Palm Beach Utilities, Village of | Florida USA
Sacramento County CA California USA
Salmon Arm, District of British Columbia CAN
San Antonio-DPW, City of Texas USA
San Buenaventura, City of California USA
San Diego, City of California USA
San Francisco, City & County of California USA
San Jose, City of California USA
San Luis Obispo, City of California USA
Sandford, City of North Carolina USA
Sanford, City of Florida USA
Santa Ana, City of California USA
Santa Clara, City of California USA
Sarasota, City of Florida USA
Saskatoon, City of Saskatchewan CAN
Savoy, Village of [llinois USA
Scottsdale, City of Arizona USA
Seattle, City of Washington USA
Selkirk, City of Manitoba CAN
Shaker Heights, City of Ohio USA
Shawnee, City of Kansas USA
Shelton, City of Connecticut USA
Shorewood, Village of Wisconsin USA
Sioux Falls, City of South Dakota USA
Skowhegan, Town of Maine USA
Slidell, City of Louisiana USA
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South Bend, City of | Indiana USA
South Daytona, City of Florida USA
South Portland, City of Maine USA
Southbridge, Town of Massachusetts USA
Spartanburg County South Carolina USA
Spokane, City of Washington USA
_Springfield, City of Ilinois USA
Springfield, City of Missouri USA
Springfield, Town of Vermont USA
St. Peters, City of Missouri USA
St. Tammany Parish LA Louisiana USA
Starkville, City of Mississippi USA
Strathcona Alberta CAN
‘Sturgis, City of South Dakota USA
Sunset Hills, City of Missouri USA
Surrey, City of British Columbia CAN
Tacoma, City of Washington USA
Tallahassee, City of Florida USA
Thousand Oaks, City of California USA
Thornton, City of Colorado USA
Tifton, City of Georgia USA
Topeka, City of Kansas USA
Topsham, Town of Maine USA
Toronto City of ‘Ontario CAN
Traverse City, City of Michigan USA
Tucson, City of Arizona USA
Tulsa, City of Oklahoma - USA
Tupelo, Cityof Mississippi USA
Upper Arlington, City of Ohio USA
University of Wisconson Wisconsin USA
Urbana, City of [1linois USA
Uxbridge, Town of Massachusetts USA
Valdosta, City of Georgia USA
Venice, City of Florida USA
Vernon Hills, Village of [linois USA
Virginia Beach, City of Virginia USA
Visalia, City of California USA
Wakefield, Town of Maine USA
Washington County MD Maryland USA
Watertown, City of South Dakota USA
Wauwatosa, City of Wisconsin USA
Wellington, Village of Florida USA
Weslaco, City of Texas ‘USA
West Allis, City of Wisconsin USA
West Vancouver, City of British Columbia CAN
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Westbrook, City of Maine USA
Whitby Ontario CAN
Wichita, City of Kansas USA
Wickliffe, City of Ohio USA
Williston, City of North Dakota USA
Wilmette, Village of linois USA
Windham, Town of ‘| Maine USA
‘Winfield, City of Kansas USA
Winnipeg, City of Manitoba CAN
Winston Salem North Carolina USA
Wood River, City of Ilinois USA
Woodridge, Village of Illinois USA
Wyoming, City of Michigan USA
Yarmouth, Town of Massachusetts USA
York, Region of Ontario CAN
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Appendix F provides the number of respondents for the queries in the Wood and Lence
2004 survey and the data collected. The number of respondents are reported by country of
respondent. .

Number of respondents that collect general information

Canadian
utilities U.S. utilities -
Address of reporter 21 ' 22
Crew members ' 27 - 25
Crew total hours . 26 24
Date of repair finish _ 28 26
-Date of repair start 29 26
Date of reported break 30 27
Dates of previous breaks at same location 15 16
Digital photo of damaged facility 15 16
Employee researching pipe & completing form ' 15 17
Equipment used . 26 24
Estimated number of affected customers by commercial type 5 o 5
Estimated number of affected customers by industrial type 5 5
Estimated number of affected customers by institutional type 5 4
Estimated number of affected customers by residential type 1 2
Estimated number of customers affected 6 6
ID assigned to break, leak etc _ : 23 17
ID of watermain feature being repaired 22 19
Indication of property damage y or n 23 23
Job / work order number ' 24" 20
Length of unsupported pipe ' 4 5
Ph. Number of reporter 19 23
Property damage cost » 7 9
Quantity of parcels without service . 4 100 ' 9.
Repaired by 28 26
Reported by _ 22 ' S22
Sketch of damaged facility s 19 9
Time of repair start ' ' 23 - 22
Time of reported break ' 23 23
Time when water service was resumed 18 ‘ 20
" Total equipment cost ’ ' 23 : 19
Total hours on site 28 25
Total labour cost ' ’ 22 20
Total materials cost 23 18
Was service to customers disrupted 18 17
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Number of respondents that record physical data

Canadian

Physical data recorded by utilities utilities U.S. utilities
Backfill | 18 1
Bedding material , : 17 10
Native soil : : 9 7
Bedding condition - 12 10
Cement lining condition , 7 10
Pipe exterior condition 20 15
Pipe interior condition (unlined) ' 11 11
Cover depth , 24 16
Pipe segment length 18 15
Operating pressure 6 9
Pipe diameter . 29 29
Fracture toughness o1 3
Pipe material 30 28
Pipe modulus ) : , 7 7
Pipe protection . : 13 ’ 9
Pipe sampled ' . 14 8
Pipe wall thickness ' 2 ' 7
Surface material 20 15
Traffic classification 3 5
Joint type . 21 13
Pipe lining type ’ ‘ 6 7
Water service type 21 23
‘Flow in area : 1 4
Surface use class 21 18
Year of installation 14 ) 11
Physical data recorded and/or available elsewhere for Canadian

utilities ) . utilities U.S. utilities
Backfill : 20 13
Bedding material . 20 15
Native soil . _ 11 13
Bedding condition 12 -1
Cement lining condition ' 9 10
'Pipe exterior condition , 21 15
Pipe interior condition (unlined) ‘ 12 11
Cover depth ' 28 21
Pipe segment length 24 23
Operating pressure i 19 . 23
Pipe diameter 30 29
Fracture toughness 2 6
Pipe material : 30 29
Pipe modulus 8 9
Pipe protection ‘ 20 15
Pipe sampled : 15 9
Pipe wall thickness 10 16

Surface matérial ’ 24 22




Canadian

Physical data recorded and available elsewhere for utilities utilities U.S. utilities
Traffic classification - 14 17 .
Joint type ' 24 18
Pipe lining type 13 16
Water service type _ 24 27
Flow in area 14 13
Surface use class ) 26 25

Year of installation - 24 ‘ 23

Number of respondents that record failure causes

Failure cause data recorded by utilities C:tlill?fign US. utilities
Construction disturbance ' 13 - 16
/ Corrosion . 20 16

. Erosion / unsupported pipe 13 13

Frozen pipe : ' .14 : 13

Ground frost 13 7

High pressure 8 _ 12

Joint failure 22 ¢ 18

Poor construction practices . 10 13

rock contact ' 14 - 15"

Settlement ‘14 13

Traffic load ' ' 3 .6

Unknown ' . 11 12

Water temperature change : 2 2

Canadian

Causes are recorded in this percentage of records ' . utilities U.S. utilities

0 percent ' 2 2

25 percent 6 4

50 percent 1 1

75 percent 4 3

100 percent 7 8

n/a 10 11

218




)

Number of respondents that record repair activities

. . s Canadian

Repair activity data recorded by utilities utilities U.S. utilities

Anode installed 24 10
Dechlorination performed ' 14 12
Extended protection installed ' ’ 15 14
Repair clamp 29 27
Repair joint 27 - 25
Replace entire hydrant 24 27
Replace hydrant parts 23 ' 25
Replace pipe section ‘ 29 26
Replace service connection 23 25
Replace valve 26 27
Surface restoration 22 26

Number of respondents that collect different types of environmental data

Canadian )
Environmental data recorded _ utilities U.S. utilities-
Air temperature
Depth of Frost
< 320C days
Soil Moisture Content _
Soil pH , , \
Sample taken
Soil temperature
Water temperature
Change in water temperature

—_——_— O NN = O O Vv ™
O O O W= =N W

Environmental data recorded and/or available elsewhere for Canadian ,

utilities utilities - U.S. utilities

Air temperature 16 : 15

Depth of Frost - : 12 12

< 32 degree days ‘ 1 14

Soil Moisture Content . '
" Soil pH /

Sample taken

Soil temperature

Water temperature

Change in water temperature

NN O W= =W
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Number of respondents that expressed confidence in data collected

- Confidence in data collected High Good Fair Low

Pipe diameter 44 14

Pipe material 41 16

Water service type 30 10 2

Surface use classification 19 16 "4

Cover depth . 17 18 3 1
Year of installation 12 8 3 2

Number of respondents that record types of failures

Canadian

Types Ot.“ Failure recorded by utilities utilities U.S. utilities
Blow out 26 23
Corrosion pit hole ' 25 22
Curbstop failure o 24 23
Failed blow-off . ~ 21 20
Leaking hydrant ' 23 27
Leaking joint l ’ 26 24
Leaking service connection 24 26
Leaking valve . 24 _ 26
Longitudinal break 27 22
Split bell 26 21
Tap failure : . 23 24
Number of respondents that record location data
Location data recorded by utilities C:trilﬁglezn USS. utilities
Cross street name - 24 22
Distance from cross street : ‘ 16 10 .
" Distance from nearest property line - ' 15 5
Isolation valve operated , - 12 -9
Nearest property address 28 27

Coordinates (northing and easting) ' 2 4




Number of respondents that express comfort with recording location data and use water models

. Canadian
Comfort with level of data collected by utilities utilities U.S. utilities
Yes i 21 17
No 5 8

N/A 4 4

Number of responderits that have water models and what they use the models for

Canadian
utilities U.S. utilities
" Number of utilities that have a water model ' 24 22
Number of utilities that use their water model . 21 21
Number of utilities that uses a water model for:

- Capital planning : 20 21
Development planning : 19 20
Operations » 16 I
Maintenance planning 11 14
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Population and Country data of survey responses

otal -

115000
7700
What is the total population of your jurisdiction 15669
What is the total population of your jurisdiction | 380000
What is the total population of your jurisdiction 2600
428 | Can What is the total population of your jurisdiction 70000
413 | Can What is the total population of your jurisdiction 20000
100 | Can What is the total population of your jurisdiction 8085
103 | Can What is the total population of your jurisdiction 102000

112 | Can What is the total population of your jurisdiction 600000 |
120 | Can What is the total population of your jurisdiction 884700
134 | Can What is the total population of your jurisdiction 48000
418 | Can What is the total population of your jurisdiction 73000
227 | Can What is the total population of your jurisdiction | 222000
231 | Can What is the total population of your jurisdiction 52000
240 | Can What is the total popuilation of your jurisdiction 60000
249 | Can What is the total population of your jurisdiction 14000
260 | Can What is the total population of your jurisdiction 14500
401 | Can What is the total population of your jurisdiction 86000
283 | Can What is the total population of your jurisdiction 32000
284 | Can 72000
295 | Can 53000
301 | Can 40000
424 | Can 73000
433 | Can What is the total population of your jurisdiction 190093
332 | Can What is the total population of your jurisdiction | 212000
435 | Can What is the total population of your jurisdiction 65000
400 | Can What is the total population of your jurisdiction | 2385421
383 | Can What is the total population of your jurisdiction | - 42000
392 - Can What is the total population of your jurisdiction | 631200
403 | USA What is the total population of your jurisdiction 106000
409 | USA What is the total population of your jurisdiction 260000
10 | USA What is the total population of your jurisdiction 98000
48 | USA What is the total population of your jurisdiction 45000
404 | USA What is the total population of your jurisdiction | 200000
411 | USA What is the total population of your jurisdiction 22950
76 | USA What is the total population of your jurisdiction 13842
414 | USA What is the total population of your jurisdiction | 25500
141 | USA What is the total population of your jurisdiction | 220657
405 | USA What is the total population of your jurisdiction 100001
402 | USA What is the total population of your jurisdiction | ~ 14500
430 | USA What is the total population of your jurisdiction 65000
431 | USA What is the total population of your jurisdiction 9400
415 | USA What is the total population of your jurisdiction 48000
416 | USA What is the total population of your jurisdiction 85000
407 | USA What is the total population of your jurisdiction 35000
417 | USA What is the total population of your jurisdiction 32000
432 | USA What is the total population of your jurisdiction 20600
419 | USA What is the total population of your jurisdiction 20000
426 | USA What is the total population of your jurisdiction 35000
420 | USA | What is the total population of your jurisdiction 100001
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427 | USA What is the total population of your jurisdiction 105000
422 | USA What is the total population of your jurisdiction | 343700
434 | USA What is the total population of your jurisdiction | 1300000
342 | USA What is the total population of your jurisdiction | 140000
408 | USA What is the total population of 107000
423 | USA What is the total population of your jurisdiction 123000
379 | USA What is the total population of your jurisdiction 47000
389 | USA What is the total population of your jurisdiction | 27000




General data of survey responses

420 |-Date of reported break ) ' 100

427 | Date of reported break 100
76 | Date of reported break . 100
430 | Date of reported break ) 100
10 | Date of reported break 100
301 | Date of reported break 100
100 | Date of reported break 100
416 | Date of reported break 100
134 | Date of reported break 100
414 | Date of reported break ' 100
409 | Date of reported break - 100
415 | Date of reported break ’ : 100
55 | Date of reported break . . i i 100
____________ 284 | Date of reported break \ ' ‘ 100
249 | Date of reported break 100
141 | Date of reported break 100 ]
- 260 | Date of reported break 100 \
432 | Date of reported break 100 '
42 | Date of reported break 100
295 | Date of reported break 100
428 | Date of reported break 100
411 | Date of reported break 100
405 | Date of reported break '
433 | Date of reported break . 100
342 | Date of reported break © 100
332 | Date of reported break : ‘ 100 . .
21 | Date of reported break L 100
- 48 | Date of reported break
103 | Date of reported break 100
' 434 | Date of reported break ’ ' 100
» 392 | Date of reported break 100
407 | Date of reported break 100
408 | Date of reported break : 100
404 | Date of reported break 100
- 413 | Date of reported break ) 75
402 | Date of reported break 100
240 | Date of reported break 100
" 401 | Date of repoited break : : 100
72 | Date of reported break ‘ 100
435 | Date of reported break 100
422 | Date of reported break » : 100
423 | Date of reported break 100
419 | Date of reported break 100
431 | Date of reported break 100
389 | Date of reported break ~ 100
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227 | Date of reported break 100
112 | Date of reported break 100
403 | Date of reported break 100
418 | Date of reported break 100
231 | Date of reported break 100 |
383 | Date of reported break 100
283 | Date of reported break 100
424 | Date of reported break 100
426 | Date of reported break 100
400 | Date of reported break 100
379 | Date of reportedbreak 100
120 | Date of reported break 100
417 | Date of reported break 100
56 . Date of reported break 100
283 | Time of reported break 100
332 Time of reported break 100
389 | Time of reported break 100
379 | Time of reported break 75
418 | Time of reported break 100 .
433 | Time of reported break 75
428 | Time of reported break 100
_ 112 | Time of feported break 0
295 | Time of reported break 100
404 | Time of reported break 100
284 | Time of reported break 100
= .76 | Time of reported break 50
423 | Time of reported break 100
424 | Time of reported break 100
260 | Time of reported break 100
342 | Time of reported break . 0
411 | Time of reported break 0
420 | Time of reported break 100
21 | Time of reported break 100
240 | Time of reported break 75
120 | Time of reported break 100
407 | Time of reported break 100
383 | Timeof reported break 100
392 | Time of reported break 0
432 | Time of repbrted break 0
416 | Time of reported break 100
417 | Time of reported break 100
430 | Time of reported break 100
10 | Time of reported break 75
100 : Time of reported break 100
427 '« Time of reported break 100
415 | Time of reported break 50
249 | Time of reported break 0
141 | Time of reported break 100
431 100

Time of reported break




134 | Time of reported break 100
56 | Time of reported break 75
409 | Time of reported break 75
426 | Time of reported break 100
422 | Time of reported break 0
401 | Time of reported break 100
435 | Time of reported break 50
419 | Time of reported break 100
402 | Time of reported break 100
227 | Time of reported break 0
403 | Time of reported break 100
72 | Time of reported break 100
400 | Time of reported break 100
48 | Time of reported break
434 | Time of reported break 100
405 | Time of reported break
55 | Time of reported break 0
231 | Time of reported break 0.
301 | Time of reported break 0
103 | Time of reported break 100
413 | Time of reported break 75
408 | Time of reported break 100
414 | Time of reported break 100
42 | Time of reported break 25
419 | Reported by 100
426 | Reported by 100
48 | Reported by
424 | Reported by
423 | Reported by 100
422 | Reported by 0
417 | Reported by
383 | Reported by
379 | Reported by 75
418 | Reported by 100
402 | Reported by 100
55 | Reported by 0’
227 | Reported by 0
433 | Reported by 75
112 | Reported by 100
403 | Reported by 100
240 | Reported by 100
103 | Reported by 100
134 | Reported by 100
342 | Reported by 0
21 | Reported by 75
76 | Reported by 100
301 | Reported by 100
408 | Reported by 100
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427 | Reported by 100
420 | Reported by
332 | Reported by 50
411 | Reported by 50
413 | Reported by '
405 | Reported by
249 | Reported by 25
432 | Reported by - 25
141 | Reported by 100
404 | Reported by 75
283 | Reported by 100
414 | Reported by 100
" 56 | Reported by 0
.............. 415 | Reported by 75
409 | Reported by
416 | Reported by 100
10 | Reported by 75
120 | Reported by 100
", 435 | Reported by 25
260 | Reported by 75
434 | Reported by 100
100 | Reported by 75
284 | Reported by 100
430 | Reported by 100
392 | Reported by 100
401 | Reported by 0
389 | Reported by 100
72 | Reported by 75
231 | Reported by 100.
400 | Reported by
431 | Reported by 100 .
42 | Reported by 75
295 | Reported by 100
428 | Reported by 100
420 | Address of reporter 100
120 | Address of reporter 0
76 | Address of reporter 0
379.| Address of reporter 75
10 | Address of reporter 75
427 | Address of reporter 100
260 | Address of reporter 25
431 | Address of reporter 100
249 | Address of reporter 0
404 | Address of reporter 75
141 | Address of reporter 100
56 | Address of reporter 0
284 | Address of reporfer 100
283 | Address of reporter 100
409 | Address of reporter 75




432 | Address of reporter ) ) 0
433 | Address of reporter S 75
295 | Address of reporter ] o ) 100
301 | Address of reporter : 75
411 | Address of reporter N : 100
428 | Address of reporter ) 100
55 | Address of reporter 0
405 | Address of reporter '
48 | Address of reporter
413 | Address of reporter 0
434 | Address of reporter ) 25
392 | Address of reporter ' ' 50
430 | Address of reporter ] o 100
100 | Address of reporter - 75
103 | Address of reporter
407 | Address of reporter 100
42 | Address of reporter ‘ . 100
21 | Address of reporter 50
415 | Address of reporter 100
408 | Address of reporter : 100
134 | Address of reporter . ’ 75
\\\\\\\\\\ 414 | Address of reporter 50
342 | Address of reporter o 0
332 | Address of reporter - 50
418 | Address of reporter i ' 100
422 | Address of reporter ) 0
400 | Address of reporter . ] 50
419 | Address of reporter o ' ‘ 100
401 | Address of reporter ' 0
383 | Address of reporter ‘ ’ 50
" 435 | Address of reporter N 25
402 | Address of reporter 25
423 | Address of reporter 100
/ 416 | Address of reporter 50
240 | Address of reporter ) ' 100
426 | Address of reporter 100
227 | Address of reporter 0
417 | Address of reporter _ 75
231 | Address of reporter , 0
112 | Address of reporter 100
403 | Address of reporter ) ' 75
389 | Address of reporter 0
72 | Address of reporter . 75
424 | Address of reporter : 25
434 | Ph. Number of reporter ' 100
112 | Ph. Number of reporter 100
42 | Ph. Number of reporter : . 100
408 | Ph. Number of reporter 100" -
383 | Ph. Number of reporter 50 |




435 | Ph. Number of reporter 50
432 | Ph. Number of reporter 25
21 | Ph. Number of reporter 75
134 | Ph. Number of reporter 25
249 | Ph. Number of reporter 0
240 | Ph. Number of reporter 100
403 | Ph. Number of reporter 75
411 | Ph. Number of reporter 25
389 | Ph. Number of reporter
405 | Ph. Number of reporter
72 | Ph. Number of reporter 100
48 | Ph. Number of reporter
227 | Ph. Number of reporter 0
332 | Ph. Number of reporter 75
428 | Ph, Number of reporter 100
407 | Ph. Number of reporter 100
392 | Ph. Number of reporter 50
418 | Ph. Number of reporter *
342 | Ph. Number of reporter 0
100 | Ph. Number of reportet 75
231 | Ph. Number of reportér 0
402 | Ph. Number of reporter 25
55 | Ph. Number of reporter 0
103 | Ph. Number of reporter
413 | Ph. Number of reporter 0
431 | Ph. Number of reporter_ 100
420 | Ph. Number of reporter 100
423 | Ph. Number of reporter 100
416 | Ph. Number of reporter 75
_______________ 414 | Ph. Number of reporter 50
295 | Ph. Number of reporter 100 |
415 | Ph. Number of reporter 100
426 | Ph. Number of réporter 100
284 | Ph. Number of reporter 100
404 | Ph. Number of reporter 75
_________ 433 | Ph. Number of reporter 75
260 | Ph. Number of reporter 0
141 | Ph. Number of reporter 100
283 | Ph. Number of reporter 100
56 | Ph. Number of reporter 0
424 | Ph. Number of'reporter 25
379 | Ph. Number of reporter 75
400 | Ph. Number of reporter 25
120 | Ph. Number of reporter 0 r
417 | Ph. Number of reporter 75
419 | Ph. Number of reporter 100
427 | Ph. Number of reporter w25
76 | Ph. Number of reporter 0
10 | Ph. Number of reporter 50




401 | Ph. Number of reporter 0
301 | Ph, Number of reborter . . 75
422 | Ph. Number of reporter 0
409 | Ph. Number of reporter : : . 50
430 | Ph. Number of reporter 100
426 | Date of repair start - 100
295 | Date of repair start 100
419 | Date of repair start 100
56 | Date of repair start : 100
414 | Date of repair start 100
141 ! Date of repair start : 100
134 | Date of repair start 100 I
434 | Date of repair start 100
403 | Date of repair start ' 100
400 | Date of repair start . 50
405 | Date of repair start
422 | Date of repair start : 0
100 | Date of repair start 100
10 | Date of repair start 100
435 | Date of repair start ' 100
249 | Date of repair start 100
401 | Date of‘repair start ) 100
402 | Date of repair start 100
408 | Date of repair start 100
48 | Date of repair start ) ‘
430 | Date of repair start ) 100
431 | Date of repair start 100
’’’’’’’’’ 413 | Date of repair start ‘ : 100 |
415 | Date of repair start ‘100
427 | Date of repair start : 100
417 | Date of repair start : 100
103 | Date of repair start . . 100
227 | Date of répair start 100
72 | Date of repair start : : 100
409 | Date of repair start ' 100
332 | Date of repairstart 100
120 | Date of repair start ‘ 100
260 | Date of repair start 100
21 | Date of repair start ' : ' 100
432 | Date of repair start 100
428 | Date of repair start ‘ 100
112 | Date of repair start ' 0
392 | Date of repair start 100
284 | Date of repair start 100
283 | Date of repair start 100
420 | Date of repair start 100
42 | Date of repair start 100
433 | Date of repair start 100
407 | Date of repair start 100




Date of repair start

404 100
379 | Date of repair start 100
76 | Date of repair start 100
411 | Date of repair start 100
424  Date of repair start 100
231  Date of repair start 100
301  Date of repair start 100
416 | Date of repair start 100
55 | Date of repair start 100
342 | Date of repair start 100
240 | Date of repair start 100
423 | Date of repair start 100
383 | Date of repair start 100
389 | Date of repair start 100
418 | Date of repair start 100
418 | Time of repair start 75
76 | Time of repair start 100
402 | Time of repair start 100
420 | Time of repair start 100
427 | Time of repair start 100
409 | Time of repair start 100
10 | Time of repair start 50
72 | Time of repair start 0
249 | Time of repair start 50
400 | Time of repair start 50
416 | Time of repair start 100
422 | Time of repair start 0
419 | Time of repair start 50
231 | Time of repair start 0
240 | Time of repair start 100
227 = Time of repair start 100
423 | Time of repair start 100
401 | Time of repair start 100
383 | Time of repair start 75.
417 | Time of repair start 75
120 | Time of repair Start 100
260 = Time of repair start 100
415  Time ofrepairstart 0
426 | Time of repair start 100
435 | Time of repair start 100
424 | Time of repair start - 100
379 | Time of repair start 50
56 | Time of repair start 0
301 | Time of repair start 0
141 | Time of repair start 100
284 | Time of repair start 100
404 ' Time of repair start 100
431 | Time of repair start 0
283 | Time of repair start 100




48

Time of repair start

405 | Time of repair start
55 | Time of repair start 100
42 | Time of repair start 50
407 | Time of repair start 100
332 | Time of repair start 100
432 | Time of repair start 0
21 | Time of repair start 100
408 | Time of repair start 100
134 | Time of repair start 100
392 | Time of repair start 0
112 | Time of repair start 0
430 | Time of repair start 75
100 | Time of repair start 0
413- | Time of repair start 100
403 | Time of repair start 100
414 | Time of repair start 100
433 | Time of repair start 100
295 | Time of repair start " 100
342 | Time of repair start 100
103 | Time of repairstart 100
428 | Time of repair start 100
434 | Time of repair start 100
389 | Time of repair start 0
411 | Time of repair start 100
400 | Date of repair finish 50
240 | Date of repair finish 100
392 | Date of repair finish 0
411 | Date of repair finish 100
426 | Date of repair finish 100
417 | Date of repair finish 75
433 | Date of repair finish 100
100 | Date of repair finish 100
424 | Date of repair finish 100
416 | Date of repair finish 100
430 | Date of repair finish 100
55 | Date of repair finish 100
383 | Date of repair finish 75
422- | Date of repair finish 0
260 | Date of repair finish 100
403 | Date of repair finish 100
295 | Date of repair finish 100
231 | Date of repair finish 100
283 | Date of repair finish 100
112 | Date of repair finish 0
227 | Date of repair finish 100
423 | Date of repair finish 100
405 | Date of repair finish
419 | Date of repair finish 50




48 | Date of repair finish
434 | Date of repair finish 100
408 | Date of repair finish 100
42 | Date of repair finish 100
249 | Date of repair finish 100
72 | Date of repair finish 100
10 | Date of repair finish 100
402 | Date of repair finish 100
141 | Date of repair finish 100
432 | Date of repair finish 100
76 | Date of repair finish 100
428 | Date of repair finish 100
427 | Date of repair finish 100
301 | Date of repair finish 100
420 | Date of repair finish 100
414 | Date of repair finish 100
284 | Date of repair finish 100
389 | Date of repair finish 100
103 | Date of repair finish 100
134 | Date of repair finish 100
413 | Date of repair finish 100
56 | Date of repair finish 100 |
409 | Date of repair finish 100
332 | Date of repair finish 100
342 | Date of repair finish 100
120 | Date of repair finish 100
401 | Date of repair finish 100
404 | Date of repair finish 75
407 | Date of repair finish 100
21 | Date of repair finish 100
431 | Date of repair finish 100
418 | Date of repair finish 75
415 | Date of repair finish 100
379 | Date of repair finish 100
435 | Date of repair finish 100
:7.40 Time when water service was resumed 100
435 | Time when water service was resumed 100
418 | Time when water service was resumed 25
403 | Time when water service was resumed 100
295 | Time when water service was resumed 100
430 | Time when water service was resumed 25
48 | Time when water service was resumed
55 | Time when water service was resumed 100
21 | Time when water service was resumed 100
134 | Time when water service was resumed 100
103 | Time when water service was resumed
432 | Time when water service was resumed 0
428 | Time when water service was resumed 0
284 | Time when water service was resumed 100




401 | Time when water service was resumed 100
427 | Time when water service was resumed 0
-416 | Time when water service was resumed 100
249 | Time when water service was resumed 0
10 | Time when water service was resumed 25
433 | Time when water service was resumed 50
”231 Time when water service was resumed 0
76 | Time when water service was resumed 100
141 | Time when water service was resumed 100
424 | Time when water service was resumed 100
426 | Time when water service was resumed 0
227 | Time when water service was resumed 0
419 | Time when water service was resumed 50
_________________ 283 | Time when water service was resumed 100
420 | Time when water service was resumed 100
423 | Time when water service was resumed 100
407 | Time when water service was resumed 50
260 | Time when water service was résumed 100
415 | Time when water service was resumed 0
417 | Time when water service was resumed 75 |
404 | Time when water service was resumed 75
332 . Time when water service was resumed 75
100 | Time when water service was resumed 0
434 | Time when water service was resumed 100
409 | Time when water service was resumed 100
392 | Time when water service was resumed 0
301 | Time when water service was resumed 0
42 ' Time when water service was resumed 25
414 | Time when water service was resumed 100
120 | Time when water service was resumed 100
400 | Time when water service was resumed 0
389 | Time when water service was resumed 100
72 | Time when water service was resumed - 0
112 | Time when water service was resumed '
. 408 | Time when water service was resumed 100
411 | Time when water service was resumed 25
56 | Time when water service was resumed 0
383 | Time when water service was resumed 75
431 | Time when water service was resumed 0
379 | Time when water service was resumed 25
405 | Time when water service was resumed
342 | Time when water service was resumed 100
402 | Time when water service was resumed 0
422 | Time when water service was resumed 0
413 | Time when water service was resumed 100
379 | Total hours on site . 100
76 | Total hours on site 75
415 | Total hours on site 100
249 | Total hours on site 100 |
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Total hours on site

424 | Total hours on site 100
383 | Total hours on site 100
423 | Total hours on site 100
56 | Total hours on site 100
141 ' Total hours on site 100
404 | Total hours on site 100
55 | Total hours on site 100
134 | Total hours on site 100
413 | Total hours on site 0
408 | Total hours on site 100
48 | Total hours on site
103 : Total hours on site 100
405 | Total hours on site
433 | Total hours on site 100
411 | Total hours on site 100
432 | Total hours on site 100
407 | Total hours on site 100
402 | Total hours on site 100
332 | Total hours on site 100
21 . Total hours on site 100
409 | Total hours on site 100
427 | Total hours on éite 100
283 ' Total hours on site 100
301 | Total hours on site 100
420 | Total hours on site 100
342 | Total hours on site 100
403 | Total hours on site 100
414 | Total hours on site 100
418 = Total hours on site 100
417 | Total hours on site 100
284  Total hours on site 100
231 | Total hours on site 25
10 | Total hours on site 100
227 | Total hours on site 100
428 ! Total hours on site 100
260 | Total hours on site 50
392 | Total hours on site 0
120 | Total hours on site 100
434 | Total hours on site 100
'422 | Total hours on site’ 0
295 | Total hours on site 100
. 100 | Total hours on site 100
430 | Total hours on site 25
419 | Total hours on site 100
42 | Total hours on site 100
400 | Total hours on site 25
401 | Total hours on site 100
426 | Total hours on site 100
112 100
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240

Total hours on site 100
72 | Total hours on site 100
389 | Total hours on site 0
435, | Total hours on site 100
416 | Total hours on site 100
431 | Total hours on site 100
407 Quantity of parcels without service 0
134 | Quantity of parcels without service 100
435 | Quantity of parcels without service 50
72 | Quantity of parcels without service 0
434 | Quantity of parcels without service - 100
55 | Quantity of parcels without service 100
405 | Quantity of parcels without service
295 | Quantity of parcels without service 25
431 | Quantity of parcels without service 0
411 | Quantity of parcels without service 0
10 | Quantity of parcels without service 0
433 | Quantity of parcels without service 0
100 | Quantity of parcels without service 0
401 | Quantity of parcels without service 0
48 | Quantity of parcels without service
400 | Quantity of parcels without service 0
231 1 Quantity of parcels without service 0
418 | Quantity of parcels without service 0
423 | Quantity of parcels without service 0
389 | Quantity of parcels without service 0
413 | Quantity of parcels without service 100
112 . Quantity of 'parcels without service 0
240 | Quantity of parcels without service 0
416 | Quantity of parcels without service 0
383 | Quantity of parcels without service 0
424 Quantity of parcels without service 100
404 Quantity of parcels without service 75
260 | Quantity of parcels without service 0
284 Quantity of parcels without service 100
120 | Quantity of parcels without service 100
332 | Quantity of parcels without service 100
428 = Quantity of parcels without service 0
379 | Quantity of parcels without service 0
420 | Quantity of parcels without service 100
342 | Quantity of parcels without service 0
42 | Quantity of parcels without service 0
432 : Quantity of parcels without service - 0
392 | Quantity of parcels without service 0
283 | Quantity of parcels without service 0
301 | Quantity of parcels without service 0
430 | Quantity of parcels without service 0
21 | Quantity of parcels without service 0
76 | Quantity of parcels without service 0




103 | Quantity of parcels without service
227 | Quantity of parcels without service -50
414 | Quantity of parcels without service 100
419 | Quantity of parcels without service 100
56 | Quantity of parcels without service 0
422 | Quantity of parcels without service 0
141 | Quantity of parcels without service 100
417 | Quantity of parcels without service 0
402 | Quantity of parcels without service 0
415 | Quantity of parcels without service 0
409 | Quantity of parcels without service 75
403 | Quantity of parcels without service 50
408 | Quantity of parcels without service 100
427 ‘Quantit)_{___g_f__ parcels without service 0
426 | Quantity of parcels without service 0
249 | Quantity of parcels without service 0
;;;;; 432 | Was service to customers disrupted 0
389 | Was service to customers disrupted 100
418 | Was service to customers disrupted 0
301 | Was service to customers disrupted 100
55 | Was service to custorners disrupted 100
379 | Was service to customers disrupted 0
414 | Was service to customers disrupted 100
427 | 'Was service to customers disrupted 25
407 | Was service to customers disrupted 100
42 | Was service to customers disrupted 100
227 | Was service to customers disrupted 100
56 | Was service to customers disrupted 0
428 | Was service to customers disrupted 0
383 | Was service to customers disrupted 100
423 | Was service to customers disrupted 0
112 | Was service to customers disrupted 0
240 | Was service to customers disrupted 50
409 | Was service to customers disrupted 75
21 | Was service to customers disrupted 75
231 | Was service to customers disrupted 0
283 | Was service to customers disrupted 100
260 | Was service to customers disrupted 0
426 | Was service to customers disrupted 0
392 | Was service to customers disrupted 0
332 | Was service to customers disrupted 75
417 | Was service to customers disfupted 0
141 | Was service to customers disrupted 0
120 | Was service to customers disrupted 100
416 | Was service to customers disrupted 0
10 | Was service to customers disrupted 100
342 | Was service to customers disrupted 0
404 | Was service to customers disrupted .75
401 | Was sérvice to customers disrupted 0




- 100

415 | Was service to customers disrupted
411 | Was service to customers disrupted 100
402 | Was service to customers disrupted 0
249 | Was service to customers disrupted 100
413 | Was service to customers disrupted 0
431 | Was service to customers disrupted 100
76 = Was service to customers disrupted 50
72 | Was service to customers disrupted 100
134 Was service to customers disrupted 100
408  "Was service to customers disrupted 100
403 | Was service to'customers disrupted 100
435 = Was service to customers disrupted 50
400 = Was service to customers disrupted -0
424 | Was service to customers disrupted 100
405 | Was service.to customers disrupted
48 | Was service to customers disrupted
100 | Was service to customers disrupted 0
284 | Was service to customers disrupted 100
433 = Was service to customers disrupted 100
430 | Was service to customers disrupted 50
422 | Was service to customers disrupted 0
434  Was service to customers disrupted 100
420 | Was service to customers disrupted 100
103 | Was service to customers disrupted
295 | Was service to customers disrupted 100
419 = Was service to customers disrupted 100
383 | Estimated number of customers affected 0
428 | Estimated number of customers affected 0
423 | Estimated number of customers affected 0
414 | Estimated number of customers affected 100
415 | Estimated number of customers affected 0
141 . Estimated number of customers affected 0
404 | Estimated number of customers affected
283 : Estimated number of customers affected 0
56  Estimated number of customers affected 0
424 ' Estimated number of customers affected 100
76 | Estimated number of customers affected 0
100 | Estimated number of customers affected
403 | Estimated number of customers affected 100
72 | Estimated number of customers affected 0
10 | Estimated number of customers affected 0
400  Estimated number of customers affected 0
402  Estimated number of customers affected 0
435  Estimated number of customers affected 50
401 = Estimated number of customers affected 0
431 = Estimated number of customers affected 0
295 | Estimated number of customers affected 0
434 ' Estimated number of customers affected 100
422 0

Estimated number of customers affected
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120 | Estimated number of customers affected 100
419 | Estimated number of customers affected 100
418 | Estimated number of customers affected 0
284 | Estimated number of customers affected - 100
392 | Estimated number of customers affected
227 | Estimated numbeér of customers affected 50
42 | Estimated number of customers affected 0
231 | Estimated number of customers affected 0
417 | Estimated number of customers affected 0
260 | Estimated number of customers affected 0
416 | Estimated number of customers affected 0
112 | Estimated number of customers affected 0
240 | Estimated number of customers affected
426 | Estimated number of customers affected 0
389 | Estimated number of customers affected’ 0
430 | Estimated number of customers affected 0
301 | Estimated number of customers affected 0
103 | Estimated number of customers affected
48 | Estimated number of customers affected
342 | Estimated number of customers affected 0
413 | Estimated number of customers affected
411 | Estimated number of customers affected 0
433 | Estimated number of customers affected
409 | Estimated number of customers affected 50 1
55 | Estimated number of customers affected 100 -
405 | Estimated number of customers affected
432 | Estimated number of customers affected 0
420 | Estimated number of customers affected 100
-21 | Estimated number of customers affected 0
249 | Estimated number of customers affected 0
408 | Estimated number of customers affected
427 | Estimated number of customers affected 0
407 | Estimated number of customers affected 0
134 | Estimated number of customers affected 0
379 | Estimated number of customers affected 0
332 | Estimated number of customers affected
301 | Estimated number of affected customers by residential type
295 | Estimated number of affected customérs by residential type 0
423 | Estimated number of affected customers by residential type
434 | Estimated number of affected customers by residential type
407 | Estimated number of affected customers by residential type
103 | Estimated number of affected customers by residential type
120 | Estimated number of affected customers by residential type -1
260 | Estimated number of affected customers by residential type 0
231 | Estimated number of affected customers by residential type
112 | Estimated number of affected customers by residential type
332 | Estimated number of affected customers by residential type -1
422 | Estimated number of affected customers by residential type
141 | Estimated number of affected customers by residential type
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419 | Estimated number of affected customers by residential type -1
405 | Estimated number of affected customers by residential type
100 | Estimated number of affected customers by residential type
426 | Estimated number of affected customers by residential type 0
284 | Estimated number of affected customers by residential type 100
240 | Estimated number of affected customers by residential type
389 | Estimated number of affected customers by residential type
416 | Estimated number of affected customers by residential type
392 | Estimated number of affected customers by residential type
431 | Estimated number of affected customers by residential type
430 | Estimated number of affected customers by residential type
415 | Estimated number of affected customers by residential type 0
427 | Estimated number of affected customers by residential type
134 | Estimated number of affected customers by, residential type 0
432 | Estimated number of affected customers by residential type
424 | Estimated number of affected customers by residential type 0
10 | Estimated number of affected customers by residential type 100
418 | Estimated number of affected customers by residential type
404 | Estimated number of affected customers by residential type
342 | Estimated number of affected customers by residential type
420 | Estimated number of affected customers by residential type 100
72 | Estimated number of affected customers by residential type 0
249 | Estimated number of affected customers by residential type
76 | Estimated number of affected customers by residential type
403 | Estimated number of affected customers by residential type -1
408 | Estimated number of affected customers by residential type
414 | Estimated number of affected customers by residential type 0
435 | Estimated number of affected customers by residential tYpe
379 | Estimated number of affected customers by residential type
417 | Estimated number of affected customers by residential type 0
48  Estimated number of affected customers by residential type )
21 | Estimated number of affected customers by residential type 0
428 | Estimated number of affected customers by residential type 0
227 | Estimated number of affected customers by residential type 0
283 | Estimated number of affected customers by residential type
433 | Estimated number of affected customers by residential type -
55 | Estimated number of affected customers by residential type
400 | Estimated number of affected customers by residential type
42 | Estimated number of affected customers by residential type 0
401 | Estimated number of affected customers by residential type
56  Estimated number of affected customers by residential type
413 | Estimated number of affected customers by residential type
383 | Estimated number of affected customers by residential type
411 | Estimated number of affected customers by residential type
402 | Estimated number of affected customers by residential type 0
409  Estimated number of affected customers by residential type
42 Estimated number of affected customers by commercial type 0
422 ' Estimated number of affected customers by commercial type
231 | Estimated number of affected customers by commercial type 0
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428 | Estimated number of affected customers by commercial type 0
407 | Estimated number of affected customers by commercial type 0
55 | Estimated number of affected customers by commercial type
_____________ 434 | Estimated number of affected customers by commercial type 0
435 | Estimated number of affected customers by commercial type 50
403 | Estimated number of affected customers by commercial type 100
| 134 | Estimated number of affected customers by commercial type 0
72 | Estimated number of affected customers by commercial type 0
10 | Estimated number of affected customers by commercial type 100
400 | Estimated number of affected customers by commercial type 0
402 | Estimated number of affected customers by commercial type 0
411 | Estimated number of affected customers by commercial t);pe
401 | Estimated number of affected customers by commercial type
433 | Estimated number of affected customers by commercial type 0
431 | Estimated number of affected customers by commercial type 0
227 | Estimated number of affected customers by commercial type 0
295 | Estimated number of affected customers by commercial type 0
417 | Estimated number of affected customers by commercial type 0
103 | Estimated number of affected customers by-commercial type
430 | Estimated number of affected customers by commercial type 0
405 | Estimated number of affected ctistomers by commercial type
100 | Estimated number of affected customers by commercial type 0
392 | Estimated number of affected customers by commercial type 0
284 | Estimated number of affected customers by commercial type 100
413 | Estimated number of affected customers by commercial type 0
419 | Estimated number of affected customers by commercial type -1
48 | Estimated number of affected customers by commercial type
426 | Estimated number of affected customers by commercial type 0
424 | Estimated number of affected custorers by commercial type 0
383 | Estimated number of affected customers by commercial type
332 | Estimated number of affected customers by commercial type 100
56 | Estimated number of affected customers by commercial type
240 | Estimated number of affected customers by commercial type 50
249 | Estimated number of affected customers by commercial type 0
432 .| Estimated number of affected customers by commercial type
260 | Estimated number of affected customers by commercial type 0
301 | Estimated number of affected customers by commercial type
112 | Estimated number of affected customers by commercial type 0
389 | Estimated number of affected customers by commercial type 0
423 | Estimated number of affectéd customers by commercial type
llllllllllllll 141 | Estimated number of affected customers by commercial type 0
427 | Estimated number of affected customers by commercial type 0
408 | Estimated number of affected customers by commercial type )
418 | Estimated number of affected customers by commercial type 0
120 | Estimated number of affected customers by commercial type 100
_______ 283 | Estimated number of affected customers by commercial type‘ 0
415 | Estimated number of affected customers by commercial type 100
379 | Estimated number of affected customers by commercial type 0
416 | Estimated number of affected customers by commercial type 0
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414 | Estimated number of affected customers by commercial type 0
420 = Estimated number of affected customers by commercial type A 100
409 | Estimated number of affected customers by commercial type 0
404 | Estimated number of affected customers by commercial type 25
76 | Estimated number of affected customers by commercial type 0
342 | Estimated number of affected customers by commercial type 0
21 . Estimated number of affected customers by commercial type 0
431 | Estimated number of affected customers by industrial type 0
76 | Estimated number of affected customers by industrial type 0
434 Estimated number of affected customers by industrial type 0
283 | Estimated number of affected customers by industrial type 0
295 | Estimated number of affected customers by industrial type 0
379 | Estimated number of affected customers by industrial type 0
10 | Estimated number of affected customers by industrial type 100
48  Estimated number of affected customers by industrial type
414 | Estimated number of affected customers by industrial type 0
408 | Estimated number of affected customers by industrial type
435 | Estimated number of affected customers by industrial type 75
427 | Estimated number of affected customers by industrial type 0
420 | Estimated number of affected customers by industrial type 100
424 | Estimated number of affected customers by industrial type 0
56 | Estimated number of affected customers by industrial type
411 | Estimated number of affected customers by industrial type
403 | Estimated number of affected customers by industrial txpé 100
404 | Estimated number of affected customers by industrial type 25
383 : Estimated number of affected customers by industrial type
432 | Estimated number of affected customers by industrial type
423  Estimated number of affected customers by industrial type
342  Estimated number of affected customers by industrial type 0
400 | Estimated number of affected customers by industrial type 0
72 | Estimated number ofaffected customers by industrial type 0
249 | Estimated number of affected customers by industrial type 0
401 ' Estimated number of affected customers by industrial type
134 | Estimated number of affected customers by industrial type 0
402 | Estimated number of affected customers by industrial type 0
417 | Estimated number of affected customers by industrial type 0
428 | Estimated number of affected customers by industrial type 0
392 - Estimated number of affected customers by industrial type 0
416 | Estimated number of affected customers by industrial type 0
332 | Estimated number of affected customers by industrial type 100
21 | Estimated number of affected customers by industrial type 0
284“ Estimated number of affected customers by industrial type 100
240 | Estimated number of affected customers by industrial type 50
407 | Estimated number of affected customers by industrial type 0
55 | Estimated number of affected customers by industrial type
42 1" Estimated number of affected customers by industrial type 0
419 | Estimated number of affected customers by industrial type -1
227 | Bstimated number of affected customers by industrial type 0
112 | Estimated number of affected customers by industrial type 0
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Estimated number of affected customers by institutional type

415 | Estimated number of affected customers by industrial type 100
260 | Estimated number of affected customers by industrial type 0
409 | Estimated number of affected customers by industrial type 0
413 | Estimated number of affected customers by industrial type 0
422 | Estimated number of affected customers by industrial type
418 | Estimated number of affected customers by industrial t)fpé 0
433 | Estimated number of affected customers by industrial type 0
100 | Estimated number of affected customers by industrial type 0
301 | Estimated number of affected customers by industrial type
389 | Estimated number of affected customers by industrial type - 0
426 | Estimated number of affected customers by industrial type 0
430 | Estimated number of affected customers by industrial type 0
120 | Estimated number of affected customers by industrial type 100 |
405 | Estimated number of affected customers by industrial type
231 | Estimated number of affected customers by industrial type 0
141 | Estimated number of affected customers by industrial type 0
103 | Estimated number of affected customers by industrial type
10 | Estimated number of affected customers by institutional type 100
231 | Estimated number of affected customers by institutional type 0
72 | Estimated number of affected customers by institutional type 0
419 | Estimated number of affected customers by institutional type -1
415 | Estimated number of affected customers by institutional type 100
76 .| Estimated number of affected customers by institutional type 0
414 | Estimated number of affected customers by institutional type 0
42 | Estimated number of affected customers by institutional type 0
379 | Estimated number of affected customers by institutional type 0
55 | Estimated number of affected customers by institutional type
301 | Estimated number of affected customers by institutional type
417 | Estimated number of affected customers by institutional type 0
48 | Estimated number of affected customers by institutional type
283 | Estimated number of affected customers by institutional type 0
426 | Estimated number of affected customers by institutional type 0
295 | Estimated number of affected customers by institutional type 0
- 431 | Estimated number of affected customers by institutional type 0
100 | Estimated number of affected customers by institutional type 0
383 | Estimated number of affected customers by institutional type
402 | Estimated number of affected customers by institutional type 0
413 | Estimated number of affected customers by institutional type 0
249 | Estimated number of affected customers by institutional type 0.
284 | Estimated number of affected customers by institutional type 100 I°
240 | Estimated number of affected customers by institutional type 50
407 | Estimated number of affected customers by institutional type 0
389 | Estimated number of affected customers by institutional type 0
411 | Estimated number of affected customers by institutional type
260 | Estimated number of affected customers by institutional type 0
134 | Estimated number of affected customers by institutional type 0
432 | Estimated number of affected customers by institutional type
332 | Estimated number of affected customers by institutional type 100
424 0
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Estimated number of affected customers by institutional type

