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Executive Summary

Despite recent increases in public infrastructure investments, municipal infrastructure is
decaying faster than it is being renewed. To face these challenges and opportunities, many
water utilities throughout North America are now exploring the possibilities of optimizing
their water infrastructure rehabilitation and replacement (R&R) costs. By effectively
correlating the costs of preventive maintenance practices with those of infrastructure R&R,
overall economic efficiency can be achieved. The program documented in this report is
designed to develop consolidated and proactive water infrastructure R&R procedures
specific to the needs of the Detroit Water & Sewerage Department (DWSD). Existing
technology and DWSD'’s extensive knowledge and experience will be used to develop a
program to cost effectively renew the water system infrastructure and identify problem
areas in the system before an actual failure occurs.

This report presents three sections: 1) Desired Program, 2) DWSD’s Current Program, and 3)
Recommendations for Improvements. It was determined that the implementation of an
Infrastructure Capital Assets Management (ICAM) program can efficiently facilitate the
R&R decisionmaking process and offer a more proactive approach to advance the current
program’s customer service, water quality, and cost effectiveness as well as decrease
DWSD'’s long-term expenditures.

The ICAM program will include these key elements:

» Strategic objectives, performance measures, and target service levels
* Asset Inventory

* Asset Condition Assessment

*  R&R Cycles

* Analysis Programs

» Evaluation of Management Alternatives

* Risk-based Decisionmaking

The program should be implemented in phases, given DWSD'’s extensive and complex
water systems. The first will provide a high-level overview of the system’s approximate
long-term R&R needs. This “top-down” approach will build on the inventory information
already in place and will group DWSD’s water system assets into major subsystems. Risk
values will be assigned to the subsystems and order-of-magnitude estimates established for
replacement costs and capital R&R needs. The analysis will forecast the long-term financial
needs for R&R for each subsystem. Several funding scenarios will be constructed to assess
the impact on condition and risk under less than full financing. These assessments will
identify the most critical subsystems in terms of risk and investment needs. These
subsystems will be evaluated in more detail in subsequent phases, which will also include
implementing the management systems to support short- and long-term R&R
decisionmaking. The estimated cost for this Phase 1 is $1 million.

Phase 2 is to provide a detailed R&R analysis for the highest priority subsystems. A
management system that supports capital investment decisionmaking will also be
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developed and implemented for the water supply system in this phase. The decisionmaking
process will link investment strategies to life-cycle costs and risk and service levels. Phase 2
can be completed in 3 years following the completion of Phase 1 and is estimated to cost

$2 million.

Following Phase 2, detailed R&R analyses will be extended to incorporate the rest of the
DWSD water system. The decisionmaking process developed under Phase 2 will also be
extended to the rest of the system. At the beginning of Phase 3, it will be decided whether to
apply the R&R analysis and decisionmaking model to the entire system or to incrementally
extend their application. It is feasible to implement this program to the treatment plants,
pumping stations, and other facilities one by one or all of the remaining system can be
simultaneously incorporated. Phase 3 can be completed in 3 years following the completion
of Phase 2 and is estimated to cost $3 million.

At the end of this report, two appendixes (A and B) have been created to provide estimates
of the total or annual R&R costs for the transmission pipes, water treatment plants (WTPs)
water booster stations, and storage tanks in the DWSD water supply system through 2050.
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SECTION 1

Introduction

In accordance with Task C5 in the Comprehensive Water Master Plan (CWMP) scope of
work, project number CS-1278, the project team has established the criteria and basic
approach to developing a program for R&R of critical infrastructure facilities within the
Detroit Water and Sewerage Department (DWSD) transmission and distribution system. By
utilizing the current DWSD program and related AWWA and AwwaRF publications, the
proposed criteria and basic approach were developed as outlined in this report.

A relatively recent (2001) AWWA report [2] projected that the United States may need to
invest as much as $250 billion over the next 30 years to replace aging drinking water mains
and appurtenances in the nation’s more than 700,000-mile water infrastructure network. The
projected annual replacement costs for 20 of the nation’s largest utilities across the United
States studied in the AWWA report can be found on Figure 1 and a list of the 20 utilities
studied can be found on Table 1.

Figure 1
Projected Water Main Replacement Expenditure Due To
Wear-Out for 20 Utilities (2)
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Lgliiatli-elss18tudied in AWWA Report (Dawn of the Replacement Era)
Name of Utility Location
City of Austin Water & Wastewater Dept Austin, TX
Boston Water and Sewer Commission Boston, MA
BHC Bridgeport, CT

West Virginia American

Charleston, WV

Cincinnati Water Works Cincinnati, OH
Columbus Water Works Columbus, OH
Denver Water Board Denver, CO

Des Moines Water Works

East Bay Municipal Utility District
City of Gloucester

Board of Water Supply

Louisville Water Company

Des Moines, |A
Oakland, CA
Gloucester, MA
Honolulu, HI

Louisville, KY

United Water New Rochelle New Rochelle, NY
Philadelphia Water Department Philadelphia, PA
Portland Water Bureau Portland, OR
St. Paul Regional Water Services St. Paul, MN
Seattle Water Seattle, WA
Tacoma Public Utilities Tacoma, WA
Tucson Water Tucson, AZ
Wausau Water Works Wausau, WI

More recently (September 2002), U.S. EPA has conducted a study, The Clean Water and
Drinking Water Infrastructure Gap Analysis [10], to identify whether a funding gap will
develop between projected investment needs and spending in a 20-year period (2000-2019)
for both the capital and operations & maintenance (O&M) costs. The drinking water
analysis covers all of the approximately 16,000 public owned treatment works (POTWs),
with about 54,000 community water systems and 21,400 not-for-profit noncommunity water
systems in the 50 states, territories, and Tribal areas. According to this report, estimated
capital needs for drinking water over the next 20-year period range from $154 billion to
$446 billion with a point estimate of $274 billion. Based on the