0
427 | Estimated number of affected customers by institutional type 0
428 | Estimated number of affected customers by institutional type 0
227 | Estimated number of affected customers by institutional type 0
- 423 | Estimated number of affected customers by institutional type /
420 | Estimated number of affected customers by institutional type 100
409 | Estimated number of affected customers by institutional type 0
433 | Estimated number of affected customers by institutional type 0
434 | Estimated number of affected customers by institutional type 0
141 | Estimated number of affected customers by institutional type 0
400 | Estimated number of affected customers by institutional type 0
401 | Estimated number of affected customers by institutional type
408 | Estimated number of affected customers by institutional type
404 | Estimated number of affected customers by institutional type 0
342 | Estimated number of affected customers by institutional type 0
435 | Estimated number of affected customers by institutional type 75
405 | Estimated number of affected customers by institutional type
422 | Estimated number of affected customers by institutional type
120 | Estimated number of affected customers by institutional type 100
416 | Estimated number of affected customers by institutional type 0
112 | Estimated number of affected customers by institutional type 0
418 | Estimated number of affected customers by institutional type 0
403 | Estimated number of affected customers by institutional type 100
430 | Estimated number of affected customers by institutional type 0
““““““ 392 | Estimated number of affected customers by institutional type 0
103 | Estimated number of affected customers by institutional type
56 | Estimated number of affected customers by institutional type
55 | Repaired by 100
301 | Repaired by 100
433 | Repaired by 100
332 | Repaired by 100
342 | Repaired by 100
430 | Repaired by 75
21 | Repaired by 100
432 | Repaired by 100
407 Re\:paired by 100
434 | Repaired by 100
283 | Repaired by 100
231 | Repaired by 100
416 | Repaired by 100
120 | Repaired by 100
<<<<<<<< 260 | Repaired by 50
\\\\\\\\\ 42 | Repaired by 100
240 | Repaired by 100
418 | Repaired by 100
392 | Repaired by 100
284 | Repaired by 100
389 | Repaired by 100
100 | Repaired by 100




428 | Repaired by 100
424 | Repaired by 100
423 | Repaired by 100 |
383 | Repaired by 100
76 | Repaired by 100
295 | Repaired by 100
420 | Repaired by 100
404 | Repaired by
379 | Repaired by 100
112 | Repaired by 0
L 72 | Repaired by 100
\\\\\\\\\ 427 | Repaired by 100
409 | Repaired by 100
402 | Repaired by 100
419 | Repaired by 50
413 | Repaired by 100
415 | Repaired by 100
249 | Repaired by 100
401 | Repaired by 100
403 | Repaired by 100
426 | Repaired by 100
141 | Repaired by 100
48 | Repaired by
56 | Repaired by 100
414 | Repaired by 100
227 | Repaired by 100
400 | Repaired by 0
422 Repaired by 100
435 | Repaired by 100
405 | Repaired by
134 | Repaired by 100
411 | Repaired by 100
431 | Repaired by 100
10 | Repaired by 100
408 | Repaired by 100
103 | Repaired by 100
" 417 | Repaired by 100
227 | Indication of property damage y or n 0
417 | Indication of property damage y or n 100
56 100
389 t 100
416 | Indication of property damage y or n 100
403 | Indication of property damage y or n 100
283 | Indication of proberty damage yorn 100
418 | Indication of property damage y or n 50
240 | Indication of property damage y or n 100
260 | Indication of property damage y or n 0
422 | Indication of property damage y or n .0
415 | Indication of property damage y or n 100




402 | Indication of property damage y or n 100
112 | Indication of property damage y or n 0
120 | Indication of property damage y or n 100
379 | Indication of property damage y or n 50
407 | Indication of property damage y or n 100
48 | Indication of property damage y orn
405 | Indication of property damage y or n
134 | Indication of property damage y or n 100
433 75
411 erty damage y or n 100
103 | Indication of property damage y or n 100
301 | Indication of property damage y or n 0
408 | Indication of property damage y orn 100
55 | Indication of property dam'ag_g_"y orn 100
249 | Indication of property damage y or n 100
342 | Indication of property damage y or n 100
141 | Indication of property damage y or n 0
427 | Indication of property damage y or n 100
424" | Indication of property damage y or n 100
413 | Indication of property damage y or n 100
432 | Indication of property damage y or n 100
- 409 | Indication of property damage y or n 100
5 426 | Indication of property damage y or n 0
404 | Indication of property damage y or n 50
420 | Indication of property damage y or n 100
383 | Indication of property damage y orn 75
332 | Indication of property damage y or n -1
76 | Indication of property damage y or n 0
414 | Indication of property damage y or n 100
419 | Indication of property damage y or n 100
423 | Indication of property damage y or n 75
21 | Indication of property damage y or n 100
v 400 | Indication of property damage y or n 75
401 | Indication of property damage y or n 100
10 | Indication of property damage y or n 100
284 | Indication of property damage y or n 100
434 | Indication of property damage y or n 100
431 | Indication of property damage y or n ‘100
72 | Indication of property damage y or n 50
100 | Indication of property damage y or n 100
430 | Indication of property damage y or n 100
428 | Indication of property damage y or n 100
42 | Indication of property damage y or n 25
231 | Indication of property damage y orn 0
435 | Indication of property damage y or n 100
392 | Indication of property damage y or n 0
295 | Indication of property damage y or n 100
112 | Property damage cost 0




.55 | Property damage cost
411 | Property damage cost 0
432 | Property damage cost 0
434 | Property damage cost 0
408 ' Property dafnage cost 100
301 | Property damage cost 0
48 ' Property damage cost
413 | Property damage cost
420 | Property damage cost 0
76 | Property damage cost 0
249 | Property damage cost 100
134 | Property damage cost 0
295 | Property damage cost 100
407 | Property damage cost 100
42 | Property damage cost 0
332 | Property damage cost , 0
405 | Property damage cost
433 | Property damage cost 0
428 Propertyvdamage cost 100
431 | Property damage cost 0
342 | Property damage cost 0
392 | Property damage cost 0
418 | Property damage cost 25
424 | Property damage cost 0
283 | Property damage cost 0
430 | Property damage cost 0
389 | Property damage cost U
403 | Property damage cost 100
423 | Property damage cost 100
72 | Property damage cost 0
409 Pfoperty damage cost 100
400 | Property damage cost 0
415 | Property damage cost- 0
100 ! Property damage cost 50
56 | Property damage cost 0
404 | Property damage cost - 25
27 Property damage cost 0
416 | Property damage cost 100
231 ' Property damage cost 0
120 | Property damage cost 0
422 | Property damage cost 0
284 ' Property damage cost 100
435 | Property damage cost 100
417 | Property damage cost 0
402 | Property damage cost 0
260 ;| Property damage cost 0
401 | Property damage cost 0
103 | Property damage cost
426 | Property damage cost 0




141 | Property damage cost ' , 0

21  Property damage cost

379 | Property damage cost ' 0
10 | Property damage cost 100
414 Propérty damiage cost : ‘ 0
419  Property damage cost ‘ 50
383 | Property damage cost 0
240 | Property damage cost 0
48 | Employee researching pipe & completing form
420 | Employee researching pipe & completing form 100
55 | Employee researching pipe & completing form
404 = Employee researching pipe & completing form 100
342 | Employee researching pipe & completing form L 100
432  Employee researching pipe & completing form 0
21  Employee researching pipe & completing form 100
392 . Employee researching pipe & completing form 0
- 379 | Employee researching pipe & completing form . 0
430 | Employee researching pipe & completing form 100
332 | Employee researching pipe & completing form : '
301 ' Employee researching pipe & completing form : 100
426 | Employee researching pipe & completing form 0
417 | Employee researching pipe & completing form 75
) 435 | Employee researching pipe & completing form ) 100 |
403 | Employee researching pipe & completing form 75
422 Emg]gyée researching pipe & completing form 100
402 | Employee researching pipe & completing form i 0
415 | Employee researching pipe & completing form 0
400 | Employee researching pipe & completing form 0
227 | Employee researching pipe & completing form . 0
10 | Employee res‘earchingpipe & completing form ) 100
419 ' Employee researching pipe & completing form 50
56 | Employee researching pipe & completing form 0
414 | Employee researching pipe & }:ompleting form ‘ 100
434 | Employee researching pipe & completing form o 75
141 | Employee researching pipe & completing form 0
431 | Employee researching pipe & completing form ' 0
409 Employee researching pipe & completing form 100
413 = Employee researching pipe & completing form
401 = Employee researching pipe & completing form 100
427 | Employee researching pipe & completing form 100
249 | Employee researching pipe & completing form 100
408 | Employee researching pipe & completing form 100
103 | Employee researching pipe & completing form 100
411 | Employee researching pipe & completing form IR 0
134 | Employee researching/__vl:_)_jpe & completing form 100
295 | Employee researching pipe & completing form 100

433 | Employee researching pipe & completing form
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- 72

Employee researching pipe & completing form 0
120 - Employee researching pipe & completing form 0
389  Employee researching pipe & completing form 0
42871 Employee researching pipe & completing form 0
283 ' Employee researching pipe & completing form 100
424 - Employee reseéarching pipe & completing form 100
423 | Employee researching pipe & completing form 100
418 | Employee researching pipe & completing form 50
112 = Employee researching pipe & completing form 0
260 = Employee researching pipe & completing form 0
76 . Employee researching pipe & completing form 100
240 | Employee researching pipe & completing form 50
100 Emp]oyee reséarching pipe & completing form 75
383 | Employee researching pipe & completing form 50
231 ' Employee researching pipe & completing form 100
416 | Employee researching pipe & completing form 0
284 ' Employee researching pipe & completing form 0
42 | Employee researching pipe & completing form 0
434 | ID of watermain feature being repaired 100
120 | 1D of watermain feature being repaired 0
432 | ID of watermain feature being repaired 0
301 | ID of watermain feature being repaired 100
72 | ID of watermain feature being repaired 0
260 | ID of watermain feature being repaired 0
100 | ID of watermain feature being repaired 100
435 | ID of watermain feature being repaired 50
409 | ID of watermain feature being.repaired 100
408 | ID of watermain feature being repaired 100
21 | ID of watermain feature being repaired 100
76 | ID of watermain feature being repaired 100
430 | ID of watermain feature being repaired 100
414 | ID of watermain feature being repaired 0
295 | ID of watermain feature being repaired 100
418 | ID of watermain feature being repaired 50
249 | ID of watermain feature being repaired 100
427 ID of watermain feature being repaired 100
424 | 1D of watermain feature being repaired 100
417 | ID of watermain feature being repaired 100
431  ID of watermain feature being repaired 100
426 | 1D of watermain feature being repaired 0
423 | ID of watermain feature being repaired 0
284 | ID of watermain feature being repaired 100
42 | ID of watermain feature being repaired 0
413 | ID of watermain feature being repaired
332 | ID of watermain feature being repaired 75
433 | ID of watermain feature being repaired 100
48 | ID of watermain feature being repaired
55 | ID of watermain feature being repaired
401 | ID of watermain feature being repaired 100




383 | ID of watermain feature being repaired 100
392 | ID of watermain feature being repaired 100
407 | ID of watermain feature being repaired 100
134 | 1D of watermain feature being repaired 100
231 | ID of watermain feature being repaired 75
415 | ID of watermain feature being repaired 100
141 | ID of watermain feature being repaired 100
405 | ID of watermain feature being repaired -
112.] ID of watermain feature being repaired 100
402 | ID of waterrnain feature being repaired 100
416 | ID of watermain feature being repaired 0
420 | 1D of watermain feature being repaired 100
400 | ID of watermain feature being repaired 0
389 | ID of watermain feature being repaired 100
422 | ID of watermain feature being repaired 75
379 | ID of watermain feature being repaired 75
___________ 403 | ID of watermain feature being repaired 100
56 | ID of watermain feature being repaired 100
411 | ID of watermain feature being repaired 0
419 | ID of watermain feature being repaired 25
283 | ID of watermain feature being repaired 100
404 | ID of watermain feature being repaired 100
240 | 1D of watermain feature being repaired 100
428 | ID of watermain feature being repaired 0
10 | ID of watermain feature being repaired 0
342 | ID of watermain feature being repaired 0
103 | ID of watermain feature being repaired 100
227 | ID of watermain feature being repaired 100
134 | ID assigned to break, leak etc 100
428 | ID assigned to break, leak etc 0
295 | ID assigned to break, leak etc 100
408 | ID assigned to break, leak etc 0
423 | 1D assigned to break, leak etc 0
411 | ID assigned to break, leak etc 0
283 | ID assigned to break, leak etc 0
417 | ID assigned to break, leak etc 100
414 | ID assigned to break, leak etc 0
416 | ID assigned to break, leak etc 100
400 | ID assigned to break, leak etc - 100
402 | ID assigned to break, leak etc 100
422 | ID assigned to break, leak etc 75
415 | ID assigned to break, leak etc 100
231 | ID assigned to break, leak etc 100
112 ! 1D assigned to break, leak etc 100
227 | 1D assigned to break, leak etc 100
10 | ID assigned to break, leak etc 100
240 | ID assigned to break, leak etc 100
403 | ID assigned to break, leak etc 100
72 | ID assigned to break, leak etc 0
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Sketch of damaged facility

56 | 1D assigned to break, leak etc 100
434 | ID assigned to break, leak etc 100
435 | ID assigned to break, leak etc 100
141 1 ID assigned to break, leak etc 0
260 | ID assigned to break, leak etc . 0

42 | ID assigned to break, leak etc 0
426 | ID assigned to break, leak etc 0
120 | ID assigned to break, leak etc 100
409 | ID assigned to break, leak etc 100
413 | ID assigned to break, leak etc
418 1 ID assigned to break, leak etc 50
401 | ID assigned to break, leak etc 100
427 | ID assigned to break, leak etc 100
249 | ID assigned to break, leak etc 100
419 | ID assigned to break, leak etc 25
301 | ID assigned to break, leak etc 100
424 | ID assigned to break, leak etc 100
342  ID assigned to break, leak etc 0

55 | ID assigned to break, leak etc 100
430 | ID assigned to break, leak etc 0

21 | ID assigned to break, leak etc 100
392 | ID assigned to break, leak etc 100

76 | ID assigned to break, leak etc 0

48 | ID assigned to break, leak etc
379 | ID assigned to break, leak etc 100
407 | ID assigned to break, leak etc 100
389 | ID assigned to break, leak etc 100
433 | ID assigned to break, leak etc
420 | ID assigned to break, leak etc 100
431 | ID assigned to break, leak etc 100
332 | ID assigned to break, leak etc 100
103 | ID assigned to break, leak etc 100
404 | ID assigned to break, leak etc 100
432 | ID assigned to break, leak etc 0
100 | ID assigned to break, leak etc 100
405 | ID assigned to break, leak etc :
383 | ID assigned to break, leak etc 100
284 | ID assigned to break, leak etc 100
332 | Sketch of damaged facility 25

55 | Sketch of damaged faciiity 75

56 | Sketch of damaged facility 25
414 | Sketch of damaged facility 50
120 | Sketch of damaged facility 100
301 | Sketch of damaged facility 0
404 | Sketch of damaged facility 25
408 | Sketch of damaged facility 0
426 | Sketch of damaged facility 0

76 | Sketch of damaged facility 0
419 25
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72 | Sketch of damaged facility : i "0
260 | Sketch of damaged facility o 100
21  Sketch of damaged facility 0
415 | Sketch of damaged facility 0
417 ' Sketch of damaged facility ‘ o 25
284 | Sketch of damaged facility 100
42 | Sketch of damaged facility ' ] 75
435 | Sketch of damaged facility ' 50
403 | Sketch of damaged facility 100
432 | Sketch of damaged facility 100
400 ' Sketch of damaged facility 100
383 | Sketch of damaged facility . 50
416 | Sketch of damaged facility : 0
420 | Sketch of damaged facility - : : 100
10 | Sketch of damaged facility 0 -
422 | Sketch of damaged facility 0
430 | Sketch of damaged facility 0
379 | Sketch of damaged facility 0
112 | Sketch of damaged facility 0
342 | Sketch of damaged facility ) 0
227 | Sketch of damaged facility c 100
392 | Sketch of damaged facility 0
424  Sketch of damaged facility 0
141 : Sketch of damaged facility 0
231 | Sketch of damaged facility ) 75
409 | Sketch of damaged facility . 5 100
240 | Sketch of damaged facility - 25
402 | Sketch of damaged facility A 0
283 | Sketch of damaged facility 75
48 | Sketch of damaged facility
401 | Sketch of damaged facility 75
428 Sketch of damaged facility ' o 0
100 | Sketch of damaged facility 50
249 | Sketch of damaged facility 100
434 = Sketch of damaged facility 0
427 | Sketch of damaged facility 0
389 | Sketch of damaged facility 0
423 | Sketch of damaged facility 0
411 | Sketch of damaged facility ‘ 0
407 | Sketch of damaged facility ) 50
103 | Sketch of damaged facility )
295 | Sketch of damaged facility , ) 50
418 | Sketch of damaged facility o ' 25
405 | Sketch of damaged facility )
134 | Sketch of damaged facility 0
433 = Sketch of damaged facility : '
413 | Sketch of damaged facility
431 | Sketch of damaged facility » 0
408 | Digital photo of damaged facility _ 0




295 | Digital photo of damaged facility 100
379 | Digital photo of damaged facility 0
240 | Digital photo of damaged facility 50
435 | Digital photo of damaged facility 100
389 | Digital photo of damaged facility 0
112 Digital photo of damaged facility 0
227 | Digital photo of damaged facility 0
415 | Digital photo of damaged facility 50
433 | Digital photo of damaged facility 25
141 | Digital photo of damaged facility 0
332 | Digital photo of damaged facility 50
'405 | Digital photo of damaged facility
10 | Digital photo of damaged facility 100
120 | Digital photo of damaged facility 0
* 402 | Digital photo of damaged facility 100
400 | Digital photo of damaged facility 0
403 | Digital photo of damaged facility 75
103 | Digital photo of damaged facility 100
407 | Digital photo of damaged facility 100
426 | Digital photo of damaged facility 0
283 | Digital photo of damaged facility 0
411 | Digital photo of damaged facility 25
404 | Digital photo of damaged facility 75
424 | Digital photo of damaged facility 0
413 | Digital photo of damaged facility
422 | Digital photo of damaged facility 0
432 | Digital photo of damaged facility 0
383 | Digital photo of damaged facility 100
423 | Digital photo of damaged facility 25
420 | Digital photo of damaged facility 0
260 | Digital photo of damaged facility 0
417 | Digital photo of damaged facility 25
428 | Digital photo of damaged facility 0
21 | Digital photo of damaged facility 0
72 | Digital photo of damaged facility 50
416 | Digital photo of damaged facility 0
.401 | Digital photo of damaged facility 75
134 ' Digital photo of damaged facility 0
434  Digital photo of damaged facility 25
301 , Digital photo of damaged facility 0
409 | Digital photo of damaged facility 100
76 | Digital photo of damaged facility 0
342 | Digital photo of damaged facility 50
431 : Digital photo of damaged facility 25
418 ' Digital photo of damaged facility 25
414 | Digital photo of damaged facility 50
55 | Digital photo of damaged facility 25
231 | Digital photo of damaged facility 50
419 | Digital photo of damaged facility 25




100 Digital photo of damaged facility 0
284  Digital photo of damaged facility 0
427  Digital photo of damaged facility 0
430 : Digital photo of damaged facility 25
42 - Digital photo of damaged facility 100
392 | Digital photo of damaged facility 0
249 | Digital photo of damaged facility 50
48 | Digital photo of damaged facility
56 | Digital photo of damaged facility 25
400 | Length of unsupported pipe 0
409 | Length of unsupported pipe 0
413 = Length of unsupported pipe
42 | Length of uﬁsupported pipe 0
431 | Length of unsupported pipe 0
342 | Length of unsupported pipe 0
383 | Length of unsupported pipe 50
- 100 | Length of unsupported pipe 0
120 | Length of unsupported pipe 0
434 | Length of unsupported pipe 0
72 | Length of unsupported pipe 0
414 | Length of unsupported pipe 50
56 | Length of unsupported pipe 0
423 | Length of unsupported pipe . 0
260 | Length of unsupported pipe 0
332 | Length of unsupported pipe 25:
379 | Length of unsupported pipe .0
301. . Length of unsupported pipe 0
405 | Length of unsupported pipe »
408 | Length of unsupported pipe -0
389 | Length of unsupported pipe 0
112 | Length of unsupported pipe 0
404 | Length of unsupported pipe 25
415 | Length of unsupported pipe 0
422 | Length of unsupported pipe 0
411 | Length of unsupported pipe 0
417 | Length of unsupported pipe 0
407 | Length of unsupported pipe 0
392 | Length of unsupported pipe 0
284 | Length of unsupported pipe 0
103 .1 Length of unsupported pipe
401 | Length of unsupported pipe 0
295 | Length of unsupported pipe 100
76 | Length of unsupported pibe 0
‘231 | Length of unsupported pipe 0
430 | Length of unsupported pipe 0
249 | Length of unsupported pipe "0
432 | Length of unsupported pipe 0
418 | Length of unsupported pipe 0
424 | Length of unsupported pipe 0




283 | Length of unsupported pipe 0
227 | Length of unsupported pipe 0
419 | Length of unsupported pipe 0
416 | Length of unsupported pipe 0
240 | Length of unsupported pipe 0
426 | Length of unsupported pipe 0
141 | Length of unsupported pipe 0
428 | Length of unsupported pipe 0
427 | Length of unsupported pipe 0
435 | Length of unsupported pipe 25
420 : Length of unsupported pipe 50
10 | Length of unsupported pipe 100
21 | Length of unsupported pipe 0
403 | Length of unsupported pipe 100
55 | Length of unsupported pipe '
433 | Length of unsupported pipe -
48 | Length of unsupported pipe
134 | Length of unsupported pipe 0
402 | Length of unsupported pipe 0
48 | Job/ work order number
407 | Job/ work order number 100
283 | Job/ work order number 0
405 | Job/ work order number
21 { Job/ work order number 0
428 | Job/ work order number 100
423 | Job/ work order number 100
301. 1 Job/ work order number 100
433 | Job/ work order number 100
260 | Job/ work order number 100
141 | Job/ work order number 100
409 | Job/ work order number 100
42 | Job/ work order number 100
112 | Job/ work order number 0
240 | Job/ work order number 100
426 | Job/ work order number 0
413 | Job/ work order number '
416 | Job/ work order number. 100
420 | Job/ work order number 100
- 432 | Job/ work order number 100
342 | Job/ work order number 100
103 | Job/ work order number 100
417 | Job/ work order number 100
403 | Job/ work order number 100
411 | Job/ work order number 100
383 | Job/ work order number 100
427 | Job/ work order number 100
424 | Job/ work order number 100
408 | Job/ work order number 0
379 | Job/ work order number 0




76 | Job/ work order number 0
404 | Job/ work order number 0
249 | Job/ work order number 100
332 | Job/ work order number 100

55 | Job/ work order number v
389 | Job/ work order number 100
418 | Job/ work order number 100
134 | Job/ work order number 100
401 | Job/ work order number 0

56 | Job/ work order number 100
100 | Job/ work order number 100
431 | Job/ work order number 100
422 | Job/ work order number 0
419 | Job/ work order number 0

72 ¢ Job/ work order number 100 |
430 | Job/ work order number 100
402 | Job/ work order number 100
227 | Job/ work order number 100
284 | Job/ work order number 100
295 | Job/ work order number 100
392 | Job/ work order number 100
415 | Job/ work order number 100
231 | Job/ work order number 100
434 | Job/ work order number 100
120 | Job/ work order number 100

10 | Job/ work order number 100
414 | Job/ work order number 100
400 | Job/ work order number 100
435 | Job / work order number 100
433 | Dates of previous breaks at same location 50
383 | Dates of previous breaks at same location 100
400 | Dates of previous breaks at same location -0
295 | Dates of previous breaks at same location 100
411 | Dates of previous breaks at same location 100
402 | Dates of previous breaks at same location 100
424 | Dates of previous breaks at same location 100
415 | Dates of previous breaks at same location 0
405 | Dates of previous breaks at same location

48 | Dates of previous breaks at same location
401 | Dates of previous breaks at same location -0
409 | Dates of previous breaks at same location 100

.76 | Dates of previous breaks at same location 0
431 | Dates of previous breaks at same location 100
417 | Dates of previous breaks at same location 100

72 | Dates of previous breaks at same location 0
332 ' Dates of previous breaks at same location 100

55 | Dates of previous breaks at same location
379 | Dates of previous breaks at same location 0
403 | Dates of previous breaks at same location 25




Equipment used

.10 ¢ Dates of previous breaks at same location 100
407 Dates of previous breaks at same location 100
103 | Dates of previous breaks at same location 100
134 | Dates of previous breaks at same location 0
301 | Dates of previous breaks at same location 75
435 | Dates of previous breaks at same location 25
404 ;| Dates of previous breaks at same location 0
432 | Dates of previous breaks at same location 0
422 : Dates of previous breaks at same location 0
408 . Dates of previous breaks at same location 0
434 - Dates of previous breaks at same location 0
21 | Dates of previous breaks at same location 50
420 | Dates of previous breaks at same location 0
419 | Dates of previous breaks at same location 0
141 | Dates of previous breaks at same location 100
430 | Dates of previous breaks at same location 50
423 | Dates of previous breaks at same location 100
- 426 | Dates of previous breaks at same location 100
413 : Dates of previous breaks at same location
42 ' Dates of previous breaks at same location 25
260 | Dates of previous breaks at same location 0
283 ' Dates of previous breaks at same location 25
416 | Dates of previous breaks at same location 100
120 | Dates of previous breaks at sarﬁe location 0
342 | Dates of previous breaks at same location 100
56 | Dates of previous breaks at same location 0
240 ' Dates of previous breaks at same location 0
100 | Dates of previous breaks at same location 75
112 | Dates of previous breaks at same location 0
231 | Dates of previous breaks at same location 75
227 | Dates of previous breaks at same location 0
427 | Dates of previous breaks at same location 100
284 | Dates of previous breaks at same location 100
249 | Dates of previous breaks at same location 0
414 | Dates of previous breaks at same location 25
418 | Dates of previous breaks at same location 100
428 | Dates of previous breaks at same location 0
389 | Dates of previous breaks at same location 0
392 | Dates of previous breaks at same location 0
332 | Equipment used 100
48 | Equipment used
100 | Equipment used 100
301 | Equipment used 100
435 | Equipment used 50
120 | Equipment used 100
21 | Equipment used 100
10 | Equipment used 100
231  Equipment used 25
112 0




.400 | Equipment used 50
428 | Equipment used 100
42 | Equipment used 100
240 | Equipment used 100
283 | Equipment used 25
76 | Equipment used ‘0
431 | Equipment used ' 100
) 392 | Equipment used 0
389 | Equipment used 0
418 | Equipment used 100
424 | Equipment used 100
284 | Equipment.used 100
383 | Equipment used 100
432 | Equipment used 100
430 | Equipment used 25 |
342 | Equipment used 100
55 | Equipment used 100
423 | Equipment used 100
260 Equipment used 100
434 | Equipment used 100
416 = Equipment used 100
404 | Equipment used 75
72 thipment used 100
401 | Equipment used 100
420 | Equipment used 100
379 | Equipment used 25
295 | Equipment used 100
414 | Equipment used 100
422 | Equipment used 75
407 | Equipment used 100
“““““““ 415 | Equipment used 100
227 | Equipment used 100
419 | Equipment used 25
56 | Equipment used 100
402 | Equipment used 100
103 | Equipment used
134 | Equipment used 100
141 | Equipment used 100
411 | Equipment used 100
426 | Equipment used 0
249 | ‘Equipment used 100
413 | Equipment used
427 | Equipment used 100
409 | Equipment used 100
408 .qu__i_pment used 100
405 | Equipment used
417 | Equipment used 100
433 | Equipment used 100
403 | Equipment used 100
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249 = Crew members 100
408 Crew members 100
405 | Crew members
404 - Crew members 75.
389  Crew members 100
403 i Crew merﬂbers 100
10 | Crew members 100
134 | Crew members 100
420 | Crew members 100
424 ' Crew members 100
426 | Crew members 100
120 | Crew members 100
416 | Crew members 100
260 | Crew members 100
42 | Crew members 100
56 | Crew members 100
141 | Crew members 0
383 | Crew members 100
428 | Crew members 100
103 = Crew members
432 | Crew members 100
419 | Crew members 25
414 | Crew members 100
231 = Crew members 75
100 |- Crew members 100
112 . Crew members 100
379 . Crew members 100
433 | Crew members 100
413 | Crew members 100
411 ' Crew members 100
72 . Crew members 100
48 = Crew members
418  Crew members 100
21 | Crew members 100
434 . Crew members 100
301 | Crew members 100
407 | Crew members 100
422 | Crew members 0
240 | Crew members 100
295 | Crew members 100
- 409 | Crew members . 100
332 | Crew members 100
435 | Crew members 25
402 « Crew members 100
392 | Crew members 0
423 | Crew members 100
430 | Crew members 100
284 | Crew members 100
76 | Crew members 100




415  Crew members 100
283 | Crew members 0
342 : Crew members 100
417 . Crew members 100
427 = Crew members 100
431 . Crew members 100
55 | Crew members 100
400 | Crew members 50
401 | Crew members 100
227  Crew members 100
426 | Crew total hours - 100
416 | Crew total hours 100
413 | Crew total hours 100
260 | Crew total hours 100
423  Crew total hours 100
427  Crew total hours 100
400 | Crew total hours 50
409 | Crew total hours 100
418 | Crew total hours 100
283 | Crew total hours 0
419 | Crew total hours 25
72  Crew total hours 100
434 ' Crew total hours 100
295 = Crew total hours 100
415 | Crew total hours 100
402 | Crew total hours 100
401 | Crew total hours 100
431 | Crew total hours 100
392 « Crew total hours 0
227 | Crew total hours 100
435  Crewtotalhoyrs 25
284 | Crew total hours 100
231 | Crew total hours 75
430 | Crew total hours 100
240 | Crew total hours 100°
100 | Crew total hours 1 0j0
120 | Crew total hours 100
403 ' Crew total hours 100
414 | Crew total hours 100
10 | Crew total hours 100
141 | Crew total hours 100
428 | Crew total hours 100
417 | Crew total hours 100
42 | Crew total hours 100
112 | Crew total hours 100
56 | Crew total hours 100
422 | Crew total hours 0
407 | Crew total hours - 100
404 = Crew total hours 100




301 | Crew total hours 0
249 | Crew total hours 100
379 | Crew total hours 100
433 | Crew total hours 100
342 | Crew total hours 100
134 | Crew total hours 100
424 | Crew total hours 100
AAAAAAAAAAAA 21 | Crew total hours 100
383 | Crew total hours 100
332 | Crew total hours 100
408 | Crew total hours 100
N 103 | Crew total hours
55 | Crew total hours 100
432 | Crew total hours 100
411 | Crew total hours 100
405 | Crew total hours
48 | Crew total hours
76 | Crew total hours 0
389 | Crew total hours 0
420 | Crew total hours 100
407 | Total labour cost 100
383 | Total labour cost 100
42 | Total labour cost 100
120 | Total labour cost 100
332 | Total labour cost 100 |
401 | Total labour cost 0
240 | Total labour cost 100
400 | Total labour cost 0
295 | Total labour cost 100
“““““ 112 | Total labour cost 0
389 | Total labour cost -0
430 | Total labour cost . 100
415 | Total labour cost 100
141 | Total labour cost 100
231 | Total labour cost 75
342 | Total labour cost 100
392 | Total labour cost 0
414 | Total labour cost 50
103 | Total labour cost
419 | Total labour cost 25
~ 418 | Total labour cost 100
431 | Total labour cost 100
426 | Total labour cost 0
432 | Total labour cost
55 | Total labour cost 100
428 | Total labour cost 100
409 | Total labour cost 100
405 | Total labour cost
402 | Total labour cost 0




Total labour cost

227 100
21 | Total labour cost 0
403 | Total labour cost 100
404 | Total labour cost 25
423 | Total labour cost 100
408 | Total labour cost 100
134 | Total labour cost 100
283 | Total labour cost 0
301 | Total labour cost 0
435 | Total labour cost 100
420 | Total labour cost 75
422 | Total labour cost 0
260 | Total labour cost 100
427 | Total labour cost 100
249 | Total labour cost 100
100 | Total labour cost 100
417 | Total labour cost 100 |
72 | Total labour cost 100
. 416 | Total labour cost 100
76 | Total labour cost 0
379 | Total labour cost 0
434 | Total labour cost 100
56 | Total labour cost 100
10 | Total labour cost 25
413 | Total labour cost 100
284 | Total labour cost 100
424 | Total labour cost 100
48 | Total labour cost
411 | Total labour cost 100
433 | Total labour cost 100
420 | Total materials cost 0
134 Toial materials cost 75
379 | Total materials cost 0
422 | Total materials cost 0
284 | Total materials cost 100
55 | Total materials cost 100
72 | Total materials cost 100
400 | Total materials cost 25
417 | Total materials cost 100
10 |- Total materials cost 25
48 | Total materials cost
403 | Total materials cost 100
301 | Total materials cost 0
435 | Total materials cost 100
295 | Total materials cost 100
21 | Total materials cost 0
392 | Total materials cost 0
434 | Total materials cost 100
433 | Total materials cost 100




415 | Total materials cost 100
407 | Total materials cost 100
332 | Total materials cost 100
401- | Total materials cost 0
402 | Total materials cost 0
431 | Total materials cost 100
227 | Total materials cost 100
112 | Total materials cost 0
141 | Total materials cost 100
103 | Total materials cost
428 | Total materials cost 100
423 | Total materials cost 100
383 | Total materials cost 100
283 | Total materials cost 0
42 | Total materials cost 100
419 | Total materials cost 25
260 . Total materials cost 100
432 | Total materials cost
249 | Total materials cost 100
416 | Total materials cost 100
405 Total materials cost
56 | Total materials cost 100
424 | Total materials cost 100
426 | Total materials cost 0
411 | Total materials cost 100
240  Total materials cost 100
427 | Total materials cost 0
404 | Total materials cost 25
342  Total materials cost 100
430 | Total materials cost 100
76 | Total materials cost 0
389  Total materials cost 0
100 | Total materials cost 100
231 | Total materials cost 75
418 = Total materials cost 100
413 ' Total materials cost 100
408 | Total materials cost 100
414 | Total materials cost 50
409 | Total materials cost 100
120 | Total materials cost 100
405 | Total equipment cost ,
227 | Total equipment cost 100
249 | Total equipment cost 100
72 | Total equipment cost 100
389 | Total equipment cost 0
435 | Total equipment cost 100
418 | Total equipment cost 100
434 | Total equipment cost 100
427 0

Total equipment cost




426 | Total equipment cost 0
}}}}}}}}} 404 | Total equipment cost 25
48 | Total equipment cost
21 | Total equipment cost 0
283 | Total equipment cost 0
417 | Total equipment cost 100
260 | Total equipment cost 100
403 | Total equipment cost ~ 100
400 | Total equipment cost 25
_____ 301 | Total equipment cost 0
<<<<< 423 | Total equipment cost 100
76 | Total equipment cost 0
416 | Total equipment cost 100
10 | Total equipment cost 25
284 | Total equipment cost 100
103 | Total equipment cost
431 | Total equipment cost 100
401 | Total equipment cost 0
392 | Total equipment cost 0
342 | Total equipment cost 100
55 | Total equipment cost 100
402 | Total equipment cost 0
379 Total equipment cost 0
432 | Total equipment cost
120 | Total equipment cost 100
231 | Total equipment cost 75
430 Total equipment cost 100
409 | Total equipment cost 100
422 | Total equipment cost 0
141 ' Total equipment cost 100
414 | Total equipment cost . 25
420 | Total equipment cost 100
407 | Total equipment cost 100
413 | Total equipment cost 100
56 | Total equipment cost 100
415 | Total equipment cost 100
100 | Total equipment cost 100
295 | Total equipment cost 100
408 | Total equipment cost 100
419 | Total equipment cost 25
240 | Total equipment cost 100
411 | Total equipment cost 100
428 | Total equipment cost 100
42 | Total equipment cost 100
332 | Total equipment cost 100
433 | Total equipment cost 100
134 | Total equipment cost 100
383 | Total equipment cost 100
424 | Total equipment cost 100




112 | Total equipment cost ‘ 0 .
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Physical data recorded by survey respondents

Gonfidence Sources:
) Archival
21 1 Backfill material 100 - HIGH NO records. -NIL
42 | Backfill material 50 MEDIUM | NA i NA - | NIL
55 | Backfill material 100 HIGH Yes Other NIL }
56 | Backfill material 100 GOQOD NO T NA NIL
72 | Backfill material 50 GOOD NA NA NIL
428 | Backfill material 0 . NA NA NA NIL
413 | Backfill material 100 HIGH NO NA | NIL
N 100 | Backfill material - 100 HIGH NO NA . NIL
103 | Backfill material 100 HIGH NA NA NIL
) 112 | Backfill material 0 NA NA NA NIL
120 | Backfill material 0 NONE NO NA ‘NIL
134 | Backfill material 100 HIGH I NO NA NIL
418 | Backfill material 0 NONE NO NA NIL
- ) Oo&M

227 | Backfill material 100  GOOD YES records Hansen WO data
231 | Backfill material 0 : NONE NO NA NIL
240 | Backfill material 50 GOOD NO ‘NA NIL

249 | Backfill material 100 MEDIUM | NO NA as built drawings
260 | Backfill material 0 NA NA NA NIL

' Archival
401 | Backfill material 0 NA YES records NIL
283 | Backfill material 0 GOOD NO NA NIL
284 | Backfill material - 25 LOW NA NA NIL
295 | Backfill material 0 HIGH  NO NA NIL
301 | Backfill material 100 GOOD NO NA NIL
424 | Backfill material . 0 HIGH NO NA NIL
433 | Backfill material 75 GOOD NA NA NIL
332 | Backfill material 50 MEDIUM | NO NA NIL
435 | Backfill material 100 GOOD NO NA NIL
400 | Backfill material 0 NONE NO NA NIL
383 | Backfill material 100 - HIGH NA NA | NIL
. Archival .
392 | Backfill material 0 NONE YES records NIL
403 | Backfill material 100 HIGH - YES External NIL
409 | Backfill material 100 HIGH NA NA - NIL
10 | Backfill material 0 NA NA NA NIL
48 | Backfill material 0 high no NA NIL
404 | Backfill material 0 NONE NA . NA NIL
411 | Backfill material NA NA NA NIL
‘ Archival :

76 | Backfill material 0 NA Yes records NIL
414 | Backfill material : 0 NA NO NA NIL
141 | Backfill material 0 NA NO NA NIL
405 | Backfill material 100 . | HIGH NA NA | NIL
. Archival :
402 | Backfill material 100 HIGH YES records NIL



file:////ailjble

430 | Backfill material 0 GOOD NO NA NIL -
431 | Backfill material 100 HIGH . | NO NA | NIL
415 | Backfill material 0 NONE NO NA -~ NIL
416  Backfill material 0 NONE NO NA NIL
407 | Backfill material 100 HIGH NO NA . | NIL
417 = Backfill material 0 NONE NO NA NIL
432 | Backfill material 0 NA NO NA NIL
419 = Backfill material " T 100 HIGH NO NA NIL
426 | Backfill material 0 NONE NA NA NIL
420 ' Backfill material ~ 100 HIGH NO NA NIL
427 | Backfill material 0 NONE NO NA NIL
422 | Backfill material 0 NO NO NA NIL
434 | Backfill material 25 MEDIUM | NO NA NIL
342 | Backfill material 0. NA NO NA NIL
408 | Backfill material | NA ‘NA NA NIL
. Archival
423 | Backfill material 100 GOOD YES records NIL
o&M
379 | Backfill material ] 0 NONE YES records NIL
389 | Backfill material 100 HIGH NA Other NIL
. . Archival
21 | Bedding material 100 HIGH NO records NIL
42 . Bedding material 75 GOOD NA NA NIL
55 | Bedding material .0 NA NA NA NIL -
56 Bedding material 0 NA ' NA - NA NIL
72 - Bedding material 50 -| GOOD NA NA NIL
428 | Bedding material 0 NA NA NA NIL
413 | Bedding material NA NA NA NIL
' Archival
100 = Bedding material 100 HIGH YES records NIL
103 | Bedding material . 100 HIGH NA NA NIL
"Archival
112 | Bedding material 0 NONE YES records NIL
120 | Bedding material 0 NONE NO NA NIL
134 ' Bedding material 100 HIGH NO NA NIL
418 | Bedding material 0 | NONE NO NA NIL
0&M
227 | Bedding material . 100 GOOD YES records Hansen WO data
Soil beddign may be
Archival available from contract
231 | Bedding material 0 NONE YES records documents.
240 | Bedding material 50 MEDIUM | NO NA NIL
249 | Bedding material 100 LOW YES NA as built drawings
260 : Bedding material 0 NA NA NA NIL
Con ‘ Archival )
401 | Bedding material 25 GOOD YES records recorded if significant '
283 | Bedding material 0o - GOOD NO NA NIL
284  Bedding material .25 LOW NA NA NIL
295 | Bedding material 0 HIGH NO NA NIL
301 | Bedding material 100 GOOD NO NA NIL
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424 | Bedding material 0 HIGH - NO NA NIL
433 | Bedding material 25 GOOD NA NA NIL
332 | Bedding material 25 MEDIUM | NO NA NIL
435 | Bedding material 75 GOOD NO NA NIL
. Archival
400 | Bedding material 50 MEDIUM | YES records NIL
383 | Bedding material 100 HIGH NA NA NIL
‘ Archival
392 | Bedding material 0 NONE YES records NIL
403 | Bedding material 50 GOOD - NO NA NIL
409 | Bedding material 100 HIGH NA NA NIL
10 | Bedding material 0 NA NA NA NIL
AAAAAAA 48 | Bedding material 0 high no NA - NIL
404 | Bedding material 0 NONE NA NA NIL
411 | Bedding material - NA NA NA NIL
76 | Bedding material 0 NA No External NIL
414 | Bedding material 0 NA - NO NA NIL
141 | Bedding material -0 NA NO NA NIL
405 | Bedding material 100 HIGH NA NA NIL
Archival
402 . Bedding material 0 HIGH YES records NIL
430 | Bedding material 25 GOOD NO NA NIL
431 | Bedding material 100 HIGH NO NA NIL
415 | Bedding material 50 LOW NO NA NIL
416 | Bedding material 0 NONE NO NA NIL
407 | Bedding material 100 HIGH NO NA NIL
417 | Bedding material 0 NONE NO NA NIL
432 | Bedding material 100 GOOD NO NA NIL
Archival
419 | Bedding material 100 HIGH NO | records NIL
426 | Bedding material 0 NONE NA- NA NIL
_ O&M
420 | Bedding material 0 NONE YES records NIL
' 0&M
427 | Bedding material 0 NONE YES records Technical Specs
422 | Bedding material 0 GOOD NO NA NIL
434 | Bedding material 0 NA NO NA - NIL
342 | Bedding material 0 . NA - NO NA NIL
408 ' Bedding material 0 NONE NO NA NIL
) Archival
423 | Bedding material 0 NA YES records NIL
_ Archival
379 | Bedding material 0 NONE YES _records NIL
389 | Bedding material 100 HIGH NA Other NIL
Category of native '
21 | soil 0 NA NO NA NIL
Category of native
42 | soil 50 MEDIUM | NA NA NIL
Category of native .
55 1 soil 0 NA NA NA NIL
Category of native . .
56 | soil 0 NA NA ‘NA NIL




Category of native
72 | soil 0 GOOD NA NA NIL
Category of native
428 | soil 0 NA NA NA NIL
Category of native
413 | soil NA NA NA NIL
Category of native .
100 | soil 0 GOOD NO NA NIL
Category of native
103 | soil 0 NA NA NA NIL
Category of native .
112 | soil ] 0 NA NA NA NIL
‘Category of native ; '
120 | soil N 0 NONE NO NA NIL
Category of native .
134 | soil 100 HIGH NO NA NIL
Category of native
418 | soil 0 NONE NO NA NIL
Category of native o&M ’
227 | soil 100 GOOD . YES records Hansen WO data
Soil Condition may be
Category of native Archival available from geotechnical
231 | soil 100 GOOD YES records reports.
.| Category of native
240 | soil 75 MEDIUM @ NO NA NIL
Category of native .
249 | soil 0 NONE NO NA as built drawings
Category of native ‘ | _
260 | soil i 0 NA NA NA NIL
Category of native '
401 | soil 0 NA NO NA NIL
Category of native
283 | soil 100 GOOD NO NA NIL
Category of native
284 | soil 25 LOW NA NA NIL
Category of native '
295 | soil 0 HIGH NO NA NIL
Category of native
301 | soil 0 NA NO NA NIL
Category of native
424 | soil 0 HIGH NO NA NIL
Category of native / . ‘
433 | soil 25 LOW NA NA NIL
Category of native
332 | soil 0 NONE YES Other NIL
Category of native )
435 | soil 50 GOOD NO NA NIL
. Category of native
400 | soil 0 NONE NO NA NIL
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Category of natiye
383 | soil 0 NA NA NA NIL
Category of native ) ' Archival
392 | soil . 0 NONE YES _| records NIL
Category of native - :
403  soil 0 NA NA NA NIL
Category of native
409 | soil 100 HIGH NA NA NIL
Category of native , :
10 | soil 0 NA NA NA - NIL
Cafegory of native . _
48 | soil 0 high no NA NIL
Category of native
404 soil 0 NONE NA NA NIL
Category of native
411 | soil NA NA NA NIL
Category of native ' ) Archival
76 | soil 0 NA Yes records NIL
Category of native }
414 | soil 0 NA NO NA NIL
Category of native GIS
141 | soil 0 NA YES system NIL
Category of native
405 | soil 0 NONE NA NA NIL
. Category of native Archival
402 | soil : 0 HIGH NO records NIL
Category of native
430 | soil ) 0. GOOD NO NA NIL
Category of native
431 | soil 25 MEDIUM | YES External NIL
Category of native : .
415 | soil 50 MEDIUM | NO NA - NIL
Category of native _
416 | soil , 0 NONE NO NA | NIL
Category of native
407 | soil 100 HIGH NO NA NIL
Category of native
417 | soil 0 NONE NO NA NIL
Category of native '
432 | soil 100 GOOD NO NA NIL
Category of native
419 | soil 0o LOW NO NA NIL
. Category of native o
426 | soil 0 NONE NA NA NIL
Category of native
420 | soil 0 NONE NO NA NIL
Category of native O&M :
427 | soil - 0 NONE YES records Technical Specs
Category of native ) '
422 | soil 0 GOOD NO NA NIL
Category of native _
434 | soil 25 MEDIUM | NO NA NIL
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Category of native

GIS

342 | soil 0 NA YES system NIL
.Category of native
408 | soil NA NA NA NIL
Category of native
423 | soil 0 NA NO NA NIL
.| Category of native : Archival
379 | soil 0 NONE YES records NIL
Category of native v
389 | soil 100 GOOD NA Other NIL
21 | Condition of bedding 0 NA NO NA NIL
42 | Condition of bedding 75 GOOD NA NA NIL
55 | Condition of bedding 0 NA NA NA NIL
56 | Condition of bedding 0 NA NA NA NIL
72 | Condition of bedding 50 GOOD NA NA "NIL
428 | Condition of bedding 0 NA NA NA NIL
413 | Condition of bedding NA NA NA NIL
100 | Condition of bedding 50 GOOD NO NA NIL
103 | Condition of bedding 0 NA NA NA NIL
112 | Condition of bedding 0 NA NA NA NIL
120 | Condition of bedding 0 NONE NO NA NIL
134 | Condition of bedding 0 NONE NO NA NIL
418 | Condition of bedding 0 " NONE NO NA NIL
0&M
227 | Condition of bedding 100 GOOD YES records Hansen WO data
231 | Condition of bedding 0 NONE NO NA NIL
240 | Condition of bedding 25 LOW NO NA NIL
249 | Condition of bedding 0 NONE NO NA NIL
260 | Condition of bedding 0 NA NA NA NIL
Archival
401 | Condition of bedding 25 GOOD YES records recorded if significant
283 | Condition of bebdding 0 GOOD NO NA NIL
284 | Condition of bedding 25 LOW NA NA NIL




NA

295 | Condition of bedding - 25 HIGH NO NIL
301 | Condition of bedding 0 NA NA NA NIL
424 Condition of bedding 0 HIG/H NO NA NIL
433 éonditién of bedding 25 GooD | NA NA NIL
| 332 Condition of bedding 25 LOW NO NA NIL
435 | Condition of bedding - 75 GOOD NO NA NIL
400 | Condition of bedding 0 NONE | NO NA NIL
383 | Condition of bedding 100 HIGH NA NA NIL
392 ¢ Condition of bedding - 0 NONE NO NA NIL
403 | Condition of bedding 75 GOOD NO NA NIL
409 Cond_ition of bedding 100 HIGH NA NA NIL
10 | Condition of bedding 0 NA NA NA NIL
48 | Condition of bedding 0 high no NA NIL
404 | Condition of bedding 0 NONE NA NA NIL
411 , Condition of bedding NA NA NA NIL
76 Cond/i’tion of bedding 0 NA No Ex’te;nal NIL
414  Condition of bedding 0 NA NO 1.NA NIL
141 Con_difion of bedding 0 NA NO NA NIL
405 | Condition of bedding 100 HIGH NA NA NIL
’ . Archival
402 | Condition of bedding 0 HIGH NO records NIL
430  Condition of bedding 25 GOOD NO NA NIL
431 | Condition of bedding | 100 HIGH NO NA NIL
415 _Condition of bedding 100 GOOD NO NA NIL
416 | Condition ofbedding 0 NONE NO .NA NIL
407 | Condition of bedding 100 HIGH NO NA NIL
417 | Condition of be(iding 0 NONE NO NA NIL

.




432 | Condition of bedding 100 GOOD NO NA NIL
Archival
419 | Condition of bedding 100 HIGH NO records NIL.
426 | Condition of bedding 0 NONE NA NA NIL
420 | Condition of bedding 0 NONE NO NA NIL
427 | Condition of bedding 0 NONE NO NA NIL
422 | Condition of bedding | 0 " GooD NO NA NIL
434 | Condition of bedding 50 MEDIUM | NO NA NIL
342 | Condition of bedding 0 NA NO NA NIL
408 | Condition of bedding NA I NA NA NIL
) : Archival
423 | Condition of bedding 0 NA . YES records NIL
' ' : 0&M
379 | Condition of bedding 0 NONE NO records NIL
389 | Condition of bedding © 0 NA NA NA NIL
: Condition of cement
21 |- lined pipe interior 0 NA YES Other swabbing existing mains
Condition of cement _
42 | lined pipe interior NA NA NA NIL
Condition of cement
55 | lined pipe interior NA NA NA Not Applicable
Condition of cement »
56 | lined pipe interior 25 GOOD NO NA NIL
Condition of cement )
AAAAA 72 | lined pipe interior 0 GOOD NA - NA NIL
Condition of cement
428 | lined pipe interior 0 NA NA NA NIL
Condition of cement
413 | lined pipe interior NA NA NA NIL
Condition of cement
7100 | lined pipe interior 0 | GOOD NO NA NIL
Condition of cement
103 | lined pipe interio 0 NA NA NA NIL
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112

Condition of cement

lined pipe interior 25 HIGH NA NA NIL
Condition of cement
120 | lined pipe interior 0 NONE NO NA NIL
Condition of cement : .
134 | lined pipe interior 0 NONE YES Other Distribution System Model
Condition of cement . .
418 | lined pipe interior 0 NONE NO NA NIL
Condition of cement
227  lined pipe interior 0 NA NA NA NIL
Condition of cement
231 | lined pipe interior 0 NONE NO NA NIL
Condition of cement
240 | lined pipe interior 25 MEDIUM NO NA NIL
Condition of cement »
- 249 | lined pipe interior 0 NONE NO NA NIL
" Condition of cement
260  lined pipe interior 0 NA NA NA NIL
Condition of cement
401 | lined pipe interior 0 NA NO NA NIL
Condition of cement )
283  lined pipe interior 0 GOOD NO. NA NIL
Condition of cement
284 | lined pipe interior 25 LOW NA NA NIL
Condition of cement :
295 | lined pipe interior 100 HIGH NO NA NIL
Condition of cement
301 | lined pipe interior 0 NA NA NA NIL
Condition of cement
424 | lined pipe interior 0 HIGH NO NA NIL
Condition of cement : .
433  lined pipe interior 0 MEDIUM - NA NA NIL
Condition of cement
332 | lined pipe interior NA NA NA NIL




Condition of cement

435 | lined pipe interior 50 GOOD NO NA NIL
Condition of cement
400 | lined pipe interior 0 NONE NO NA NIL
Condition of cement :
383 | lined pipe interior 75 GOOD - NA NA NIL
Condition of cement" _ ‘
392 | lined pipe interior 0 NONE NO NA NIL
Condition of cement
403 | lined pipe interior 100 HIGH NO NA NIL
Condition of cement :
409 | lined pipe interior 25 MEDIUM | NA NA NIL
Condition of cement
10 | lined pipe interior 0 NA NA NA NIL
Condition of cement -
48 | lined pipe interior 0 high no NA NIL
.Condition of cement Archival
404 | lined pipe interior 50 GOOD YES records NIL
Condition of cement
411 | lined pipe interior NA NA NA NIL
Condition of cemerit
76 | lined pipe interior 0 NA No Other NIL
Condition of cement 0&M
414 | lined pipe interior 50 . MEDIUM | YES records NIL
Condition of cement .
141 | lined pipe interior 0 NA NO NA NIL
Condition of cement ‘
405 | lined pipe interior 100 GOOD NA NA NIL
Condition of cement .
402 | lined pipe interior 0 HIGH NO Other NIL -
Condition of cement
430 | lined pipe interior 0 GOOD NO NA NIL
Condition of cement
431 | lined pipe interior 25 LOW YES External NIL
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Condition of cement
415 | lined pipe interior 50° LOW NO NA NIL
Condition of cement -
416 | lined pipe interior 0 - NONE NO NA NIL
Condition of cement :
407 | lined pipe interior 100 HIGH NO NA NIL
Condition of cement
417 | lined pipe interior 0 NONE NO NA NIL
Condition of cement .
432 | lined pipe interior 0 NA NO NA 1 NIL
Condition of cement
419 | lined pipe interior 50 MEDIUM  YES NA NIL
Condition of cement
426 | lined pipe interior 0 NONE NA NA NIL
Condition of cement .
420 | lined pipe interior 0 NONE ‘' NO NA NIL
Condition of cement .
427 | lined pipe interior 0 NONE NO NA. NIL
. Condition of cement
422 | lined pipe interior 0 GOOD NO NA NIL
Condition of cement :
434 | lined pipe interior 25 MEDIUM | NO NA 1 NIL
Condition of cement
342 | lined pipe interior 0 - NA NO NA NIL
Condition of cement
408 | lined pipe interior NA NA NA NIL
Condition of cement
423 | lined pipe interior 0 NA NA NA NIL
Condition of cement
379 | lined pipe interior 0 NONE NO NA NIL
Condition of cement
389 | lined pipe interior 0 NA NA NA NIL
Condition of pipe
21 | exterior 50 GOOD NO NA NIL
Condition of pipe '
42 | exterior 100 GOOD NA NA NIL
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Condition of pip

55 | exterior : NA NA NA When applicable
Condition of pipe .
56 | exterior 25 MEDIUM | NO NA NIL
Condition of pipe
72 | exterior 0 GOOD NA NA NIL
Condition of pipe
428 | exterior 0 NA NA NA NIL
Condition of pipe
413 | exterior 100 HIGH NO NA NIL
Condition of pipe
100 | exterior 0 . GOOD NO NA NIL
Condition of pipe
103 | exterior 100 HIGH NA NA NIL
Condition of pipe .
‘112 | exterior 100 HIGH ‘NA NA “NIL
.| Condition of pipe :
120 | exterior 100 HIGH NO NA -NIL
Condition of pipe : .
134 | exterior 25 LOW YES Other Distribution System Model
Condition of pipe ‘
418 | exterior 0 NONE NO NA NIL
Condition of pipe . '
227 | exterior 0 NA NA NA i NIL
Condition of pipe .
231 | exterior 100 GOOD YES Other Occasional Picture taken
Condition of pipe '
240 | exterior 25 LOW NO NA NIL
Condition of pipe If problem was evident it
249 | exterior 0 NONE NO NA would be recorded
Condition of pipe
260 | exterior ) 0 NA NA . NA NIL
Condition of pipe
401 | exterior 25 GOOD NO NA recorded if significant
Condition of pipe
283 | exterior 100 GOOD NO NA NIL
Condition of pipe v
284 | exterior 25 - LOW NA NA NIL
Condition of pipe
295 | exterior 100 HIGH NO NA NIL
Conditior of pipe »
301 | exterior 100 HIGH NO NA NIL
Condition of pipe ‘
424 | exterior 25 HIGH NO NA NIL
Condition of pipe
433 | exterior 25 MEDIUM | NA NA NIL




Condition of pipe

25

If exterior is in very bad
shape, this will be noted in

332 | exterior MEDIUM | NO NA foreman's report
Condition of pipe -
435 | exterior 50 GOOD NO NA NIL
Condition of pipe ’
400 | exterior 0 NONE NO NA NIL
Condition of pipe
383 | exterior 100 HIGH NA NA NIL
Condition of pipe Archival
392 | exterior 0 NONE YES records NIL
Condition of pipe ' .
403 | exterior 100 HIGH NO NA NIL
Condition of pipe ’
409 | exterior 100 'HIGH NA NA NIL
Condition of pipe GIS '
10 | exterior 25 GOOD YES system NIL
Condition of pipe '
48 | exterior 0 | high no NA NIL -
Condition of pipe Archival »
404 | exterior’ 50 GOOD YES records NIL : ’
Condition of pipe ’
411 | exterior NA NA NA NIL
Condition of pipe
76 | exterior 0 NA No Other NIL
\ Condition of pipe O&M
414 | exterior 50 MEDIUM | NO records NIL
, Condition of pipe '
141 | exterior 0 NA NO NA NIL
Condition of pipe
405 | exterior 100 HIGH NA NA NIL
Condition of pipe
402 | exterior 0 HIGH NO Other NIL
Condition of pipe { '
430 | exterior 0 GOOD NO NA NIL
Condition of pipe B
- 431 | exterior 100 HIGH NO NA NIL
Condition of pipe :
415 | exterior 100 GOOD NO NA NIL
Condition of pipe
416 | exterior 0 NONE NO NA NIL
Condition of pipe _
407 | exterior 50 HIGH NO NA NIL
Condition of pipe :
417 | exterior 0 NONE NO NA NIL
Condition of pipe )
432 | exterior 100 GOOD NO NA NIL
Condition of pipe ' .
419 | exterior 50 MEDIUM | YES NA NIL




Condition of pipe

426 | exterior 0 NONE NA NA NIL
Condition of pipe '
420 | exterior 0 NONE NO NA NIL
Condition of pipe
427 | exterior 75 MEDIUM = NO NA NIL
Condition of pipe :
422 | exterior 0 GOOD NO NA NIL
Condition of pipe ;
434 | exterior 25 - MEDIUM | NO NA NIL
Condition of pipe
342 | exterior 0 NA NO NA NIL
Condition of pipe
408 | exterior ) NA NA NA NIL
Condition of pipe
423 | exterior 100 NA NO NA NIL
Condition of pipe 0&M
379 | exterior 75 MEDIUM | NO records NIL
Condition of pipe
389 | exterior ) 0 NA NA NA NIL
Condition of unlined
21 | pipe interior 0 NA YES Other swabbing existing mains
Condition of unlined
42 | pipe interior 100 GOOD | NA NA NIL
Condition of unlined .
55 | pipe interior NA NA NA Not Applicable
Condition of unlined
56 | pipe interior 25 MEDIUM | NO NA NIL
Condition of unlined
72 | pipe interior 0 GOOD NA NA NIL
Condition of unlined
428 | pipe interior 0 NA NA NA NIL
Condition of unlined
413 | pipe interior NA NA NA NIL
Condition of unlined
100 | pipe interior 0 GOOD NO- NA NIL
Condition of unlined
103 | pipe interior 0 NA ' NA NA NIL
Condition of unlined
112 | pipe interior 25 HIGH ‘NA NA NIL
Condition of unlined
120 | pipe interior 0 NONE NO NA NIL




280

Condition of unlined

134 | pipe interior 25 LOW YES Other Distribution System Model
Condition of unlined

418 | pipe interior 0 NONE NO NA NIL
Condition of unlined

227 | pipe interior 0 NA NA NA NIL
Condition of unlined

231 | pipe interior 0 NONE | NO NA NIL
Condition of unlined

240 | pipe interior 25 LOW NO NA NIL
Condition of unlined .

249 | pipe interior 0 NONE NO NA NIL
Condition of unlined

260 | pipe interior 0 NA NA NA NIL
Condition of unlined

401 | pipe interior 25 GOOD NO NA recorded if significant
Condition of unlined

283 | pipe interior 0 GOOD NO NA NIL
Condition of unlined

284 | pipe interior 25 LOW NA NA NIL
Condition of unlined

295 | pipe interior 100 HIGH NO NA NIL
Condition of unlined i

301 | pipe interior 0 NA NA NA NIL
Condition of unlined

424 | pipe interior 0 HIGH NO NA NIL
Condition of unlined

433 | pipe interior 25 MEDIUM | NA NA NIL
Condition of unlined :

332 | pipe interior NA NA NA NIL
Condition 6f un]iﬁed

435 | pipe interior 50 GOOD NO NA NIL
Condition of unlined

400 | pipe interior 0 NONE NO NA NIL




Condition of unlined

75

383 | pipe interior GOOD NA NA NIL
| Condition of unlined
392 | pipe interior 0 NONE NO NA NIL
Condition of unlined
403 | pipe interior 100 HIGH NO NA NIL
Condition of unlined O&M
409 | pipe interior 25 MEDIUM | YES records NIL
Condition of unlined GIS
10 | pipe interior 25 GOOD YES system - | NIL -
Conditich of unlined
48  pipe interior 0 high . no NA NIL
Condition of unlined Archival
404 | pipe interior 50 GOOD YES records NIL
Condition of unlined
411 | pipe interior NA NA NA NIL
Condition of unlined .
76 | pipe interior 0 NA No Other NIL
Condition of unlined . O&M
414 | pipe interior 50 MEDIUM | NO records i NIL
Condition of unlined
141 | pipe interior 0 NA NO NA NIL
Condition of unlined
405  pipe interior 0. NONE NA NA NIL
Condition of unlined
402 | pipe interior 0 HIGH - NO “ Other NIL
Condition of unlined -
430 | pipe interior 0 GOOD NO NA NIL
Condition of unlined v
431 | pipe interior 0 NONE NO NA NIL
Condition of unlined
415 | pipe interior 50 LOW NO. NA NIL
Condition of unlined
416 | pipe interior 0 NONE NO NA NIL




Condition of unlined

NIL

407 | pipe interior 100 HIGH NO NA
Condition of unlined
417 | pipe interior 0 NONE NO NA NIL
Condition of unlined .
432 | pipe interior 25 MEDIUM | NO NA NIL
Condition of unlined
419 ' pipe interior 50 MEDIUM | YES NA NIL
Condition of unlined v . _
426 | pipe interior 0 NONE NA NA NIL
Condition of unlined
420 | pipe interior 0 NONE NO NA NIL
Condition of unlined
427 | pipe interior 0 NONE NO NA NIL
Condition of unlined
422 | pipe interior 0 GOOD NO - NA NIL
Condition of unlined
434 | pipe interior 25 MEDIUM | NO NA NIL
Condition of unlined
342 | pipe interior 0 NA NO NA NIL
Condition of unlined
408 | pipe interior NA NA NA NIL
Condition of unlined
423 | pipe interior 100 NA NO NA NIL
Condition of unlined ,
379 | pipe interior 0 NONE NO NA NIL
Condition-of unlined » .
389 | pipe interior 0 NA NA NA NIL
Archival
21 | Depth of cover 100 HIGH YES records NIL
42 | Depth of cover 75 HIGH NA NA NIL
55 | Depth of cover 100 HIGH YES Other NIL
56 | Depth of cover 75 GOOD NO NA NIL
72 | Depth of cover 50 GOOD’ NA . NA NIL
428 | Depth of cover 0 NA 1 NA NA NIL
413 | Depth of cover 100 HIGH NO NA NIL
Archival
100 | Depth of cover 100 HIGH YES records NIL
103 | Depth of cover 100 HIGH NA NA NIL




Archival
112 | Depth of cover 100 .. HIGH YES records NIL
120 | Depth of cover 100 GOOD NO ! I NA NIL
, Archival
134 | Depth of cover 100 MEDIUM | YES records NIL
Archival
" 418 | Depth of cover 0 NONE YES | records NIL
O&M
227 | Depth of cover . 100 GOOD YES records Hansen WO data
g | Depth of Main recorded on
" 231 | Depth of cover 100 HIGH ' NO ' Other break sheet.
240 | Depth of cover 100 GOOD NO NA NIL
249 | Depth of cover 100 GOOD YES NA  as built drawings
, _ Archival ‘
260 | Depth of cover 0 NA " YES records NIL
Archival
401 | Depth of cover 0 NA YES records NIL }
‘Archival , .
283 | Depth of cover - . 100 | GOOD YES records NIL
284 | Depth of cover 50 MEDIUM | NA NA NIL
295 | Depth of cover 0 HIGH NO NA NIL
301 | Depth of cover 0 NA YES "1 NA NIL
. Archival
424 | Depth of cover 100 HIGH YES records NIL
. ) GIS
433 | Depth of cover 25 "GOOD NA system NIL
) . Archival
332 | Depth of cover 75 GOOD YES records NIL
435 | Depth of cover 100 GOOD NO NA NIL
400 | Depth of cover 75 GOOD NO NA NIL
383 | Depth of cover 25 NA NA NA NIL
i Archival »
392 | Depth of cover 100 MEDIUM @ YES records NIL
403 | Depth of cover 100 HIGH 1 NO NA NIL
409 | Depth of cover 100 HIGH NA NA NIL
10 | Depth of cover 0 NA NA NA I NIL
48 | Depth of cover 100 high no NA NIL
) - Archival
404 | Depth of cover 50 GOOD YES records NIL
411 | Depth of cover o NA ' NA NA NIL
: . Archival
76 | Depth of cover . 0 ~ INA Yes records NIL
' 0&M
414 | Depth of cover i 75 GOOD NO ) records NIL
141 | Depth of cover -0 NA 1 NO NA - I NIL
405 | Depth of cover 100 GOOD NA NA NIL
' Archival
402 | Depth of cover . 0 ' HIGH YES records NIL




O&M
430 | Depth of cover 25 GOOD YES records NIL
: GIS
431 | Depth of cover 100 - HIGH YES system NIL
' Archival
415 | Depth of cover 100 GOOD YES records NIL
416 | Depth of cover 0 NONE NO NA NIL
407 = Depth of cover 100 HIGH NO NA NIL
417 | Depth of cover 25 LOW NO NA NIL
432 | Depth of cover 100 HIGH NO NA NIL
' Archival
419 | Depth of cover 100 HIGH NO records NIL
426 | Depth of cover 0 NONE NA NA NIL
O&M
420 | Depth of cover 0 NONE YES records NIL
427 | Depth of cover 0 NONE NO NA NIL
422 | Depth of cover 0 - GOOD NO NA NIL
434 | Depth of cover 100 HIGH NO NA NIL
Archival
342 | Depth of cover 0 NA YES records NIL
408 | Depth of cover 75 GOOD YES Other As-built dwg
“Archival
423 | Depth of cover 0 NA YES records NIL
Archival
379 | Depth of cover . 0 LOW NO records NIL
389 | Depth of cover 100 GOOD NA Other NIL
Length of pipe
segment containing GIS
21 | the repair 0 NA YES system NIL
Length of pipe
segment containing
42 | the repair 100 HIGH NA NA NIL
Length of pipe
segment containing Available, not included in
55 | the repair NA NA NA break report
Length of pipe
segment containing
WWWWWW 56 | the repair 100 MEDIUM ' NO NIL
Length of pipe :
segment containing
72 | the repair 0 GOOD NA NA NIL
Length of pipe
segment containing
428  the repair » 0 NA NA NA NIL
Length of pipe :
segment containing
413 | the repair NA® NA NA NIL
Length of pipe
segment containing :
100 | the repair 100 HIGH NO NA NIL
Length of pipe
segment containing
103 | the repair . 100 HIGH NA NA NIL
Length of pipe
segment containing Archival
112 | the repair 100 HIGH YES records NIL




Length of pipe
segment containing

120 | the repair 0 NONE NO NA NIL
Length of pipe
segment containing GIS

134 | the repair 0 NONE YES system NIL
Length of pipe
segment containing 0&M

418  the repair 75 GOOD YES records NIL
Length of pipe
segment containing O&M

227 | the repair 0 NA YES records’ Hansen IMS data
Length of pipe Sheet not set-up for
segment containing tracking, but occasionally is

231 ; the repair 25 MEDIUM | NO Other recorded.
Length of pipe
segment containing

240 | the repair 50 GOOD NO NA - NIL
Length of pipe
segment containing GIS

249  the repair Y NONE YES system NIL
Length of pipe
segment containing

260 | the repair 50 GOOD NO NIL
Length of pipe
segment containing GIS entered automatically from

401 | the repair 100 GOOD YES system database
Length of pipe ’
segment containing

283 | the repair 25 GOOD NO NA NIL
Length of pipe ’
segment containing )

284 | the repair 100 GOOD NA NA NIL
Length of pipe ‘
segment containing

295 | the repair 25 HIGH | NO NA NIL
Length of pipe
segment containing

301 | the repair 0 NA YES NA NIL
Length of pipe
segment containing

424 | the repair 100. HIGH NO NA NIL
Length of pipe
segment containing : GIS

433 | the repair 25 GOOD NA system NIL
Length of pipe
segment containing . GIS

332 | the repair 0 NONE YES system NIL
Length of pipe
segment containing _

435 | the repair 75 GOOD NO NA NIL
Length of pipe
segment containing

400 . the repair 100 HIGH NO NA - NIL
Length of pipe
segment containing

383 | the repair 100 HIGH NA NA NIL




Length of pipe
-segment containing

392 | the repair 0 NONE - NO NA NIL
Length of pipe
segment containing
403 | the repair 100 HIGH NO NA NIL
Length of pipe
segment containing
409 | the repair 100 HIGH NA NA NIL
Length of pipe
segment containing GIS
10 | the repair 50 GOOD YES system ., NIL
Length of pipe
segment containing
48 | the repair 100 high no NA NIL
Length of pipe
segment containing .
404 | the repair 100 GOOD NA NA NIL
Length of pipe ’
segment containing .
411 | the repair NA NA NA NIL
Length of pipe
segment containing Archival
76 | the repair 0 NA Yes records NIL
Length of pipe : '
segment containing : 0&M
414 | the repair 100 HIGH YES records NIL °
Length of pipe
segment containing GIS
141 | the repair 0 NA YES systém NIL
Length of pipe '
segment containing
405 | the repair 100 HIGH NA NA NIL
Length of pipe
segment containing O&M
402 | the repair 0 HIGH YES records NIL
Length of pipe
segment containing o&M
430 | therepair 100 HIGH YES records NIL
.Length of pipe
segment containing GIS .
431 | the repair 0 NONE YES system NIL
Length of pipe '
segment containing
415 | the repair 0 NONE NO NA NIL
Length of pipe -
segment containing .
416 | the repair 100 HIGH NO NA NIL
Length of pipe
segment containing
407 | the repair 100 HIGH NO NA NIL
Length of pipe :
segment containing
417 | the repair 30 "Low NO NA NIL
Length of pipe
segment containing
432 | the repair 0 NA NO NIL
Length of pipe
segment containing GIS
419 | the repair 100 HIGH YES system NIL




Length of pipe
segment containing

426 | the repair 0 NONE NO NA NIL
Length of pipe
segment containing
420 | the repair 100 HIGH NO NA NIL
Length of pipe
segment containing GIS
427  the repair 0 NONE YES | system | NIL
Length of pipe
~segment containing
422 | the repair 50 MEDIUM | NO NA NIL
Length of pipe
segment containing GIS
434 | the repair 0 NA . YES system NIL
Length of pipe
‘ segment containing GIS
342 | the repair 0 NA YES system NIL
Length of pipe
segment containing , Archival
- 408 : the repair 25 HIGH NO records NIL
Length of pipe
segment containing :
423 | the repair 0 NA NO NA NIL
: Length of pipe
segment containing Archival
379  the repair 0 NONE YES records NIL
Length of pipe
segment containing
389 | the repair 0 NA NA NA NIL
Normal operating
21  pressure 0 NA YES Other J.D.Edwards
Normal operating '
42 | pressure ‘NA NA NA NIL
. | Normal operating ~
55 | pressure NA NA NA Not Applicable
Normal operating 0o&M
56 | pressure ' 0 NA YES records NIL
* | Normal operating
72 | pressure 0 GOOD NA NA NIL
Normal operating ’
428 | pressure 0 NA NA NA NIL
Normal operating Archival
413 | pressure 100 HIGH YES records NIL
Normal operating
‘100 | pressure 0 HIGH NO NA NIL
" Normal operating
103 | pressure 0 NA NA NA NIL
Normal operating Archival
112 | pressure 0 NA YES records NIL
Normal operating : .
120 | pressure 0 NONE YES Other NIL
Normal operating Oo&M
134 | pressure 25 MEDIUM | YES records NIL




Normal operating

418 | pressure 0 NONE YES Other NIL
' Normal operating
227 | pressure 0 NA NA NA NIL
Normal operating
231 | pressure 100 GOOD YES Other Hydrant records
. | Normal operating
240 | pressure 25 LOW YES Other hydraulic model.
Normal operating ' Oo&M
.249 | pressure 0 NONE - YES records NIL
Normal operating 4 .
260 | pressure 0 NA YES Other Fire Dept. flow tests
Normal operating GIS '
401 | pressure 0 NA YES system NIL
Normal operating ' O&M
283 | pressure 0 GOOD YES |_records NIL
Normal operating ’
284 | pressure 50 MEDIUM | NA ‘NA NIL
Normal operating C ) Archival
295 | pressure 0 HIGH YES records NIL
Normal operating
. 301 | pressure 0 NA YES NA NIL
Normal operating .
424 | pressure 0 HIGH NO NA NIL
Normal operating
433 | pressure 0 : GOOD NA External NIL
Entire distribution system
Normal operating : has been electronically
332 | pressure : 0 NONE YES _ Other modelled
Normal operating ’
435 | pressure 75 GOOD YES -NA NIL
Normal operating .
400 | pressure 0 NONE NO NA NIL
Normal operating
383 | pressure 0 NA NA NA NIL
Normal operating ,
392 | pressure 0 NONE YES Other 1 NIL
Normal operating GIS
403 | pressure 25 MEDIUM : YES system NIL
Normal operating Oo&M
409 | pressure 0 HIGH YES records | NIL .
Normal operating v . GIS
10 | pressure 25 GOOD YES system NIL
Normal operating
48 | pressure 0 high no NA NIL
Normal operating
404 | pressure 0 NONE NA NA NIL
Normal operating
411 | pressure NA NA NA ) NIL
Normal operating Archival
76 | pressure 0 NA  Yes records | NIL




Normal operating

0&M

NIL

414 | pressure 0 NA YES records
Normal operating O&M
141 | pressure 100 HIGH YES records NIL
Normal operating _ _
" 405 | pressure 100 GOOD NA ‘NA NIL
Normal operating ) O&M
402 | pressure 0 HIGH YES records NIL
Normal operating _ ‘
430 | pressure 0 GOOD YES Other Hydraulic model
Normal operating GIS
431 | pressure 100 HIGH YES system NIL
Normal operating O&M
415 | pressure 50 MEDIUM | YES records NIL
Normal operating )
416 | pressure 0 NONE YES Other Model -
Normal operating
407 | pressure i 0 . HIGH NO NA NIL
Normal operating
417 | pressure 50 MEDIUM | NO NA NIL
Normal operating Archival
432 | pressure 0 NA YES records NIL
Normal operating
419 | pressure 100 HIGH YES External NIL
Normal operating O&M .
426 | pressure 0 ‘NONE YES records NIL
Normal operating 0&M
420 | pressure 0 NONE YES records NIL
Normal operating
427 | pressure 0 NONE NO NA NIL
Normal operating ' '
422 | pressure 0 GOOD YES Other NIL
Normal operating GIS
434 | pressure 0 NA YES system NIL
Normal operating GIS
342 | pressure 0 NA YES system NIL
Normal operating GIs
408 | pressure 100 HIGH YES system NIL
Normal operating o&M
423 | pressure 0 NA YES records NIL
' Normal operating » Archival
379 | pressure 0 NONE YES records NIL
Normal operating
389 | pressure 0 NA NA NA NIL
GIS
21 | Pipe diameter 100 HIGH YES system NIL
42 | Pipe diameter 100 HIGH NA NA NIL
: GIS
55 | Pipe diameter 100 HIGH YES system NIL
56 | Pipe diameter 100 HIGH YES Other Cadastrals
72 | Pipe diameter 50 GOOD NA NA NIL
428 | Pipe diameter 100 HIGH NA NA NIL




Archival

413 | Pipe diameter 100 HIGH YES records NIL
Archival
,,,,,, 100 | Pipe diameter 100 HIGH YES ° records NIL
103 | Pipe diametér 100 HIGH NA NA NIL
: Archival
112 | Pipe diameter 100 HIGH YES records NIL
. GIS
120 | Pipe diameter 100 HIGH YES system NIL
GIS
134 | Pipe diameter 100 HIGH YES system NIL
GIS
418 | Pipe diameter 100 HIGH YES system NIL
0&M Hansen IMS data, -
‘227 | Pipe diameter 75 HIGH YES records distribution sheets
GIS Also available on record
231 | Pipe diameter 100 HIGH YES system dwgs.
‘ GIS
240  Pipe diameter 100 GOOD YES system NIL
GIS
249 | Pipe diameter 100 GOOD YES system NIL
Archival
260 | Pipe diameter 0 NA YES records NIL
GIS entered manually as a
401 | Pipe diameter 100 GOOD YES system check against database
Archival
283 | Pipe diameter 100 GOOD YES records NIL
284 . Pipe diameter 100 GOOD NA NA NIL
Archival
295 | Pipe diameter 100 HIGH YES records NIL
’ 0&M
301 | Pipe diameter 100 HIGH YES records NIL
_ Archival
424 | Pipe diameter 100 HIGH YES records NIL
GIS
433 | Pipe diameter 100 HIGH YES system NIL
GIS
332 | Pipe diameter 100 HIGH YES system NIL
. Archival
435 | Pipe diameter 100 GOOD YES records NIL
GIS
400 | Pipe diameter 100 GOOD YES system NIL
383 | Pipe diameter 100 HIGH NA NA NIL
GIS
392 | Pipe diameter 100 HIGH YES system NIL
. GIS
403 | Pipe diameter 100 HIGH YES System NIL




21

409 | Pipe diameter 100 HIGH NA NA NIL
. GIS
10 | Pipe diameter 75 GOOD YES system NIL
48 | Pipe diameter 100 high no NA NIL
GIS
404 | Pipe diameter 100 GOOD YES system NIL
411 | Pipe diameter 100 NA . NA NA NIL
: S ’ Archival
76 | Pipe diameter 100 High | YES records NIL
' 0&M
414 | Pipe diameter 100 HIGH YES records NIL
GIS
141 | Pipe diameter 100 HIGH YES system NIL
405 | Pipe diameter 100 HIGH NA NA NIL
Archival
402 | Pipe diameter 100 HIGH | YES records NIL
: O&M
430 | Pipe diameter 100 HIGH YES records NIL
, GIS
431 | Pipe diameter 100 HIGH YES system NIL
Archival
415 | Pipe diameter 100 GOOD YES records NIL
. ' O&M
416 | Pipe diameter 100 . HIGH YES records NIL
407 | Pipe diameter 100 HIGH NO NA NIL
417 | Pipe diameter 75 GOOD NO NA NIL
Archival
. 432 | Pipe diameter 100 HIGH YES records NIL
: GIS .
419 | Pipe diameter 100 HIGH YES system NIL
. GIS
426 | Pipe diameter 100 HIGH YES system NIL
. O&M -
420 | Pipe diameter 100 HIGH YES records NIL
GIS
427 | Pipe diameter 100 GOOD YES system NIL
Archival
422 | Pipe diameter 100 1 GOOD YES " records NIL
GIS
434 | Pipe diameter 100 HIGH YES system NIL
: GIS
342 | Pipe diameter 100 HIGH 1 YES system NIL
. GIS .
408 | Pipe diameter 100 HIGH “YES _system NIL
' _ ' GIS
423 | Pipe diameter 100 HIGH YES system NIL
. Archival
379 | Pipe diameter 100 HIGH YES records NIL
Archival
389 | Pipe diameter 100 HIGH NA records NIL
Pipe fracture '
toughness 0 ' NA NO NA NIL




Pipe fracture

42 : toughness NA NA NA NIL
Pipe fracture :
55  toughness 0 NA NA NA NIL
Pipe fracture '
56 | toughness 0 NA NA NA NIL ~
Pipe fracture »
72 | toughness 0 GOOD NA NA NIL
Pipe fracture
428 | toughness 0 NA NA NA NIL
Pipe fracture
413  toughness NA NA NA NIL
Pipe fracture . ,
100 | toughness 0 GOOD NO NA NIL
Pipe fracture
| 103 | toughness 0 NA NA NA NIL
Pipe fracture
112 | toughness 0 NA NA NA NIL
Pipe fracture
120 | toughness 0 NONE ' NO NA NIL
Pipe fracture
134 | toughness 0 NONE NO NA NIL
" | Pipe fracture ‘ /’
418 | toughness 0 NONE YES External * | NIL
Pipe fracture _:
227 | toughness 0 NA NA NA NIL
Pipe fracture
231 | toughness 0 NONE NO NA NIL
Pipe fracture '
240 | toughness 0 NONE 1 NO NA NIL
. Pipe fracture
249 ' toughness 0 NONE NO NA NL o
Pipe fracture
260 | toughness 0 . NA NA NA NIL
Pipe fracture
-401 | toughness 0 4 NA i NO NA NIL
| Pipe fracture ‘
283 | toughness 0 GOOD . NO NA NIL
Pipe fracture '
' 284 | toughness 0 NONE NA NA NIL
Pipe fracture
295 | toughness 0 HIGH NO NA NIL
Pipe fracture
301 | toughness 0 NA NA NA NIL
Pipe fracture
424 | toughness 0 HIGH NO NA NIL
Pipe fracture
433 . toughness 0 MEDIUM | NA NA NIL
Pipe fracture '
332 | toughness NA NA NA NIL
Pipe fracture '
435 | toughness 50 GOOD NO NA NIL




Pipe fracture

400 | toughness 0 NONE NO' NA NIL
Pipe fracture .
383  toughness 0 NA NA NA NIL
Pipe fracture '
392 | toughness 0 NONE NO NA NIL
Pipe fracture
403 | toughness 0 NA NA NA NIL
Pipe fracture _
409 | toughness 0 NA NA NA NIL
Pipe fracture GIS
10 | toughness 50 GOOD YES system NIL
Pipe fracture
48 | toughness 0 high no NA NIL
Pipe fracture . T
404 | toughness 0 NONE NA NA NIL
Pipe fracture ’
411 | toughness NA NA NA NIL
-1 Pipe fracture ‘
76 | toughness 0 NA No Other NIL
Pipe fracture Archival
414 | toughness 0 NA YES records NIL
Pipe fracture
\\\\\\\ 141 | toughness 0 NA NO NA NIL
Pipe fracture
405  toughness 100 HIGH NA NA NIL
Pipe fracture .
402 | toughness 0 HIGH YES Other NIL
Pipe fracture _ ‘ .
430 | toughness 0 GOOD NO NA NIL
' Pipe fracture ]
431  toughness 0 LOW NO NA NIL
Pipe fracture -~
415 | toughness 0 NONE NO NA NIL
Pipe fracture
416 | toughness 0 NONE YES External NIL
Pipe fracture
407 | toughness 0 HIGH NO NA NIL
Pipe fracture
417 | toughness 0 NONE . NO NA NIL
Pipe fracture
432 | toughness 0 NA NO NA NIL
Pipe fracture
419  toughness 50 MEDIUM | NO NA NIL
Pipe fracture ‘ »
426 | toughness 0. NONE NA NA NIL
Pipe fracture )
420 @ toughness 0 NONE NO NA NIL
Pipe fracture
427 | toughness 0 NONE NO NA NIL
Pipe fracture A
422  toughness 0 GOOD NO NA NIL




Pipe fracture

434 | toughness 0 NA NO NA NIL
" | Pipe fracture )
342 | toughness 0 NA NO NA NIL
Pipe fracture’
408 | toughness NA NA NA NIL
Pipe fracture
423  toughness 0 NA NA NA NIL
Pipe fracture :
379 | toughness 0 NONE NO NA NIL
Pipe fracture
389 | toughness 0 NA NA NA NIL
GIS
21 | Pipe material 100 HIGH YES system NIL
42 | Pipe material 100 GOOD NA NA NIL
' GIS
55 | Pipe material 100 HIGH YES system NIL
56 | Pipe material 100 HIGH YES Other NIL
72 | Pipe material 50 GOOD NA NA NIL
428 | Pipe material 100 HIGH NA NA NIL
Archival
413 | Pipe material 100 HIGH YES records NIL
: Archival
100 | Pipe material 100 HIGH YES records NIL
103 | Pipe material 100 HIGH NA NA NIL
Archival
112 | Pipe material 100 HIGH YES records NIL
‘ GIS
120 | Pipe material 100 HIGH YES system NIL
\ 0&M
134 | Pipe material 100 HIGH YES records NIL
. GIS . :
418 ' Pipe material 100 HIGH YES system NIL
: Oo&M Hansen IMS data,
227 | Pipe material 100 HIGH YES records distribution sheets
GIS Record book of main
231 | Pipe material 100 HIGH YES system materials
GIS
240 | Pipe material 100 GOOD YES system NIL
GIS
249 | Pipe material 100 GOOD YES system NIL
' Archival
260 | Pipe material 50 GOOD YES records NIL
GIS entered manually as a
401 | Pipe material 100 GOOD YES system check against database
Archival
283 | Pipe material 100 GOOD YES records NIL




Pipe material

100

284 GOOD NA NA NIL
. Archival
295 | Pipe material 100 HIGH YES records NIL
Archival
301 | Pipe material 100 HIGH YES records NIL
: Archival
424 | Pipe material 100 HIGH YES records NIL
. GIS
433 | Pipe material 100 HIGH NA system -NIL
GIS
332 | Pipe material 100 GOOD YES system NIL
Archival
435 | Pipe material 100 GOOD YES records NIL
GIS '
400 | Pipe material 100 HIGH YES system NIL
383 | Pipe material 100 HIGH NA NA . NIL
GIS
392  Pipe material 100 HIGH YES system NIL
GIS
403 | Pipe material 100 HIGH YES - system -NIL
409 ' Pipe material 100 . HIGH NA NA NIL
| » GIS
10 | Pipe material 100 GOOD YES system NIL
48 | Pipe material 50 high no NA NIL
GIS
404 . Pipe material 100 GOOD YES system NIL
411 | Pipe material 100 NA NA NA NIL
' Archival
76 | Pipe material -100 High Yes records NIL
O&M _
414 | Pipe material 100 HIGH - YES records NIL
141 | Pipe material 100 HIGH NO NA NIL
405 | Pipe material 100 HIGH NA NA NIL
Archival
402 | Pipe material 100 HIGH YES records NIL
0&M
430 | Pipe material 100 HIGH YES records NIL
GIS
431 | Pipe material 100 - HIGH YES system NIL
Archival
415 | Pipe material 100 GOOD YES records NIL
0&M
416 | Pipe material 100 HIGH YES records NIL
407 | Pipe material 100 HIGH NO NA NIL
417 = Pipe material 75 GOOD NO NA NIL
. 0&M
432 | Pipe material 100 HIGH YES records NIL
GIS _
419 | Pipe material 100 HIGH YES system NIL
- GIS-
426 | Pipe material 100 'HIGH YES system NIL




0&M

420 | Pipe material 100 HIGH YES - records NIL
’ , GIS
427 | Pipe material 100 GOOD YES system NIL
' Archival
422 © Pipe material 100 GOOD YES records NIL
C . GIS
434 ' Pipe material 100 HIGH YES system NIL
‘Archival
342 | Pipe material 100 HIGH YES records NIL °
: o Archival
408 | Pipe material 100 HIGH YES records NIL
GIS
423 | Pipe material 100 HIGH YES system NIL
' Archival
379 | Pipe material 0 NONE YES records NIL
389 | Pipe material 100 HIGH NA Other NIL
Pipe modulus or
21 | rupture 0 NA NO NA . NIL
Pipe modulus or
42 | rupture NA NA NA NIL
. | Pipe modulus or o
55 | rupture 100 HIGH Yes Other NIL
Pipe modulus or
56 | rupture 100 HIGH NA NA NIL
Pipe modulus or '
72 | rupture - 0 GOOD NA NA NIL
Pipe modulus or :
428 | rupture 0 NA NA NA NIL
Pipe modulus or
413 | rupture NA NA NA NIL .
Pipe modulus or
100 | rupture 0 GOOD NO NA NIL
Pipe modulus or
103 | rupture 100 HIGH NA NA NIL
- Pipe modulus or
112 | rupture 100 HIGH NA NA NIL
.| Pipe modulus or’
120 | rupture 0 NONE NO NA NIL
Pipe modulus or _
134 | rupture 0 NONE ' NO NA NIL
Pipe modulus or
418 | rupture 0 NONE YES External NIL
Pipe modulus or ,
227 | rupture 0 NA ‘NA NA NIL
Pipe modulus or
231 | rupture 0 NONE NO NA NIL .
Pipe modulus or
240 | rupture 0 NONE NO NA NIL
Pipe modulus or
249 | rupture . 0 NONE NO NA NIL
, Pipe modulus or
260 | rupture 0 NA NA NA NIL




Pipe modulus or

401 | rupture 0 NA NO NA NIL
Pipe modulus or
283 | rupture 0 GOOD NO NA NIL
Pipe modulus or
284 | rupture 0 NONE NA NA NIL
Pipe modulus or _
295 | rupture 0 HIGH NO NA NIL
' Pipe modulus or
301 | rupture 100 GOOD NO NA NIL
' Pipe modulus or . :
424 | rupture 0 HIGH NO NA NIL
Pipe modulus or
433 | rupture 0 MEDIUM' | NA NA NIL
Pipe modulus or : Has been recorded in past,
332 | rupture 0 "NONE NA ‘NA but is no longer tracked
Pipe modulus or
435- | rupture 50 MEDIUM | NO NA . NIL
Pipe modulus or ) \
400 | rupture 0 NONE NO NA NIL
Pipe modulus or -
383 | rupture 100 HIGH ‘NA NA NIL
Pipe modulus or ' ‘
392 | rupture 0 NONE ' NO NA NIL
Pipe modulus or
403 | rupture 0 NA NA NA® NIL
Pipe modulus or
409 | rupture 0 NA NA NA NIL
Pipe modulus or _ GIS
10 | rupture 50° GOOD YES system NIL
Pipe modulus or. .
48 | rupture 0 | high no NA NIL
Pipe modulus or ;
404 | rupture 0 NONE NA NA NIL
. Pipe modulus or
411 | rupture NA NA NA NIL
Pipe modulus or _
- 76 | rupture 0 NA No Other NIL
Pipe modulus or _ e 0&M
414 | rupture 0 NA NO records NIL
Pipe modulus or ' GIS '
141 | rupture 0 NA YES system NIL
Pipe modulus or
405 | rupture 100 HIGH NA NA NIL
Pipe modulus or
402 | rupture 0 HIGH NO Other NIL
Pipe modulus or
430 | rupture 0 GOOD NO NA NIL
Pipe modulus or
431 | rupture 100 HIGH NO NA NIL




Pipe modulus or ,
415 | rupture 100 GOOD NO NA NIL
Pipe modulus or
416 | rupture i 0 NONE YES - External NIL
Pipe modulus or
407 | rupture 100 HIGH NO NA NIL
Pipe modulus or -
417 | rupture 0 NONE NO NA NIL
Pipe modulus or -
432 | rupture 0 NA NO NA NIL
Pipe modulus or '
419 | rupture 50 MEDIUM | NO . NA NIL
. Pipe modulus or
. 426 | rupture 0 NONE NA NA NIL
Pipe modulus or ’
420 | rupture 0 NONE NO NA NIL.
Pipe modulus or
427 | rupture 0 NONE NO NA NIL
Pipe modulus or
422 | rupture 0 | GOOD NO NA ° NIL
Pipe modulus or ' ‘ ’
. 434 | rupture 0 NA NO NA NIL
Pipe modulus or :
342 | rupture , 0 NA NO NA NIL
Pipe modulus or
408 | rupture NA NA NA NIL
Pipe modulus or
423 | rupture 0 NA NA NA NIL
Pipe modulus or 4
379 | rupture : 100 HIGH NO NA NIL
Pipe modulus or
389 | rupture 0 " INA NA NA NIL
Pipe protection ( Archival
21 | wrapped / anodes) 100 HIGH | YES records NIL
Pipe protection ( -
42 | wrapped / anodes) NA NA NA NIL
Pipe protection (
55 | wrapped / anodes) 100 HIGH YES Other Another Database
Pipe protection ( Archival .
56 | wrapped / anodes) 25 GOOD YES records NIL
Pipe protection ( v
72 | wrapped / anodes) 0 GOOD NA NA NIL
Pipe protection (
428 | wrapped / anodes) 0 NA NA NA NIL
Pipe protection ( _
413 | wrapped / anodes) NA NA NA NIL




Pipe protection (

Archival
100 | wrapped / anodes) 100 HIGH YES records NIL
Pipe protection ( -
103 | wrapped / anodes) 0 NA NA NA NIL
Pipe protection (
112 | wrapped / anodes) 0 NA NA NA NIL
Pipe protection ( GIS
120 | wrapped / anodes) 0 NONE YES system NIL
Pipe protection ( - - :
134 | wrapped / anodes) 100 HIGH NO NA NIL
Pipe protection ( )
418 | wrapped / anodes) NONE NO NA NIL
Pipe protection ( O&M
““““““ 227 | wrapped / anodes) 100 HIGH YES records Hansen IMS data
Pi;;e protection (
231 | wrapped / anodes) 0 NONE NA Other sometimes recorded. -
Pipe protection (
240 | wrapped / anodes) 25 LOW NO NA NIL
Pipe protection (
249 | wrapped / anodes) 0 NONE YES NA as built drawings
Pipe protection ( Archival
260 | wrapped / anodes) 0 NA YES records NIL
Pipe protection ( - Archival
401 | wrapped / anodes) 0 NA - YES records NIL
Pipe protection ( Archival
283 | wrapped / anodes) 0 GOOD YES records Sometimes
Pipe protection (
284 | wrapped / anodes) 50 MEDIUM | NA NA NIL
Pipe protection (
295 | wrapped / anodes) 25 HIGH NO NA NIL
Pipe protection (
301 | wrapped / anodes) 100 HIGH YES NA NIL
Pipe protection ( ‘ Archival
424 | wrapped / anodes) 100 HIGH YES records NIL




- | Pipe protection ( GIS
433 | wrapped /anodes) 0 GOOD NA system NIL

Pipe protection (
332 | wrapped / anodes) 75 MEDIUM | NO NA - - INIL

Pipe protection (

435 | wrapped / anodes) 75 GOOD YES NA NIL
Pipe protection ( ‘ 0&M
400 | wrapped / anodes) 0 NONE YES records NIL

Pipe protection (

383 | wrapped /anodes) 0 | NA NA NA NIL
Pipe protection ( . GIS
392 | wrapped / anodes) 0 NONE YES system NIL
Pipe protection ( GIS
403 | wrapped / anodes) 0 NONE YES system NIL

Pipe protection ( .
409 | wrapped / anodes) 100 HIGH NA NA NIL

Pipe protection ( _
10 | wrapped / anodes) 0 NA NA NA NIL

Pipe protection ( : .
48 | wrapped / anodes) 0 high no NA NIL

Pipe protection (
404 | wrapped / anodes) 0 NONE NA NA NIL

Pipe protection (

411 | wrapped / anodes) NA NA NA NIL
Pipe protection ( Archival
76 | wrapped / anodes) 0 NA Yes records NIL
Pipe protection ( O&M
414 | wrapped / anodes) 100 HIGH YES records NIL

Pipe protection (
141 | wrapped / anodes) 0 NA NO NA NIL

Pipe protection (

405 | wrapped / anodes) 0 NONE NA NA NIL
Pipe protection ( . ' Archival
402 | wrapped / anodes) 100 HIGH YES records NIL
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Pipe protection (

430 | -wrapped / anodes) 50 GOOD NO NA NIL
Pipe protection ( GIS

431 | wrapped / anodes) 100 HIGH. YES system NIL
Pipe protection (

415 | wrapped / anodes) 100 MEDIUM | NO NA NIL
Pipe protection (

416 | wrapped / anodes) 0 NONE NO NA NIL
Pipe protection ( : . .

407 | wrapped / anodes) .0 HIGH NO NA NIL
Pipe protection. ( .

417 | wrapped / anodes) 0 . NONE NO NA NIL
Pipe protection (

432 | wrapped / anodes) 0 NA NO NA NIL
Pipe protection ( GIS

419 | wrapped / anodes) 100 HIGH YES system NIL
Pipe protection ( - :

426 | wrapped / anodes) 0 NONE NA NA NIL
Pipe protection ( 0&M

420 | wrapped / anodes) 100 HIGH YES records NIL
Pipe protection ( : O&M :

427 | wrapped / anodes) 0 NONE YES records Technical Specs
Pipe protection ( .

422 | wrapped / anodes) 0 GOOD NO NA NIL
Pipe protection ( _ GIS

434 | wrapped / anodes) 50 HIGH YES system NIL
Pipe protection ( Archival

342 | wrapped / anodes) 0 NA YES records NIL
Pipe protection ( : :

408 | wrapped / anodes) 0 NONE NO NA NIL
Pipe protection ( Archival

423 | wrapped / anodes) 0 NA YES records NIL

. | Pipe protection ( Archival
379 | wrapped / anodes) 0 LOW YES records NIL
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Pipe protection (
389 | wrapped /anodes) NA NA NA NIL
Pipe sample coupons from main
21 | collected 0 NA YES Other tappings
Pipe sample : '
42  collected 50 HIGH NA NA NIL
Pipe sample
55 collected 0 NA NA NA NIL
Pipe'sample
56 | collected 25 LOW NO NA NIL
Pipe sample
72 | collected 0 GOOD NA NA NIL
Pipe sample
428 | collected 100 HIGH NA NA NIL
Pipe sample
413 | collected" NA NA NA NIL
Pipe sample : :
“““““ 100 | collected 25 GOOD NO NA NIL
Pipe sample .
103 | collected 100 HIGH NA NA NIL
Pipe sample :
112 | collected 25 HIGH NA - NA NIL
Pipe sample”
120 ' collected 0 NONE NO NA NIL
Pipe sample -
134  collected 25 MEDIUM | NO NA NIL
. Pipe sample
418 | collected 0 NONE NO NA NIL °
Pipe sample
227 | collected 0 NA NA NA NIL
Pipe sample .
231 ' collected 0 NONE NO NA NIL |
Pipe sample
240 = collected 25 LOW NO NA NIL
Pipe sample Archival
249 | collected 0 NONE NO records NIL
Pipe sample
260 | collected 0 NA NA NA I NIL
Pipe sainple
401 | collected 0 NA NO NA NIL
Pipe sample
283  collected 25 GOOD NO NA NIL
Pipe sample ' .
284  collected 25 LOW NA NA NIL
Pipe sample
295 | collected 25 HIGH NO NA NIL
Pipe sample ,
301 | collected 25 MEDIUM | NO NA NIL
Pipe sample
424 | collected 0 HIGH NO NA NIL
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Pipe sample
433 | collected 0 GOOD NA NA NIL
Pipe sample ‘
332 | collected 0 NONE NA NA NIL
Pipe sample
435 | collected 25 GOOD NO NA NIL
Pipe sample : '
______ 400 | collected 0 NONE NO NA NIL
Pipe sample .
383 | collected 75 GOOD NA NA ‘NIL
Pipe sample :
392 | collected 0 NONE NO NA 'NIL
- Pipe sample. o ‘
403 | collected 100 HIGH NA NA NIL
Pipe sample j
409 | collected - 25 MEDIUM | NA NA i NIL
Pipe sample :
10 | collected . 0 NA I NA NA NIL
Pipe sample
48 | collected 0 i high no NA NIL
Pipe sample Archival
404 | collected 50 | GOOD YES records NIL
Pipe sample .
411 | collected NA NA NA NIL
Pipe sample
76 | collected 0 1 NA No Other NIL
Pipe sample “0&M
414 | collected 0 NA NO records NIL
Pipe sample
. 141 | collected 0 NA NO NA NIL
Pipe sample
405 | collected 100 HIGH NA NA NIL
Pipe sample
402 | collected 0 HIGH NO Other NIL
Pipe sample
430 | collected 0 GOOD NO NA NIL
Pipe sample : 1 O&M
431 | collected 25 GOOD YES records NIL
Pipe sample Archival
415 | collected 0 NONE YES records NIL
Pipe sample .
416 | collected 0 NONE NO NA NIL
Pipe sample
407 | collected 100 HIGH NO NA NIL
Pipe sample ,
417 | collected 0 NONE NO NA NIL
Pipe sample
,,,,, 432 | collécted 0 NA NO NA  NIL ~
: Pipe sample ) :
419 | collected 0 LOW NO NA NIL
Pipe sample
426 | collected 0 NONE NA NA NIL
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Pipe sample
420 | collected 0 NONE NO ‘I NA NIL
Pipe sample
427 | collected 0 NONE NO NA NIL
Pipe sample
422 | collected 0 GOOD NO NA NIL
Pipe sample _
_________ 434 | collected 0 NA NA NA NIL
Pipe sample
342 | collected 25 GOOD NO NA NIL
Pipe sample
408 | collected NA NA NA NIL
_ Pipe sample
423 | collected 25 NA NO NA NIL -
Pipe sample
379 | collected 0 LOW NO Other NIL
Pipe sarhple
389 | collected .0 NA NA NA NIL
Pipe wall thickness / .
21 | classification 0 NA NO NA . NIL
Pipe wall thickness /
42 | classification NA NA NA NIL
Pipe wall thickness /
55 | classification 0 NA NA NA NIL
Pipe wall thickness / Archival
56 | classification 0 NA YES records NIL
| Pipe wall thickness / ’
72 | classification. 0 GOOD NA NA NIL
Pipe wall thickness /
428 | classification 0 NA NA NA NIL
Pipe wall thickness /
413 | classification HIGH NO NA NIL
Pipe wall thickness /
100 | classification 100 HIGH NO NA NIL
Pipe wall thickness /
103 | classification 0 NA NA NA NIL
Pipe wall thickness /
112 | classification 0 NA NA NA NIL
Pipe wall thickness / . Archival -
120 . classification 0 NONE YES records NIL
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Pipe wall thickness /

134 | classification 0 NONE NO NA NIL
Pipe wall thickness /

418 | classification 0 NONE YES External NIL
Pipe wall thickness / :

227 | classification 0 NA NA I NA NIL
Pipe wall thickness / We do nt record pipe wall

231 | classification 0 NONE NO NA thickness during repair.
Pipe wall thickness /

240 | classification 0 LOW YES External NIL

" Pipe wall thickness /

249 | classification 0 NONE NO NA NIL
Pipe wall thickness / Archival

260 | classification 0 NA YES records NIL
Pipe wall thickness / Archival

401 | classification 0 NA YES records NIL
Pipe wall thickness /

283 | classification 0 GOOD NO NA NiL
Pipe wall thickness /

284 | classification 0 NONE NA NA NIL
Pipe wall thickness / .

295 | classification 0 HIGH NO NA NIL
Pipe wall thickness /

301 | classification 0 NA NO NA NIL
Pipe wall thickness / Archival

424 | classification HIGH YES records NIL
Pipe wall thickness / :

433 | classification 0 GOOD NA NA NIL
Pipe wall thickness / . Archival

332 | classification 0 NONE YES records NIL
Pipe wall thickness /

435 | classification 50 GOOD NO NA NIL

' Pipe wall thickness / ‘
400 | classification NONE NO NA NIL )
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Pipe wall thickness /

383 | classification NA NA NA NIL
» Pipe wall thickness /
392 | classification 0 NONE NO NA NIL
Pipe wall thickness /
403  classification 25 HIGH YES External NIL
Pipe wall thickness / O&M
409 | classification MEDIUM | YES records NIL
Pipe wéll thickness /
10 | classification 0 NA NA NA NIL
Pipe wall thickness / )
48 | classification high no NA NIL
Pipe wall thickness / : Archival
404 | classification 25 MEDIUM | YES | records NIL
Pipe wall thickness /
411  classification NA NA NA NIL
Pipe wall thickness / Archival
76 | classification 0 NA Yes records NIL
Pipe wall thickness / Archival
414  classification 50 MEDIUM ' YES records NIL
Pipe wall thickness /
141 | classification 0 NA NO NA NIL
Pipe wall thickness / ]
405 | classification 25 MEDIUM | NA NA NIL
Pipe wall thickness / : : Archival
402 | classification 0 HIGH NO records NIL
Pipe wall thickness / .
430 | classification 0 GOOD NO NA NIL
Pipe wall thickness / GIS
431 | classification 100 HIGH YES system NIL
Pipe wall thickness /-
415 | classification 0 . NONE NO NA NIL
Pipe wall thickness / O&M
416 | classification 0 NONE YES records NIL




Pipe wall thickness / .

407 ! classification 100 HIGH NO NA NIL

Pipe wall thickness / '
417 | classification NONE NO NA NIL
- Pipe wail thickness /
432 | classification 0 NA NO NA NIL
.| Pipe wall thickness / GIS
419 | classification 100 HIGH YES system NIL
"1 Pipe wall thickness /
426 | classification 0 NONE NO NA NIL
Pipe wall thickness / . O&M
420 | classification NONE YES records NIL
Pipe wall thickness / 0&M
427 | classification 0 NONE® YES records Technical Specs
Pipe wall thickness / Archival
422 | classification 0 GOOD YES records NIL
Pipe wall thickness / GIS
434 | classification 0 NA YES system NIL
Pipe wall thickness / Archival
342 | classification 0 NA YES records NIL
Pipe wall thickness /
408 | classification 0 NONE NO NA NA
"Pipe wall thickness /
423 | classification 0 NA NO NA NIL
Pipe wall thickness / Archival
379 | classification 0 NONE YES records NIL
Pipe wall thickness /

389 | classification 0 NA ‘NA NA NIL
21 | Surface material 100 HIGH YES NA NIL
42 | Surface material NA NA NA NIL
55 | Surface material 100 HIGH YES Other NIL
56 | Surface material 100 HIGH NO NA NIL
72 | Surface material 50 GOOD NA NA NIL

428 | Surface material 0 NA NA NA NIL

413 | Surface material NA NA NA NIL

100 | Surface matérial 100 HIGH NA NA NIL

103 | Surface material 100 HIGH NA NA NIL

. Archival
112 | Surface material “100 HIGH YES records NIL
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120 | Surface material 0 NONE YES Other NIL
' ; Archival
134 | Surface material 100~ | HIGH YES records | NIL
GIS
418 | Surface material 0 NONE YES system | NIL
. Oo&M
227 | Surface material 100 GOOD YES records Hansen WO data
: ) surface recorded on break
231 | Surface material 100 GOOD NO: Other sheet.
. ' ) pavement management
240 | Surface material v 100 GOOD YES Other system
249 | Surface material 100 GOOD YES NA as built dréwings
260 | Surface material 50 GOOD NA NA NIL
401 | Surface material " 0 NA NO NA NIL
GIS
283 | Surface material 0 ‘GOOD | YES system NIL
284 | Surface material B 50 MEDIUM | NA NA NIL
\\\\\\\\\ 295 | Surface material 0 HIGH NO NA NIL
301 | Surface material 100 HIGH YES NA NIL
' Archival
424 | Surface material : 100 HIGH YES records NIL
GIS )
433 1| Surface material 100 GOOD NA system NIL
GIS
332 | Surface material 75 GOOD YES system NIL
‘435 | Surface material 75 GOOD YES NA NIL
: ‘ . .GIS
400 | Surface material 75 GOOD YES system NIL
383 | Surface material 0 NA NA NA - NIL
GIS
392  Surface material - 0 NONE YES system NIL
403 i Surface material 100 HIGH NO NA - NIL
409 | Surface material 100 HIGH NA NA NIL
. GIS .
10 | Surface material 100 GOOD | YES system NIL
48 | Surface material 0 high no NA _ NIL
: - GIS '
404 | Surface material 50 GOOD YES system NIL
411 | Surface material NA i NA NA NIL
Archival
76 | Surface material 50 Low Yes records NIL
414 | Surface material 0 NA YES : NA NIL
141 | Surface material 100 HIGH NO NA NIL
405 | Surface material 100 HIGH NA NA NIL
’ ' Archival
402 | Surface material. 0 HIGH YES records NIL
430 | Surface material 0 MEDIUM | NO NA NIL
: GIS
431 | Surface material 100 - HIGH YES system NIL
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Archival
415 | Surface material 0 NONE YES records NIL
416 | Surface material 0 NONE NO NA NIL
407 | Surface material 100 HIGH NO NA NIL
417 | Surface material 0 NONE NO NA NIL
432 | Surface material 100 HIGH NO NA NIL
GIS
________ 419 | Surface material 100 HIGH NO system NIL
426 | Surface material 0 NONE NA NA NIL
0&M .
420 | Surface material 75 GOOD YES records NIL
427 | Surface material 0 NONE - YES Other NIL
422 | Surface material 0 GOOD NO NA NIL
' GIS
434 | Surface material 0 NA YES system NIL
GIS
342 = Surface'material 0 NA YES system NIL
__________ 408 | Surface material 0 NONE YES Other As-built dwg
GIS
423 | Surface material 100 GOOD YES system NIL
379 | Surface material 50 MEDIUM | NO Other NIL
389 | Surface material 100 HIGH NA Other NIL
Traffic classification
or type of road
21 | useage 0 NA YES NA NIL
Traffic classification
“or type of road
42 | useage NA NA NA NIL
Traffic classification
or type of road
55 | useage NA NA NA Not Applicable
’ Traffic classification
or type of road ‘
56 | useage 0 NA NA NA NIL
Traffic classification
or type of road
72 | useage 0 GOOD NA NA NIL
Traffic classification
or type of road
428 | useage 0 NA NA NA NIL
Traffic classification )
or type of road
413 | useage NA NA NA NIL
Traffic classification
or type of road
100 | useage 0 GOOD NO NA NIL
Traffic classification ’
or type of road
103 | useage 0 NA NA NA NIL
Traffic classification
or type of road Archival
112 | useage 0 NONE YES records NIL
Traffic classification
or type of road
120 | useage 0 NONE YES External NIL
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Traffic classification

or type of road . GIS

134 | useage 0 NONE YES system NIL
Traffic classification .

. or type-of road -

418 | useage 0 NONE YES Other NIL
Traffic classification
or type of road

227 | useage 0 NA NA NA NIL
Traffic classification
or type of road '

231 | useage 0 NONE NO NA NIL
Traffic classification
or type of road ' ~

240 | useage 0 LOW NO NA NIL
Traffic classification ‘
or type of road

249 | useage 0 NONE nO NA NIL
Traffic classification
or type of road Archival .

260 | useage -0 NA YES records NIL
Traffic classification
or type of road GIS

401 | useage 0 NA YES system NIL
Traffic classification
or type of road GIS

283 | useage 0 GOOD YES system NIL
Traffic classification
or type of road

284 | useage 0 NONE NA NA NIL
Traffic classification
or type of road

295 | useage 0 HIGH ' NO NA NIL
Traffic classification
or type of road »

301 | useage 100 GOOD YES NA NIL
Traffic classification
or type of road Archival

424 | useage 0 HIGH . YES records NIL
Traffic classification
or type of road GIS

433 | useage 25 MEDIUM ' NA system NIL
Traffic classification
or type of road GIS

332 | useage 0 NONE YES system NIL
Traffic classification
or type of road

435 | useage 25 GOOD YES NA NIL
Traffic classification
or type of road

400 | useage 0 NONE NO NA NIL
"Traffic classification
or type of road

383 | useage 0 NA NA NA NIL
Traffic classification
or type of road GIS

392 | useage 0 NONE YES system NIL
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403

Traffic classification
or type of road
useage

50

GOOD

NO

NA

NIL

409

Traffic classification -

or type of road
useage

100

HIGH

NA

NA

NIL

Traffic classification
or type of road
useage

NA

NA

NA

NIL

48

Traffic classification
or type of road
useage

high

no

NA

NIL

404

" Traffic classification

or type of road
useage

25

MEDIUM

YES

O&M
records

NIL

411

Traffic classification
or type of road
useage

NA

NA

NA

NIL

76

Traffic classification
or type of road
useage

NA

Yes

Archival
records

NIL

414

Traffic classification
or type of road
useage

NA

YES

NA

NIL

141

Traffic classification
or type of road
useage

NA

YES

External

405

Traffic classification
or type of road
useage

NONE

NA

NA

NIL

NIL

402

Traffic classification
or type of road
useage

| HIGH

' YES

Other

NIL

430

Traffic classification
or type of road
useage

GOOD

' NO

NA

NIL

43]

Traffic classification
or type of road
useage

LOW

YES

GIS
system

NIL

415

Traffic classification
or type of road
useage

NONE

YES

Archival

records .

NIL

416

Traffic classification
or type of road
useage

NONE

YES

GIS
system

NIL

407

Traffic classification
or type of road
useage

HIGH

NO

NA

NIL

417

Traffic classification
or type of road
useage

| NONE

NO

I NA

NIL




Traffic classification
or type of road GIS :
432 | useage 0 - NA YES system NIL
Traffic classification -
or type of road
419 | useage 50 MEDIUM | NO NA NIL
Traffic classification
or type of road
426 | useage 0 NONE NA NA { NIL
Traffic classification '
or type of road O&M
420 | useage 0 NONE YES records NIL
Traffic classification :
or type of road o GIS
- 427 | useage 0 NONE YES - system NIL
Traffic classification
or type of road
- 422 | useage A 0 GOOD NO NA NIL
Traffic classification
or type of road : GIS
434 | useage 0 NA YES system NIL
Traffic classification
or type of road GIS
342 | useage 0 NA YES system NIL
Traffic classification
or type of road
408 | useage 75 GOOD YES Other Traffic
Traffic classification
or type of road
423 | useage 0 NA NA NA - NIL
Traffic classification
or type of road '
379 | useage 0 NONE NO Other NIL
Traffic classification
or type of road
389 | useage 0 NA NA NA NIL
21 | Type of joint 50 1 GOOD NO NA NIL
42 | Type of joint NA NA NA NIL
55 | Type of joint 0 NA NIL
56 | Type of joint 75 HIGH ‘NO NA NIL
72 | Type of joint 50 GOOD NA NA NIL
428 | Type of joint 0 ‘NA NA NA NIL
413 | Type of joint 100 HIGH NO NA NIL
Archival
100 | Type of joint 100 HIGH YES records NIL
103 | Type of joint 100 HIGH NA NA NIL
112 | Type of joint 0 NA NA NA NIL
. Archival
120 | Type of joint 0 NONE YES records NIL
134 | Type of joint 100 HIGH NO NA NIL
Archival
418 | Type of joint 0 NONE | YES records | NIL
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o&M

227 | Type of joint 50 GOOD YES records NIL
231 | Type of joint 50 MEDIUM | NA NA NIL
240 | Type of joint 25 MEDIUM | NO NA NIL
_ O&M
249 | Type of joint » 100 GOOD YES records as built drawings
260 | Type of joint 0 NA NA NA ‘| NIL
: ' Archival
401 | Type of joint 0 NA YES records NIL
283 | Type of joint 0 GOOD NO NA NIL
284  Type of joint 50 MEDIUM | NA NA NIL - -
295 | Type of joint ) 25 HIGH NO NA NIL )
301 | Type of joint 100 HIGH NO NA NIL
: Archival ,
424  Type-of joint 50 HIGH YES records NIL )
' GIS
433 - Type of joint 75 GOOD NA system NIL
: GIS
______ 332 Type of joint 50 MEDIUM | YES system NIL
435  Type of joint 50 GOOD NO NA NIL
' . Archival
400 | Type of joint . 50 GOOD YES records NIL
383 | Type of joint 100 HIGH "NA NA 300
392 | Type of joint 50 MEDIUM | NO - I NA NIL
GIS
403 ' Type of joint 100 HIGH YES system NIL
409 | Type of joint 100 HIGH NA NA NIL
10 | Type of joint 0 NA NA NA NIL
48 | Type of joint 0 high no NA NIL
404 | Type of joint 0 | NONE NA NA NIL
411 | Type of joint _ NA NA NA NIL
o : Archival
~ 76 | Type of joint 50 Good Yes records NIL
O&M
414 | Type of joint . 100 HIGH .~ YES records NIL
141 : Type of joint 0 "NA “NO NA NIL
i 0 NONE NA " I NA NIL .
Archival
02 100 HIGH - | YES records NIL
430 . Type of joint 0 MEDIUM | NO NA NIL
. : GIS
431 | Type of joint 1_00 HIGH YES : system NIL
' Archival
415 | Type of joint 100 GOOD YES . records NIL
: O&M
416 | Type of joint 0 NONE YES records NIL
407 | Type of joint 100 HIGH NO NA " I NIL
417 | Type of joint 0 NONE NO NA NIL
432 | Type of joint 0 NA NO NA NIL
' : GIS <
419 | Type of joint 100 HIGH YES system NIL
426 | Type of joint _ 0 NONE NA NA NIL
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O&M "

420 | Type of joint 50 MEDIUM | YES records
, GIS
427 | Type of joint 0 NONE YES system NIL
422 | Type of joint 0 GOOD NO NA NIL
GIS |
434 | Type of joint 25 HIGH YES system NIL
' Archival
342 | Type of joint 0 NA YES records NIL
- Archival
408 | Type of joint 75 GOOD NO records NIL
Archival
423 | Type of joint 0 NA YES - records NIL
379 | Type of joint 0 LOW YES 314 NIL
389 | Type of joint 100 HIGH NA Other - NIL
21 | Type of pipe lining 0 NA . NO NA NIL
42 | Type of pipe lining NA NA NA NIL
55 | Type of pipe lining NA NA NA Not Applicable
: Archival
56 | Type of pipe lining - 25 GOOD YES records NIL
72 | Type of pipe'lining 0 -1 GOOD NA NA NIL
428 | Type of pipe lining 0 NA NA NA NIL
413 | Type of pipe lining NA NA NA ‘NIL
100 | Type of pipe lining 0 HIGH NO NA NIL
103 | Type of pipe lining 0 NA NA NA NIL
112 | Type of pipe lining 0 NA NA NA NIL
' Archival
120 | Type of pipe lining 0 NONE YES records NIL
- 134 | Type of pipe lining 0 NONE NO NA NIL
418 | Type of pipe lining 0 NONE YES External NIL
227 | Type of pipe lining 0 NA NA NA NIL
. Sometimes recorded,
231 | Type of pipe lining 25 MEDIUM | NA Other sometimes not.
240 | Type of pipe lining 25 MEDIUM | YES External * | NIL
249 | Type of pipe lining 0 NONE YES NA as built drawings
, Archival
260 | Type of pipe lining 0 NA YES records NIL
Archival
401 | Type of pipe lining 0 NA YES records NIL
283 | Type of pipe lining 0 GOOD NO NA NIL
284 Typ‘en_g_f__pipe lining 100 GOOD NA NA NIL
295 | Type of pipe lining 0 HIGH NO NA NIL
301 | Type of pipe lining 0 NA YES NA NIL
Archival
424 | Type of pipe lining 0 HIGH YES records NIL
433 | Type of pipe lining 0 GOOD NA NA NIL




: To date, we have not lined
332 | Type of pipe lining NA NA NA any water mains :
435 | Type of pipe lining 25 GOOD YES NA NIL
0&M
400 | Type of pipe lining 25 HIGH YES records NIL
383 | Type of pipe lining 0 NA NA NA NIL
392 | Type of pipe lining 0 NONE NO NA NIL
GIS
403 | Type of pipe lining 100 HIGH YES system NIL
» O&M
409 | Type of pipe lining 50 MEDIUM | YES records NIL T
10 | Type of pipe lining. 0 NA NA NA NIL
48 | Type of pipe lining 0 high no NA NIL
404 | Type of pipe lining 0 NONE NA NA NIL
411 | Type of pipe lining NA NA NA NIL
Archival
76 | Type of pipe lining 0 NA Yes records NIL
O&M
414 | Type of pipe lining 100 HIGH YES records NIL
141 | Type of pipe lining 0 NA NO NA NIL
405 | Type of pipe lining 0 NONE NA NA NIL
. . Archival '
402 | Type of pipe lining 0 HIGH NO records NIL
430 | Type of pipe lining 25 MEDIUM | NO NA NIL
GIS
431 | Type of pipe lining 0 HIGH YES system NIL ‘
415 | Type of pipe lining 0 NONE NO NA NIL g
0&M
416 | Type of pipe lining 0 NONE YES records NIL
407 | Type of pipe lining 100 HIGH NO NA NIL
417 | Type of pipe lining 75 GOOD NO NA - NIL
432 | Type of pipe lining 0 NA NO NA NIL
- GIS
419 | Type of pipe lining 100 HIGH YES system NIL
426 | Type of pipe lining 0 NONE NA NA NIL
: 0&M
420 | Type of pipe lining 0 NONE YES records
GIS N
427 | Type of pipe lining 0 NONE YES system NIL
422 | Type of pipe lining 0 GOOD NO NA NIL .
GIS
434 | Type of pipe lining 0 NA YES system NIL
Archival
342 | Type of pipe lining 0 NA YES records NIL
408 | Type of pipe lining 0 NONE NO NA NIL
GIS
423 | Type of pipe lining 0 NA YES system NIL
Archival
379 | Type of pipe lining 0 NONE YES records NIL
389 | Type of pipe lining 0 NA NA NA NIL
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Type of water Archival
21 | service 100 HIGH YES records NIL
Type of water
42  service 100 HIGH NA NA NIL
Type of water ‘
55 | service 100 HIGH YES Other NIL
Type of water
56 | service 100 HIGH YES Other Cadastrals
Type of water ‘
72 | service "0 GOOD NA NA NIL
Type of water .
428 | service 100 HIGH NA NA NIL
Type of water , Archival
413 ' service 100 HIGH YES records | NIL
Type of water Archival
100 | service 100 HIGH YES records NIL
Type of water
103 | service 100 HIGH - NA NA NIL
Type of water
| 112 | service 0 NA NA NA NIL
Type of water )
120 | service 0 NONE NO NA NIL
Type of water O&M
134 | service 100 HIGH YES records’ NIL
Type of water N GIS
418 | service 25 LOW YES system NIL
Type of water
227 | service 0 NA NA NA NIL
Type of water - GIS 90% of service material in
231 | service 100 HIGH YES system GIS
Type of water Archival
240 | service 100 GOOD YES records NIL
Type of water 0o&M v
249 | service 100 GOOD YES records | _as built drawings
Type of water ’
260 | service 0 NA NA NA NIL
Type of water GIS
401 | service 0 NA YES system NIL
Type of water - GIS _
283 | service 0 GOOD YES system Sometimes
Type of water » '
284 | service 50 MEDIUM | NA NA NIL
Type of water
295 | service 0 HIGH NO NA NIL
Type of watér ,
301 | service 100 GOOD YES NA NIL
Type of water Archival
424 | service N 100 HIGH YES records NIL-
Type of water GIS
433 | service 100 GOOD NA system NIL
Type of water GIS i
332 | service 100 GOOD "YES system NIL
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Type of water
435  service 75 GOOD YES NA NIL
1 Type of water Archival
400 | service 75 HIGH NO records NIL
Type of water !
383 | service 100 HIGH NA NA NIL
Type of water
392  service 0 NONE YES Other NIL -
Type of water :
403 | service 100 HIGH NO NA NIL
Type of water
409 | service 100 HIGH . NA NA NIL
Type of water GIS
10 | “service 100 GOOD YES system NIL
Type of water .
48 | service 100 | high no NA NIL
Type of water GIS
404 = service 100 GOOD YES system NIL
" | Type of water '
411 | service 100 NA " NA NA NIL
Type of water Archival
76 | service 0 NA " Yes records NIL
Type of water ' 0&M '
414 | service 100 HIGH YES records NIL
Type of water
141 | service 0 NA NO NA NIL
Type of water
405 | service 100 HIGH NA NA NIL
Type of water Archival
402 | service 100 HIGH " YES records NIL
Type of water O&M
430  service 100 HIGH YES records NIL
.. Type of water GIS
431  service 100 HIGH YES system NIL
Type of water Archival
415 | service 100 GOOD YES records$ NIL
Type of water
416 | service ] 100 HIGH NO NA NIL®
Type of water
407 . service 100 HIGH NO NA NIL
Type of water
417  service 0 NONE NO NA NIL
Type of water O&M
432 | service 100 HIGH - YES records NIL
Type of water Archival |
419 | service 100 HIGH YES records NIL
Type of Watqr i
426 | service 100 GOOD . NO NA NIL
Type of water Oo&M
420  service 100 HIGH YES records NIL
' Type of water ' :
427 | service 0 NONE YES Other NIL
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: Type of water Archival
422 | service 0 GOOD YES records NIL
Type of water GIS
434 | service 100 HIGH YES system NIL
Type of water , Archival
342 | service 100 HIGH YES records NIL
Type of water GIS
408 | service 100 HIGH YES system NIL
Type of water . GIS
423 | service 0 NA YES system NIL
Type of water ’ Archival
379 : service 50 MEDIUM ' YES records NIL
Type of water
389 | service - 100 - HIGH NA Other NIL
Typical flow in area : Archival
21 ofbreak - 0 NA YES | records NIL
Typical flow in area :
42 | of break NA NA NA NIL
Typical flow in area
55 | of break 0 NA NA NA NIL
Typical flow in area 0&M
56 | of break 0 NA YES records NIL
Typical flow in area
72 | of break 0 GOOD NA NA NIL
Typical flow in area
428 | of break 0 NA NA NA NIL
Typical flow in area
413 = of break NA NA NA NIL
' Typical flow in area '
100 ' of break 0 GOOD NO NA NIL
Typical flow in area :
103 | of break 0 NA NA NA NIL
Typical flow in area . )
112 | of break 0 NA NA NA NIL
Typical flow in area
120 | of break NONE YES Other NIL
Typical flow in area ‘
134 of break 0 NONE ' YES Other Distribution System Model
Typical flow in area
418 | of break ) 0 NONE YES Other NIL
Typical flow in area
227 | of break 0 NA NA NA NIL
, Typical flow in area Modelling or manual
231 | of break 0 NONE YES Other calculation
Typical flow in area
240 | of break 0 NONE YES Other hydraulic model
Typical flow in area . . O&M
249 | of break 0 NONE YES _records treatment plant data
Typical flow in area :
260 ; of break 0 NA YES Other NIL
Typical flow in area '
401 | of break 0 NA YES Other NIL
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Typical flow in area )
283 | of break 0 GOOD YES Other NIL
Typical flow in area '
284 . of break 0 NONE NA NA NIL
Typical flow in area-
295 | of break 0 HIGH NO NA NIL
Typical flow in area
301 | of break 0 NA NA NA NIL
Typical flow in area
424 ' of break 0 HIGH NO NA NIL
Typical flow in area o
433 = of break 0 MEDIUM | NA External NIL
Typical flow in area GIS
332 | of break 0 NONE YES - system NIL
Typical flow in area :
435 | of break 75 MEDIUM | YES NA NIL
Typical flow in area ' '
400 | of break 0 NONE NO NA NIL
Typical flow in area
383  of break 0 NA NA NA NIL
Typical flow in area
392  of break 0 NONE YES Other NIL
Typical flow in area :
403 | .of break 0 NA NA NA NIL
Typical flow in area 0&M
409 @ of break 0 NA 1 YES ‘records NIL
Typical flow in area .
10 | of break 0 NA NA NA NIL
Typical flow in area '
48 | of break 0’ high no NA NIL
Typical flow in area
404 | of break 0 NONE NA NA NIL
Typical flow in area .
411 | of break NA NA NA NIL
Typical flow in area . | Archival
76 | of break 0 NA Yes records NIL
Typical flow in area ‘ ) 0&M
"414 | of break 0 NA YES records NIL
Typical flow in area Oo&M
141 | of break 100 HIGH YES records NIL
Typical flow in area
405 = of break ‘ 0 NONE NA NA NIL
Typical flow in area
402 | of break 50 HIGH NO Other NIL
Typical flow in area )
430 ; of break 0 GOOD YES Other Hydrualic model
| Typical flow in aréa '
431 | of break 0 GOOD YES External NIL
Typical flow in area :
415 | of break 0 NONE NO NA NIL
Typical flow in area .
416 | of break 0 NONE YES Other Model
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Typical flow in area

407 | of break 100 HIGH NO NA NIL
Typical flow in area
417 | of break 0 NONE NO NA NIL
Typical flow in area - .
432 | of break 0 NA NO NA NIL
Typical flow in aréa
419 | of break 75 MEDIUM | NO NA NIL
Typical flow in area '
426 | of break 0 NONE NA NA NIL
Typical flow in Q\rea
427 | of break 0 NONE NO NA NIL
Typical flow in area
422 | of break 0 GOOD NO NA NIL
Typical flow in area GIS
. 434 | of break 0 NA YES system NIL
Typical flow in area
342 | of break 0 NA YES Other Water Model
Typical flow in area .
408 | of break NA NA NA NIL
Typical flow in area
423 | of break 0 NA NA NA NIL
Typical flow in area
379 | ofbreak 0 NONE YES Other NIL
Typical flow in area .
389  of break 0 NA NA NA NIL
Under boulevard or
21 | roadway 100 HIGH YES NA “NIL
Under boulevard or
42 ' roadway 100 GOOD NA NA NIL
Under boulevard or ) )
55 | roadway 100 HIGH YES Other Water Break Report
: Under boulevard or i
56 | roadway 0 NA NA NA NIL
Under boulevard or
72 | roadway 0 GOOD NA NA NIL
Under boulevard or
428  roadway 100 HIGH NA NA NIL
Under boulevard or Archival
413 | roadway 100 HIGH YES records | NIL
Under boulevard or . Archival
100 | roadway 100 HIGH YES records NIL
Under boulevard or
103 ' roadway 0 NA NA NA NIL
Under boulevard or Archival
112 roadway 100 HIGH YES records NIL -
Under boulevard or GIS
120 | roadway 0 NONE YES system NIL
Under boulevard or Archival
134 | roadway 100 HIGH YES records NIL
Under boulevard or GIS
418 | roadway 25 MEDIUM | YES system NIL




Under boulevard or - 0&M
227 | roadway 100 GOOD YES records Hansen WO data
Under boulevard or GIS break location identifies
231 | roadway 100 - GOOD YES system this.
-{ Under boulevard or
240 | roadway 100 GOOD NO NA NIL
Under boulevard or : .
249 | roadway 100 GOOD YES NA as built drawings
Under boulevard or
260 | roadway , 50 GOOD ~ NA NA NIL
Under boulevard or : Archival
401 | roadway 0 NA YES records NIL
Under boulevard or GIS
. 283 | roadway 0 GOOD YES system NIL
Under boulevard or
284 | roadway 50 MEDIUM | NA NA NIL
~ Under boulevard or
- 295 | roadway 0 HIGH NO NA NIL
Under boulevard or
301 | roadway 100 HIGH YES NA NIL
Under boulevard or , Archival
424 | roadway 0 HIGH YES records NIL
Under boulevard or o GIS
433 | roadway 100 GOOD NA system NIL
Under boulevard or GIS '
332 | roadway 75 GOOD YES system NIL
Under boulevard or : '
435 | roadway 100 GOOD YES NA NIL
Under boulevard or GIS
400 | roadway 25 GOOD YES system NIL
Under boulevard or - .
383 ! roadway 25 MEDIUM | NA NA NIL
Under boulevard or GIS
392 | roadway ] 0 NONE YES system NIL
Under boulevard or _
403 | roadway 100 GOOD NO NA NIL
Under boulevard or
409 | roadway 100 HIGH NA NA NIL
Under boulevard or ’ GIS
10 | roadway 25 GOOD YES system NIL
Under boulevard or . ‘
48 | roadway 100 high no NA NIL
- | Under boulevard or GIS
404 | roadway 100 GOOD YES system NIL
' Under boulevard or '
411 | roadway NA NA NA NIL
Under boulevard or Archival
76 | roadway 50 Good Yes records NIL
Under boulevard or . Archival )
414 | roadway 0 NA YES records NIL
Under boulevard or '
141 | roadway ' 0 NA YES External . | NIL
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Under boulevard or
405 | roadway 100 HIGH NA NA NIL
Under boulevard or Archival
402 | roadway 0 HIGH YES records NIL
Under boulevard or
430 | roadway 25 MEDIUM | NO NA NIL
Under boulevard or : ) ‘GIS
431 | roadway 100 HIGH YES system NIL
Under boulevard or - . »
415 | roadway 0 NONE NO NA NIL
Under boulevard or GIS .
416 | roadway 100 HIGH YES system NIL
Under boulevard or -
407 | roadway 100 HIGH NO NA NIL
Under boulevard or '
417 | roadway 0 NONE NO NA NIL
Under boulevard or 0O&M
432 | roadway 100 HIGH YES records NIL
' Under boulevard or GIS”
419 | roadway 100 HIGH YES system NIL
Under boulevard or :
426 | roadway 0 NONE NA NA NIL
- Under boulevard or O0&M
420 | roadway 100 HIGH YES records NIL
Under boulevard or GIS .
427 | roadway - 0 NONE YES system NIL
| Under boulevard or Archival
422 | roadway 0 GOOD YES records NIL
Under boulevard or GIS '
434 | roadway 0 NA  YES system NIL
Under boulevard or Archival
342 | roadway 100 HIGH YES records NIL
Under boulevard or GIS
408 | roadway 100 GOOD YES system NIL
Under boulevard or GIS
423 | roadway 0 NA YES system NIL
Under boulevard or
379 | roadway 100 GOOD NO Other NIL
Under boulevard or
389 | roadway 100 HIGH NA Other NIL
Archival . !
21 | Year of installation 75 GOOD YES records NIL
42 | Year of installation 100 HIGH NA NA NIL
55 | Year of installation NA NA NA Available, not recorded
: Archival
56 | Year of installation 0 NA YES records | NIL
72 | Year of installation 0 GOOD NA NA NIL
428 | Year of installation 0 NA NA NA NIL
413 | Year of installation 0 NA NA NIL
_ : Archival
100 | Year of installation 75 HIGH YES records NIL
103 | Year of installation 0 NA NA NA NIL
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Archival

112 | Year of installation 100 GOOD YES records NIL
GIS
120 | Year of installation 0 NONE YES system NIL
Archival
134 | Year of installation 0 NONE YES records -NIL
GIS
418 | Year of installation 0 NONE YES system NIL
‘ 0&M '
227 | Year of installation 0 MEDIUM | YES records Hansen IMS data
GIS Record book of Mains
231 | Year of installation 100 GOOD YES system installed
GIS
240 | Year of installation 75 MEDIUM | YES system NIL
: GIS
249 | Year of installation 0 NONE YES system as built drawings
) Archival
260 | Year of installation 0 NA YES records N
GIS entered automatically from
401 | Year of installation 100 GOOD YES system database
Ar_chival
283 | Year of installation 0 GOOD YES records Sometimes
284 | Year of installation 100 GOOD NA NA NIL
Archival
295 | Year of installation 25 HIGH YES records NIL
301 | Year of installation 75 GOOD YES NA NIL
Archival
424 | Year of installation 100 HIGH YES records NIL
' GIS
433 | Year of installation . 0 GOOD NA system NIL
GIS
332 | Year of installation 25 LOW YES system NIL
435 | Year of installation 25 GOOD YES NA 1 NIL
. ' GIS
400 | Year of installation 0 NONE YES system NIL
383 | Year of installation 100 HIGH NA NA NIL
. GIS
392 | Year of installation 0 NONE YES | system NIL
GIS
403 | Year of installation 100 HIGH YES system NIL
409 | Year of installation 100 HIGH NA . NA NIL
10 | Year of installation 0 NA NA NA NIL
48 | Year of installation 0 high NA NA NIL
Archival
404 | Year of installation 25 MEDIUM | YES records NIL
411 | Year of installation NA NA NA NIL
) Archival
76 | Year of installation 0 NA Yes records NIL
‘ - O&M -
414 | Year of installation 100 HIGH YES records NIL
141 | Year of installation 0 NA NO NA NIL
405 | Year of installation 100 HIGH ' NA NA NIL




Archival
402 | Year of installation 0 HIGH YES records NIL
‘ 0&M
430 | Year of installation 100 HIGH YES records’ NIL
GIS
431 | Year of installation 100 - HIGH YES system NIL
. Archival
415 | Year of installation 100 LOW YES records NIL
) o&M
416 | Year of installation 0 NONE YES records NIL
407 | Year of installation 0 HIGH NO NA NIL
417 | Year of installation 75 GOOD NO NA NIL
_ Archival
432 i Year of installation 0 NA YES records NIL
’ ) GIS ’
419 | Year of installation 100 HIGH YES system NIL
426 | Year of installation 0 NONE YES Other NIL
O&M
420 | Year of installation 0 NONE YES records NIL
: o GIS '
427 | Year of installation 75 MEDIUM ¢ YES system NIL
Archival
422 | Year of installation - 0 GOOD YES records NIL
GIS
434 | Year of installation 0 NA YES | System NIL
o Archival
342 | Year of installation 0 NA YES records NIL
408 | Year of installation 0 . NONE 1 YES Other As-built dwg
Archival
423 | Year of installation 0 NA YES records NIL
Archival
379 | Year of installation 0 NONE YES records NIL
389 | Year of installation 0. NA NA NA NIL
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Failure Cause data recorded by survey respondents

417|Is your water corrosive to your watermains (yes or no) NA
379|1s your water corrosive to your. watermains (yes or no) NO
112|Is your water corrosive to your watermains (yes or no) YES
29511s your water corrosive to your watermains (yes or no) NO
100 Is your water corrosive to your watermains (yes or no) NO
4241s your water corrosive to your watermains (yes or no) NO
120Is your water corrosive to your watermains (yes or no) NO
10/Is your water corrosive to your watermains (yes or no) NO NA
408/Is your water corrosive to your watermains (yes or no) NA
418iIs your water corrosive to your watermains (yés or no) YES
420/Is your water corrosive to your watermains (yes or no) NO
426|1s your water corrosive to your watermains (yes or no) NO -
415|Is your water corrosive to your watermains (yes or no) NA NIL
284 Is your water corrosive to your watermains (yes or no) YES :
48:1s your water corrosive to your watermains (yes or no) NO
392 Is your water corrosive to your watermains (yes or.no) NO
409|Is your water corrosive to your watermains (yes or no) NO
383|Is your water corrosive to your watermains (yes orno) - | YES
421s your water corrosive to your watermains (yes or no) . YES
404Is your water corrosive to your watermains (yes or no) NO
428|Is your water corrosive to your watermains (yes or no) NO
430!Is your water corrosive to your watermains (yes or no) NO
260!Is your water corrosive to your watermains (yes or no) NO
342|Is your water corrosive to your watermains (yes or no) NO
423Ts your water corrosive to your watermains (yes or no) NO
405!Is your water corrosive to your watermains (yes or no) NO )
435|1s your water corrosive to your watermains (yes or no) NA
21/Is your water corrosive to your watermains (yes or no) NO NA
416/1s your water corrosive to your watermains (yes or no) NA
24911s your water corrosive to your watermains (yes or no) NA o
419 Is your water corrosive to your watermains (yes or no) NA NIL
402 Is your water corrosive to your watermains (yes or no) NA
389/Is your water corrosive to your watermains (yes or no) NO o
332 Is your water corrosive to your watermains (yes or no) NO
134/1s your water corrosive to your watermains (yes or no) NO
401/|Is your water corrosive to your watermains (yes or no) ~ IYES
141/Is your water corrosive to your watermains (yes or no) NA
301/Is your water corrosive to your watermains (yes or no) NA
240Is your water corrosive to your watermains (yes or no) YES
422 1s your water corrosive to your watermains (yes or no) NO
231/Is your water corrosive to your watermains (yes or no) NO
427|1s your water corrosive to your watermains (yes or no) NO
407/Is your water corrosive to your watermains (yes or no) NO
56/1s your water corrosive to your watermains (yes or no) NO




Is your water corrosive to your watermains (yes or no)

72 NA
"283|Is your water corrosive to your watermains (yes or no) NO
432|Is your water corrosive to your watermains (yes or no) NO
76|Is your water corrosive to your watermains (yes or no) No
4111Is your water corrosive to your watermains (yes or no) NA NIL
227|1s your water corrosive.to your watermains (yes or no) NO
403|Is your water corrosive to your watermains (yes or no) - INO
400|Is your water corrosive to your watermains (yes or no) NA
413Is your water corrosive to your watermains (yes or no) NO
433|Is your water corrosive to your watermains (yes or no) NA
103|Is your water corrosive to your watermains (yes or no) NO
434|Is your water corrosive to your watermains (yes or no) NA
55Is your water corrosive to-your watermains (yes or no) NO
414|Is your water corrosive to your watermains (yes or no) YES
431|Is your water corrosive to your watermains (yes or no) YES
332|Corrosion NO NIL
21|Corrosion YES NIL
342!Corrosion YES “INIL
411|Corrosion . NA NIL
227|Corrosion NO NIL
416,Corrosion NO NIL
427 Corrosion YES NIL
419|Corrosion YES NIL
389|Corrosion NA NIL '
414|Corrosion YES Work Order -
System
260|Corrosion NO NIL
403|Corrosion NO NIL
379|Corrosion YES NIL
415|Corrosion YES NIL
426 Corrosion NO NIL
420|Corrosion YES NIL
383|Corrosion YES NIL
301|Corrosion YES NIL
" 408|Corrosion NO NIL
424|Corrosion IYES NIL
405 Corrosion YES NIL
422 Corrosion NA NIL
141|Corrosion NA NIL
428|Corrosion NO NIL
409|Corrosion NA NIL
418|Corrosion YES NIL
402|Corrosion NO NIL
407|Corrosion YES
433 Corrosion YES NIL
417|Corrosion YES NIL
56|Corrosion YES NIL
413|Corrosion NA NIL
103|Corrosion NIL

YES




392{Corrosion YES NIL
134|Corrosion NO NIL
435|Corrosion NA NIL
10 ‘Corrosion YES Other is our work
order
112|Corrosion YES NIL
100|Corrosion YES NIL
120 Corrosion NA NIL
295{Corrosion YES NIL
284|Corrosion YES NIL
42 Corrosion YES NIL
231|Corrosion YES NIL
48| Corrosion yes
434 Corrosion YES NIL
240|Corrosion NO NIL
431|Corrosion YES NIL
283!Corrosion YES NIL
72|Corrosion YES NIL
432!Corrosion . YES NIL
76,Corrosion No NIL
400|Corrosion YES NIL
------- 55 Corrosion YES Access Database
430|Corrosion NO NIL
404 |Corrosion YES Recorded taps
249|Corrosion NA NIL
401|Corrosion YES . NIL
423|Corrosion NO NIL
- 431\ Traffic load NO NIL.
414|Traffic load NO NIL
103| Traffic load NA NIL
55 :l'rafﬁc load NO Titan and Tops
Traffic Data
434 Traffic load YES NIL
401, Traffic load NA NIL
284 |Traffic load NO NIL
56| Traffic load NO NIL
231|Traffic load NO NIL
426 Traffic load NO NIL
392 |Traffic load NO NIL
435 Traffic load NA NIL
21|Traffic load NO NIL
415 Traffic load NO NIL
409/ Traffic load NA NIL
433! Traffic load NO NIL
260|Traffic load NO NIL
430, Traffic load ~INO NIL
400|Traffic load NO NIL
403 Traffic load YES NIL
411! Traffic load NA NIL




227 Traffic load NO NIL
76| Traffic load No NIL
428 Traffic load NO NIL
301| Traffic load NO NIL
283 Traffic load NO NIL -
240|Traffic load NO pavement
\ management
141|Traffic load NA JNIL
422 Traffic load NA NIL
427 Traffic load NO NIL
72| Traffic load YES NIL
413 Traffic load NA NIL
432 | Traffic load NO NIL
379|Traffic load NO NIL
407 | Traffic load YES
418 Traffic load YES NIL
419 Traffic load YES NIL
383|Traffic load NO NIL
295 | Traffic load NO NIL
405 Traffic load NO NIL
249 | Traffic load NA NIL
112|Traffic load YES NIL
100 Traffic load NO - INIL
402 Traffic load NO NIL
424 Traffic load NO INIL
134 Traffic load NO NIL
10| Traffic load NO system
42| Traffic load NO NIL
389 Traffic load NA NIL
416|Traffic load NO NIL
332 Traffic load NO NIL
342 Traffic load NO -|NIL
120/ Traffic load NA NIL
408| Traffic load NO NIL
420, Traffic load YES NIL
423! Traffic load INO NIL
404 Traffic load IYES NIL
417|Traffic load NO NIL
48| Traffic load no
76| Poor construction practices No NIL
10|{Poor construction practices YES NIL
430|Poor construction practices NO NIL
417|Poor construction practices NO NIL
411|Poor construction practices NA NIL
283 |Poor construction practice§ NO NIL
141{Poor construction practices NA NIL
284|Poor construction practices NO NIL
426|Poor construction practices NO NIL
415|Poor construction practices YES NIL
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227 Poor construction practices NO NIL
249 Poor construction practices NA NIL
435 Poor construction practices NA NIL
419/ Poor construction practices YES NIL
416:Poor construction practices NO NIL
48 Poor construction practices no
401 Poor construction practices YES NIL
295iPoor construction practices YES NIL
428 Poor construction practices NO NIL
103 Poor construction practices YES NIL
414 Poor construction practices YES Work Order
System
231Poor construction practices NO NIL
402 Poor construction practices NO NIL
55|Poor construction practices NO NIL
240 Poor construction practices YES NIL
433 Poor construction practices NO If crew believes
’ they may
comment, only
theoretical.
432 Poor construction practices YES NIL
21;Poor construction practices NO NIL
424 Poor construction practices NO NIL
427 Poor construction practices NO NIL
134 Poor construction practices YES NIL
418|Poor construction practices YES NIL
420 Poor construction practices YES NIL
405 Poor construction practices YES NIL
120{Poor construction practices NA NIL
423 Poor construction practices “1YES NIL
422 Poor construction practices NA - INIL
301:Poor construction practices YES NIL
332 Poor construction practices NO NIL
400/ Poor construction practices NO NIL
392 Poor construction practices NO NIL
72 Poor construction practices YES NIL
407 Poor construction practices YES
404 Poor construction practices NO NIL
383 Poor construction practices NA NIL
56 Poor construction practices NO NIL
434 Poor construction practices NA NIL
260 Poor construction practices NO NIL
342 Poor construction practices YES NIL
409 Poor construction practices NA NIL
379 Poor construction practices YES NIL
408 Poor construction practices NO NIL
413 Poor construction practices NA NIL
431|Poor construction practices YES NIL
100 Poor construction practices NO NIL
112 Poor construction practices YES NIL

329




42:!Poor construction practices YES , NIL
389 Poor construction practices NA NIL
403 Poor construction practices YES NIL
112 Ground frost ' YES NIL
433 Ground frost ~ IYES Only if crew
comments on frost
. depth.
392/Ground frost NO NIL
227 Ground frost NO NIL
72:Ground frost ' YES NIL
402 Ground frost NO NIL '
426 Ground frost NO NIL
432 Ground frost . YES NIL
55/Ground frost : YES Access Database
430,Ground frost : NO NIL
416 Ground frost NO -~ INIL
260 Ground frost . NO NIL
405:Ground frost NO NIL
231 Ground frost ' YES Env. Canada
Temp. Data
240 Ground frost ’ . YES NIL
419 Ground frost _ NO NIL
417 Ground frost NO NIL
48 Ground frost " ino
342 Ground frost YES NIL
403 Ground frost : YES NIL
408 Ground frost NO NIL
21 Ground frost 7 YES NIL
411:Ground frost ' NA NIL
409 Ground frost NA NIL
415 Ground frost _ YES NIL
420.Ground frost B YES NIL
428 Ground frost NO NIL
400 Ground frost YES NIL
295 Ground frost YES NIL
120 Ground frost NA NIL
422 Ground frost NA NIL
389 Ground frost . A NA NIL
427 Ground frost ' NO NIL
423 Ground frost NO NIL
413 Ground frost . NA NIL
134Ground frost YES NIL
424 Ground frost . INO NIL
284 Ground frost YES NIL
435 Ground frost : NA NIL
332 Ground frost o -~ |NO NIL
383 Ground frost NO NIL
100 Ground frost NO NIL )
76 Ground frost No NIL
418/Ground frost NO NIL
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401 Ground frost - NA NIL
379 Ground frost YES~ NIL
434 Ground frost NA NIL
407Ground frost NO
103 Ground frost YES NIL
249 Ground frost - NA NIL °
404 Ground frost NO NIL
141 Ground frost NA NIL
431 Ground frost NO NIL
42 Ground frost YES NIL
56 Ground frost NO NIL
414 Ground frost - YES Work Order
System
301/Ground frost NO NIL
- 10/Ground frost NO NIL
283:Ground frost NO NIL
418 Settlement YES NIL
416 Settlement NO NIL
332 Settlement NO NIL
342 Settlement YES NIL
231:Settlement YES NIL
389 Settlement NA NIL
404 Settlement YES NIL
100 Settlement YES NIL
48:Settlement no
112Settlement YES NIL
400 Settlement NO NIL
10, Settlement NO NIL
42 Settlement YES NIL
134 Settlement "IYES NIL
120/Settlement NA NIL
435 Settlement NA NIL
249 Settlement NA NIL
401 Settlement |YES NIL
419 Settlement YES NIL
430 Settlement NO NIL
431 Settlement YES NIL
426iSettlement NO NIL
392iSettlement NO NIL
260 Settlement NO NIL
428 Settlement NO NIL
55/Settlement No NIL
284 Settlement |YES NIL
403 Settlement YES NIL
423 Settlement NO NIL
422 Settlement NA NIL
141 Settlement NA NIL
407 Settlement YES
433 Settlement NO NIL
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420:Settlement YES NIL
240 Settlement NO NIL
415 Settlement YES NIL

72 Settlement YES NIL
434 Settlement YES NIL

21 Settlement YES NIL
408 Settlement NO NIL
432 Settlement YES NIL
413 Settlement NA NIL
427 Settlement NO NIL
301 Settlement NO NIL
283 Settlement NO NIL
414 Settlement YES Work Order

System

56 Settlement YES NIL
103 Settlement YES NIL
409;Settlement NA NIL
227 Settlement NO NIL
402 Settlement NO NIL

76 Settlement No NIL
379 Settlement YES NIL
295 Settlement YES NIL
383 Settlement YES NIL
405 Settlement YES NIL
417 Settlement NO NIL
424 Settlement NO NIL
411Settlement NA NIL
423 Joint failure NO NIL
401 Joint failure YES NIL
411 Joint failure YES NIL
100 Joint failure YES NIL
295!Joint failure YES NIL
404 Joint failure YES NIL )
414 Joint failure YES Work Order

System

103 Joint failure YES NIL

76 Joint failure No NIL
283 Joint failure YES NIL
413 Joint failure NA NIL

10 Joint failure YES NIL
141 Joint failure NA NIL
112 Joint failure YES NIL
407 Joint failure - YES
134 Joint failure YES NIL
427 Joint failure YES NIL
284 Joint failure YES NIL
403 Joint failure YES NIL
120 Joint failure NA NIL

42 YES NIL

Joint failure




Joint failure

435 NA NIL
400|Joint failure YES . NIL
422 |Joint failure NA NIL
72{Joint failure YES NIL
227|Joint failure NO NIL
420!Joint failure YES NIL
55|Joint failure YES Access Database
392Joint failure YES NIL
301 Joint failure YES NIL -
417\Joint failure YES NIL
56{Joint failure YES NIL
408 |Joint failure NO NIL
434!Joint failure YES NIL
389{Joint failure NA NIL
416 Joint failure NO NIL
419 Joint failure 1YES NIL
383|Joint failure YES NIL
405|Joint failure YES NIL
424 Joint failure YES NIL
332 Joint failure YES NIL
428|Joint failure NO NIL
418/ Joint failure YES NIL
231!Joint failure YES NIL
342|Joint failure YES NIL
426/|Joint failure NO NIL
249|Joint failure NA NIL
402 |Joint failure NO NIL
48{Joint failure yes
431{Joint failure YES NIL
433|Joint failure YES NIL
260|Joint failure NO NIL
240|Joint failure YES NIL
379 Joint failure YES NIL
409 Joint failure NA - NIL
21 Joint failure NO NIL
432 Joint failure YES NIL
415Joint failure YES NIL
430 Joint failure NO NIL
100 |rock contact NO NIL
392 |rock contact NO NIL
283|rock contact YES NIL
400|rock contact NO NIL
434 |rock contact YES NIL
72\rock contact YES NIL
240\rock contact YES NIL
295|rock contact YES NIL
284 rock contact NO NIL
431 rock contact YES NIL
432irock contact YES NIL
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231 rock contact YES NIL
55irock contact YES Access Database
76!rock contact No NIL

120irock contact NA NIL

414 rock contact YES Work Order

System

332 rock contact NO NIL

405|rock contact YES NIL

424|rock contact YES NIL
420irock contact YES NIL

417 rock contact YES NIL

408 rock contact NO NIL
21|rock contact YES NIL

409!rock contact . NA NIL

379 rock contact NO NIL

415 rock contact YES NIL

402 rock contact NO NIL
56|rock contact NO NIL
383irock contact YES NIL

103 rock contact YES NIL

301|rock contact NO NIL
10irock contact YES NIL

427 rock contact YES NIL

422 !rock contact NA NIL

413|rock contact NA NIL

407Irock contact NO

141|rock contact NA NIL

403irock contact YES NIL

227 rock contact NO NIL

411 |rock contact NA NIL _

433 rock contact NO Unless crew

comment.-
423|rock contact NO NIL
42irock contact YES NIL

426 rock contact NO NIL

430!rock contact NO NIL

418jrock contact YES NIL
435irock contact NA NIL

404 rock contact YES NIL

112{rock-contact YES NIL

260 rock contact NO NIL -

342|rock contact YES NIL

389 rock contact NA NIL

428irock contact NO NIL

401 rock contact NA NIL

419rock contact YES NIL
48 rock contact yes

249 rock contact NA NIL.

416/rock contact NO NIL




134 irock contact YES NIL
76 |Construction disturbance No NIL
260|Construction disturbance NO NIL
413|Construction disturbance NA NIL
407|Construction disturbance YES
134 Construction disturbance YES NIL
48 Construction disturbance yes
411|Construction disturbance NA NIL
42|Construction disturbance NA NIL
. 249! Construction disturbance NA -INIL
301 | Construction disturbance NO NIL
432 Construction disturbance YES NIL
431 Construction disturbance YES NIL
415|Construction disturbance YES NIL
389 Construction disturbance NA NIL
417 Construction disturbance NO NIL
379 Construction disturbance YES NIL
426|Construction disturbance NO NIL
419,Construction disturbance YES NIL
100|Construction disturbance NO NIL
55:Construction disturbance YES Access Database
402 |Construction disturbance NO NIL
383|Construction disturbance YES NIL
414 |Construction disturbance YES Work Order
» System
72|Construction disturbance - YES NIL
103 |Construction disturbance NA NIL
433 Construction disturbance NO NIL
231|Construction disturbance YES NIL
418 Construction disturbance YES NIL
21! Construction disturbance YES NIL
284 Construction disturbance YES NIL
295!Construction disturbance YES NIL
423 Construction disturbance YES NIL
434, Construction disturbance YES NIL
408!Construction disturbance NO NIL
427 Construction disturbance NO NIL
424 Construction disturbance NO NIL
404 Construction disturbance YES NIL
10, Construction disturbance YES NIL
392 Construction disturbance NO NIL
120! Construction disturbance NA NIL
416 Construction disturbance NO NIL
112|Construction disturbance YES NIL
435 Construction disturbance NA NIL
401|Construction disturbance YES NIL
428|Construction disturbance NO NIL
409 Construction disturbance NA NIL
430|Construction disturbance NO NIL



420! Construction disturbance YES NIL
400|Construction disturbance NO NIL
283 Construction disturbance NO NIL
332|Construction disturbance 'INO NIL
405 Construction disturbance 1YES NIL
56:Construction disturbance YES - iNIL
227|Construction disturbance NO NIL
422 Construction disturbance NA NIL
342|Construction disturbance YES NIL
240;Construction disturbance YES NIL
141 Construction disturbance NA NIL
403 Construction disturbance YES NIL
416|High pressure NO NIL
301 High pressure NO NIL
402 High pressure NO NIL
332 High pressure NO communicated
from Water
Treatment Plant
when output
, pressures change
418 High pressure NO NIL
403 High pressure YES NIL
42 High pressure NO NIL
112|High pressure YES NIL
419High pressure YES NIL
383 High pressure YES NIL
422 High pressure NA - NIL
428 High pressure NO NIL
56{High pressure NO NIL
430!High pressure INO NIL
426 High pressure NO NIL
407 High pressure YES
100{High pressure NO NIL
427|High pressure YES NIL
103|High pressure YES NIL
405 High pressure YES NIL -
389|High pressure NA NIL
141 High pressure NA NIL
413 High pressure NA NIL
414|High pressure NO. NIL
408 High pressure NO NIL
409 High pressure NA NIL
424 High pressure NO NIL
342 High pressure YES NIL
404|High pressure YES NIL
260High pressure NO NIL
415|High pressure YES NIL
417|High pressure NO NIL |
21|High pressure NO NIL
227 High pressure NO NIL




423 High pressure NO NIL
420 High pressure YES NIL
10 High pressure NO NIL
411 High pressure NA NIL _
433 High pressure NO Crew would not be
able to determine
‘ in field,
231 High pressure ) YES Review with Field
Ops.
400 High pressure NO NIL
76 High pressure No- NIL
431 High pressure YES NIL
392 High pressure NO NIL
48 High pressure yes
434 High pressure NA NIL
432 High pressure NO NIL
134 High pressure YES NIL
435 High pressure NA NIL
401 High pressure YES NIL
284 High pressure NO NIL
295{High pressure YES- NIL
72{High pressure NO NIL
379 High pressure YES NIL
120/High pressure NA NIL
240 /High pressure NO hydraulic model
283 High pressure NO NIL
55 High pressure YES Access Database
249 High pressure NA NIL
431 Water temperature change NO NIL
283 Water temperature change NO NIL
417 Water temperature change NO NIL : iy
260 Water temperature change NO NIL
404 Water temperature change NO NIL
433 Water temperature change NO NIL
420, Water temperature change YES NIL
10 Water temperature change NO NIL -
48 Water temperature change no
21, Water temperature change NO » NIL
295 Water temperature change YES NIL
141, Water temperature change NA NIL
389 Water temperature change NA . NIL
432 Water temperature change NO NIL
231 Water temperature change NO NIL
76, Water temperature change No NIL
413 Water temperature change NA NIL
342 Water temperature change NO NIL
227 Water temperature change NO NIL
103 Water temperature change NA NIL
411 Water temperature change NA NIL
434 Water temperature change NA NIL

A
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NIL

414 Water temperature change ~\NO
240, Water temperature change NO NIL
284 |Water temperature change NO NIL
408 Water temperature change NO NIL
400 Water tempéerature change NO NIL
55 Water temperature change No From Pump
_ Station
422 Water temperature change NA NIL
379|Water temperature change NO NIL
428 Water temperature change NO . NIL
401|Water temperature change NA NIL
301 Water temperature change NO NIL
419/Water temperature change NO NIL
435/ Water temperature change NA NIL
383 | Water temperature change NO NIL
403 Water temperature change NO - NIL
426 Water temperature change NO NIL
416 Water temperature change NO NIL
430/ Water temperature change NO NIL
249 Water temperature change NA NIL .
407 Water temperature change NO
134/ Water temperature change “INO NIL
72| Water temperature change NO NIL
415|Water temperature change NO NIL
392 Water temperature change NO NIL
424 Water temperature change NO NIL
332|Water temperature change NO communicated
' from Water
Treatment Plant
when output temp
changes '
405 Water temperature change I'YES NIL
56/ Water temperature change NO NIL
423 Water temperature change NO NIL
100 Water temperature change NO NIL
409|Water temperature change NA NIL
427 Water temperature change NO NIL
402 Water temperature change NO NIL
112/ Water temperature change YES NIL
42| Water temperature change NO NIL
120 Water temperature change NA NIL
418/ Water temperature change NO NIL
413 Frozen pipe NA NIL
432 Frozen pipe YES NIL
76|Frozen pipe No NIL
405 Frozen pipe YES NIL
56|Frozen pipe NO NIL
332|Frozen pipe YES NIL
400 Frozen pipe YES NIL
. 403 Frozen pipe YES NIL
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72 Frozen pipe YES NIL
227 Frozen pipe NO NIL
301!Frozen pipe YES NIL
407 Frozen pipe YES
411 Frozen pipe NA - INIL
422 Frozen pipe NA NIL
283 Frozen pipe NO NIL

" 240 Frozen pipe YES NIL
409 Frozen pipe NA NIL
415 Frozen pipe YES NIL

10 Frozen pipe NO NIL
424 Frozen pipe NO NIL
379 Frozen pipe NO NIL
402 Frozen pipe NO NIL
423 Frozen pipe NO NIL
418 Frozen pipe NO NIL
416 Frozen pipe NO NIL
392 Frozen pipe NO NIL -
435 Frozen pipe NA NIL
420 Frozen pipe YES NIL
134 Frozen pipe YES NIL
100 Frozen pipe YES NIL
112 Frozen pipe YES NIL
428 Frozen pipe NO NIL
401 Frozen pipe NA NIL
120 Frozen pipe NA NIL
426 Frozen pipe NO NIL
408 Frozen pipe NO INIL
249 Frozen pipe NA NIL

42 Frozen pipe YES NIL

48 Frozen pipe yes
231 Frozen pipe 1YES Review with Field

Ops.
389 Frozen pipe NA NIL
427 Frozen pipe YES NIL
434 Frozen pipe NA NIL
103:Frozen pipe NA NIL -

55 Frozen pipe YES Access Database
342 Frozen pipe YES NIL
414 Frozen pipe YES Work Order

System

284 Frozen pipe YES NIL
141 Frozen pipe NA INIL
419 Frozen pipe YES NIL
433 Frozen pipe YES NIL
430 Frozen pipe YES NIL
383 Frozen pipe YES NIL
404 Frozen pipe NO NIL

21 Frozen pipe NO NIL
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Errosion / unsupported pipe

417|Frozen pipe NO NIL
295|Frozen pipe NO NIL
260 Frozen pipe NO NIL N
431|Frozen pipe YES NIL
408|Errosion / unsupported pipe NO NIL
112|Errosion / unsupported pipe YES NIL
72|Errosion / unsupported pipe YES NIL
400|Errosion / unsupported pipe NO NIL
434|Errosion / unsupported pipe YES NIL
431 |Errosion / unsupported pipe YES NIL
392|Errosion / unsupported pipe NO NIL
100,Errosion / unsupported pipe NO NIL
423\ Errosion / unsupported pipe NO NIL
42 Errosion / unsupported pipe NO NIL
405 | Errosion / unsupported pipe YES NIL
404 |Errosion / unsupported pipe YES NIL
"342|Errosion / unsupported pipe YES NIL
260|Errosion / unsupported pipe NO NIL
389|Errosion / unsupported pipe NA NIL
332|Errosion / unsupported pipe YES NIL
383 Errosion / unsupported pipe YES NIL
120/Errosion / unsupported pipe NA NIL
401 |Errosion / unsupported pipe YES NIL
415|Errosion / unsupported pipe YES NIL :
433 Errosion / unsupported pipe YES Would comment if
‘ thought.
21|Errosion / unsupported pipe NO NIL
417 Errosion / unsupported pipe NO NIL
420|Errosion / unsupported pipe YES NIL
424 Errosion / unsupported pipe NO NIL
379|Errosion / unsupported pipe NO -INIL
402|Errosion / unsupported pipe NO NIL
416 Errosion / unsupported pipe INO NIL
428|Errosion / unsupported pipe NO NIL
419 Errosion / unsupported pipe YES NIL
426|Errosion / unsupported pipe NO NIL
414|Errosion / unsupported pipe YES Work Order
System
249|Errosion / unsupported pipe NA NIL
418|Errosion / unsupported pipe YES NIL
435{Errosion / unsupported pipe NA NIL
10|Errosion / unsupported pipe YES NIL
134|Errosion / unsupported pipe YES INIL
48|Errosion / unsupported pipe no
295|Errosion / unsupported pipe YES NIL
284|Errosion / unsupported pipe NO NIL
231|Errosion / unsupported pipe YES NIL
55|Errosion / unsupported pipe YES Access Database -
240 NO NIL
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432|Errosion/ unsupported pipe NO NIL
283|Errosion / unsupported pipe YES NIL
76|Errosion / unsupported pipe No . NIL
430 Errosion / unsupported pipe NO. NIL
409 | Errosion / unsupported pipe NA NIL
227|Errosion / unsupported pipe NO NIL
103 |Errosion / unsupported pipe YES NIL
407 Errosion / unsupported pipe YES
411 |Errosion / unsupported pipe NA NIL
403|Errosion / unsupported pipe YES NIL
427 Errosion / unsupported pipe 1YES NIL
422|Errosion / unsupported pipe NA NIL
141/|Errosion / unsupported pipe NA NIL
301|Errosion / unsupported pipe NO NIL
56/|Errosion / unsupported pipe NO NIL
413|Errosion / unsupported pipe NA NIL
431|Unknown YES NIL
434\Unknown YES NIL
10| Unknown YES NIL
405/ Unknown YES NIL
422 |Unknown NA NIL
435|Unknown NA NIL
407 |Unknown YES
100{Unknown NO NIL
392|Unknown NO NIL
134 Unknown YES {NIL
- 48| Unknown no
295|Unknown YES NIL
284|Unknown YES NIL
55|Unknown No - NIL
301|Unknown NO NIL
400|Unknown YES INIL
432|{Unknown NA NIL
231 Unknown YES NIL
240{Unknown YES NIL
408 |Unknown NA NIL
72|Unknown NO NIL
283|Unknown NA NIL
409|Unknown NA NIL
76|Unknovim No NIL
379|Unknown . NA NIL
56|Unknown NO NIL
433|Unknown YES They would mark
if leak type was
unknown.
424 |Unknown NO NIL
227|Unknown NO NIL
417|Unknown NO NIL
420|Unknown YES NIL




Unknown )

21 YES NIL
383, Unknown YES NIL
141!Unknown NA NIL
413|Unknown NA NIL
427 Unknown YES NIL
404|Unknown YES NIL
415|Unknown NA NIL .
414/Unknown YES Work Order

System
260{Unknown NO NIL
103{Unknown NA NIL
423 !Unknown NO NIL
411, Unknown NA NIL
249 Unknown NA NIL
402{Unknown NO NIL
403 {Unknown YES NIL
342\ Unknown YES NIL -
430{Unknown NO NIL
120, Unknown NA NIL
418{Unknown NO NIL
419{Unknown YES NIL
332{Unknown NA NIL
428 Unknown NO NIL
112 Unknown YES NIL
389 Unknown NA NIL

42{Unknown NA NIL
416|Unknown NO NIL
401,Unknown YES NIL
426{Unknown NO NIL




Repair data recorded by survey respondents '

YES

Repair clamp

Repair clamp
Repair clamp YES'
Repair clamp YES
Repair clamp YES
Repair clamp YES
Repair clamp YES
Repair clamp YES
Repair clamp YES
Repair clamp YES
Repair clamp YES
Repair clamp YES

Repair clamp NA
Repair clamp YES
Repair clamp YES
Repair clamp YES
Repair clamp YES
Repair clamp YES
Repair clamp YES
Repair clamp YES
Repair clamp YES
342 | Repair clamp YES

48  Repair clamp yes
379 | Repair clamp YES
433 | Repair clamp YES
249 | Repair clamp YES
420 ! Repair clamp YES
416 | Repair clamp YES
134 | Repair clamp YES
332 | Repair clamp YES
383 | Repair clamp YES
423 | Repair clamp YES
407 | Repair clamp YES
103 | Repair clamp YES
301 | Repairclamp YES
430 | Repair clamp YES
72 | Repair clamp YES
295 | Repair clamp YES
401 | Repair clamp YES
403 = Repair clamp YES
120 | Repair clamp YES
400 = Repair clamp YES
56 | Repair clamp YES
415 YES
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414 | Repair clamp YES
434 | Repair clamp YES
100 = Repair clamp YES
431 | Repair clamp YES
284 | Repair clamp YES
402 | Repair clamp YES
227 | Repair clamp YES
42 | Repair clamp YES
392 | Repair clamp 1'YES
422 | Repair clamp NA
409 | Repair clamp YES
419 | Repair clamp YES
417 | Repair clamp YES
10 Repair clamp YES
435 | Repair clamp NA
231  Repairclamp YES
134 | Replace pipe section YES
415 | Replace pipe section YES
301  Replace pipe section YES
422 | Replace pipe section NA
342 | Replace pipe section ~ YES
332 | Replace pipe section YES
417 | Replace pipe section YES
433 | Replace pipe section YES
411 | Replace pipe section YES
419  Replace pipe section YES
408 = Replace pipe section YES
141  Replace pipe section NA
48 | Replace pipe section yes
227 | Replace pipe section YES
409 | Replace pipe section YES
103 | Replace pipe section YES
427  Replace pipe section YES
56 | Replace pipe section YES
" 405 | Replace pipe section YES
414 = Replace pipe section YES
402 ' Replace pipe section YES
413 | Replace pipe section YES
249 | Replace pipe section YES
407 | Replace pipe section YES
426 = Replace pipe section YES
100 | Replace pipe section YES
112 Replace pipe section YES
418 | Replace pipe section YES
283 | Replace pipe section YES
416 | Replace pipe section YES
120 | Replace pipe section YES
428 | Replace pipe section YES




42 | Replace pipe section YES
392 | Replace pipe section YES
389 | Replace pipe section YES
430 | Replace pipe section YES
260 | Replace pipe section YES
434 | Replace pipe section YES
284 | Replace pipe section YES
401 | Replace pipe section YES
295 | Replace pipe section YES
431 | Replace pipe section YES
400 | Replace pipe section YES
435  Replace pipe section NA

10 | Replace pipe section YES

72 | Replace pipe section YES
231 | Replace pipe section YES
432 | Replace pipe section YES
423 | Replace pipe section YES
403 | Replace pipe section YES
420 | Replace pipe section YES
383 | Replace pipe section YES
379 | Replace pipe section NO
404 | Replace pipe section YES

55 | Replace pipe section YES

76 | Replace pipe section YES

21 | Replace pipe section YES
240 | Replace pipe section YES -
424 | Replace pipe section YES
420  Replace valve YES
402 | Replace valve YES

' 284 | Replace valve YES
401 | Replace valve YES
433 | Replace valve YES
417 | Replace valve YES
231 | Replace valve YES
422 | Replace valve NA
295 | Replace valve YES
435 | Replace valve NA

10 | Replace valve YES

21 | Replace valve NO
403 | Replace valve YES

~ 55 | Replace valve YES

76 | Replace valve YES
249 | Replace valve YES
103 | Replace valve YES
283 Replacevalve NO
416 Replace valve YES
427 | Replace valve YES
426 | Replace valve YES
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227 | Replace valve YES.
424 | Replace valve YES
134 | Replace valve YES
240 | Replace valve YES
428 | Replace valve YES
141 | Replace valve | NA
419 | Replace valve YES
432 | Replace valve YES
" 418 | Replace valve YES
430 | Replace valve YES
48 | Replace valve yes
414 | Replace valve YES
413 | Replace valve YES
434 | Replace valve YES
. 120 | Replace valve YES
260 Replace valve YES
392 | Replace valve YES
100 | Replace valve YES
342 | Replace valve YES
404 ' Replace valve YES
409 | Replace valve YES
301 | Replace valve YES
431 | Replace valve YES .
408 | Replace valve YES
400 | Replace valve YES
379 Replace valve YES
423 | Replace valve YES
.72 | Replace valve YES
407 | Replace valve YES
389 | Replace valve YES
415 | Replace valve YES
56 | Replace valve NO
332  Replacevalve YES
411 | Replace valve YES
112 | Replace valve YES
42 | Replace valve | YES
383  Replace valve YES
405 | Replace valve YES
332  Replace service connection YES
433  Replace service connection YES
428 | Replace service connection YES
134 | Replace service connection YES
42 | Replace service connection YES
342 | Replace service connection YES
48 | Replace service connection yes
407 | Replace service connection YES
301 | Replace service connection YES
403 | Replace service connection 1 YES




389 = Replace service connection YES
418 | Replace service connection YES
423 | Replace service connection YES
424 | Replace service connection YES
112 | Replace service connection . YES
432  Replace service connection 'YES
383 Replace service connection NA
260 | Replace service connection YES
404 | Replace service connection YES
240 | Replace service connection YES
422 | Replace service connection NA
416 | Replace service connection YES
55 | Replace service connection YES
231 | Replace service connection YES
379 | Replace service connection YES
21 | Replace service connection NO
120 Replace service connection YES
283 | Replace service connection NO
295 = Replace service connection YES
284 | Replace service connection YES
419 | Replace service connection YES
103  Replace service connection - YES
401 | Replace service connection NO
409 | Replace service connection NA
227  Replace service connection YES
431 | Replace service connection YES
141  Replace service connection NA
414 | Replace service connection " YES
413 | Replace service connection NA
56 Replace service connection YES
435 | Replace service connection NA
400 Replace service connection NA
417 ' Replace service connection YES
415 | Replace service connection YES
72 | Replace service connection YES
10 | Replace service connection YES
402 | Replace service connection " YES
249 | Replace service connection YES
76 | Replace service connection YES
434 Replace service connection YES
405 . Replace service connection YES
392 | Replace service connection YES
426 | Replace service connection YES
100 | Replace service connection YES
420 | Replace service connection NA
411 : Replace service connection YES
408 | Replace service connection YES
427 | Replace service connection YES




430 Replace service connection YES
112 | Replace hydrant part(s) YES
430 ' Replace hydrant part(s) YES
231 ' Replace hydrant part(s) - 1 YES
'435 | Replace hydrant part(s) NA
72 | Replace hydrant part(s) YES
418 | Replace hydrant part(s) YES
400 = Replace hydrant part(s) I YES
295 | Replace hydrant part(s) YES
260 Replace hydrant part(s) YES
434 | Replace hydrant part(s) _YES
42 | Replace hydrant part(s) YES ;
416 | Replace hydrant part(s) YES '
100 | Replace hydrant part(s) YES
428  -Replace hydrant part(s) YES -
431 | Replace hydrant part(s) YES.
392 Replace hydrant part(s) YES
240 | Replace hydrant part(s) YES
401 | Replace hydrant part(s) NO
284 | Replace hydrant part(s) YES
120 | Replace hydrant part(s) " YES
283  Replace hydrant part(s) -1 NO
103 | Replace hydrant part(s) NA
426 | Replace hydrant part(s) YES
- 48 | Replace hydrant part(s) | yes
249 | Replace hydrant part(s) ' YES
419 | Replace hydrant part(s) YES
433 | Replace hydrant part(s) YES
414 | Replace hydrant part(s) YES
134 | Replace hydrant part(s) YES
10 | Replace hydrant part(s) YES
407 Replace hydrant part(s) YES
X 21 Replace hydrant part(s) NO
/402 : Replace hydrant part(s) YES
76 | Replace hydrant part(s) YES
411 ' Replace hydrant part(s) YES
227 | Replace hydrant part(s) YES
405 | Replace hydrant part(s) YES
427 Replace hydrant part(s) YES
409 | Replace hydrant part(s) YES
332 | Replace hydrant part(s) YES
141 | Replace hydrant part(s) NA
422 | Replace hydrant part(s) NA
389 | Replace hydrant part(s) YES
413 | Replace hydrant part(s) | NA
423 | Replace hydrant part(s) YES
424 Replace hydrant part(s) YES
415 | Replace hydrant part(s) YES




432

Replace hydrant part(s)

NO
56 | Replace hydrant part(s) NO
383 | Replace hydrant part(s) YES
301 | Replace hydrant part(s) YES
404 | Replace hydrant part(s). YES
408 ' Replace hydrant part(s) YES
420 | Replace hydrant part(s) YES
55 | Replace hydrant part(s) YES
379 | Replace hydrant part(s) NO
403 | Replace hydrant part(s) YES
342 | Replace hydrant part(s) YES
417 | Replace hydrant part(s) YES
413 | Replace entire hydrant NA
431 | Replace entire hydrant YES
402 | Replace entire hydrant YES
295 | Replace entire hydrant YES -
417 | Replace entire hydrant YES
72 | Replace entire hydrant YES
415 | Replace entire hydrant YES
414  Replace entire hydrant YES
301 | Replace entire hydrant YES
76 | Replace entire hydrant YES
389 ' Replace entire hydrant YES
432 | Replace entire hydrant YES
260 | Replace entire hydrant YES
383 | Replace entire hydrant YES
283 | Replace entire hydrant NO
379  Replace entire hydrant YES
48  Replace entire hydrant yes
231 | Replace entire hydrant YES
240 | Replace entire hydrant YES
284 | Replace entire hydrant YES
134 . Replace entire hydrant YES
249 | Replace entire hydrant YES
407 Replace entire hydrant YES
55 | Replace entire hydrant YES
100 | Replace entire hydrant YES
426 | Replace entire hydrant YES
411 | Replace entire hydrant YES
419 | Replace entire hydrant YES
42 | Replace entire hydrant YES
420 | Replace entire hydrant YES
416 | Replace entire hydrant YES
430 | Replace entire hydrant YES
141 | Replace entire hydrant 1 NA
433 | Replace entire hydrant YES
408 | Replace entire hydrant YES
342 | Replace entire hydrant YES
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409 | Replace entire hydrant YES
392 | Replace entire hydrant YES
401 | Replace entire hydrant NO
21 | Replace entire hydrant NO
418 | Replace entire hydrant YES
103 | Replace entire hydrant YES
405 | Replace entire hydrant YES
332 | Replace entire hydrant YES
120 | Replace entire hydrant YES
428 | Replace entire hydrant YES
427 | Replace entire hydrant YES
56 | Replace entire hydrant NO
400 | Replace entire hydrant YES
10 | Replace entire hydrant YES
423 | Replace entire hydrant YES
403 | Replace entire hydrant YES
““““““ 435 | Replace entire hydrant NA
424 | Replace entire hydrant YES
44444 422 | Replace entire hydrant NA
112 | Replace entire hydrant YES
- 227 | Replace entire hydrant YES
404 | Replace entire hydrant YES
434 | Replace entire hydrant YES
423 | Anode installed NO
301 | Anode installed YES
389 | Anode installed NO
21 | Anode installed YES
134 | Anode installed YES
432 | Anode installed NO
_____________ 55 | Anode installed YES
379 | Anode installed NO
383 | Anode installed | NO
424 | Anode installed YES
342 | Anode installed NO
420 | Anode installed YES
404 | Anode installed NO
48 | Anode installed no
141 | Anode installed NA
415 | Anode installed NO
422 | Anode installed NA
403 | Anode installed NO
417 | Anode installed YES
10 | Anode installed YES
414 | Anode installed YES
56 |-Anode installed NO
227 | Anode installed YES
402 | Anode installed NO
103 | Anode installed YES

350




Anode installed

YES

External protection installed

409
433 | Anode installed YES
419 | Anode installed YES
411 | Anode installed NO
427 | Anode installed NO
426 | Anode installed NO
408 = Anode installed NO
407 | Anode installed YES
249 | Anode installed YES
405 | Anode installed YES
332 | Anode installed YES
413 | Anode installed YES .-
428 | Anode installed YES
401 | Anode installed . YES
284  Anode installed YES
430 | Anode installed NO
392 ' Anode installed YES
431 | Anode installed YES
100 | Anode installed YES
283 | Anode installed | YES
434 | Anode installed ~ NO
42 | Anode installed YES
416 = Anode installed YES
112 | Anode installed YES
260 = Anode installed YES
400 | Anode installed YES
435 | Anode installed NA
295  Anode installed YES
231 | Anode installed NO
418 | Anode installed NO
120 | Anode installed YES
72 ; Anode installed NO
240 = Anode installed YES
76 = Anode installed NO
411 | External protection installed = | NO
427 | External protection installed NO
392 | External protection installed NO
100 | External protection installed YES
55 | External protection installed YES
408 | External protection installed NO
426 External protection installed NO
231 | External protection installed NO
407 | External protection installed YES
103 | External protection installed NA
227 | External protection installed YES
10 = External protection installed YES
400 | External protection installed NO
422 NA
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403 | External protection installed NO
72 | External protection installed NO
414 | External protection installed YES
295 | External protection installed YES
141 | External protection installed NA
56 | External protection installed NO

409 | External protection installed YES
434 | External protection installed NO
402 | External protection installed YES
413 | External protection installed NA
431 | External protection installed YES
284 | External protection installed YES
249 | External protection installed YES
401 | External protection installed NO
419 | External protection installed YES
435 | External protection installed NA
416 | External protection installed YES

48 | External protection installed’ yes
379 | External protection installed NO
112 | External protection installed YES
420 | External protection installed YES
430 | External protection installed YES
283 | External protection installed NO
)))))) 415 | External protection installed ~ | NO
42 | External protection installed YES
383 | External protection installed YES
342 | External protection installed YES
404 | External protection installed NO
424 | External protection installed NO
260 | External protection installed YES
432 | External protection installed NO
389 | External protection installed YES
423 | External protection installed NO
76 | External protection installed YES
- 418 | External protection installed NO
417 | External protection installed NO
332 | External protection installed " NO
405 | External protection installed NO
120 | External protection installed NO
433 | External protection installed YES
240 | External protection installed YES
134 | External protection installed YES
301 | External protection installed 'NO
428 | External protection installed YES
21 | External protection installed YES
431 | Repair joint YES
““““““ 400 | Repair joint YES
120 | Repair joint YES




411 | Repair joint YES
405 | Repair joint YES
422 | Repair joint NA -
414 | Repair joint YES
.42 | Repair joint YES
389 | Repair joint YES
404 | Repair joint YES
72 | Repair joint YES
408 | Repair joint YES
260 | Repair joint YES
379 | Repair joint NO
407 ' Repair joint YES
342 Repair joint YES
112 | Repair joint YES
409 | Repair joint YES
434 | Repair joint YES
" 383 | Repair joint YES
301 | Repair joint YES
392 | Repair joint YES
56  Repair joint YES
413 | Repair joint YES
100 | Repair joint YES
332 | Repair joint YES
423 | Repair joint YES
21 | Repair joint. NA
231 | Repair joint YES
76 | Repair joint YES
433 | Repair joint YES
141 | Repair joint NA
419 | Repair joint YES
432 | Repair joint YES
240 | Repair joint YES
424 | Repair joint YES
55 | Repair joint YES
134 | Repair joint YES
427 | Repair joint YES
426 | Repair joint NO
283 | Repair joint YES
416 | Repair joint YES
418 | Repair joint YES
249 | Repair joint YES
103.1 Repair joint YES
.............. 428 | Repair joint YES
417 | Repair joint YES
48 | Repair joint yes
10 | Repair joint YES
295 | Repair joint YES
420 | Repair joint YES




435 | Repair joint NA
430 | Repair joint YES
403 | Repair joint YES
415 | Repair joint YES
284 | Reépair joint YES
227 | Repair joint NA
402 | Repair joint YES
401 | Repair joint YES
389 | Surface restoration YES
404 | Surface restoration YES
424 | Surface restoration YES
383 | Surface restoration YES
342 | Surface restoration YES
418 | Surface restoration YES
420 | Surface restoration YES
48 | Surface restoration yes
417 | Surface restoration NO
428 | Surface restoration YES
432 | Surface restoration YES
231 | Surface restoration YES
400 | Surface restoration YES
10| Surface restoration YES
295 | Surface restoration YES
72 | Surface restoration YES
434 | Surface restoration YES
435 | Surface restoration NA
284 | Surface restoration YES
431 | Surface restoration YES
112 | Surface restoration YES
401 | Surface restoration 'NO
76 | Surface restoration YES
430 | Surface restoration YES
100 | Surface restoration YES
120 = Surface restoration NO
240  Surface restoration YES
42- | Surface restoration NA
283 | Surface restoration - NO
416 : Surface restoration YES
260 . Surface restoration YES
423 | Surface restoration YES
392  Surface restoration NO
402 | Surface restoration YES
405 | Surface restoration YES
249 | Surface restoration YES
409 | Surface restoration YES
56 | Surface restoration NO
407 | Surface restoration YES
413 | Surface restoration - NA




414 | Surface restoration - YES
426 @ Surface restoration YES
227 | Surface restoration YES
427 | Surface restoration YES
379 | Surface restoration . YES
55  Surface restoration YES
141 Surface restoration NA
411 | Surface restoration YES
419 | Surface restoration YES
408 | Surface restoration YES
301 | Surface restoration YES
103 | Surface restoration YES
21 | Surface restoration YES
134 ' Surface restoration YES
403 | Surface restoration YES
332 Surface restoration YES
422 | Surface restoration NA
415 | Surface restoration YES
433 | Surface restoration YES
403 | Dechlorination performed NO
415 | Dechlorination performed NO
400 | Dechlorination performed YES
100 | Dechlorination performed NO
402 | Dechlorination performed YES
120 | Dechlorination performed NO
10 | Dechlorination performed © YES
295 | Dechlorination performed YES
231  Dechlorination performed NO
141 ' Dechlorination performed NA
413 | Dechlorination performed NA
414 | Dechlorination performed YES
392 | Dechlorination performed I NO
431 ' Dechlorination performed NO
56 = Dechlorination performed YES
422 | Dechlorination performed NA
72 | Dechlorination performed NO
42 | Dechlorination performed NA
227 . Dechlorination performed YES
284  Dechlorination performed YES
435 | Dechlorination performed NA
434 | Dechlorination performed YES
417 | Dechlorination performed NO
401 | Dechlorination performed ' NO
21 | Dechlorination performed NO
433  Dechlorination performed YES
389 = Dechlorination performed YES
404 | Dechlorination performed NO
405 | Dechlorination performed YES




301 | Dechlorination performed YES
424 | Dechlorination performed NO
428 | Dechlorination performed YES
134 | Dechlorination performed NO
249 | Dechlorination performed YES
383 | Dechlorination performed YES
342 | Dechlorination performed NO
))))) -332 | Dechlorination performed NO
420 | Dechlorination performed YES
48 | Dechlorination performed no
379 | Dechlorination performed NO
55 | Dechlorination performed YES
408 | Dechlorination performed NO
240 | Dechlorination performed NO
409 | Dechlorination performed L YES .
411 | Dechlorination performed NO
419 | Dechlorination performed YES
427 | Dechlorination performed NO
112 | Dechlorination performed YES
432 | Dechlorination performed NO
426 Dechlorination performed NO
418 | Dechlorination performed NO
416 | Dechlorination performed YES
76 | Dechlorination performed NO
407 | Dechlorination performed YES
260 | Dechlorination performed YES
423 | Dechlorination performed NO
103 | Dechlorination performed NA
430 | Dechlorination performed YES
283 YES

Dechlorination performed
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Environmental data recorded by survey respondenis

b Déscriptio 1k T ) s
379 | Water temperature NO 4+ NO NA
411 | Water temperature NO NA NA
405 | Water temperature NO 1 NA NA
420 | Water temperature ‘ NO NO NA
407 | Water temperature : NO NA NA
332 | Water temperature ' NO YES Other
432 | Water temperature . NO NO ' NA
419 | Water temperature NO . | YES External
301 | Water temperature NO NA NA
112 | Water temperature NO NA NA
76 | Water temperature ' : NO YES : Other
408 | Water temperature e NO NA NA
404 | Water temperature NO YES External
418 | Water temperature NO NO NA
283 | Water temperature . NO NO NA
383 | Water temperature NO NA L NA
423 | Water temperature o NO YES O&M records
416 | Water temperature NO YES O&M records
240 | Water temperature NO YES External
389 | Water temperature ) NO NA ) NA
424 | Water temperature NO NO NA
415 | Water temperature NO NO Other
227 | Water temperature : NO NO NA
141 | Water temperature NA YES External
402 | Water temperature . NO . INO NA
403 | Water temperature NO NO NA
72 | Water temperature NO NA ' NA
426 | Water temperature ' - NO NO ' T NA
417 | Water temperature NO NO : NA
422 | Water temperature NA NA NA
55 | Water temperature No | YES Other
249 | Water temperature , _ NO NO NA
21 | Water temperature _ , NO NO NA
56 | Water temperature NO NA : NA
103 | Water temperature . NO NA NA
134 | Water temperature . NO NO NA
414 | Water temperature e ‘ NO NA - |NIL
409 | Water temperature ‘ NO YES O&M records
433 | Water temperature ‘ NA NA NA
48 | Water temperature no no - NA
413 | Water temperature ' NO NA NA
342 | Water temperature NO NA NA
427 | Water temperature NO NO NA
295 | Water temperature - YES NO ' Archival-
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records

100 | Water temperature NO NO NA
434 | Water temperature NO NO NA
_ Archival
435 | Water temperature NO YES records
430.| Water temperature NO NO NA
401 | Water temperature ~ NO YES Other
120 | Water temperature NA NA NA
260 | Water temperature NO NA NA
10 | Water temperature NO NA NA
231 | Water temperature NO 1 NO NA
428 | Water temperature NO NA NA
431 | Water temperature NO YES External
284 | Water temperature NO YES O&M records
400 | Water temperature NO NO NA
392 | Water temperature NO - NO NA
42 | Water temperature no NA NA .
100 | Air temperature NO YES External
- 112 | Air temperature NO NA NA
284 | Air temperature YES YES External
426 | Air temperature NO YES External
409 | Air temperature NO YES External
Archival
408 | Air temperature YES YES records
405 | Air temperature YES NA NA
411 | Air temperature NO NA NA
55 | Air temperature No YES Other
401 | Air temperature NO YES Extérnal
301 | Air temperature NO NA NA
134 | Air temperature YES YES Other
249 | Air temperature NO NO NA
422 | Air temperature NA NA NA
415 | Air temperature NO NO Other
400 | Air temperature YES NO NA,
56 | Air temperature NO NA NA
433 | Air temperature NA NA NA
- - . Archival
295 | Air temperature YES NO records
413 | Air temperature YES NA NA
417 | Air temperature NO NO NA
414 | Air temperature YES YES Other
434 | Air temperature NO NO NA
407 | Air temperature NO NA NA
427 | Air temperature NO NO NA
48 | Air temperature’ no no NA
103 | Air temperature . NO NA NA
419 | Air temperature NO YES External
420 | Air temperature NO NO NA
231 | Airtemperature YES YES External
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120 | Air temperature B NA NA NA
404 | Air temperature ’ - NO YES .| External
283 | Air temperature NO NO NA
383 | Air temperature NO NA NA
418 [ Air temperature NO YES External
423 | Air temperature NO YES _ | O&M records
141 | Air temperature ' NA NO NA
416 | Air temperature . - NO YES O&M records
428 | Air temperature e NO NA NA
240 | Air'temperature YES YES External
389 | Air temperature YES NA External
227 | Air temperature - NO - NO NA
72 | Air temperature NO NA NA
Archival
260 | Air temperature NO YES records
424 | Air temperature . NO YES External
76 | Air temperature NO YES Other
431 | Air temperature o NO | YES External
402 | Air temperature NO NO NA
342 | Air temperature YES NA . External
403 | Air temperature ' NO YES NA
392 | Air temperature NO NO | NA
430 | Air temperature NO NO- - NA
21 | Air temperature ‘ YES YES External
, Archival
i 435 | Air temperature . NO YES records
332 | Air temperature NO YES External
379 | Air temperature : NO NO NA
10 | Air temperature NO NA ) NA
432 | Air temperature NO YES . | External
42 | Air temperature ’ no "I NA NA
427 | No. of consecutive days below 32 for0Oc NO NO NA
419 | No. of consecutive days below 32 for O c NO YES External
141 | No. of consecutive days below 32 for 0 ¢ NA ' YES External
10 | No. of consecutive days below 32 for 0 c NO NA ~ INA
426 | No. of consecutive days below 32 for 0 ¢ NO YES - External
420 | No. of consecutive days below 32 for 0 ¢ NA NO NA
240 | No. of consecutive days below 32 for 0 c NO | YES External
428 | No. of consecutive days below 32 for 0 ¢ NO NA NA
416 | No. of consecutive days below 32 for 0 c NO YES O&M records
283 | No. of consecutive days below 32 for 0 c NO NO | NA
76 | No. of consecutive days below 32 forOc NO YES Other
418 | No. of consecutive days below 32 for 0 ¢ NO YES External
231 | No. of consecutive days below 32 for O c NO YES External
430 | No. of consecutive days below 32 for 0 c NO NO NA
21 | No. of consecutive days below 32 for 0 ¢ NO YES External
' Archival
432 | No. of consecutive days below 32 for O c NO YES records
249 | No. of consecutive days below 32 for 0 c NO YES External
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55 | No. of consecutive days below 32 for O c No YES Other
284 | No. of consecutive days below 32 for 0 c NO YES External
401 | No. of consecutive days below 32 for 0 ¢ NO YES. External

48 | No. of consecutive days below 32 for O c 1o no NA
433 | No. of consecutive days below 32 for O c NA NA NA
134 | No. of consecutive days below 32 for 0 ¢ NO YES External
295 | No. of consecutive days below 32 forOc NO NA NA

Archival
435 | No. of consecutive days below 32 for 0 ¢ NO YES records
103 | No. of consecutive days below 32 forOc NO NA NA
424 | No. of consecutive days below 32 forO ¢ NA NO NA
423 | No. of consecutive days below 32 for O ¢ NO YES External
409 | No. of consecutive days below 32 for 0 ¢ NA | YES External
413 | No. of consecutive days below 32 for 0 ¢ NA NA NA
408 | No. of consecutive days below 32 for O ¢ NO NA NA
411 | No. of consecutive days below 32 for 0 ¢ NO NA NA
405-| No. of consecutive days below 32 for 0 ¢ NO NA NA
407 | No. of consecutive days below 32 for 0 ¢ NO NA NA
332 | No. of consecutive days below 32 for O c NO YES External
227 | No. of consecutive days below 32 for O ¢ NO NO NA
342 | No. of consecutive days below 32 for 0 ¢ NO YES External
379 | No. of consecutive days below 32 for O ¢ NO NO NA
414 | No. of consecutive days below 32 for 0 ¢ NO NA NIL
383 | No. of consecutive days below 32 for 0 ¢ NA NA NA
301 | No. of consecutive days below 32 for O c - NO NA NA
389 | No. of consecutive days below 32 for 0 ¢ NO NA NA
112 | No. of consecutive days below 32 for 0 ¢ NO NA NA
Archival
260 | No. of consecutive days below 32 forOc NO YES records
120 | No. of consecutive days below 32 for 0 ¢ NA NA NA

42 | No. of consecutive days below 32 for O ¢ no NA NA
392 | No. of consecutive days below 32 forO ¢ NO NO NA
100 | No. of consecutive days below 32 for 0 c NO YES External
434 | No. of consecutive days below 32 for 0 ¢ NO YES External
431 | No. of consecutive days below 32 for0 ¢ NO YES External
400 | No. of consecutive days below 32 forOc | ~ NA NO NA

72 | No. of consecutive days below 32 for O c NO NA NA
404 | No. of consecutive days below 32 for 0 ¢ NO YES External
415 | No. of consecutive days below 32 for 0 ¢ YES NO Other
403 | No. of consecutive days below 32 for O ¢ NO NO NA
402 | No. of consecutive days below 32 forO ¢ YES YES O&M records
422 | No. of consecutive days below 32 for O c NA NA NA

56 | No. of consecutive days below 32 forOc NO NA NA
417 | No. of consecutive days below 32 for 0 ¢ NA NO NA

10 | Depth of frost NO NA NA
260 | Depth of frost NO NA NA
112 | Depth of frost NO NA NA
428 | Depth of frost NO NA NA
240 | Depth of frost YES NO NA
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NA
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426 | Depth of frost NO NO
423 | Depth of frost NO YES | External
42 | Depth of frost " YES NA | NA
416 | Depth of frost NO NO NA
301 | Depth of frost NO NA NA
427 | Depth of frost NO NO NA
76 | Depth of frost NO YES Other
404 | Depth of frost NO YES External
417 | Depth of frost NO NO NA
389 | Depth of frost YES NA Other
141 | Depth of frost NA YES External
227 | Depth of frost NO NO NA
72 | Depth of frost NO NA NA
400 | Depth of frost YES NO NA
419 | Depth of frost NO NO NA
435 | Depth of frost NO NO NA
295 | Depth of frost NO NA NA
231 | Depth of frost YES NO NA
434 | Depth of frost NO NO NA -
120 | Depth of frost NA NA NA
100 | Depth of frost NO- NO NA
401 | Depth of frost NO  NO NA
284 | Depth of frost , YES NO NA
392 | Depth of frost NO NO NA
402 1| Depth of frost NO NO NA
383 | Depth of frost NO NA NA
430 | Depth of frost NO NO NA
431 | Depth of frost NO YES External
48 | Depth of frost no no NA
407 | Depth of frost NO NA NA
420 | Depth of frost NO NO NA
379 | Depth of frost NO NO NA
405 | Depth of frost YES NA NA
283 | Depth of frost YES NO NA
249 | Depth of frost NO NO NA
411 | Depth of frost NO NA NA
415 | Depth of frost YES NO Other’
21 | Depth of frost " NO NO NA
55 | Depth of frost No YES Other
103 | Depth of frost NO NA NA
413 | Depth of frost YES NA NA
409 | Depth of frost YES NA NA
433 | Depth of frost NA NA NA
134 | Depth of frost YES NO NA
56 | Depth of frost NO NA NA
414 | Depth of frost YES YES Otlier
408 | Depth of frost NO NA . NA
Archival
403 | Depth of frost YES YES records




422 | Depth of frost NA NA NA
432 | Depth of frost YES NO NA
424 | Depth of frost YES NO NA
332 | Depth of frost. NO YES External
342 | Depth of frost NO NA NA
418 | Depth of frost NO YES External
| 134 | Water temperature change NO NO NA
419 | Water temperature change NO NO NA
72 | Water temperature change NO NA NA
379 | Water temperature change NO NO NA
231 | Water temperature change NO NO NA
76 | Water temperature change NO YES Other
413 | Water temperature change NO NA NA
431 | Water temperature change NO YES External
383 | Water temperature change NO NA NA
414 | Water temperature change NO NA NIL
402 | Water temperature change NO NO NA
' Archival
295 | Water temperature change YES NO records
42 | Water temperature change no NA NA
415 | Water temperature change NO NO Other
417 | Water temperature change NO NO NA
260 | Water temperature change NO NA NA
407 | Water temperature change . NO NA NA
55 | Water temperature change NO YES Other
301 | Water temperature change NO NA NA
48 | Water temperature change no no NA
426 | Water temperature change NO NO NA
284 | Water temperature change NO NO NA
249 | Water temperature change NO YES O&M records
432 | Water temperature change NO NO NA
411 | Water temperature change NO NA NA
283 | Water temperature change NO NO NA
100 | Water temperature change NO NO NA
240 | Water temperature change NO NO NA
389 | Water temperature change NA NA NA
403 | Water temperature change NO NO NA .
416 | Water temperature change NO YES O&M records
332 | Water temperature change NO YES Other
56 | Water temperature change NO NA NA
430 | Water temperature change NO NO NA
408 | Water temperature change NO NA NA |
420 | Water temperature change NO NO NA
120 | Water temperature change NA NA NA
404 | Water temperature change NO YES External
103 | Water temperature change ‘NO NA | NA
21 | Water temperature change “NO NO NA
433 | Water temperature change NA NA NA
401 | Water temperature change NO YES Other
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112 | Water temperature change NO NA NA
392 | Water temperature change NO NO NA
Archival
435 = Water temperature change NO YES . records
423 | Water temperature change , NO YES ‘External
418 | Water temperature change NA YES O&M records
400 | Water temperature change NO NO NA
141 | Water temperature change NA YES External
424 | Water temperature change | NO NO » NA
227 | Watér temperature change ' NO NO ~INA
405 | Water temperature change " NO NA NA
10 | Water temperature change NO NA NA
422 | Water temperature change NA I'NA NA
342 | Water temperature change NO ‘NA NA
434 | Water temperature change NO NO NA
428 | Water temperature change . NO NA NA 7
427 | Water temperature change -NO NO - . | NA
409 | Water temperature change NO NA NA
411 | Soil temperature at pipe depth o NO I NA ) NA
48 | Soil temperature at pipe depth ' no no o NA
408 | Soil temperature at pipe depth ~ NO NA NA
420 | Soil temperature at pipe depth ' NO NO NA
407 | Soil temperature at pipe depth NO NA B NA.
405 | Soil temperature at pipe depth NO NA NA
301 | Soil temperature at pipe depth NO NA NA ‘ K
424 | Soil temperature at pipe depth NO NO NA '
432 | Soil temperature at pipe depth NO NO NA
55 | Soil temperature at pipe depth NO NA NA
103 | Soil temperature at pipe depth NO NA NA
402 | Soil temperature at pipe depth NO NO : NA
141 | Soil temperature at pipe depth NA = NO NA
419 | Soil temperature at pipe depth NO NO NA
227 | Soil temperature at pipe depth NO NO NA
10 | Soil temperature at pipe depth NO NA ' NA
427 | Soil temperature at pipe depth . NO NO | NA
426 | Soil temperature at pipe depth NO NO NA
433 | Soil temperature at pipe depth NA NA NA
415 | Soil temperature at pipe depth NO NO Other
21 | Soil temperature at pipe depth NO NO NA
249 | Soil temperature at pipe depth ) NO NO NA
422 | Soil temperature at pipe depth NA NA NA
414 | Soil temperature at pipe depth NO - 'NA NIL
56 | Soil temperature at pipe depth NO NA NA
332 | Soil temperature at pipe depth - NO ~ NO NA
- 134 | Soil temperature at pipe depth NO NO NA -
413 | Soil temperature at pipe depth NO NA NA
409 | Soil temperature at pipe depth 'NO NA NA
403 | Soil temperature at pipe depth NO NO NA
_________ 401 | Soil temperature at pipe depth - NO NO NA
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428 | Soil temperature at pipe depth NO _ NA - NA
240 | Soil temperature at pipe depth NO NO NA
417 | Soil temperature at pipe depth NO NO NA
112 | Soil temperature at pipe depth NO NA NA
430 | Soil temperature at pipe depth NO NO NA
231 | Soil temperature at pipe depth NO NO NA
42 | Soil temperature at pipe depth no NA NA
423 | Soil temperature at pipe depth NO NO NA
100 | Soil temperature at pipe depth NO NO NA
260 | Soil temperature at pipe depth NO NA NA
284 | Soil temperature at pipe depth NO NO NA
392 | Soil temperature at pipe depth NO .| NO NA
431 | Soil temperature at pipe depth NO NO NA
435 | Soil temperature at pipe depth NO NO NA
295 | Soil temperature at pipe depth NO NA NA
434 | Soil temperature at pipe depth NO NO NA
72 | Soil temperature at pipe depth NO NA NA-
400 | Soil temperature at pipe depth NO NO NA
120 | Soil temperature at pipe depth NA NA NA
76 | Soil temperature at pipe depth NO YES Other
342 | Soil temperature at pipe depth NO NA NA
418 | Soil temperature at pipe depth NO NO NA
389 | Soil temperature at pipe depth NO NA NA
383 | Soil temperature at pipe depth NO NA NA
404 | Soil temperature at pipe depth NO YES External
379 | Soil temperature at pipe depth NO NO NA
283 | Soil temperature at pipe depth NO NO NA
416 | Soil temperature at pipe depth NO NO NA
403 | Soil sample taken NO NO NA
405 | Soil sample taken NO NA NA
392 | Soil sample taken NO NO NA
431 | Soil sample taken YES NO NA
415 | Soil sample taken NO NO Other
417 | Soil sample taken NO NO NA
120 | Soil sample taken NA NA NA
227 | Soil sample taken NO NO NA
379 | Soil sample taken NO NO NA
434 | Soil sample taken YES NO NA
72 | Soil sample taken NO NA NA
402 | Soil sample taken NO NO NA
400 | Soil sample taken NO NO NA -
301 | Soil sample taken NO NA NA
408 | Soil sample taken NO NA NA
411 | Soil sample taken NO NA NA
423 | Soil sample taken NO NO NA
409 | Soil sample taken YES NA NA
389 | Soil sample taken NO NA NA
404 | Soil sample taken NO YES External




260 | Soil sample taken NO. NA NA
383 | Soil sample taken NO NA NA
56 | Soil sample taken NO NA NA
342 | Soil sample taken NA NA NA
332 1 Soil sample taken NO YES External
42 | Soil sample taken no ‘NA NA
407 | Soil sample taken NO NA NA
414 | Soil sample taken NO NA NIL
422 | Soil sample taken NA NA NA
100 | Soil sample taken NO NO ' NA
112 | Soil sample taken NO NA NA
413 | Soil sample taken NO NA I NA
432 | Soil sample taken - NO NO NA
231 | Soil sample taken NO NO NA
103 | Soil sample taken NO NA NA
249 | Soil sample taken NO NO NA
418 | Soil sample taken NO NO NA
284 | Soil sample taken NO NO NA
295 | Soil sample taken NO NA NA
435 | Soil sample taken NO NO NA
430 | Soil sample taken NO NO NA
134 | Soil sample taken - NO NO / NA
76 | Soil sample taken NO YES Other
424 | Soil sample taken NO NO NA
21 | Soil sample taken YES NO NA
48 | Soil sample taken no no NA
55 | Soil sample taken NO NA NA
420 | Soil sample taken NO NO NA
240 | Soil sample taken YES NO NA
401 | Soil sample taken - NO NO NA
433 | Soil sample taken NA NA NA
427 | Soil sample taken NO - NO NA
428 | Soil sample taken NO NA NA
10 | Soil sample taken NO NA NA
419 | Soil sample taken NO NO NA
426 | Soil sample taken NO NO NA
141 | Soil sample taken NA NO NA
283 | Soil sample taken NO NO NA
416 | Soil sample taken NO NO NA
423 | Soil PH NO | NO NA
407 | Soil PH NO NA NA
417 | Soil PH NO NO NA
428 | Soil PH NO NA NA
401 | Soil PH NO NO NA
100 | Soil PH NO NO NA
405 | Soil PH NO NA NA
240 | Soil PH YES NO NA
260 | Soil PH NO NA NA
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Soil PH

301 NO: NA NA
424 | Soil PH NO NO NA
55 | Soil PH NO NA NA
389 | Soil PH NO NA NA
383 | Soil PH NO NA NA
416 | Soil PH NO NO NA
- 404 | Soil PH NO YES _External
342 | Soil PH NA NA NA
284 | Soil PH NO NO NA
432 | Soil PH NO NO NA
112 | Soil PH NO NA NA
430 | Soil PH NO NO NA
231 | Soil PH NO NO ' NA
283 | Soil PH NO NO NA
379 | Soil PH ‘NO NO NA
42 | Soil PH no NA NA
120 | Soil PH NA NA NA
76 | Soil PH NO YES Other
418 | Soil PH NO NO NA
426 | Soil PH NO NO NA
433 | Soil PH NA NA NA
414 | Soil PH NO NA NIL
295 | Soil PH NO NA NA
408 | Soil PH NO NA NA
422 | Soil PH NA NA NA
103 | Soil PH NO NA NA
415 | Soil PH NO NO Other
56 | Soil PH NO NA NA
403 | Soil PH NO NO NA
434 | Soil PH YES NO NA
427 | Soil PH NO NO NA
10 | Soil PH NO NA NA
227 | Soil PH NO NO NA
419 | Soil PH NO NO NA
141 | Soil PH NA NO NA
402 | Soil PH NO NO. NA
400 | Soil PH- “NO NO NA
72| SoilPH NO NA NA
411 | Soil PH NO NA NA.
420 | Soil PH NO NO NA
332 | Soil PH NO NO NA
413 | Soil PH NO NA NA
134 | Soil PH NO NO NA
48 | Soil PH no no NA
431 | Soil PH NO NO NA
249 | Soil PH NO NO NA
409 | Soil PH NO NA NA
392 | Soil PH NO NO NA
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21 | Soil PH NO NO NA
435 | Soil PH NO NO NA
10 | Soil moisture content NO NA NA
392 | Soil moisture content NO NO "NA
400 | Soil moisture content NO NO NA
120 | Soil moisture content NA NA NA
240 | Soil moisture content NO . NO NA
430 | Soil moisture content NO NO NA
112 | Soil moisture content NO NA NA
295 | Soil moisture content NO NA NA
42 | Soil moisture content no NA NA
72 | Soil moisture content NO NA NA
431 | Soil moisture content NO NO NA
434 | Soil moisture content NO NO NA
284 | Soil moisture content NO NO NA
435 | Soil moisture content NA NA NA
401 | Soil moisture content NO NO NA ]
231 | Soil moisture content NO NO NA
100 | Soil moisture content NO NO NA
103 | Soil moisture content NO NA NA
379 | Soil moisture content NO NO NA
409 | Soil moisture content NO NA NA
21 | Soil moisture content NO NO NA
134 | Soil moisture content NO NO NA
413 | Soil moisture content NO NA NA
56 | Soil moisture content NO NA NA
433 | Soil moisture content NA ‘NA NA
. 249 | Soil moisture content NO NO NA
48 | Soil moisture content no no NA
422 | Soil moisture content NA NA NA
420 | Soil moisture content NO NO NA
415 | Soil moisture content NO NO Other
403 | Soil moisture content: NO NO NA
426 | Soil moisture content NO NO NA
427 | Soil moisture content NO NO NA
417 | Soil moisture content NO NO NA
227 | Soil moisture content NO NO NA
419 | Soil moisture content NA NA NA
402 | Soil moisture content -NO NO NA
414 | Soil moisture content NO NA NIL
332 | Soil moisture content NO YES External
423 | Soil moisture content NO NO NA
428 | Soil moisture content NO NA NA
283 | Soil moisture content NO NO NA
389 | Soil moisture content NO NA NA
404 | Soil moisture content NO YES External
416 | Soil moisture content NO NO NA
76 | Soil moisture content NO YES Other

367




383

Soil moisture content

NA NA NA

411 | Soil moisture content NO NA NA
418 | Soil moisture content NO NO NA
260 | Soil moisture content NO NA NA
141 | Soil moisture content NA NO NA
432 | Soil moisture content NO NO NA
301 | Soil moisture content NO NA NA
405 | Soil moisture content YES NA NA
424 | Soil moisture content NO NO NA
55 | Soil moisture content - NO NA NA
407 | Soil moisture content NO NA NA
408 | Soil moisture content NO NA NA
342 | Soil moisture content NO NA NA
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Types of failure recorded by survey respondents

+ | CityID- eseri corded:] -
21 | Blow out : NIL
42 | Blow out NIL
55 | Blow out ' _ NIL
56 | Blow out NIL »
72 | Blow out : NIL

100 | Blow out NIL
103 | Blowout YES NIL
112 | Blow out "~ YES NIL
120 | Blow out YES NIL
134 | Blow out YES NIL
227 | Blow out YES | NIL
231 | Blow out YES NIL
240 | Blow out YES NIL
249 | Blow out - YES NIL
260 | Blow out YES NIL
283 | Blow out YES NIL
284 | Blow out YES NIL
295 | Blow out YES NIL
301 | Blow out YES NIL
332 | Blow out YES NIL
383 | Blow out YES NIL
392 | Blow out YES NIL
400 | Blow out YES NIL
401 | Blow out . YES NIL
413 | Blow out : NA NIL
418 | Blow out - YES NIL
424 | Blow out YES NIL
428 | Blow out NO NIL
433 | Blow out YES NIL
435 | Blow out YES NIL
10 | Blow out - ' YES NIL
48 | Blow out o NA NIL
76 | Blow out YES NIL
141 | Blow out YES NIL
342 | Blow out YES NIL
379 | Blow out YES NIL
389 | Blow out YES NIL
402 | Blow out ' NO NIL : |
403 | 'Blow out YES NIL
404 | Blowout - YES NIL
405 | Blow out YES NIL
407 | Blow out YES NIL
408 | Blow out NO NIL
409 | Blow out YES NIL
411 | Blow out NA NIL




Work Order System

414 | Blow out YES
415 | Blowout - YES NIL
416 | Blow out YES Field Experience
417 | Blow out YES NIL
419 | Blow out . YES NIL
420 | Blow out YES NIL
422 | Blow out NA NIL
423 | Blow out YES NIL
426 | Blow out NO NIL
427 | Blow out YES NIL
430 | Blow out YES NIL
431 | Blow out YES NIL
432 ' Blow out YES NIL
434 | Blow out YES NIL
21 | Corrosion pit hole YES NIL
42 | Corrosion pit hole YES NIL
55 | Corrosion pit hole YES NIL
56 | Corrosion pit hole YES NIL
72 | Corrosion pit hole YES NIL
100 | Corrosion pit hole NO | NIL
103 | Corrosion pit hole YES NIL B
112 | Corrosion pit hole YES NIL
120 | Corrosion pit hole YES NIL
134 | Corrosion pit hole YES NIL
227 | Corrosion pit hole YES NIL
231 | Corrosion pit hole YES NIL
240 | Corrosion pit hole YES NIL
249 | Corrosion pit hole YES NIL
260 | Corrosion pit hole YES NIL
283 | Corrosion pit hole YES NIL
284 | Corrosion pit hole YES NIL
295 | Corrosion pit hole YES NIL
301 | Corrosion pit hole YES NIL
332 | Corrosion pit hole YES - NIL
383 | Corrosion pit hole NA NIL
392 | Corrosion pit hole YES NIL
400 | Corrosion pit hole NA NIL
401 | Corrosion pit hole YES NIL
413 | Corrosion pit hole NA NIL
418 | Corrosion pit hole YES NIL
424 | Corrosion pit hole YES NIL
428 | Corrosion pit hole NO NIL
433 | Corrosion pit hole YES NIL
- 435 | Corrosion pit hole YES NIL
10 | Corrosion pit hole YES NIL
48 | Corrosion pit hole NA NIL
76 | Corrosion pit hole YES NIL
141 | Corrosion pit hole YES NIL
342 | Corrosion pit hole YES NIL
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379 | Corrosion pit hole _ YES NIL
389 | Corrosion pit hole YES NIL:
402 | Corrosion pit hole NO | NIL
- 403 | Corrosion pit hole YES NIL
404 | Corrosion pit hole YES NIL
405 | Corrosion pit hole YES NIL
407 | Corrosion pit hole YES NIL
408 | Corrosion pit hole NO | NIL
409 | Corrosion pit hole : NA NIL
411 | Corrosion pit hole NA NIL
414 | Corrosion pit hole YES Work Order System
415 | Corrosion pit hole ' YES NIL
416 | Corrosion pit hole YES .| Field Experience
417 | Cotrosion pit hole YES NIL
419 | Corrosion pit hole * YES NIL
420 | Corrosion pit hole ' YES NIL
422 | Corrosion pit hole NA NIL
423 | Corrosion pit hole YES NIL
426 | Corrosion pit hole NO NIL
427 | Corrosion pit hole YES NIL
430 | Corrosion pit hole YES NIL
431 | Corrosion pit hole YES NIL
- 432 | Corrosion pit hole . _YES NIL
434 | Corrosion pit hole . YES NIL
21 | Curbstop failure NO NIL
42 | Curbstop failure YES | NIL
55 | Curbstop failure ol YES NIL
56 | Curbstop failure YES NIL
72 | Curbstop failure YES NIL
100 | Curbstop failure . YES NIL
103 | Curbstop failure . NA NIL
112 | Curbstop failure - YES NIL.
120 | Curbstop failure ' YES NIL
134 | Curbstop failure YES . NIL
227 | Curbstop failure ' YES NIL
231 | Curbstop failure YES NIL
240 | Curbstop failure , YES NIL
249 | Curbstop failure YES | NIL
260 | Curbstop failure YES NIL
283 | Curbstop failure : NO NIL
284 = Curbstop failure YES “|-NIL
295 | Curbstop failure ~__YES NIL
301 | Curbstop failure - YES NIL
332 | Curbstop failure YES NIL
383 Chrbstop failure YES NIL
392 | Curbstop failure YES NIL
400 | Curbstop failure NO NIL
401 | Curbstop failure NO recorded in other databases
413 | Curbstop failure YES NIL ° '




Curbstop failure

Failed blow-off

YES

418 “YES NIL

424 | Curbstop failure YES NIL

428 | Curbstop failure NO NIL

433 | Curbstop failure YES NIL

435 | Curbstop failure YES NIL
10 | Curbstop failure YES NIL
48  Curbstop failure NA | NIL |
76 . Curbstop failure YES NIL

141 | Curbstop failure YES NIL

342  Curbstop failure YES NIL

379 | Curbstop failure ~_YES NIL

389  Curbstop failure .' YES NIL

402 | Curbstop failure YES NIL

403 | Curbstop failure YES NIL

404 | Curbstop failure YES NIL

405 | Curbstop failure YES NIL

407 | Curbstop failure YES NIL

408  Curbstop failure NO NIL

409 | Curbstop failure YES NIL

411 | Curbstop failure YES NIL .

414 | Curbstop failure YES Work Order System

415 | Curbstop failure YES NIL

416 | Curbstop failure YES Field Experience

417 | Curbstop failure YES NIL

419 | Curbstop failure YES NIL

420 | Curbstop failure YES NIL

422  Curbstop failure NA NIL

423 | Curbstop failure ' YES NIL

426 . Curbstop failure NO NIL

427 . Curbstop failure ~ YES NIL

430 Curbstop failure YES NIL

431 | Curbstop failure YES NIL

432 | Curbstop failure NO NIL

434 | Curbstop failure NO (service failure)
21 | Failed blow-off NO N,
42 | Failed blow-off YES NIL
55 | Failed blow-off YES NIL

56 | Failed blow-off NO NIL
72 | Failed blow-off YES NIL

100 | Failed blow-off NO NIL

103 | Failed blow-off NA NIL

112. | Failed blow-off YES NIL

120 | Failed blow-off YES NIL

134 | Failed blow-off YES NIL

227 | Failed blow-off YES NIL

231 : Failed blow-off YES NIL

240 Failed blow-off YES NIL

249 | Failed blow-off YES NIL

260 NIL
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283 ' Failed blow-off NO NIL
284 | Failed blow-off YES NIL
295 | Failed blow-off YES NIL
301 Failed blow-off YES NIL
332" Failed blow-off YES' NIL
383 Failed blow-off 'YES NIL
392 | Failed blow-off NO NIL
400 | Failed blow-off YES NIL
401  Failed blow-off YES NIL
413 | Failed blow-off NA NIL
418  Failed blow-off YES NIL
424 ' Failed blow-off NO NIL
428 | Failed blow-off NO NIL
433 | Failed blow-off YES NIL -~
435 | Failed blow-off YES NIL
10 | Failed blow-off YES NIL
48 | Failed blow-off NA NIL
76 Failed blow-off YES NIL
141 | Failed blow-off YES NIL
342 | Failed blow-off YES NIL
379 | Failed blow-off NO NIL -
389 | Failed blow-off YES - NIL
402 | Failed blow-off NO NIL
'403 | Failed blow-off YES NIL
404 : Failed blow-off YES NIL
405 i-Failed blow-off YES NIL
407 | Failed blow-off YES NIL
408 | Failed blow-off NO NIL
409 | Failed blow-off YES NIL
411 | Failed blow-off NA NIL
414 | Failed blow-off YES Work Order System
415 | Failed blow-off YES NIL |
416 | Failed blow-off YES Field Experience
417 | Failed blow-off ~NO NIL
419 | Failed blow-off YES NL
420 : Failed blow-off YES NIL
422 | Failed blow-off NA NIL
423 | Failed blow-off YES NIL
426 | Failed blow-off NO NIL
427 Failed blow-off YES NIL
430 Failed blow-off YES NIL
431 | Failed blow-off YES NIL
432  Failed blow-off NO NIL
434  Failed blow-off YES NIL
21 | Leaking hydrant NO NIL
42 /’Leaking hydrant YES ‘NIL
55 | Leaking hydrant YES NIL
56 | Leaking hydrant NO NIL
72 | Leaking hydrant YES - NIL
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100 | Leaking hydrant YES NIL
103 | Leaking hydrant YES . NIL
112 | Leaking hydrant YES NIL
120 | Leaking hydrant YES NIL
134 | Leaking hydrant YES NIL
227 | Leaking hydrant YES NIL
231 | Leaking hydrant YES NIL
240 | Leaking hydrant YES NIL
249 | Leaking hydrant - YES NIL
260 | Leaking hydrant YES NIL
283 | Leaking hydrant NO NIL
284 | Leaking hydrant YES NIL
. 295 | Leaking hydrant YES NIL
301 | Leaking hydrant YES NIL
332 | Leaking hydrant YES NIL
383 | Leaking hydrant YES NIL
392 | Leaking hydrant YES NIL
400 | Leaking hydrant NO NIL
401 | Leaking hydrant NO recorded in other databases
413 | Leaking hydrant NA NIL
418 | Leaking hydrant YES NIL
424 | Leaking hydrant YES NIL
428 | Leaking hydrant NO . NIL
433 | Leaking hydrant YES NIL
435 | Leaking hydrant YES NIL
10 | Leaking hydrant YES | NIL
48 | Leaking hydrant NA NIL
76 | Leaking hydrant YES NIL
141 | Leaking hydrant YES NIL -
342 | Leaking hydrant YES NIL
379 | Leaking hydrant YES = | NIL
389 | Leaking hydrant YES NIL
402 | Leaking hydrant YES NIL
403 | Leaking hydrant YES NIL
404 | Leaking hydrant YES NIL
_ 405 | Leaking hydrant YES NIL
407 | Leaking hydrant YES NIL
408 | Leaking hydrant YES NIL
409 | Leaking hydrant YES NIL
411 | Leaking hydrant YES NIL
414 | Leaking hydrant YES Work Order System
415 | Leaking hydrant YES NIL
416 | Leaking hydrant YES Field Experience
417 | Leaking hydrant YES NIL
419 | Leaking hydrant YES NIL
420 | Leaking hydrant YES NIL
422 | Leaking hydrant NA NIL
423 | Leaking hydrant YES NIL
426 | Leaking hydrant YES NIL
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427 | Leaking hydrant ‘ YES NIL
430 ' Leaking hydrant YES NIL
431 | Leaking hydrant " YES NIL
432 | Leaking hydrant YES NIL
434 | Leaking hydrant YES NIL

21 | Leaking joint YES NIL

42 | Leaking joint YES NIL

55 | Leaking joint YES NIL

56 | Leaking joint NO NIL

72 | Leaking joint YES NIL
100 | Leaking joint NO NIL
103 | Leaking joint ' YES NIL
112 | Leaking joint ) YES NIL
120 | Leaking joint YES NIL
134 | Leaking joint YES NIL
227 | Leaking joint YES NIL
231 | Leaking joint - _ YES NIL
240 | Leaking joint YES NIL
249 | Leaking joint YES NIL
260 | Leaking joint YES NIL
283 | Leaking joint YES .| NIL
284 | Leaking joint YES NIL
295 | Leaking joint YES NIL
301 | Leaking joint YES NIL
332 Leaking joint : YES NIL
383 | Leaking joint YES NIL
392 | Leaking joint YES NIL
400 | Leaking joint NO NIL
401 | Leaking joint YES NIL
413 | Leaking joint : YES | NIL
418 | Leaking joint _ YES NIL
424 | Leaking joint YES NIL
428 | Leaking joint NO NIL
433 | Leaking joint - _YES NIL
435 | Leaking joint YES NIL

10 | Leaking joint YES NIL

48 | Leaking joint NA NIL

76 | Leaking joint YES NIL
141 | Leaking joint YES NIL
342 | Leaking joint YES NIL
379 | Leaking joint YES NIL
389 | Leaking joint ' YES NIL
402 | Leaking joint ~ NO NIL
403 | Leaking joint YES NIL
404 = Leaking joint YES NIL
405 | Leaking joint YES NIL
407 | Leaking joint YES NIL
408 | Leaking joint NO NIL
409 | Leaking joint YES NIL




411

Leaking joint YES NIL .
414 | Leaking joint YES Work Order System
415 | Leaking joint YES NIL
416 | Leaking joint YES Field Experience
417 | Leaking joint YES NIL
419 | Leaking joint YES NIL
420 | Leaking joint YES NIL
422 | Leaking joint NA NIL
423 | Leaking joint YES NIL
426 | Leaking joint NO NIL
427 | Leaking joint YES NIL
430 | Leaking joint YES NIL
431 | Leaking joint YES - | NIL
432 | Leaking joint YES NIL
434 | Leaking joint YES NIL
21 | Leaking service connection . NO NIL
42 | Leaking servicé connection YES NIL
55 | Leaking service connection “YES NIL
56 | Leaking service connection YES NIL
72 | Leaking service connection "YES NIL
100 | Leaking service connection NO NIL
103 | Leaking service connection NA NIL
112 | Leaking service connection YES NIL
120 | Leaking service connection YES NIL
134 | Leaking service connection YES NIL
227 | Leaking service connection YES NIL
231 | Leaking service connection YES NIL
240 | Leaking service connection YES NIL
249 | Leaking service connection YES NIL
260 | Leaking service connection YES NIL
283 | Leaking service connection NO NIL
284 Leaking service connection YES NIL
295 | Leaking service connection YES NIL
301 | Leaking service connection YES NIL
332 | Leaking service connection YES NIL
383 | Leaking service connection YES NIL
392 | Leaking service connection YES NIL
400 | Leaking service connection .YES NIL
401 | Leaking service connection NO recorded in other databases
413 | Leaking service connection = YES NIL '
‘418 | Leaking service connection YES NIL
424 | Leaking service connection YES NIL
428 | Leaking service connection NO NIL
433 | Leaking service connection YES NIL
435 | Leaking service.connection YES NIL
10 | Leaking service connection YES NIL
48 | Leaking service connection NA NIL
76 | Leaking service connection YES NIL ,
141 | Leaking service connection YES | NIL




342 | Leaking service connection YES NIL
379 | Leaking service connection YES NIL
389 | Leaking service connection YES NIL
402 | Leaking service connection YES NIL
403 | Leaking service connection YES NIL -
404 | Leaking service connection YES NIL
405 | Leaking service connection YES NIL
407 | Leaking service connection YES NIL
408 | Leaking service connection NO NIL
409 | Leaking service connection YES NIL
411 | Leaking service connection YES NIL
414 | Leaking service connection YES Work Order System
415 | Leaking service connection YES NIL
416 | Leaking service connection YES Field Experience
417 | Leaking service connection YES NIL
419 Leaking service connection YES NIL
420 | Leaking service connection YES NIL
422 | Leaking service connection NA NIL
423 | Leaking service connection YES NIL
426 | Leaking service connection YES NIL
427 | Leaking service connection YES NIL
430 ' Leaking service connection YES NIL
431 | Leaking service connection YES NIL
432 | Leaking service connection YES NIL
434 | Leaking service connection YES NIL
21 | Leaking valve ' NO  [NIL .
42 | Leaking valve YES NIL
55 | Leaking valve YES NIL
56 | Leaking valve NO. NIL
72 | Leaking valve YES NIL
100 | Leaking valve ~ NO NIL
103 Leaking valve YES NIL
112 Leaking valve YES NIL
120 | Leaking valve YES NIL
134 | Leaking valve YES NIL
227 | Leaking valve YES NIL
231 | Leaking valve YES NIL
240 | Leaking valve YES | NIL
249 | Leaking valve YES NIL
260 | Leaking valve YES NIL
283 | Leaking valve NO NIL
284 | Leaking valve YES 1 NIL
295 | Leaking valve YES NIL
301 | Leaking valve YES NIL
332 | Leaking valve YES NIL
383 | Leaking valve YES NIL
392 | Leaking valve YES NIL
400 | Leaking valve YES NIL .
401  Leaking valve NO recorded in other databases
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413 | Leaking valve YES NIL
418 | Leaking valve YES NIL
424 | Leaking valve YES NIL
428 | Leaking valve NO NIL
433 | Leaking valve YES NIL
435 | Leaking valve YES NIL
10 | Leaking valve | YES "NIL
48 | Leaking valve NA NIL
76 | Leaking valve YES NIL
141 | Leaking valve YES NIL
342 | Leaking valve YES NIL
379 | Leaking valve YES NIL
389 | Leaking valve YES NIL
402 | Leaking valve YES NIL
403 | Leaking valve YES NIL
404 | Leaking valve YES NIL
405 | Leaking valve YES NIL
407 | Leaking valve YES NIL
408 | Leaking valve YES NIL
409 | Leaking valve YES NIL
411 | Leaking valve YES NIL
414 | Leaking valve YES Work Order System
415 | Leaking valve YES NIL
416 | Leaking valve YES Field Experience
417 | Leaking valve . YES NIL
419 | Leaking valve YES NIL
420 | Leaking valve YES NIL
422 | Leaking valve NA NIL
423 | Leaking valve YES NIL
426 | Leaking valve “NO NIL
427 | Leaking Valve YES NIL
430 | Leaking valve YES NIL
431 | Leaking valve YES NIL
432 | Leaking valve YES NIL
434 | Leaking valve YES NIL
21 | Longitudinal break YES NIL
42 | Longitudinal break YES NIL
55 | Longitudinal break YES NIL
56 | Longitudinal break YES NIL
72 | Longitudina] break NO NIL
100 | Longitudinal break NO NIL
103 | Longitudinal break YES NIL
112 | Longitudinal break YES NIL-
- 120 | Longitudinal break YES NIL
_____________ 134 | Longitudinal break "YES NIL
227 | Longitudinal break YES NIL
231 | Longitudinal break YES NIL
240 | Longitudinal break YES NIL
249 | Longitudinal break YES NIL
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260 | Longitudinal break YES NIL
283 | Longitudinal break YES NIL
- 284 | Longitudinal break - YES - NIL
295 | Longitudinal break -YES NIL
301 | Longitudinal break YES NIL
332 | Longitudinal break YES NIL
383 | Longitudinal break YES NIL
392 | Longitudinal break YES NIL
400 | Longitudinal break YES NIL
_______ 401 | Longitudinal break YES NIL
413 | Longitudinal break YES NIL
418 Longitudinal break YES NIL
424 | Longitudinal break YES NIL
428 | Longitudinal break NO NIL
433 | Longitudinal break YES NIL
435 | Longitudinal break YES NIL
10 | Longitudinal break NO NIL
48 | Longitudinal break NA NIL
,,,,,,, 76 | Longitudinal break YES NIL
141 ' Longitudinal break YES NIL
342 | Longitudinal break YES NIL
379 | Longitudinal break YES NIL
389 ' Longitudinal break YES NIL
402 | Longitudinal break NO NIL
403 | Longitudinal break YES NIL
404 | Longitudinal break YES NIL
405 | Longitudinal break YES | NIL
407 | Longitudinal break YES NIL
408 | Longitudinal break NO NIL
409 | Longitudinal break YES NIL
411 ' Longitudinal break NA NIL
414 | Longitudinal break YES Work Order System
415 | Longitudinal break YES NIL
416 | Longitudinal break YES Field Experience
417 | Longitudinal break YES NIL
419 | Longitudinal break YES NIL
420 | Longitudinal break YES NIL
422 | Longitudinal break NA NIL
423 | Longitudinal break YES NIL
426 | Longitudinal break NO . NIL
427 | Longitudinal break YES NIL
430 | Longitudinal break YES NIL
431 | Longitudinal break YES NIL
432 | Longitudinal break " YES NIL
434 | Longitudinal break YES NIL
21 | Split bell NO NIL
42 | Split bell YES NIL
55 | Split bell YES NIL
56 | Split bell YES NIL




72 | Split bell YES NIL
,,,,,,,,,,,, 100 | Split bell NO NIL
103 | Split bell YES NIL
112 | Split bell YES NIL .
120 | Splitbell YES NIL
134 | Splitbell YES NIL
227 | Split bell NO NIL
231 | Split bell YES NIL
240 | Split bell YES NIL
249 | Split bell YES NIL
260 | Split bell YES NIL
283 | Split bell YES NIL
284 | Split bell YES NIL
295 | Split bell YES NIL
301 | Split bell YES NIL
332 | Split bell YES NIL
383 | Split bell YES NIL
,,,,,, 392 | Splitbell YES NIL
400 | Split bell YES NIL
401 | Split bell YES NIL
413 | Split bell YES NIL
418 | Split bell YES NIL
424 | Split bell YES NIL
428 Split bell NO NIL
433 | Split bell YES NIL
435 | Split bell YES NIL
-10 | Split bell YES NIL
48 | Split bell NA NIL
76 | Split bell YES NIL
141 | Split bell YES NIL
342 | Split bell YES NIL
379 | Split bell YES NIL
389 | Split bell YES NIL
402 | Split bell NO NIL
403 | Split bell YES NIL
404 | Split.bell YES NIL
405 | Split bell YES NIL
407 | Split bell YES NIL
408 | Split bell NO NIL
409 , Split bell YES NIL
411 : Split bell NA NIL
414 | Split bell YES Work Order System
415 | Split bell YES NIL
416 | Split bell YES Field Experience
417 | Split bell YES NIL
419 | Split bell YES NIL
420 | Split bell YES NIL
422 | Split bell NA NIL
423 | Split bell NIL
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426 | Split bell NO NIL
427 | Split bell YES NIL
430 | Split bell YES NIL®
431 | Split bell YES NIL
432 © Split bell NO NIL
434" Split bell NO NIL
21 | Tap failure NO NIL
42 | Tap failure YES NIL
55 | Tap failure YES NIL
56 « Tap failure YES NIL
72 | Tap failure YES | NIL
100 | Tap failure NO NIL
103 | Tap failure NA NIL
112  Tap failure YES NIL
120 | Tap failure YES NIL
134 | Tap failure YES NIL
227 | Tap failure YES NIL
231 | Tap failure YES NIL
240 Tap failure YES NIL
249 | Tap failure YES NIL
260 | Tap failure YES NIL
283 | Tap failure _'NO NIL
284 | Tap failure YES . NIL
295 | Tap failure YES NIL
301 | Tap failure " YES NIL-
332 | Tap failure YES | NIL
383 | Tap failure . NA NIL
392 | Tap failure YES NIL
400 | Tap failure NO NIL
401 | Tap failure YES NIL
413 | Tap failure YES NIL
418 | Tap failure YES | NIL
424 | Tap failure YES NIL
428 | Tap failure NO NIL
433 | Tap failure YES NIL
435 | Tap failure YES NIL
10 | Tap failure YES NIL ’
48 | Tap failure NA NIL
76 | Tap failure YES NIL
141 | Tap failure YES NIL
342 | Tap failure YES NIL
379 | Tap failure YES NIL
389 | Tap failure YES NIL
402 Tap failure ~ YES NIL
403 | Tap failure YES NIL
404 | Tap failure YES NIL
405 | Tap failure YES NIL
407 | Tap failure YES NIL
408 | Tap failure NO NIL




409 | Tap failure YES NIL ,
411 | Tap failure YES NIL

414 | Tap failure YES Work Order System
415 | Tap failure YES NIL

416 | Tap failure YES Field Experience
417 | Tap failure YES | NIL

419 | Tap failure YES NIL

420 | Tap failure YES NIL

422 | Tap failure NA NIL

423 | Tap failure YES NIL

426 | Tap failure NO NIL

427 | Tap failure YES NIL

430  Tap failure _ YES NIL

431 | Tap failure YES NIL

432 | Tap failure NO NIL

434 | Tap failure YES NIL




Location data recorded by survey respondents

404 | Nearest property address 100
424 | Nearest property address: 100
103 | Nearest property address 100
134 | Nearest property address 100
301 | Nearest property address 100
342 | Nearest property address 100
433 | Nearest property address 75
407 | Nearest property address 100
379 | Nearest property address 100
249 -| Nearest property address 100
415 | Nearest property address 100
21 | Nearest property address 100
403 | Nearest property address 100
420 | Nearest property address 75
383 | Nearest property address 100
423 | Nearest property address 100
432 | Nearest property address 75
48 | Nearest property address 100
408 | Nearest property address 100
56 | Nearest property address 100
422 | Nearest property address 50
417 | Nearest property address 50
414 | Nearest property address 100
409 Neé;est property address 100
72 | Nearest property address 75
332 | Nearest property address 100
413 | Nearest property address 100
55 | Nearest property address 100
. 227 | Nearest property address 100
419 | Nearest property address 100
141 | Nearest property address 100
411 | Nearest property address 100
405 | Nearest property address 50
426 | Nearest property address . 100
427 | Nearest property address 100
402 | Nearest property address 0
240 | Nearest property address 100
434 | Nearest property address 0
100 | Nearest property address 100
430 | Nearest property address 100
76 | Nearest property address 100
428 | Nearest property address 100
401 | Nearest property address 100
295 | Nearest property address 100
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392 | Nearest property address 100
42 | Nearest property address 100
284 | Nearest property address 100
400 | Nearest property address 100
231 | Nearest property address 100
416 | Nearest property address 100
418 | Nearest property address 100
389 | Nearest property address 100
________ 112 | Nearest property address 0
431 | Nearest property address 100
10 | Nearest property address 100
435 | Nearest property address 75
283 | Nearest property address 160
260 | Nearest property address 50
120 | Nearest property address 0
227-| Distance from nearest property line 0
402 | Distance from nearest property line 0
417 | Distance from nearest property line 0
295 | Distance from nearestaggqgggy line 25
435 | Distance from nearest property line 25
401 | Distance from nearest property line 0
284 | Distance from nearest property line 0
419 | Distance from nearest property line 0
141 | Distance from nearest property line 0
415 | Distance from nearest property lin¢ 0
10 | Distance from riearest property line 0
403 | Distance from nearest property line 100
0
75
0
0
0
0
0
50
416 | Distance from nearest property line 0
430 | Distance from nearest property line 0
48 | Distance from nearest property line o
426 | Distance from neatest property line 0
240 | Distance from nearest property line 0
428 | Distance from nearest property line 100
134 | Distance from nearest property line 0
103 | Distance from nearest property line 0
249 | Distance from nearest property line 50
231 | Distance from nearest property line
55 | Distance from nearest property line 100
427 | Distance from nearest property line 0
21 | Distance from nearest property ling 0
407 | Distance from nearest property line 0
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112 | Distance from nearest property line 0
342 | Distance from nearest property line 0.
411 | Distance from nearest property line 0
405 | Distance from nearest property line 75
100 | Distance from nearest property line 75
400 | Distance from nearest property line 25
408 | Distance from nearest property line 0
431 | Distance from nearest property line 25
389 | Distance from nearest property line 0
332 | Distance from nearest property line 75
423 | Distance from nearest property line 0
383 | Distance from nearest property line 0
301 | Distance from nearest property line 0
56 | Distance from nearest property line 0
404 | Distance from nearest property line 25
379 | Distance from nearest property line 0
434 | Distance from nearest property line 0
392 | Distance from nearest property line 75
72 | Distance from nearest property line 75
413 | Distance from nearest property line 100
42 | Distance from nearest property line 0
260 | Distance from nearest property line 50
414 | Distance from nearest property line 0
120 | Distance from nearest property line 100
409 | Distance from nearest property line 100
428 | Cross street name 100
42 | Cross street name 100
240 | Cross street name 75
383 | Cross street name 100
423 | Cross street name 0 -
403 | Cross strect name 100
434 | Cross street name 100
404 | Cross street name 50
21 | Cross street name 100
420 | Cross street name 100
389 | Cross street name 0
432 | Cross street name 75
120 | Cross street name 100
424 | Cross street name 25
416 | Cross street name 100
283 | Cross street name 50
284 | Cross street name 100
260 | Cross street name 100
430 | Cross strect name 100
76 | Cross strect name 25
100 | Cross street name 100 -
418 | Cross street name 50
112 | Cross street name 100
231 | Cross street name 100
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409 | Cross street name 100
295 | Cross street name 25
433 | Cross street name 75
408 | Cross street name 0
227 | Cross street name 25
435 | Cross street name 75
402 | Cross street name 0
48 | Cross street name 100
400 | Cross street name 100
141 | Cross street name 0
10 | Cross street name 100
417 | Cross street name 0
414 | Cross street name 100
~72 | Cross street name 0
56 | Cross street name 0
-422 | Cross street name 0
415 | Cross street name 25
413 | Cross street name
103 | Cross street name 0
- 401 | Cross street name 0
55 | Cross street name ‘
342 | Cross street name 100
134 | Cross street name 100
419 | Cross street name 100
392 | Cross street name 75
332 | Cross street name 75
301 { Cross street name 75
431 | Cross street name ' 50
249 | Cross street name 50
407 | Cross street name 100
379 | Cross street name 25
427 | Cross street name 100
426 | Cross street name 100
405 | Cross street name 100
411 | Cross street name N 25
284 | Distance from nearest cross street 100
\\\\\\\ 100 | Distance from nearest cross street 0
72 | Distance from nearest cross street 0
431 | Distance from nearest cross street 0
295 | Distance from nearest cross street 25
231 | Distance from nearest cross street
134 | Distance from nearest cross street 50
415 | Distance from nearest cross street 0
414 | Distance from nearest cross street 0
417 | Distance from nearest cross street 0
413 | Distance from nearest cross street 100
402 | Distance from nearest cross street 0
411 | Distance from nearest cross street 0
419 | Distance from nearest cross street 0
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426 | Distance from nearest cross street 0
407 | Distance from nearest cross street 0
55 | Distance from nearest cross street
301 | Distance from nearest cross street 0
240 | Distance from nearest cross street 25
379 | Distance from nearest cross street 25
48 | Distance from nearest.cross street 25
383 | Distance from nearest cross street 0
432 | Distance from nearest cross street 0 -
389 | Distance from nearest cross street 0
76 | Distance from nearest cross street 0
260 | Distance from nearest cross street 100
283 | Distance from nearest cross street 50
42 | Distance from nearest cross street 25
249 | Distance from nearest cross street 25
418 | Distance from nearest cross street 0
141 | Distance from nearest cross street 0
408 | Distance from nearest cross street 0
420 | Distance from nearest cross street 25
120 | Distance from nearest cross street 50
427 | Distance from nearest cross street 100
416 | Distance from nearest cross street 0
405 | Distance from nearest cross street 50
430 | Distance from nearest cross street 0
103 | Distance from nearest cross street 0
428 | Distance from nearest cross street 0
332 | Distance from nearest cross street 25
423 | Distance from nearest cross street 0
433 | Distance from nearest cross street 50
424 | Distance from nearest cross street 0
342 | Distance from nearest cross street 0
404 | Distance from nearest cross street 25
21 | Distance from nearest cross street 0
112 | Distance from nearest cross street 100
401 | Distance from nearest cross street 0
227 | Distance from nearest cross street 0
435 | Distance from nearest cross street 75
422 | Distance from nearest cross street 0
392 | Distance from nearest cross street 75
400 | Distance from nearest cross street 50
434 | Distance from nearest cross street 100
409 | Distance from nearest cross street 100
403 | Distance from nearest cross street 100
10 | Distance from nearest cross street 100
56 | Distance from nearest cross street 0
301 | Northing and Easting coordinates 0
332 | Northing and Easting coordinates 0
433 | Northing and Easting coordinates 0
414 0

Northing and Easting coordinates




56 | Northing and Easting coordinates . 0
134 | Northing and Easting coordinates 0
379 | Northing and Easting coordinates 0

21 | Northing and Easting coordinates - 0
422 | Northing and Easting coordinates 0

48 | Northing and Easting coordinates 0

415 | Northing and Easting coordinates 100
413 | Northing and Easting coordinates
402 | Northing and Easting coordinates 0
409 | Northing and Easting coordinates
411 | Northing and Easting coordinates 0
141 | Northing and Easting coordinates 0
227 | Northing and Easting coordinates 0
419 | Northing and Easting coordinates 0

~ 103 | Northing and Easting coordinates 0
427 | Northing and Easting coordinates 0
249 | Northing and Easting coordinates 0
426 | Northing and Easting coordinates 100
407 | Northing and Easting coordinates 0

10 | Northing and Easting coordinates 0
405 | Northing and Easting coordinates 100
408 | Northing and Easting coordinates 0
403 | Northing and Easting coordinates 25
342 | Northing and Easting coordinates - 0
383 | Northing and Easting coordinates
260 | Northing and Easting coordinates 0
430 | Northing and Easting coordinates 0
112 | Northing and Easting coordinates 0
416 | Northing and Easting coordinates 0
283 | Northing and Easting coordinates 0
434 | Northing and Easting coordinates 0

42 | Northing and Easting coordinates 0
401 | Northing and Easting coordinates 0

76 | Northing and Easting coordinates 0
428 | Northing and Easting coordinates 0
240 | Northing and Easting coordinates 0
120 | Northing and Easting coordinates 0
392 | Northing and Easting coordinates 0
100 | Northing and Easting coordinates 0
231 | Northing and Easting coordinates 100
284 | Northing and Easting coordinates 0
435 | Northing and Easting coordinates 50
400 | Northing and Easting coordinates
420 | Northing and Easting coordinates
417 | Northing and Easting coordinates

55 | Northing and Easting coordinates 0
404 | Northing and Easting coordinates 0

72 | Northing and Easting coordinates 0
295 | Northing and Easting coordinates 0
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431 | Northing and Easting coordinates 0
424 | Northing and Easting coordinates

432 | Northing and Easting coordinates 0
389 | Northing and Easting coordinates 0
423 | Northing and Easting coordinates 0
418 | Northing and Easting coordinates 0
413 | Isolation Valve operated ( Gate valve ID ) 100
431 | Isolation Valve operated ( Gate valve ID ) 100
434 | Isolation Valve operated (‘Gate valve ID ) 50
392 | Isolation Valve operated ( Gate valve ID ) 0
56 | Isolation Valve operated ( Gate valve ID ) 0
400 | Isolation Valve operated ( Gate valve ID ) 100
72 | Isolation Valve operated ( Gate valve ID ) 100
405 | Isolation Valve operated ( Gate valve ID ) 100
383 | Isolation Valve operated ( Gate valve ID ) 0
342 | Isolation Valve operated ( Gate valve ID ) 0 .
404 | Isolation Valve operated ( Gate valve ID ) 100 :
389 | Isolation Valve operated ( Gate valve ID ) 0 '
379 | Isolation Valve operated ( Gate valve ID ) 0
" 332 | Isolation Valve operated ( Gate valve ID ) 100
423 | Isolation Valve operated ( Gate valve ID ) 0
408 | Isolation Valve operated ( Gate valve ID ) 0
260 | Isolation Valve operated ( Gate valve ID ) 0
409 | Isolation Valve operated ( Gate valve ID ) 100
112 | Isolation Valve operated ( Gate valve ID ) 100
42 | Isolation Valve operated ( Gate valve ID ) 0
414 | Isolation Valve operated ( Gate valveID) 0
407 | Isolation Valve operated ( Gate valve ID ) 0
120 | Isolation Valve operated ( Gate valve ID ) 100

100 | Isolation Valve operated ( Gate valve ID ) 0
411 | Isolation Valve operated ( Gate valveID) 0
301 | Isolation Valve operated ( Gate valve ID ) 0
0
0
0

416 | Isolation Valve operated ( Gate valve ID )
103 | Isolation Valve operated ( Gate valve ID )
249 | Isolation Valve operated ( Gate valve ID )

433 | Isolation Valve operated ( Gate valve ID ) 25
134 | Isolation Valve operated ( Gate valve ID ) 25
21 | Isolation Valve operated ( Gate valve ID ) 0
48 | Isolation Valve operated ( Gate valve ID ) 0 .
55 | Isolation Valve operated ( Gate valve ID ) 100
424 | Isolation Valve operated ( Gate valve ID ) 0
432 | Isolation Valve operated ( Gate valve ID ) 0
426 | Isolation Valve operated ( Gate valve ID ) 0
76 | Isolation Valve operated ( Gate valve ID ) 50 .
420 | Isolation Valve operated ( Gate valve ID ) 0
283 | Isolation Valve operated ( Gate valve ID ) 0
428 | Isolation Valve operated ( Gate valve ID ) 0
240 | Isolation Valve operated ( Gate valve'ID ) 50
430 | Isolation Valve operated ( Gate valve ID ) 0
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231 | Isolation Valve operated ( Gate valve ID )
401 | Isolation Valve operated ( Gate valve ID ) o
284 | Isolation Valve operated ( Gate valve ID ) 0
435 | Isolation Valve operated ( Gate valve ID ) 100
295 | Isolation Valve operated ( Gate valve ID ) 0
10 | Isolation Valve operated ( Gate valve ID ) 100
418 | Isolation Valve operated ( Gate valve ID ) 0
417 | Isolation Valve operated ( Gate valve ID ) 75
427 | Isolation Valve operated ( Gate valve ID ) 0
227 | Isolation Valve operated ( Gate valve ID ) 100
422 | Isolation Valve operated ( Gate valve ID ) 0
402 | Isolation Valve operated ( Gate valve ID ) 0
415 | Isolation Valve operated ( Gate valve ID ) 0
419 | Tsolation Valve operated ( Gate valve ID ) 0
141 | Isolation Valve operated ( Gate valve ID ) 0
403 | Isolation Valve operated ( Gate valve ID ) 100
56 | Isolation Valve operated - ( Gate valve ID ) 0
430 | Isolation Valve operated - { Gate valve ID ) 0
100 | Isolation Valve operated - ( Gate valve ID )
120 | Isolation Valve operated - ( Gate valve ID ) 100
240 | Isolation Valve operated - ( Gate valve ID ) 50
- 428 | Isolation Valve operated - ( Gate valve ID ) 0
283 | Isolation Valve operated - ( Gate valve 1D ) 0
42 | Isolation Valve operated - ( Gate valve ID ) 0
112 | Isolation Valve operated - ( Gate valve ID ) 100
227 | Isolation Valve operated - ( Gate valve ID ) 100
413 | Isolation Valve operated - ( Gate valve ID ) 100 |
416 | Isolation Valve operated - ( Gate valve ID ) 0
401 | Isolation Valve operated - ( Gate valve ID ) 0
" 392 | Isolation Valve operated - ( Gate valve ID ) 0
403 | Isolation Valve operated - ( Gate valve ID ) 100
415 | Isolation Valve operated - ( Gate valve ID ) -0
284 | Isolation Valve operated - ( Gate valve ID ) 0
434 | Isolation Valve operated - ( Gate valve ID ) 50
431 | Isolation Valve operated - ( Gate valve ID ) 100
435 | Isolation Valve operated - ( Gate valve ID ) 100
72 | Isolation Valve operated - ( Gate valve ID ) 100
295 | Isolation Valve operated - ( Gate valve ID ) 0
10 | Isolation Valve operated - ( Gate valve ID ) 0
414 | Isolation Valve operated - ( Gate valve ID ) 0
400 | Isolation Valve operated - ( Gate valve ID ) 100
231 | Isolation Valve operated - ( Gate valve ID )
249 | Isolation Valve operated - ( Gate valve ID ) 0
21 | Isolation Valve operated - ( Gate valve ID ) 0
134 | Isolation Valve operated - ( Gate valve ID )
379 | Isolation Valve operatéd - ( Gate valve ID ) 0
332 | Isolation Valve operated - ( Gate valve ID ) 100
419 | Isolation Valve operated - ( Gate valve ID ) 0
76 50

Isolation Valve operated - ( Gate valve ID )
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Isolation Valve operated - ( Gate valve ID )

433 | Isolation Valve operated - ( Gate valve ID ) 25
383 | Isolation Valve operated - ( Gate valve ID ) 0
408 | Isolation Valve operated - { Gate valve ID )
301 | Isolation Valve operated - ( Gate valve ID) | 0
405 | Isolation Valve operated - ( Gate valve ID ) 100
407 | Isolation Valve operated - ( Gate valve ID ) 0
103 | Isolation Valve operated - ( Gate valve ID ) 0
426 | Isolation Valve operated - ( Gate valve ID ) 0
427 | Isolation Valve operated - { Gate valve ID ) 0
404 | Isolation Valve operated - ( Gate valve ID ) 100
260 | Isolation Valve operated - ( Gate valve 1D ) 0
423 | Isolation Valve operated - ( Gate valve ID ) 0
402 |.Isolation Valve operated - ( Gate valve ID ) 0
418 | Isolation Valve operated - ( Gate valve ID )
432 | Isolation Valve operated - ( Gate valve ID ) 0
409 | Isolation Valve operated - ( Gate valve ID ) 75
48 | Isolation Valve operated - ( Gate valve ID ) 0.
389 | Isolation Valve operated - ( Gate valve ID )
342 | Isolation Valve operated - ( Gate valve ID ) 0
424 | Isolation Valve operated - (-Gate valve ID ) 0
417 | Isolation Valve operated - ( Gate valve ID ) 75
141 | Isolation Valve operated - ( Gate valve ID ) 0
422 | Isolation Valve operated - ( Gate valve ID ) 0
420 | Isolation Valve operated - ( Gate valve ID ) -0
55 | Isolation Valve operated - ( Gate valve ID ) 7
411 0
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Appendix G contains the break data compiled and created as part of the research and used
in Chapters 3 and 4.

Laity View pipe break records with pipe identification numbers (1983-2004)

CEP Check

(break to
current : -
) pipe or DATE
PIPE pipe YEAR REPLACED OF

ID replaced) MATERIAL | SIZE | INSTALLED | (FROM GIS) | BREAK | COMMENTS
Water hammer caused by
something plugging
hydrant during line
flushing of mains. Valved
down pressure to control

.o 14/04/19 | leakage, repaired damage
10012 current AC 150 1975 ‘N 83 section of pipe

: Failure of needle valve on

. ] - pressure reducing valve
‘| caused 15# increase in
) line pressure. Cut out bad
08/03/19 | section and installed new

13347 replaced DI 75 1985 Y 83 6" piece
. ’ . 20/09/19
13827 current AC 250 | 1964 N 83

100mm C/I w/m broken
straight across - probable
09/07/19 | cause due to settlement of
12535 replaced DI 100 1986 Y 84 material under pipe.

: : Repaired broken 150mm
A/C w/m caused by
08/05/19 | overtightening of service
13889 replaced DI 150 1994 Y 84 corp. stop.

. Break occurred where
sewer connection had
been installed some time
ago. Repaired 150mm A/C

. . 09/07/19 | w/m by installing 150mm x
13895 replaced DI 150 1994 Y 84 300mm repair clamp
Watermain broken due to
settlement of old sanitary
sewer trench. No property
damage from break. Cut
out damaged section of
13/12/19 | A/C w/m and repaired with

13974 current AC 150 1964 N 84 D/l pipe.
22/08/19
12320 current Cl 150 1968 N 85

150mm 2/m broke due to
: 27/12/19 | settlement of storm sewer
13980 replaced DI 150 1994 Y 85 trench.

: 150mm A/C w/m had been
marked by back-hoe tooth
when sewer connection
was installed by
Contractor a few years
ago. Installed s/s repair
} 24/09/19 | clamp over horizontal
12307 current AC 150 1972 N 86 crack.

Old light C/l w/m split
approx. 5' along side of
pipe possibly from
shoulder settlement.

| 26/12/19 | Repaired broken 20mm
12461 replaced DI 200 1992 Y ) 86 C/l wim.




Repaired broken 150mm
A/C wim with s/s/ repair
clamp which was
damaged by shoulder

14/04/19 -| settlement. (Note: pipe is
11386 current AC 150 1971 N 87 deep to go under culvert).
: 100mm C/l w/m broke
straight across due to
settlemént of road
shoulder where new
sewerline was installed
) (Note: 3rd break).
. 21/01/19 | Repaired broken 100mm

12461 replaced DI 100 1992 Y 87 C/l wim.
150mm A/C w/m broke
due to settlement of
shoulder. Installed s/s
repair clamp where A/C

. 09/09/19 | pipe had cracked by

13974 current AC 150 1964 N - 87 connection tap.

- Shoulder of road settling
where sewer had crossed
line caused break of
100mm C/l w/m. (Exist

20/02/19 | 100 ClI pipe segments
14584 replaced DI 100 1991 Y 88 abandoned).
; Resident pounded rebar
through collar in 150mm
A/C w/m while fixing up
end of his driveway
culvert. Crew put on a
rebard repair clamp &
. 19/04/19 | resident will clean up
12286 _current AC 150 1972 N - 89 shoulder & seed area.
150mm A/C w/m broke
where contractor had
16/02/19 | installed storm under a
13974 current AC 150 1964 N 89 few years ago.
Repaired 6" A/C w/m with
. 14/06/19 | stainless steel repair
11405 current AC 150 1975 N 90 - clamp. (Leaking at collar).
Roads Foreman called out- |
due to hole in road,
undermined due to leak in
waterline. Hole temporarily
filled with 3/4".crushed
rock and flasher put up.
14/03/19 | Repaired by Water Dept.
13872 current DI 100 1986 N 90 on Apr. 20th. ‘
Turned water off on the
street and dug it out. Put
on a stainless steel saddle
with a 3/4 hole as the
. 03/11/18 | service saddle rusted
12308 current AC 18 1972 N 91 away. Backfill.
. Pipe broke due to
31/01/19 | settlement of road
12448 replaced DI 100 1991 Y 91 shoulder.
08/06/19
11014 replaced DI 150 1999 Y 92 Repair watermain break.
‘ o ’ 21/12/19
11494 current AC 200 - 1973 N 92 Repair watermain break.
) : 20/02/19
12017 current DI 200 1982 N 92 Repair watermain break.
i : 21/07/19
12259 current AC 150 1969 N 92 Repair watermain break.
08/06/19
12437 current AC 150 1964 N 92 Repair watermain break.
06/03/19
14302 current AC 150 1959 N 92 Repair watermain break.




24/09/19

10118 current Cl 150 1959 - 93 Repair watermain break.
. . 23/02/19
11151 current AC 250 1964 93 Repair watermain break.
02/04/19
12308 current AC 150 1972 93 Repair watermain break.
02/05/19
12541 current . DI . 200 1986 - 93 Repair watermain break.
08/10/19
14548 current DI 250 1974 93 Repair watermain break.
Repaired AC waterline on
19/05/19 | 224 St where crossing for
10363 current AC 250 1964 94 building was.
*COMPLETION TO
12/02/19 | REPAIRS & A LATER
12284 current AC 150 1969 94 DATE
Possibly caused by
b construction near this
20/06/19 | location. (Note: large
13896 current AC 150 1973 94 trucks hauling)
10/02/19
10019 current AC 200 1964 95
12/11/19
11391 current AC 150 1975 95
W/M broke where gas
service had been installed
(possibly hit by mole).
Approx. 2' section blown
13/12/19 | out of pipe bottom - some
12254 current AC 150 1969 95 houses in area flooded. -
14/12/19
12254 current AC 150 1969 95
12/12/19
12255 current AC 150 1969 95
05/12/19
12284 current AC 150 1969 95
19/11/19
12471 current Di 150 1986 95
150mm DI W/M broke
18/11/19 | possibly due to electrolysis
12471 current DI 150 1986 95 corrosion of W/M.
12/01/19
13986 current AC 150 1969 95
14/02/19
10027 current AC 200 1973 93 Repair watermain break.
. - 02/12/19
10269 current AC 200 1959 93 Repair watermain break.
14/02/19
. 12313 current AC 150 1972 93 Repair watermain break.
. 17/12/19 '
14523 current AC 200 1973 95
. Clay soil causing.DI pipe
to corrode which is
causing holes in the pipe
(put dechlorination bags in
2 spots; valved down W/M
23/04/20 | & crews arrived to repair
12471 current DI 150 1986 02 . WIM.
i Broken copper waterline
3" from cork @ main (split
copper). Large sinkhole at
site. Old line, wear & tear,
vibration caused? Found
leak, placed dechl. pucks
at ¢/b. Shut down main for
15/02/20 | approx. 1.5 hrs to repair
10118 current Cl 150 1959 03 service. Rep'd w 150 robar
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old 150mm A/C main in
poor shape (very soft in the
area of this break). Cut out
4' section of A/C main &
replaced with D/l pipe. Put

11/03/20 | cork in main for 12475-214
11364 current AC- 150 1975 01 St. at the same time.
Leak appears to be on our
side @ edge of s/w. Need
i hoe & crew to repair
. 100mm PVC pipe. Installed
. 21/04/20 | meter setter & box @
11408 current _AC 150 1977 02 21285 Douglas Ave.
Broken ACW/M @
‘ intersection of 126 Ave. &
05/08/20 | Grace St. Crew & hoe
12293 current AC 150 1969 02 arrived and repairs made. -
25/07/20 | Broken 200mm Cl W/M.
12317 current Cl . 200 1959 02 Repaired sidewalk as well.
Repaired with 150 AC
robar repair clamp. AC
broken at intersection of
03/07/20 | 124 Ave. & Laity St. going
11361 current Cli 150 1977 03 east on 124 Ave.
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Year Of

Failure .

_-all Month Number # of

Pipe first Soil Oof of breaks first # of 2nd Age
PIPE ID | Size mat. Year breaks zone Failure | (t0 1999) | breaks breaks cohort
12448 200 DI 1991 1991 30 1 1 0 1990-1994
13872 150 DI 1986 1990 30 3 1 1 "~ | 1985-1989
12541 200 DI 1986 1993 40 5 1 1 1985-1989
10012 150 AC 1975 1983 30 4 1 1 1975-1979
12471 150 DI 1986 1995 30 11 1 1 1985-1989
12017 200 |© DI 1982 - 1992 40 2 1 1 1980-1984
12307 150 AC 1972 1986 30 9 ) 1 1970-1974
11405 150 AC 1975 1990 60 6 1 1 1975-1979
11386 150 _AC 1971 1987 30 4 1 1 1970-1974
12286 150 AC 1972 1989 30 4 1 1 1970-1974
12320 150 CI 1968 1985 30 8 1 1 1965-1969
12308 150 AC 1972 1991 30 11 2 1 1 1970-1974-
13827 250 AC 1964 1983 30 9 1 1 1960-1964
11494 200 AC 1973 1992 40 12 1 1 1970-1974
14548 250 DI 1974 1993 40 10 1 1 1970-1974
11391 | 150 AC 1975 1995 30 11 1 1 1975-1979 .
10027 200 AC 1973 1993 40 2 1 1 .| 1970-1974
13974 150 AC 1964 1984 40 12 3 1 2 1960-1964
12313 150 AC 1972 1993 30 2 1 1 1970-1974
13896 150 AC 1973 1994 30 6 1 1 1970-1974 -
14523 200 AC 1973 1995 40 12 1 1 1970-1974
12284 150 AC 1969 1994 30 2 2 1 1 1965-1969
12254 150 AC 1969 1995 30 12 2 1 1 1965-1969
12255 150 AC 1969 1995 30 12 1 1 1965-1969
13986 150 AC . 1969 1995 30 1 1 1 1965-1969
12437 150 AC 1964 1992 60 1 1 1960-1964
11151 250 AC 1964 1993 60 2 1 1 1960-1964
10363 250 AC 1964 1994 30 5 1 1 1960-1964
10019 200 AC 1964 1995 40 2 1 1 1960-1964
14302 150 AC’ 1959 1992 40 3 1 i 1955-1959
10269 | 200 AC | 1959 1993 30 12 1 I 1955-1959
10118 150 CI 1959 1993 -30 9 1 1 1955-1959
12259 150 AC 1969 1992 30 1 1 1965-1969 !
12535 200 DI 1986 1984 30 7 1 0 1985-1989
13895 200 DI | 1994 1984 30 7 1 0 1990-1994
13980 200 DI 1994 |. 1985 30 12 1 0 1990-1994
12461 150 DI 1992 1986 - 30 12 2 0 1990-1994
14584 150 DI 1991 1988 40 2 1 0 1990-1994
13347 150 DI 1985 1983 60 3 1 0 1985-1989
13889 200 DI 1994 1984 60 5 1 0 1990-1994
11014 250 DI 1999 1992 60 6 1 0 1995-1999
47 32 5

Note: 47 breaks, 9 pipes unknown, 10 breaks unknown
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 Soil data codes

Type of soil Code
Marine Clay (Clayey Marine) 30
Eolian Silt (Silty Eolian) 40
Clayey/Silty 60
Silty/Sandy : 70
Sandy/Clayey 80
Marine Sand (Sandy Marine) 50

Note: The type of soil is defined by Luttmérding, 1980 and Luttmerding, 1981.
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The following section is the break data file used for the experiments in Chapter 4. It also
contains the data created as part of Chapter 3.
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A H | J K - M
- Material Year Of | Month Of | Years of
1 |WATERID| Size Material | - Code Year Failure | Failure | Service
2 10010 150 AC 1 1975
3 10011 250 DI 3 - 1994
4 10012 150 AC 1 1975 1983 4 8
15 10013 150 Dl 3 1983
6 | 10014 150 Dl 3 1983
7 10015 250 ~ AC 1 1974
8 | 10017 200 - AC 1 1964
9| 10018 200 AC 1 1964 T
10 10019 200 AC 1 1964 1995 2 31
11 10020 200 AC 1 1982
12 10027 200 AC 1 1973 © 1993 2 20
13 10068 250 DI 3 1997 ,
14 10118 150 Cl 2 1959 1993 9 34
151 10119 250 AC 1 1959 -
16 10120 250 AC 1 1959
17 10121 . 150 DI 3 1985
18| 10122 200 Dl 3 1984
19| 10194 250 AC 1 1959
20 10195 250 AC 1 1959
21 10266 . 150 DI 3 1982
22 10267 250 DIl . 3 1978
23 10268 250 "Dl 3 1982
24| 10269 200 AC 1 1959 1993 12 34
25| 10274 200 AC 1 1973
26 10275 200 AC 1 1973
27 10276 150 DI 3 1986
28| 10277 200 AC 1 1973
29| 10344 - 150 - AC 1 1975
30 10363 250 AC 1 1964 1994 5 30
31 10377 250 DI 3 1999
321. 10397 200 DI 3 -1995
33| 10411 150 Dl 3 1981
34 10497 250 Dl 3 1999
35 10552 200 DI 3 1995
36| 10640 150 DI 3 1983
37 10673 250 ‘AC 1 1974
38| 10736 150 DI 3 - 1981
39| 10809 150 DI 3 1995
401 10810 200 DI 3 1975
41 10811 200 DI 3 1995
421 10812 200 4 DI 3 - 1995
43 10954 150 3] 3 1984
44 10970 250 DI 3 1999
45 10989 150 DI 3 1999
46 11014 250 DI 3 1999 1992 6
47 11015 250 DI 3 1999 '
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H | J K L M N
481 11016 250 DI 3 1999
491 11017 250 DI 3 1999
50] 11078 200 DI 3 1984
51] 11114 200 DI 3 1976
521 11150 250 AC 1 1964
53| 11141 250 AC 1 1964 1993 2 29
54| 11152 150 DI 3 1991
55| 11153 150 AC 1 1972
56| 11351 150 AC 1 19569
57| 11352 150 DI 3 1992
58| 11353 150 DI 3 1991
59| 11354 150 DI 3 1991
60| 11357 150 DI 3 1980
61| 11358 150 DI 3 1994
62] 11360 150 DI 3 1982
63| 11361 150 Cl 2 1977
64| 11362 150 Cl 2 1977
65] 11363 150 Cl 2 1977
66| 11364 150 AC 1 1975
67{ 11365 150 DI 3 1990
68| 11366 150 DI 3 1991
69| 11367 150 DI 3 1991
70| 11368 150 DI 3 1990
71] 11369 150 DI 3 1991
72| 11370 150 DI 3 1991
73| 11373 200 DI 3 1982
741 11375 200 DI 3 1982
75| 11376 200 DI 3 1982
76| 11377 150 AC 1 1964
77| 11379 200 DI 3 1997
78] 11380 . 200 DI 3 1982
79] 11381 200 DI 3 1982
80| 11382 200 DI 3 1980
81| 11383 200 DI 3 1980
82| 11385 200 DI 3 1991
83| 11386 150 AC 1 1971 1987 4 16
841 11387 150 DI 3 1987
85] 11388 150 DI 3 1982
86| 11389 150 DI 3 1982
87| 11390 150 AC 1 1975
88| 11391 150 AC 1 1975 1995 11 20
891 11392 150 AC 1 1975 ' '
90| 11393 150 AC 1 1975
91| 11394 150 AC 1 1975
92| 11397 150 DI 3 1986
93| 11398 150 DI 3 1986
941 11399 150 AC 1 1975
95| 11400 150 .DI 3 1986
96| 11401 150 AC 1 1975
97| 11402 150 AC 1 1975
98] 11403 150 AC 1 1975




H [ J K L M N
150 DI 3 1983

150 AC 1 1975 1990 6 15
150 AC 1 1975

150 AC 1 1975

150 AC 1 1977

150 AC 1 1977

150 AC 1 1977

150 AC 1 1975 s

150 DI 3 1983

150 DI 3 1983

150 DI 3 1983

150 AC 1 1975 |

200 DI 3 1976

200 DI 3 1976

200 DI 3 1976

200 DI 3 1976

200 AC i 1973

200 AC 1 1971

200 AC 1 1973

200 AC 1 1973 1992 12 19
200 AC 1 1973

200 DI 3 1991

200 AC 1 1959

200 DI 3 1995

200 DI 3 1995

150 DI 3 1997

200 DI 3 1997

200 DI 3 1982 1992 2 10
200 DI 3 1995

150 DI 3 1998

150 Cl 2 1964

150 DI 3 1997

250 DI 3 1998

250 DI 3 1998

200 DI 3 1994 ,
150 AC 1 1969 1995 12 26
150 AC 1 1969 1995 12 26
150 DI 3 1982

150 AC 1 1969 1992 23.
200 DI 3 1991

150 DI 3 1995

150 DI 3 1995

150 AC 1 1969 1994 2 25
150 AC 1 1972 1989 4 17
150 AC 1 1972

150 AC 1 1972

150 AC 1 1969

150 AC 1 1969

150 AC 1 1972

150 AC 1 1969

150 DI 3 1986
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150 12297 150 AC 1 1972
151] 12298 150 DI 3 1994
152 12299 200 DI 3 1994
153 12301 150 DI 3 1994
154 12302 150 DI 3 1994
155 12303 100 Cl 2 1965
156] 12305 200 DI 3 1994
157] 12307 150 AC 1 1972 1986 9 14
158| 12308 150 AC 1 1972 1991 11 19
159| 12309 150 AC 1 1972
160f 12310 150 AC 1 1972
161] 12311 150 AC 1 0
162| 12312 150 AC 1 1975
163] 12313 . 150 AC 1 1972 1993 2 21
164] 12314 150 AC .1 1972
165 12315 150 Cl 2 0
166f 12316 200 Cl 2 1956
167] 12317 200 Cl 2 1959
168] 12319 150 AC 1 1964 :
169 12320 150 Cl 2 1968 1985 8 17
170{ 12321 150 DI 3 0
171] 12324 150 DI 3 1990
172 12326 150 DI 3 1990
173 12327 150 DI 3 1990
174 12328 100 Cl 2 0
175 12329 150 Dl 3 1990
176] 12330 150 DI 3 1990
177 12331 150 DI 3 1997
178 12332 150 AC 1 1975
179 12333 150 AC 1 1972
1180} 12334 150 AC 1 1972
181] 12335 150 AC 1 1980
182| 12337 150 DI 3 1978
183| 12338 150 DI 3 1994
184| 12339 150 AC 1 1964
185] 12340 200 AC 1 1973
186 12341 200 AC 1 1973
187] 12342 200 AC - 1 1973
188] 12343 150 DI 3 - 1986
189 12344 150 DI 3 0
190 12346 200 AC 1 1973
191 12347 200 AC 1 1973
192 12349 200 AC 1 1973
193] 12350 200 AC 1 1973
194 12429 200 AC 1 1959
195 12430 200 AC 1 1973
196] 12431 200 AC 1 1973
197]° 12432 200 AC 1 1959
198| 12433° 200 Cl 2 1956
199] 12435 | . 150 DI 3 1990
200] 12436 150 DI 3 1990
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201| 12437 150 AC 1 1964 1992 6 28
202] 12439 250 DI 3 1982 .
203 12441 150 - ClI 2 1975
204 12442 250 DI 3 1978
205 12443 250 DI 3 1978
206] 12445 | 250 DI 3 . 1978
207] 12446 150 AC 1 1969
208] 12447 200 DI 3 1991
209| 12448 200 DI 3 1991 1991 1 0
210| 12450 200 DI 3 1991
211] 12451 200 DI 3 1991
212 124582 150 AC 1 1964
213] 12453 250 DI 3 1978
214 12456 150 DI 3 1982
1215 12457 150 DI 3 1982
216| 12458 150 DI 3 1992
217 12459 150 DI 3 1992
218| 12460 150 DI 3 1992
219] 12461 150, DI 3 1992 1986 12
220] 12462 200 DI 3 1994
221 12464 150 DI 3 1984
222) 12465 150 Dl. 3 1986
223| 12466 150 DI 3 1985
224] 12467 150 DI 3 1985
225| 12468 150 DI .3 1989
226) 12469 150 DI 3 1989
227 12470 150 DI 3 1989
228| 12471 150 . DI 3 1986 1995 11 9
229| 12472 150 DI 3 1985
230| - 12475 150 DI 3 1990
231] 12476 150 _ DI 3 1990
232} 12477 200 DI 3 1994
233] 12478 150 DI 3 1986
234] 12479 150 DI 3 1990
235] 12480 150 DI 3 1986
236] 12481 150 DI 3 1986
237] 12483 200 DI 3 1993
238| 12484 200 ~ Cl 2 1979
239| 12521 200 DI 3 1986
240 12533 200 DI 3 1986
241] 12535 200 DI 3 1986- 1984 7
242| 12537 200 DI 3 1986
243] 12539 200 DI 3 1986
244| 12540 : 200 . ‘DI 3 1986 :
245 12541 200 DI 3 1986 1993 5 7
246] 12542 200 DI 3 1986
247] 12543 150 AC 1 1964
248] 130583 300 STL 4 1978
249 13054 300 STL 4 1978
250] 13061 250 DI 3 1982
251] 13091 200 DI 3 1993
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252 13092 200 _ DI 3 1993
253 13095 250 DI 3 1978
254| 13296 250 DI 3 1993
255| 13298 250 DI 3 1993
256| 13322 200 DI 3 1997
257] 13323 150 AC 1 1964
258] 13324 150 AC 1 1975
259 13326 150 AC 1 1972
260] 13329 150 DI 3 1986
261] 13330 150 DI 3 1986
262 13337 250 DI 3 1993
263] 13338 250 DI 3 1993
264| 13339 250 DI 3 1993
265| 13340 | 250 DI 3 1993
266| 13342 250 AC 1 1964
267| 13343 250 DI 3 1993
268| 13344 200 DI 3 1993
269| 13345 200 DI 3 1993
270 13346 150 DI 3 1985
271 13347 150 DI 3 1985 1983
272| 13348 250 DI 3 1993
273 13349 200 DI 3 1993
274 13350 150 AC 1 1964
275 13354 150 DI 3 1996
276 13355 150 DI 3 . 1996
277{ 13375 200 DI 3 1978
278| 13388 150 DI 3 1995
279 13390 200 DI 3 1995
280] 13391 150 DI 3 1982 :
281] 13827 250 AC 1 1964 1983 19
282] 13828 250 AC 1 1964
283] 13829 250 AC 1 1964
284| 13830 | - 200 DI 3 1993
285| 13833 200 DI 3 1986
286| 13868 200 DI -3 1993
287| 13869 150 DI 3 1990
288] 13870 150 DI 3 1990
289 - 13871 150 DI 3 1994
290] 13872 150 DI 3 1986 1990 4
291 13873 200 DI 3 1984

[292] 13874 200 DI 3 1984
293] 13875 150 DI 3 1986
294| 13876 150 DI 3 1986
205] 13877 150 DI 3 1984
296] 13878 150 DI 3 1984
297] 13879 200 DI 3 1984
298| 13880 200 DI 3 1984
299| 13881 200 DI 3 1988
300] 13882 200 DI 3 1986
301] 13883 150 DI 3 1989
302| 13884 150 DI 3 1989




A | J K L M N
303] 13885 150 DI 3 1988 '
304] 13886 150 DI 3 1985
305] 13887 150 DI 3 1985
306] 13888 150 DI 3 1985
307] 13889 200 DI 3 1994 1984 5
308] 13890 200 DI 3 1994
309] 13891 200 DI 3 1994
310] 13892 150 DI 3 1994
311] 13893 200 DI 3 1994
312 13894 200 DI 3 1994
313| 13895 200 DI 3 1994 1984 7
314] 13896 150 AC 1 1973 1994 6 21
315} 13897 150 AC N 1973
316] 13898 150 DI 3 1983
317] 13899 150 DI 3 1983
318] 13900 150 DI 3 1982
|319] 13903 150 DI 3 1988
'(320{ 13905 150 DI 3 1978
321{ 13906 150 DI ‘3 1982
322| 13907 150 DI 3 1983
323| 13908 150 DI 3 1990
324} 13909 150 Cl 2 1999
325] 13952 150 AC 1 1971
326/ 13953 150 DI 3 1987
327] 13954 150 AC 1 1964
328| 13955 150 AC 1 1964
329] 13956 150 AC 1 1964
330] 13957 150 ‘AC 1 1964
331| 13958 150 AC 1 1964
{332 13959 150 AC 1 1964
|333] 13962 150 AC 1 1964
334] 13963 150 DI 3 1990
335 13964 150 DI 3 1990
336] - 13965 150 DI 3 1990
337] 13967 150 DI 3 1990
338} 13968 150 DI 3 1990
339] 13969 150 Dl . 3 1990
340] 13970 150 AC 1 1964
341 13971 150 AC 1 1964
342] 13974 150 AC 1 1964 1984 12 20
343| 13975 150 DI 3 1979
344| 13976 150 DI 3 1979
345| 13977 150 AC 1 1964
346] 13978 150 _AC 1 1964
3471 13979 150 DI 3 1994
348| 13980 200 DI 3 1994 1985 12
349| 13981 200 DI 3 1994
350 13982 150 DI 3 1991
3511 13983 150 DI 3 1991
352] 13984 150 DI 3 1991
353| 13985 150 AC 1 1972 ~
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A H J K L M N

354] 13986 150 AC 1 1969 1995 1 26
355| 13987 150 AC 1 1969
356] 13990 200 . DI 3 1986
357] 13991 200 DI 3 1986
358] 13996 150 AC 1 1972
359| 13997 150 AC 1 1972
360} 13998 150 DI 3 1995
361] 14260 250 DI 3 1974 .
362| 14264 250 DI 3 1994
363| 14265 250 DI 3 11997
364| 14266 250 - DI 3 - 1997
365| 14267 250 DI 3 1997
366] 14268 250 DI 3 1997
367] 14270 250 DI 3 1997
368| 14271 250 DI - 3 1997
369 14272 250 DI 3 1997
370] 14281 200 DI 3 1996
371| 14282 200 DI 3 1996
372| 14283 200 DI 3 1996
373| 14284 150 DI 3 1982
374| 14285 150 DI 3 1996
375| 14301 250 DI 3 1997 :
376] 14302 150 AC- 1 1959 1992 3 33
377] 14303 250 DI 3 1997 ‘
378] 14304 200 DI 3 1997
379| 14305 150 DI 3 1997
380| 14346 250 DI 3 1974
381| 14347 150 DI 3 1995
382| 14374 200 DI 3 1991
383| 14375 150 DI 3 1981
384| 14523 200 AC 1 1973 1995 12 22
385| 14524 200 AC 1 1973
386| 14548 250 - ~ DI 3 - 1974 1993 10 19
387] 14554 250 AC 1 1974 ’
388] 14555 250 DI 3. 1998
389] 14557 150 DI 3 1986
390] 14558 150 DI 3 1986
391] 14559 150 DI 3 1983
392] 14560 150 AC 1 1975
393| 14561 150 AC 1 1975
394| 14562 150 AC 1 1975
395| 14563 150 AC 1 1975
396| 14564 150 AC 1 1975
397| 14565 150 . AC 1 1975
398| 14566 150 DI 3 1986
399| 14567 150 DI 3 1986
400 14569 150 DI 3 1986
401] 14570 150 DI 3 1986
402| 14571 150 DI - 3 1986
403 14572 150 DI 3 1982

14573 150 DI 3 1982

404
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405 14574 250 DI 3 1994
406 14575 150 AC 1 1975
407 14576 150 DI 3 1982
408 14577 200 DI 3 1991
409 14578 200 DI 3 1980
410 14579 150 DI 3 1994
411 14580 200 DI 3 1982
412 14581 200 DI 3 1982
|413] . 14582 150 DI 3 1991

414 14583 150 DI 3 1991 .

415 14584 150 DI 3 1991 1988
416 14585 150 Dl 3 1991
417] 14586 250 DI 3 1974
418| 14587 250 DI 3 1974
419| 14588 250 Dl 3 1974
.|420] 14589 150 DI 3 1981
421 14590 250 DI 3 1974
422 14591 150 DI -3 1991
423| 14592 - 150 DI 3 1991
424 14593 150 DI 3 1991
425 14594 150 DI 3 1991
426] 14595 150 DI 3 1992
427 14721 200 DI 3 1991
428{ 14754 200 DI 3 1986
429 14756 200 DI 3 1988
430] 14768 250 DI 3 1978




0 P T Q R S T U
Has pipe
been
Number | replaced Number Under
Years In | Length |of breaks| since |soilzone| of soil | boulevard

1 | Ground | (metres) | to 1999 break type zones or road
2 24 9.6 30 1 B
3] 5 11.0 ‘ 40 1 B
4 24 143.9 1 no 30 2 B
5 16 954 ' 30 1 B
6 16 131.9 30 1 B
7 25 7.3 40 1 R
8 35 21 40 1 B
9 35 10.6 40 1 B
10 35 4.0 1 no 40 1 B
11 17 11.7 , 40 1 B
12 26 87.3 1 no 40 1 B
13 2 60.3 40 1 R
14 40 388.8 1 no 30 1 B
15 40 9.5 : 30 1 B
16 40 89.0 30 1 B
17 14 101.6 30° 2 B
18 15 83.7 30 1 R
19 40 142.3 30 1 B
20 40 82.1 30 1 B
21 17 150.7 30 1 R
22 21 13.0 “30 1 B
23 17 3.4 30 1 B
24 40 79.7 1 no 30 1 B
25 26 36.9 30 1 B
26 26 50.2 40 . -1 B
27 13 3.5 40 1 B
28 26 187.1 40 1 B
29 24 37.2 30 1 B
30 35 6.9 1 no 30 1 B
31 0 96.3 60 2 B
32 4 815 30 1 ‘R
33 18 73.1 40 1 R
34 0 12.0 . 30 1 R
35 4 100.0 30 1 R
36 16 3.2 30 1 B
37 25 88.0 30 1 B
38 18 59.0 40 1 B
39 4 12.9 30 1 R
40 24 3.5 - 30 1 R
41 4 - 294 -30 1 R
42 4 32.6 30 1 R
43 15 59.8 30 1 B
44 0 50.6 30 1 B
45 0 151.9 40 1 B
46 0 80.2 1 replaced 60 2 B
47 0 49.7 60 2 B
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48 0 48.8 - 30 2 B
49 0 92.9 30 1 B
50 15 141.8 30 1 B
51 23 76.7 40 1 R
52 35 76 30 1 B
53 35 387.8 " no 60 3 B
54 8 21.8 30 1 B
55 27 309.0 30 2 B
56 40 81.2 40 1 B
| 57 7 171.0 40 1 B
58 8 915 40 1 R
59 8 95.1 40 1 R
60 19 156.3 70 2 B
61 5 150.3 40 1 R
62 17 5.7 40 1 B
63 22 10.7 40 1 B
64 22 77.7 40 1 B
65 22 149.3 40 1 B
66 24 143.7 40 1 B
67 9 14.7 40 1 B
68 8 118.6 40 1 B
69 8 86.5 40 1 B
70 9 7.0 40 1 R
71 8 113.1 40 1 B
72 8 98.4 40 1 R
73 17 93.5 40 1 B
74 17 442 40 1 B
75 17 90.0 40 1 B
76 35 358.9 40 1 B
77 2 3.5 40 1 B
78| 17 - 156.2 40 1 B
79 17 155 40 1 B
80 19 17.1 30 1. R
81 19 133.8 30 1 B
82 8 3.4 30 1 B
83 28 339.9 no 30 1 B
84 12 110.9 30 1 R
85 17 3.5 30 1 B
86 17 85.8 30 1 R
87 24 73.2 30 1 B
88 24 79.0 no 30 1 B
89 24 15.5 30 1. B
90 24 66.1 60 2 B
91 24 5.6 30 1 B
92 13 5.5 30 2 R
93 13 50.3 1 B
94 24 17.4 : 1 B
95 13 431 30 2 B
96 24 41.0 30 2 B
97 24 24.3 30 1 B
98 24 66.5 30 2 ‘B
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99 16 324 30 1 B
100 24 142.3 no 60 2 B
101 24 53.3 30 1 B
102 24 1.4 30 1 B
103 22 184.3 40 1 B
104 22 19.8 40 1 B
105 22 15.6 40 1 B
106 24 64.8 60 2 B
107 16 1254 30 1 B
108 16 46.0 30 1 R
109 16 121.5 30 1 B
110 24 61.1 30 1 B
111 23 286.8 " 60 3 R
112 23 4.8 40 1 R
113 23 934 30 1 R
114 23 336.4 30 2 R
115 26 9.6 40 1 B
116 28 10.4 40 1 R
117 26 6.1 40 1 R
118 26 238.5 no 40 1 B
119 26 95.1 40 1 R
120 8 8.7 30 1 B
121 40 15.0 40 1 R
122 4 235.4 40 1 B
123 4 2.0 40 1 R
124 2 7.0 40 1 B
125 2 22.5 40 1 B
126 17 28.8 no 40 1 R
127 4 3.1 40 1 R
128 1 77.4 40 1 R
129 35 50.2 40 1 B
130 2 11.8 40 1 R-
131 1 14.3 40 1 R
132 1 7.2 40 1 R
133 5 142.4 40 1 R
134 30 165.0 no - 30 2 R
135 30 259.8 no 30 2 R
136 17 20.6 30 1 R
137 30 2311 no 30 1 B
138 8 5.6 30 1 B
139 4 139.5 30 2 B
140 4 7.6 30 1 B
141 30 162.0 no 30 1 B
142 27 206.7 no 30 1 B
143 27 6.8 30 1 B
144 27 10.9 30 1 R
145 30 95.5 30 1 B
146 30 94.7 30 1 B
147 27 74 30 1 B
148 30 175.6 30 1 B
149 13 52.6 30 1 R




0 P Q R S T U

150] 27 53.2 40 1 B
151 5 19.4 30 1 B
152] 5 66.2 30 1 R
153 5 20.4 30 1 B
154 5 25.9 40 1 R
155] 34 323 30 1 B
156] 5 424 _ 30 1 R
57| 27 150.3 1 no 30 1 B
158 27 1371 2 no 30 1 R
159 27 1.3 30 1 B
160] 27 68.7 30 1 B
161 438 30 1 B
162| 24 54 30 1 B
163 27 76.9 1 no 30 1 B
164| 27 1492 30 1. B
165 , 2.1 \ 30 1 B
166] 43 35 30 -1 R
167| 40 385.2 30 1 B
168| 35 6.6 30 1 B
169 31 69.4 1 no 30 1 R
170 35 : : 30 1 R
171 9 111 40 1 R
72| 9 96.9 40 1 R
173 9 12.4 40 1 R
174 : 47 40 1 B
175 9 114.2 40 1 R
176] 9 22.4 40 1 R
1771 2 20.7 40 1 R
178| 24 | 1357 40 1 B
179 27 54.9 40 1 B
180 27 61.3 40 1 B
181 19 348 40 1 B
182] 21 195.2 30 1 B
183 5 100.6 30 1 R
184] 35 85.4 40 1 B
185 26 42 40 1 B
186] 26 174 40 1 R
187 26 113.6 40 1 R
188 13 96.3 40 K B
189 143 40 1 R
190| 26 | 1418 40 1 B
191 26 77 40 1 B
192] . 26 63.0 30 1 B
193] 26 76.3 60 2 B
194 40 74 30 1 R
195 26 "15.9 30 1 R
196] 26 15.7 30 1 R
197] 40 34 30 1 R
198 43 25 30 1 R
i99] o9 161.3 30 1 B
2 R

200
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201 35 388.9 no .60 2 B
202 17 2.0 30 1 R
203 24 19.0 30 1 R
204 21 199.8 30 1 B
205 21 13.1 30 1 R
206 21 87.7 30 1 B
207 30 35 30 1 R
208 8 . 878 30 1 R
209 8 82.6 replaced 30 1 B
210 8 "160.1 : 30 1 B
211 8 40.9 30 1 R
212 35 3.6 30 1 B
213 21 41.0 30 1 B
214 17 41.5 60 . 2 B
215 17 51.6 30 i B
216 7 73.0 30 1 B
217 7 19.0 30 2 B
218 7 75.3 30 1 B
219 7 139.4 replaced 30 1 B
1220 5 98.1 30 1 R
221 15 81.9 30 1 R
222 13 72.2 30 1. R
223 14 68.7 30 1 R
224 14 93.4 30 1 B
225 10 62.7 30 1 R
226 10 81.9 30 1 R
227 10 63.4 30 ¢ 1 R
228 13 89.5 no 30 1 B
229 14 915 30 1 B
230 9 . 5.0 30 1 B
231 9 97.9 30 1 R
232 5 75.6 30 1 R
233 13 71.1 30 1 R
234 9 A 30 1 R
235 13 16.6 30 1 R
236 13 20.3 30 1 R
237 6 258 30 1 B
{238 20 121.4 30 1 B
239 13 8.5 30 1 R
240 13 41 40 1 R
241 13 112.4 replaced 30 | 1 R
242 13 75.1 30 2 R
243 13 65.5 30 1 R
244 13 104.1 60 2 R
245 13 8.1 no 40 1 R
246 13 6.3 40 1 R
247 35 17.0 30 1 R
248 21 17.0 30 1 R
249 21 7.1 30 - 1 R
2501 17 3.5 30 1 R
6 6.3 30 1 R

251
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2521 6 134 30 1 R
253 21 35.6 30 1 B
254 6 66.3 30 1 R
255 6 169.6 30 1 R
256 2 18.9 40 1 R
257 35 . 581 40 1 3 (closed roag
258 24 113.8 40 1 B
259 27 208.8 30 1 - B
260 13 30.8 30 1 B
261 13 134.1 30 2 B
262 6 2.9 30 1 R
263 6 119.2 60 2 R
264 6 33.1 30 1 R
265 6 28.7 30 1 R
266 35 53.1 30 1 B
267” 6 1.7 30 1 R
268 6 23.4 30° 1 ‘R
269 6 31.8 30 1 R
270 14 102.2 30 1 B
271 14 90.3 replaced 60 2 R
272 6 59.5 30 1 R
273 6 426 30 1 B
274 35 88.7 30 1 R
275 3 112.2 40 1. B
276 3 139.2 40 1 B
277 21 10.8 30 1 R
278 4 129.4 40 1 B
279 4 166.6 30 1 R
280 17 54.4 , 30 1 R
281 35 13.2 no 30 1 B
282 35 139.8 30 1 B
283 35 37.4 X 30 1 B
284 6 | 107.9 60 2 R
1285 13 187.6 30 2 B
286 6 431.4 30 1 B
287 9 50.9 30 1 B
288 9 131.0 30 2 B
289] 5 68.7 30 1 B
290 13 173.8 no 30 o1 B
291 15 4.5 30 1 R
292 15 129.4 30 1 R
293 13 133.7 30 2 R
294 13 232.3 30 1 R
295|. 15 169.5 60 .2 B
296 15 2023 - 60 2 B
297 15 91.5 30 1 R
298] 15 70.2 30 1 R
299 11 105.9 30 1 R
300 13 53.6 30 1 R
301 10 - 109.9 30 1 B
302 10 30 1 B
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303 11 127.2 30 1 B
304 14 77.3 30 1 B
305 14 101.5 30 1 B
306 14 84.5 30 1 B
307 5 164.2 replaced 60 3 R
308 5 6.8 30 1 R
309 5 92.2 30 2 R
310 5 26.2 30 2 R
311 5 145.0 30 1 R
312 5 451 30 1 R
313 5 97.3 replaced 30 1 R
314 26 113.4 no 30 2 B
315 26 346 30 1 B
316 16 58.1 30 1 B
317 16 104.7 30 1 B
318 17 46.5 30 1 R
319 11 169.8 60 2 B
320 21 15.2 30 1 R
321 17 76.6 30 1 B
322 16 85.7 60 2 B
323 9 163.9 30 1 B -
324 0 42 30 1 B
325 28 206.7 30 1 B
326 - 12 133.0 30- 1 B
327 35 265.2 60 2 B
328 35 140.6 40 1 B
329 35 362.5 40 1 B
1330 35 4.6 40 1 3 (closed roa
331 35 6.6 40 1 R
332 35 23.7 40 1 R
333 35 9.7 40 1 B
334 9 27.1 40 1 B
335 9 58.9 40 1 B
336 9 19.6 40 1 R
337 9 80.8 40 1 B
338 9. 50.2 40 1 B
339 9 137.2 40 1 B
1340 35 751 40 1 B
341 35 73.5 60 2 R
342 35 266.3 no 40 1 B
343 20 58.4 30 1 R
344] - 20 138.9 30 2 R
345 35 18.2 30 1 R
346 35 1.5 30 1 ‘B
347 5. 30.6 30 1 R
348 5 113.3 replaced 30 1 R
349 5 164.0 60 2 R
350 8 23.6 30 1 B
351 8 163.5 30 2 B
352 8 18.1 30 1 B
353 27 30 1 B
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354] 30 1201 no 30 2 B
355 30 102.2 30 1 B
356 13 63.3. 30 1 R
357 13 74.0 30 1 R
358 27 79.8 30 1 B
350 27 230.5 30 2 B
360 4 9.2 30 1 B
361 25 722 40 1 R
362| 5 12.1 40 1 R
363 2 143.0 40 1 R
364 2 1.3 40 1 R
365 2 323 40 1 R
366] 2 99.5 40 1 R
367 2 98.5 40 1 R
368 2 19.8 40 1 R
369 2 115.6 40 1 R
370] 3 85.3 40 1 B
371 3 8.6 40 1 R
372 3 8.8 40 1 R
373 17 379 40 1 B
374 3 6.0 40 1 R
375 2 737 40 1 R
376] 40 | 3973 no 40 1 B
377 2 118.4 40 1 R
378 2 9.2 40 1 R
379 2 286 40 1 B
380] 25 82.8 40 1 R
381 4 118.4 40 1 R
382 8 14.3 30 1 R
383 18 124.9 40 1 R
384 26 147.0 no 40 1 B
385 26 78.4 40 1 R
386] 25 252.3 no 40 1 R
387 25 155.2 40 1 R
388] 1 5.5 40 1 R
389] 13 "161.0 30 2 B
390 13 230 30 K B
391 16 48.4 30 1 B
392 24 178.0 30 1 B
393 24 16.5 30 1 R
394 24 73.1 30 1 B
395 24 16.2 30 1 R
396] 24 38.0 30 1 B
397 24 213 30 1 R
398] 13 12.3 30 1 B
399 13 151.4 30 2 R
400 13 1731 30 2 B
401 13 91.9 30 K B
402 13 30.0 30 1 B
403 17 51.4 30 2 R
204 17 8.9 30 1 R
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405 5 22.5 _ 40 1 R-
406 24 152.3 60 2 B
407 17 94 ‘ 30 1 R
408 8 259.8 30 1 B
409 19 189.8 30 1 B
410 5 20.3 40 1 B
411 17 158.0 40 1 B
412 17 81.7 40 1 B
413 8 177.6 40 1 R
414 8" 217.5 40 1 R
415 8 16.8 1 replaced 40 1 R
416 8 193.4 _ 40 1 R
417 25 52.5 ' 40 1 R
418 25 44 4 40 1 R
419 25 51.1 40 1 R
420 18 113.4 : o 40 1 B
421 25 478 40 1 R
422 8 1411 40 1 B
423 8 46.4 : 40 1 B
424 8 74.3 o 40 1 B -
425 8 123.9 40 1 B
426 7 156.8 : 40 1 B
427 8 70.0 : 30 2 B
428 13 30.0 : 40 1 R
429]- 11 126.9 ' 30 1 - R
430 21 2.1 ) 30 -1 R .
431 total breaks 47 '
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Surface traffic Pipe Pipe
1 material | classification | lining Bedding Backfill protection| C factor
2 asphalt local unlined sand sand none. 105
3 asphalt local CML gravel | crush gravel | wrapped 136
4 | gravel/grass no traffic unlined sand sand none 105
5 | gravel/grass no traffic CML gravel | crush gravel | wrapped 113
6 | gravel/grass no traffic CML gravel crush gravel | wrapped 111
7 asphalt collector unlined sand sand none 118
8 asphalt - local unlined sand sand none 115
9 asphalt local unlined sand sand none 115
10 asphailt local unlined sand sand none 115
11 asphalt local unlined sand sand none 122
12 asphailt local unlined sand sand none 115
13 asphalt collector CML gravel | crush gravel | wrapped 136
14 | gravel/grass no traffic nil native native none 95 -
15 asphalt local unlined sand sand none 122
16 asphalt local | unlined sand “sand ‘none 122
17 | gravel/grass no traffic CML gravel | crush gravel | wrapped 116
18 asphalt local CML- gravel crush gravel | wrapped 121
19 asphalt local unlined sand sand none 115
20 asphalt local unlined sand sand none 115
21 asphalt - local CML gravel crush gravel | wrapped 111
22 | gravel/grass no traffic. ‘CML gravel crush gravel | wrapped 118
23 asphailt local CML gravel crush gravel | wrapped 132
24 asphalt local unlined sand sand none 115
25 concrete local unlined sand sand none 115
26 concrete local unlined sand sand none 115
27 | 'gravel/grass no traffic CML gravel | crush gravel | wrapped '
28 asphalt local unlined sand sand none 115
29 | gravel/grass no traffic unlined sand sand none 105
30| concrete local unlined sand sand none 115
31| gravel/grass no traffic CML gravel | crush gravel | wrapped 124
32 asphalt collector CML gravel | crush gravel | wrapped 105
33| . asphalt local CML- gravel | crush gravel | wrapped 114
34| . asphalt local CML gravel | crush gravel ; wrapped 111
35 asphait collector CML gravel | crush gravel | wrapped 105
36 asphalt .local CML gravel | crush gravel | wrapped 113
37 | gravel/grass no traffic unlined sand sand none 115
38 | gravel/grass no traffic CML gravel crush gravel | wrapped
39 asphalt local CML gravel crush gravel | wrapped 118
40 asphalt collector CML gravel crush gravel | wrapped 105
41 asphalt collector CML gravel | crush gravel | wrapped 132
42| asphalt collector CML gravel crush gravel | wrapped 121
43 | gravel/grass no traffic CML gravel crush gravel | wrapped 114
44 | gravel/grass | no traffic CML gravel | crush gravel | wrapped 111
45 | gravel/grass no traffic CML gravel crush gravel | wrapped 138
46 | gravel/grass no traffic CML gravel | crush gravel | wrapped 105
47 | gravel/grass no traffic CML gravel crush gravel | wrapped 105
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48 | gravel/grass no traffic CML | gravel | crushgravel | wrapped’ 105
49 | gravel/grass no traffic CML gravel ' | crush gravel | wrapped 105
50 | gravel/grass no traffic CML gravel | crush gravel | wrapped 132
51 asphalt collector - CML gravel | crush gravel | wrapped 118
52 | gravel/grass no traffic unlined sand - sand none 126
53 | gravel/grass | * " no traffic unlined sand sand none 115
54 | gravel/grass no traffic CML gravel | crush gravel | wrapped 100
55| gravel/grass no traffic | unlined sand sand none 105
56 | gravel/grass no traffic unlined sand sand none
57 | gravel/grass parking -CML gravel crush gravel | wrapped 127
58 asphalt local CML gravel crush gravel | wrapped 126
59 asphalt local CML gravel | crush gravel | wrapped 126
60 | gravel/grass no traffic CML gravel | crush gravel | wrapped
61 asphalt local CML gravel | crush gravel | wrapped 110
62 asphalt local CML gravel crush gravel | wrapped 110
63 | gravel/grass no traffic nil native native none 106
64 | gravel/grass no traffic nil native native none 99
65 | gravel/grass no traffic nil native native none 106
66 | gravel/grass no traffic unlined sand sand none 105
67 | gravel/grass no traffic CML gravel crush gravel | wrapped 124
68 | gravel/grass no traffic CML gravel | crush gravel | wrapped 124
69 | gravel/grass no traffic CML gravel crush gravel | wrapped 124
70 asphalt local CML gravel | crush gravel | wrapped 124
71 | gravel/grass no traffic CML gravel | crush gravel | wrapped 124
72 asphalt local CML gravel | crush gravel | wrapped 126
73 | gravel/grass parking | CML gravel | crush gravel | wrapped 118
74 | gravel/grass parking CML - gravel crush gravel | wrapped 136
75| gravel/grass parking CML gravel crush gravel | wrapped 136 .
76 | gravel/grass no traffic unlined sand sand none 105
77 | gravel/grass parking CML gravel crush gravel | wrapped 136
78 | gravel/grass parking CML gravel | crush gravel | wrapped 136
79 | gravel/grass parking CML gravel | crush gravel | wrapped 136
80 asphailt arterial CML, gravel | crush gravel | wrapped 128
81 | gravel/grass no traffic CML gravel | crush gravel | wrapped 128
82 asphailt local CML gravel | crush gravel | wrapped 110
83 | gravel/grass no traffic unlined | ~ sand sand none 105
84 asphalt local CML gravel | crush gravel | wrapped
85 asphalt local CML gravel | crush gravel | wrapped 111
86 asphalt collector CML gravel - | crush gravel | wrapped 111
87 | gravel/grass no traffic unlined sand sand none 105
88 | gravel/grass no traffic unlined sand sand none 105
89 | gravel/grass no traffic unlined -sand sand none 105
90 | gravel/grass no traffic unlined sand sand none
91 concrete local unlined sand sand none 105
92 asphalt local CML gravel crush gravel | wrapped 118
93 | gravel/grass no traffic CML gravel | crush gravel | wrapped 118
94 | gravel/grass no traffic unlined sand sand none
95 | gravel/grass no traffic CML gravel | crush gravel | wrapped 118
96 | gravel/grass no traffic unlined sand sand none 105
97 | gravel/grass no traffic unlined sand sand none 105
98 | gravel/grass no traffic unlined sand sand none 108
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99 | gravel/grass no traffic CML gravel crush gravel | wrapped - 118
100]| gravel/grass no traffic unlined sand sand none 108
101| gravel/grass no traffic unlined sand sand none
102| gravel/grass no traffic unlined sand sand none 105
103| gravel/grass no traffic unlined sand sand none 108
104] gravel/grass no traffic unlined sand sand none 108
105] gravel/grass no traffic unlined sand sand none 108
106| ‘gravel/grass no traffic unlined sand sand none 105
107} gravel/grass no traffic CML gravel | crush gravel | wrapped 118
108 asphailt local CML gravel crush gravel | wrapped |,
109] gravel/grass | no traffic CML gravel ‘| crush gravel | wrapped | 118
110| gravel/grass no traffic unlined sand sand none 105
111 asphalt collector CML gravel | crush gravel | wrapped 114
1112 asphalt collector CML gravel crush gravel | wrapped 118
113 asphalt collector CML gravel | crush gravel | wrapped 114
114 asphailt collector CML gravel crush gravel | wrapped 116
115 asphalt - local unlined sand sand none 115
116 asphalt collector unlined sand sand - none 115
117]  asphalt local unlined sand sand none 115
118| concrete local unlined sand sand none 115
119 asphalt local unlined sand sand none - 115
120 asphalt local CML gravel | crush gravel | wrapped 129
121 asphalt local unlined sand . sand none 115
122| gravel/grass no traffic CML gravel | crush gravel | wrapped 110
123 asphalt local CML gravel | crush gravel | wrapped
124| gravel/grass no traffic CML gravel crush gravel | wrapped 100
125| gravel/grass no traffic CML gravel | crush gravel | wrapped 136
126 asphalt local CML gravel crush gravel | wrapped 136
127 asphalt local CML gravel crush gravel | wrapped
128 asphalt local CML gravel crush gravel | wrapped
129| gravel/grass no traffic nil native native none 99
130 asphalt local CML gravel crush gravel | wrapped 127
131 asphalt collector CML gravel | crush gravel | wrapped
132 asphalt collector CML gravel | crush gravel | wrapped
133 asphalt collector CML gravel | crush gravel | wrapped 133
134 asphalt local unlined sand sand none 105
135 asphalt local unlined sand sand none 105
136] asphalt collector | CML gravel | crush gravel | wrapped 129
137pncrete sidewa  no traffic unlined sand sand none 115
138| gravel/grass local CML gravel crush gravel | wrapped 129
139| gravel/grass no traffic CML gravel | crush gravel | wrapped 100
140| gravel/grass no traffic CML gravel crush gravel | wrapped 100
141 gravel/grass | - no traffic unlined sand - . sand none 105
142| gravel/grass no traffic unlined sand sand - none '
143| gravel/grass no traffic unlined sand sand none 105
144 asphalt local unlined sand © sand none 105
145| concrete no traffic unlined sand sand none 105
146| gravel/grass no traffic unlined sand sand none 105
147| concrete - no traffic | unlined sand . sand none 105
148| concrete - no traffic unlined sand sand none 105
149 asphalt . local CML gravel | crush gravel | wrapped
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150| gravel/grass no traffic unlined -} sand sand none 130
151| gravel/grass no traffic CML gravel crush gravel | wrapped 130
152 asphalt collector CML gravel crush gravel | wrapped 133
153| gravel/grass no traffic CML gravel | crush gravel | wrapped 100
154| asphalt collector CML gravel | crush gravel | wrapped 132
155| gravel/grass no traffic nil native native none
156 asphalt collector CML gravel | crush gravel | wrapped 133
157| gravel/grass no traffic | unlined sand sand none 105
158| asphalt local unlined sand sand none 105
159| gravel/grass no traffic unlined sand sand none 105
160] gravel/grass no traffic unlined sand sand none 105
161| gravel/grass no traffic unlined sand sand none
162| gravel/grass no traffic unlined sand sand none 105
163| gravel/grass no traffic unlined sand sand none
164| gravel/grass no traffic unlined sand sand none 105
165| gravel/grass local nil native native none
166 asphalt local il native native none 105
167| gravel/grass local nil native native none 105
168 asphalt no fraffic unlined sand sand none 105
169 asphalt parking lot nil native native none 129
170 asphalt parking lot CML gravel crush gravel | wrapped
171 asphalt local CML gravel | crush gravel | wrapped 124
172 asphalt local CML gravel | crush gravel | wrapped 124
173 asphalt local CML gravel crush gravel | wrapped 130
174| gravel/grass no traffic nil native native none
175 asphalt local CML gravel | crush gravel | wrapped 124
176 asphalt local CML gravel | crush gravel | wrapped 130
177 asphalt local CML gravel crush gravel | wrapped 126
178| gravel/grass no traffic unlined sand sand none 115
179| gravel/grass no traffic unlined sand sand, none
180| gravel/grass no traffic unlined sand sand none 105
181| gravel/grass no traffic unlined sand sand none
182| gravel/grass no traffic CML gravel | crush gravel | wrapped 100
183 asphalt local CML gravel | crush gravel | wrapped
184| gravel/grass no traffic - unlined sand sand none 105
185| asphalt local unlined sand sand none 115
186| asphalt local -unlined sand sand none 115
187 asphalt local unlined sand /- sand none 115
188| gravel/grass no traffic CML gravel | crush gravel | wrapped
189 asphalt local CML gravel crush gravel | wrapped
190] concrete - local unlined sand sand . hone 115
191 asphailt local unlined sand 'sand none 115
192} concrete local unlined sand sand none 115
193] concrete . local unlined sand sand - none 115
194 asphalt local unlined sand sand none 115
195 asphalt local unlined sand sand none 115
196 asphalt local unlined -sand sand none 115
197 asphalt local unlined sand sand none 115
1908 asphailt local nil native native none 105
199| gravel/grass no traffic CML gravel crush gravel | wrapped 100
200 asphailt local CML gravel | crush gravel | wrapped 100
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201]| gravel/grass no traffic unlined sand ‘'sand none 105
202|  asphait local CML gravel | crush gravel | wrapped 132
203 asphalt local nil native native none
204| gravel/grass no traffic CML gravel | crush gravel | wrapped 114
205 asphalt local CML gravel | crush gravel | wrapped 114
206| gravel/grass no traffic _CML gravel | crush gravel | wrapped 114
207 asphalt local unlined sand sand " none 105
208 asphalt commercial CML gravel crush gravel | wrapped 134
209| gravel/grass no traffic CML gravel crush gravel | "wrapped 129
210| gravel/grass no traffic CML gravel crush gravel | wrapped 129
211 asphalt commercial CML .gravel crush gravel | wrapped 134
212| gravel/grass parking unlined sand -sand none 105
213} gravel/grass no traffic CML gravel crush gravel | wrapped 114
214} gravel/grass no traffic CML gravel crush gravel | wrapped
215| gravel/grass no traffic CML gravel crush gravel | wrapped 111
216| gravel/grass no traffic CML gravel | crush gravel | wrapped 95
217| gravel/grass no traffic CML gravel | crush gravel | wrapped - 95
218| gravel/grass no traffic CML gravel crush gravel | wrapped - 95
219] gravel/grass no traffic CML gravel | crush gravel | wrapped 95
220 asphalt collector CML gravel | crush gravel | wrapped 133
221 asphait local CML gravel crush gravel | wrapped 130
222 asphalt local CML gravel crush gravel | wrapped -
223 asphalt _ local CML gravel crush gravel | wrapped
224| gravel/grass no traffic CML gravel crush gravel | wrapped
225 asphalt local CML gravel | crush gravel | wrapped A
1226 asphalt local CML gravel crush gravel | wrapped 121
227 asphalt local CML gravel | crush gravel | wrapped
228| gravel/grass no traffic CML gravel | crush grave! | wrapped 130
229| gravel/grass no traffic - CML gravel | crush gravel | wrapped 130
230| gravel/grass no traffic CML gravel | crush gravel | wrapped 118
231 asphalt local CML gravel | crush gravel | wrapped 114
232 asphalt local CML gravel crush gravel | wrapped
233 asphalt local CML gravel | crush gravel | wrapped 124
234 asphalt local CML gravel | crush gravel | wrapped 124
235 asphalt _local CML gravel | crush gravel | wrapped
236 asphalt local CML gravel | crush gravel | wrapped
237| gravel/grass no traffic CML gravel | crush gravel | wrapped 132
238| gravel/grass no traffic nil native native none 105
239 asphalt 224th CML gravel crush gravel | wrapped 123
240 asphalt 224th CML gravel | crush gravel | wrapped 132
241] . asphalt 224th CML gravel crush gravel | wrapped 123
242 asphalt 224th CML gravel crush gravel | wrapped 123
243 asphalt 224th CML ‘gravel crush gravel | wrapped 123
244 asphalt 224th CML gravel crush gravel | wrapped 123
245 asphalt 224th CML gravel crush gravel | wrapped 128
246 asphalt local CML gravel crush gravel | wrapped 128
247 asphalt 224th unlined sand sand none 105
248] -asphalt local nil nil nil nil .
249 asphalt local nil il nil nil 122
250 asphalt local CML gravel crush gravel | wrapped 114
251 asphalt local CML . gravel | crush gravel | wrapped 129
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252 asphalt lane CML gravel | crush gravel | wrapped 134
253| gravel/grass no traffic CML gravel | crush gravel | wrapped 114
1254 asphalt Brown Ave. CML gravel | crush gravel | wrapped 132
255 asphalt Brown Ave. CML gravel | crush gravel | wrapped 132
256 asphalt collector CML gravel | crush gravel | wrapped 136
257 asphalt no traffic . unlined sand sand none 119
258| gravel/grass no traffic unlined sand sand nohe 115
259| gravel/grass no traffic unlined sand sand none 118
260] gravel/grass no traffic CML gravel | crush gravel | wrapped 118
261| gravel/grass no traffic CML gravel crush gravel | wrapped 118
262 asphalt local CML gravel crush gravel | wrapped 132
263 asphailt Brown Ave. CML gravel- | crush gravel | wrapped 132
264 asphalt 224th CML gravel | crush gravel | wrapped 132
265 asphalt 224th CML gravel | crush gravel | wrapped 132
266| gravel/grass no traffic unlined sand sand none 115
267| - asphalt Brown Ave. CML gravel crush gravel | wrapped 132
268 asphalt commercial CML gravel | crush gravel | ‘wrapped 118
269 asphalt local CML gravel | crush gravel | wrapped 120
270| gravel/grass no traffic CML grave} | crush gravel | wrapped 113
271 asphalt local CML gravel crush gravel | wrapped
272 asphalt Brown Ave. CML gravel crush gravel | wrapped 114
273| gravel/grass no traffic CML gravel | crush gravel | wrapped 120
274 asphailt lane unlined sand sand none 105
275| gravel/grass no traffic CML gravel crush gravel | wrapped 130
276| gravel/grass no traffic CML gravel crush gravel | wrapped 130
277 asphalt local CML gravel | crush gravel | wrapped 114
278| gravel/grass no traffic CML gravel crush gravel | wrapped 124
279 asphalt ‘local CML gravel | crush gravel | wrapped | ~ 123
280| asphalt local - CML gravel | crush gravel | wrapped 126
281| gravel/grass local | unlined sand sand none 115
282| gravel/grass no traffic unlined sand sand none 115
283| gravel/grass no traffic unlined sand sand none 115
284 asphalt collector CML gravel | crush gravel | wrapped 128
285| gravel/grass no traffic - . CML gravel | crush gravel | wrapped 118
286| gravel/grass no traffic CML gravel | crush gravel |. wrapped 126
287| gravel/grass no traffic CML gravel crush gravel | wrapped 118
288| gravel/grass no traffic CML gravel crush gravel | wrapped 118
289| gravel/grass no traffic CML gravel crush gravel | wrapped 132
290 lawns no traffic CML gravel | crush gravel | wrapped 118
291 asphalt” local CML gravel crush gravel | wrapped 121
292 asphalt local CML gravel crush gravel | wrapped 121
293 asphalt local CML gravel crush gravel | wrapped 100
294 asphalt local CML gravel | crush gravel | wrapped 100
295| gravel/grass no traffic CML gravel .| crush gravel | wrapped 114
296| gravel/grass no traffic CML gravel | crush gravel | wrapped 114
297 asphalt local CML gravel | crush gravel | wrapped 123
298 asphalt local CML gravel | .crush gravel | wrapped 123
299 asphalt local CML gravel | crush gravel | wrapped 123
300 asphalt local CML gravel crush gravel | wrapped 123
301| gravel/grass no traffic CML gravel | crush gravel | wrapped 121
302| gravel/grass no traffic ,CML gravel | crush gravel | wrapped 121
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303| gravel/grass no traffic CML gravel crush gravel | wrapped 100
304| gravel/grass no traffic CML gravel crush gravel | wrapped 116
305| gravel/grass no traffic CML gravel | crush gravel | wrapped 118
306} gravel/grass no traffic CML ~gravel | crush gravel | wrapped 126
307 asphalt collector CML gravel | crush gravel | wrapped 121
308 asphalt collector CML gravel crush gravel | wrapped 133
309 asphalt collector CML gravel crush gravel | wrapped 133
310 asphalt local CML gravel crush gravel | wrapped 121
31 asphalt - collector CML gravel crush gravel | wrapped 133
312 asphailt collector CML gravel crush gravel | wrapped 133
313 asphalt collector CML gravel | crush gravel | wrapped 133
314| gravel/grass no traffic unlined sand sand none
315| gravel/grass no traffic unlined sand sand none 133
316| gravel/grass no traffic CML gravel crush gravel | wrapped 111
317| gravel/grass no traffic CML gravel | crush gravel | wrapped 111
318 asphalt local CML gravel crush gravel | wrapped 111
319| gravel/grass parking CML gravel crush gravel | wrapped 116
320 asphailt local CML gravel crush gravel | wrapped
321| gravel/grass no traffic ‘CML gravel | crush gravel | wrapped
322| gravel/grass no traffic CML gravel | crush gravel | wrapped
323] gravel/grass no traffic ~CML gravel crush gravel | wrapped 100
324| gravel/grass local nil native native none 95
325| gravel/grass no traffic unlined sand - sand none 105
326| gravel/grass no traffic - CML gravel | crush gravel | wrapped 122
327| gravel/grass no traffic unlined sand sand none 105
328 gravel/grass no traffic unlined sand sand none 105
329| gravel/grass parking unlined sand sand none 105
330 asphalt no traffic unlined sand sand none
331 asphalt local unlined sand sand none 105
332 asphalt local unlined sand sand none 105
333| gravel/grass local unlined sand sand none 105
334| gravel/grass .no traffic CML gravel | crush gravel | wrapped 105
335( gravellgrass no traffic CML gravel | crush gravel | wrapped 118
336 asphalt collector CML gravel | crush gravel | wrapped 127
337| gravel/grass no traffic - CML gravel | crush gravel | wrapped 124
338| gravel/grass no traffic CML gravel | crush gravel | wrapped 124
339| gravel/grass no traffic CML gravel | crush gravel | wrapped 124
340 asphailt parking unlined sand sand none 105
341 asphalt local unlined sand sand none 105
342| gravel/grass no traffic unlined sand sand none 105
343 asphalt local CML gravel | crush gravel | wrapped 122
344 asphalt parking lot CML gravel | crush gravel | wrapped 100
345 asphalt local unlined sand sand ' none 105
346| gravel/grass no traffic unlined sand sand none 105
347 asphalt local CML gravel | crush gravel | wrapped 100
348 asphalt collector CML gravel | crush gravel | wrapped 133
349 asphalt collector CML gravel | crush gravel | wrapped 133
350| gravel/grass no traffic CML gravel | crush gravel | wrapped 100
351| gravel/grass no traffic CML gravel | crush gravel | wrapped 100
352| gravel/grass no traffic . CML gravel | crush gravel | wrapped 100
353| gravel/grass no traffic unlined sand - sand none 105
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354| gravel/grass no traffic unlined sand sand none 105
355| gravel/grass no traffic unlined sand sand none 105
356] asphalt local CML gravel crush gravel | wrapped 122
357| | asphalt local CML gravel crush gravel | wrapped 122
358} gravel/grass no traffic unlined sand sand none
359| gravel/grass no traffic unlined sand sand none 100
360| gravel/grass no traffic CML gravel crush gravel | wrapped 100
361 asphalt collector CML gravel | crush gravel | wrapped 114
362 asphalt collector CML gravel | crush gravel | wrapped 136
363 asphait collector CML gravel crush gravel | wrapped 136
364 asphalt local CML gravel | crush gravel | wrapped
365| asphalt collector CML gravel | crush gravel | wrapped 136
366 asphalt collector CML gravel | crush gravel | wrapped 136
367 asphalt collector CML gravel crush gravel | wrapped 136
368 asphalt collector CML gravel | crush gravel | wrapped 136
369 asphalt collector CML gravel crush gravel | wrapped 136
370| gravel/grass _no traffic CML gravel crush gravel | wrapped 134
371 asphalt local CML gravel crush gravel | wrapped 134
372 asphalt local CML gravel | crush gravel | wrapped 135
373| gravel/grass no traffic CML gravel | crush gravel | wrapped
374 asphalt local CML gravel crush gravel | wrapped 110
375 asphalt collector CML gravel | crush gravel | wrapped 136
'1376| gravel/grass no traffic unlined sand sand none 105
377 asphalt collector CML gravel crush gravel | wrapped 114
378 asphalt collector CML gravel crush gravel | wrapped 133
379| gravel/grass no traffic CML gravel | crush gravel | wrapped 135
380} - asphalt collector CML gravel crush gravel | wrapped 114
381 asphalt local CML gravel crush gravel | wrapped
382 asphalt arterial CML gravel | crush gravel | wrapped 129
383| asphalt local CML gravel crush gravel | wrapped 114
384| concrete local unlined sand sand none 115
385 asphalt local unlined sand sand none 115
386 asphalt collector CML gravel crush gravel | wrapped 110
387 asphalt collector unlined sand sand none 118
388 asphalt collector CML gravel crush gravel | wrapped 114
389 gravel/grass no traffic CML gravel | crush gravel | wrapped 113
390] gravel/grass no traffic CML gravel | crush gravel | wrapped 113
391| gravel/grass no traffic CML gravel crush gravel | wrapped - 113
392| gravel/grass no traffic unlined sand sand none 132
393 asphalt local unlined sand sand none 132
394| gravel/grass local unlined sand sand none 105
395 asphalt local unlined sand sand none 105
396| gravel/grass no traffic unlined sand sand none 105
397 asphalt local unlined sand sand none
398| gravel/grass no traffic CML gravel | crush gravel | wrapped 113
399 asphalt local CML gravel | crush gravel | wrapped
400| gravel/grass no traffic CML gravel | crush gravel | wrapped 111
401| gravel/grass no traffic CML gravel crush gravel | wrapped 118
402] gravel/grass no traffic CML gravel crush gravel | wrapped 111
403 asphalt collector - CML gravel | crush gravel | wrapped 111
404] asphalt collector CML gravel - | crush gravel | wrapped 111
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405 asphalt collector CML gravel | crush gravel | wrapped 130
406| gravel/grass no traffic unlined sand sand none 105
407| asphalt local CML gravel | crush gravel | wrapped 118
408| gravel/grass no traffic CML gravel | crush gravel | wrapped 115
409| gravel/grass no traffic CML gravel | crush gravel | wrapped 128
410] gravel/grass no traffic CML gravel crush gravel | wrapped 100
411} gravel/grass parking CML gravel | crush gravel | wrapped 118
412| gravel/grass parking CML gravel | crush gravel | wrapped 118
413| asphalt local CML gravel | crush gravel | wrapped 126
414 asphalt local CML gravel | crush gravel | wrapped 126
415 asphalt local CML gravel | crush gravel | wrapped 126
416 asphalt local CML gravel | crush gravel | wrapped 134
417 asphalt collector CML gravel | crush gravel | wrapped 114
418 asphalt collector CML gravel | crush gravel | wrapped 114
419 asphalt collector CML gravel -| crush gravel | wrapped 114
420} gravel/grass no traffic CML gravel crush gravel | wrapped 110
421 asphalt " collector CML gravel crush gravel | wrapped 114
422] gravel/grass no traffic CML gravel crush gravel | wrapped 126
423| gravel/grass no traffic CML gravel 1| crush gravel | wrapped _
424| gravel/grass no traffic CML gravel crush gravel | wrapped 126
425| gravel/grass no traffic CML gravel - | crush gravel | wrapped 126
426| gravel/grass no traffic CML gravel | crush gravel | wrapped 127
427| gravel/grass no traffic CML gravel | crush gravel | wrapped
428 asphalt collector CML gravel | crush gravel | wrapped
429 asphalt local CML gravel | crush gravel | wrapped
430 asphalt local CML gravel | crush gravel | wrapped
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1 |Roughness| Q_lps V_mps | C_hazen| HGL_M | MDD_P_PSI
2 120 1.1071 0.06 110 91.43 93.78
3 110 1.1846 0.02 . 120 | 9146 83.57
4 120 0.1501 0.01 110 91.43 99.74
5 110 0.2895 0.01 120 | 9143 111.83
6 110 0.489 0.02 120 91.43 112.69
7 120 3.4243 0.07 110 91.45 84.84
8 120 4.7193 0.15 110 91.50 86.62
: 9 120 6.8822 0.21 110 91.50 86.33
” 10 120 6.8822 0.19 120 91.50 86.19
11 120 6.8822 | 0.21 110 91.49 85.90
12 120 2.1733 0.07 110 91.50 84.77
13 110 3.8701 0.07 120 91.46 80.17
14 90 1.5892 0.09 90 91.74 79.29
15 120 14.9009 0.29 110 91.77 78.61
16 120 9.1198 0.18 110 91.77 7861
17 110 0.8437 0.04 120 91.47 '94.55
18 110 2.4353 0.07 120 -91.51 113.65
19 120 8.8245 0.17 110 91.73 78.84
20 120 11.435 0.23 110 91.73 78.84
21 110 1.6043 0.08 120 91.67 88.00
22 110 6.1248 | - 0.11 120 91.70 79.79
23 110 3.8281 0.07 - 120 91.68 84.31
24 120 . 6.7853 0.21 110 91.74 79.29
25 120 4.8998 0.15 110 - 91.65 79.29
26 120 1.061 - 0.03 110 91.59 78.35
27 . _ 91.54 78.86.
28 120 2.9552 0.14 120 91.51 80.66
29 120 0.4502 0.02 . 110 91.43 97.76
30 120 | 4.9614 0.1 110 91.67 © 81.31
31 110 - 1.1072 0.05 | 120 91.68 86.88
32 120 2.1949 0.06 120 91.55 103.19
33 110 1.7867 0.09 120 91.48 84.32
34 110 3.386 0.06 " 120 91.68 84.31
35 120 3.5227 0.17 - 120 91.58 101.95
36 110 1.1173 0.05 120 . 91.69 77.64
37 120 2.9637 0.06 110 93.49 79.21
38 91.48 84.32
39 110 1.2098 0.06 120 91.55 102.48
40 120 2.1949 0.06 120 - 91.55 102.48
41 120 5.2512 0.25 120 91.55 103.19
42 110 3.7218 0.1 120 91.53 102.88
43 110 0.9815 0.05 120 | 91.51 104.13
44 110 0.8153 0.04 120 . 91.68 85.31
45 - 90 0 0 120 91.43 86.24
46 120 0.5066 0.01 120 91.68 86.88
47 120 3.2157 0.06 120 . 91.68 84.17
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AC

AD

AE

AF

AG

AH

48

120

0.3303

0.02

90

91.68

84.17










TAE

AC AD “AF AG AH
201|120 17252 | 0.09 110 91.68 86.88
202|110 3.8281 0.07 120 91.68 84.31
203 91.69 81.76
204] 110 4.0012 | 0.07 120 91.69 81.76
205 110 6.0425 | 011 120 | 91.69 80.77
206] 110 6.0425 | 0.11 120 91.69 780.77
207| 120 17252 | 0.09 110 91.73 78.84
208|110 1.9234 | 0.05 120 91.69 77.64
200] 110 | 2.0784 | 0.06 120 91.69 78.49
210 110 20784 | 0.06 120 91.68 82.61
211 110 | 1.9234 | 0.5 120 91.69 78.49
212 120 716847 | 0.09 110 91.67 81.59
213 110 4.4151 0.08 120 91.69 81.76
214 91.67 88.00
215 110 14272 | 0.07 120 91.67 88.00
216 90 | 3.0563 | 0.15 120 91.62 84.66
217 90 3.0563 | 0.15 120 91.62 84.66
218 90 3.0563 | 0.15 120 91.62 84.66
219 90 3.0563 | 0.15 120 91.55 103.19
220 110 2.6037 | 0.07 120 91.47 89.71
221] 110 14629 | 0.07 120 91.52 98.30
222 91.47 104.22
223 91.47 101.23
224 91.47 94.55
225 91.48 104.93
226] 110 0 0 120 91.48 104.93
227 91.48 104.93
228 110 0 0 7120 91.49 7108.37
229] 110 0 0 120 91.49 110.93
230] 110 12098 | 0.06 120 91.55 107.45
231] 110 1.9252 0.09 120 91.55 108.17
232 91.51 113.94
233|110 0 0 120 91.55 111.02
234 110 0 0 120 91.55 108.17
235 91.55 "111.02
236 o 91.55 111.02
237|110 3.2251 0.09 120 91.55 118.97
238 90 3.2498 0.1 90 91.57 119.28
239 110 32498 | 009 | 120 91.57 119.28
240 110 6.3895 | 0.17 120 9161 .| 102.00
241] 110 3425 0.09 120 91.59 110.07
242|110 4.531 0.12 120 - | 91.60 107.66
243 110 4.681 0.13 120 91.60 107.66
244] 110 3.45 0.09 120 91.61 102.00
245 110 96998 | 026 120 91.61 102.00
246] 110 6.1446 | 047 120 91.61 102.00
247|120 1.6847 | 0.09 110 91.66 81.31
248 93.50 83.46
249 100 0 0 100 | 91.70 79.79
250 110 3.386 0.06 120 91.68 84.31
251 110 2.0784 | 0.06 120 | 91.69 78.49
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“AE

AH

AC AD AF AG
303 110 0.6187 0.03 120 91.48 106.07
304 110 0.3952 0.02, 120 91.47 101.23
305 110 0.3952 0.02 120 91.47 106.21
306 110 0.8437 0.04 120 91.47 94.55
307 110 3.7218 0.1 120 91.52 98.30
308 110 1.85662 0.05 120 91.52 98.30
-1309] 110 4.3845 0.12 120 91.51 94.02
310 110 2.5283 0.12 120 91.52 96.32
311 110 4.23 0.11 120 91.51 94.02
312 110 4.23 0.11 120 91.48 89.29
313 110 4.23 0.11 120 91.48 89.29
314 91.62 84.66
315 120 3.89 0.21 110 91.64 85.11
316 110 ~ 3.9278 0.19 120 91.64 85.11
317 110 2.5708 0.12 120 91.66 86.00
318 110 1.4272 0.07 120 91.66 86.00
319 110 1.6847 0.08 120 91.67 81.59
320 91.69 80.77
321 91.69 80.77
322 91.69 81.76
323 110 2.85632 0.14 120 91.68 86.45
324 - 90 1.5892 0.09 90 91.68 81.47
325 120 0 0 , 110 91.50 1 82.50
326 110 0 0 120 91.66 81.58
1327 120 1.4798 0.08 110 91.53 79.97
328 120 2.2682 0.12 110 91.50 81.64
329 120. 1.1493 0.06 110 91.50 81.64
330 91.48 80.04
331 120 1.1493 0.06 110 91.48 80.04
332 120 1.4798 0.08 110 91.53 79.97
333 120 4.2194 0.23 110 91.53 79.97
334 110 0.3768 0.02 120 91.46 80.02
335 110 0.7627 0.04 120 91.46 80.31
336 110 07197 | 0.03 120 91.46 80.02
337 110 0.3858 0.02 120 91.46 80.02
338 110 0.3858 0.02 120 91.46 84.71
339 110 0.3858 0.02 120 91.46 80.59
340 120 2.8197 0.14 120 91.49 84.90
341 120 1.9387 0.09 120 91.50 85.48
342 120 - 0.2982 0.02 110 01.48 81.04
343 90 0.5254 0.03 120 91.50 85.48
344 90 1.6621 0.08 120 91.50 84.62
345 120 1.4798 0.08 110 91.50 85.48
346 120 1.4798 0.08 110 91.50 85.48
347 110 0 0 120 91.46 90.98
348 110 2.8325 0.08 120 91.46 91.83
349 110 1.5309 0.04 120 91.46 87.84
350 110 . 0.8051 0.04 120 91.47 92.26
351 110 0.8051 0.04 120 9147 92.26
352 110 0.8051 0.04 120 91.46 100.50
353 120 1.068 0.06 110 91.47 92.26
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AE

AC AD AF AG AH

405 110 - 1.9001 0.03 120 91.46 83.85
406 120 1.9001 0.1 110 91.46 84.42
407 110 0.4779 0.02 120 91.43 108.85
408 110 1.1314 0.03 120 91.43 118.23
409 110 1.0068 0.03 120 91.42 120.08
410 110 0.9964 0.05 120 91.45 83.57
411 110 0.2405 0.01 120 91.46 80.44
412 110 1.4644 0.04 120 91.46 80.44
413 110 1.0055 0.05 120 91.46 80.45
414 110 0.0821 0 120 91.46 80.45
415 110 0.0821 0 120 91.46 81.59
416 110 1.3869 0.07 120 91.46 80.45
417 110 4.7829 0.08 120 91.46 81.59
418 110 5.8808 0.1 120 91.47 82.30
419 110 5.7859 0.1 120 9147 82.30
420 110 1.5874 0.08 120 91.48 84.32
421 110 5.2991 0.09 120 91.47 82.74
422 110 0.9823 0.056 120 91.46 80.73
423 91.46 80.73
424 110 0.9823 0.05 120 9147 80.03
425 . 110 0.9823 0.05 120 9147 80.03
426 110 0.7394 0.04 120 91.46 80.73
427 91.42 120.08
428 91.61 102.00
429 91.48 108.64
430 91.70 79.79
431

432

433

434

435

436

437

436




APPENDIX H
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Degree of accuracy of time-linear and time-exponential predictions for material groups

1999 Break 2004 Break-
: rate rate
Material Breaks to 1999 Breaks (1999-2004) Breaks to 2004 (breaks/km) (breaks/km)
AC 29 3 32 2.524 2.785
CI 2 3 5 1.514 3.785
DI 16 1 17 10.750 0.797
Linear ):E;polhéhtial )
Ll ‘ Percenté_
Actual 2004 Predicted . . Predicted oo ge .
Breaks 2004 Breaks | Predicted Percentage 2004 Breaks Predicted- differenc
(cumulative) | (cumulative) | - Actual difference R-Squared ~|"(cumulative) - Actual e’ -
AC 32 41.3058 | 9.30s8 29.08% 1865+ | 67.11865°| " 210%
Cl 5 2.789 -2.211 -44.22% 3.082%3: .-1.91745- L -38%
DI 17 22.8023 5.8023 34.13% 40:1167 | .~ 23.11677|. % - 136%:
Avérage R"2= L T LA
Statistics
Linear Exponential )
Mean 6.33% SD 43.85% Mean 102.46% | SD 127.40%
Median 29.08% Median 135.98%
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Degree of accuracy of time-linear and time-exponential predictions for material and

diameter groups
. 1999 Break | 2004 Break
Breaks to Breaks (1999- Breaks to rate rate
Material Diameter 1999 2004) 2004 (breaks/km) | (breaks/km)
AC 150 21 3 24 2.406 2.759
AC 200 5 0 5 3.253 3.253
AC 250 3 0 3 2.459 2.459
CI 150 2 2 4 2.506 5.013
DI 150 7 2 9 - 0.597 0.767
DI 200 7 0 7 1.023 1.023
DI 250 2 0 2 0.727 0.727
Linear ) : Expéﬁéfltﬂal )
Actual 2004 | Predicted . " Predicted. PR
Breaks 2004 Breaks | Predicted- | Percentage 1:2004 Breaks | ' Predicted
(cumulative) | (cumulative) Actual difference R”*2 : -Actual
AC 150 24 30.24 6.24 26.00% 0.9505 54‘6’.7/37
AC 200 5 7.2476 2.2476 44.95% 0.8063 :'13.071.
AC 250 3 3.9982 0.9982 33.27% 0.7526 .2:96 ) 2.56:
Cl | 150 4 2780 | -l211 -30.28% 08138 |+ 308 | 092
DI 150 9 10.01 1.01 11.22% 0.9268 2127 | 1227
DI | 200 7 9.6832 2.6832 38.33% 08193 | " 11:725 - 4.725
DI 250 2 3.1053 1.1053 55.27% 0.7837 | -5 3232 1.232
AvgR"2= | 0.8361 | ..
Statistics
Linear ‘ ne ’
Mean 25.54% | SD 28.30% |szaeV 1 101.32%
- Median 33.27% o .
Mode
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. Degree of accuracy of time-linear and time-exponential predictions for material,
diameter and age groups

1999 Break 2004 Break
: Breaks to Breaks (1999- Breaks to rate rate .
Material | Diameter | Age cohort 1999 2004) 2004 (breaks/km) (breaks/km)
AC 150 1960-1969 11 1 12 3.002 3.275
AC 150 1970-1974 7 0 7 2.975 2.975
AC 150 1975-1984 3 2 5 1.463 2.438
AC 200 1970-1974 . 3 0 3 2.14 2.14
AC 250 1960-1969 3 0 3 4.644 4.644
DI 150 1980-1989 3 1 4 0.492 0.656
DI 200 1980-1989 2 1 3 0.782 1.174
Linear E(Xp(ih'e’fltiz’\l‘ ‘
Actual 2004 | Predicted i Predicted |
Breaks 2004 Breaks | Percentage 004 Bfe’zgk(s\' | Percentage
(cumulative) | (cumulative) | difference * R”*2 (cumulative) difference®:
AC | 150 | 1960-1969 12 15.346 28% 0.8956 5 " 204%
AC | 150 | 1970-1974 7 10.99 57% 0.94 “192%
AC | 150 | 1975-1984 5 3.93 21% 0.8802 o T4%,
AC | 200 | 1970-1974 3 4.3 43% 0.82 I 153%
AC | 250 | 1960-1969 3 4 33% 0.753 < 87% -
DI | 150 | 1980-1989 4 4.1 2% 0.84 - 130%
DI | .200 | 1980-1989 3 3.1 3% 0.78 8%
) Avg R"2= | 0.8441 ]
* Based on predicted minus actual :
Statistics
Linear
Mean 20.71% | SD 92.90% | SD - 84.69% .
Median 28.00% “i87.00% | .- -
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Deégree of accuracy of time-linear and time-exponential predictions for material,

diameter, soil and age groups

Breaks 1999 Break 2004 Break
Breaks to (1999- Breaks to rate rate .
Material | Diameter | Soil type - Age cohort 1999 2004) 2004 (breaks/km) | (breaks/km)
AC 150 Clayey soil 1960-1969 6 1 7 3.883 4.531
AC 150 Clayey soil 1970-1974 7 0 7 2.959 2.959
AC 150 Clayey soil 1975-1984 2 0 2 2.083 2.083
AC 250 Clayey soil 1960-1969 2 0 2 7.752 - 7.7152
D1 150 Clayey soil ~ 1980-1989 3 1 4 0.650 0.867
AC 150 Silty soil 1960-1969 3 0 3 "2.155 2.155
AC 200 Silty soil 1970-1974 3 0 3 2.513 2.513
DI 200 Silty soil 1980-1989 2 0 2 2.793 2.793
1
. Linear
Actual 2004 Predicted
Breaks - 2004 Breaks Percentage
- (cumulative) (cumulative) difference* R*2
Clayey 1960-
AC 150 | soil 1969 7 7.6 9% 0.6594
) Clayey 1970-
AC 150 soil 1974 7 10.95 56% 0.9409°
Clayey 1975-
AC 150 soil 1984 2 2.2 10% 0.625
. Clayey 1960-
AC 250 soil 1969 2 24 20% 0.6875
Clayey 1980-
DI 150 soil 1989 4 4.11 3% 0.8356
1960- ’
AC | 150 Silty soil 1969 3 4.5 50% 0.6927
1970- )
AC 200 Silty soil 1974 3 43 43% 0.82
1980-
DI 200 Silty soil 1989 2 3.1 55% 0.7837
) . Avg R"2= 0.75566
.~ * Based on predicted minus actual
Linear ’
Mean 30.76% SD 22.67%
Median 31.67% EMedian:




Degi'ee of accuracy of time-linear and time-exponential predictions for material,
diameter, age and surface material groups

Breaks 1999 Break 2004 Break
N Surface Breaks to (1999- Breaks rate rate
Material Diameter | Age cohort Material 1999 2004) to 2004 (breaks/km) | (breaks/km)
AC 150 1970-1974 Asphalt 2 0 -2 13.514 13.514
AC 150 1960-1969 | Gravel/grass 7 0 7 2.964 2.964
CAC 150 1970-1974 | Gravel/grass 5 0 .5 2.101 2.101
AC 150 1975-1984 | Gravel/grass 3 5 8 1.514 4.038
AC 200 1970-1974 Concrete 2 0 2 2.653 2.653
AC 250 1960-1969 | Gravel/grass 2 0 2 313 3.13
DI 150 1980-1989 | Gravel/grass 3 1 .4 0.732 0.732
DI 200 1980-1989 Asphalt 2 0 2 1.584 1.584
Linear
Actual 2004 Predicted
Breaks 2004 Breaks | Percentage
(cumulative) | (cumulative) | difference* R*2
1970-
AC | 150 | 1974 Asphalt 5 3.164 -37% 0.827
1960- . .
AC | 150 | 1969 _Gravel/grass 7 10.03 43% 0.950
' 1970-
AC | 150 | 1974 Gravel/grass 5 " 7.625 53% 0.926
1975-
AC | 150 | 1984 Gravel/grass 3 3.926 31% 0.880
1970- .
AC | 200 | 1974 Concrete 2 2.94 47% 0.820
1960- . o
AC | 250 | 1969 Gravel/grass 2 2.56 28% 0.729
1980-
DI 150 | 1989 Gravel/grass 4 4.11 3% 0.836
1980- ‘
DI [ 200 | 1989 Asphalt 2 311 56% 0.780
. ] _Avg R™2= 0.843
* Based on predicted minus actual
‘ Statistics
Linear ] S
Mean 27.90% | SD 31.13%
Median 37.08%
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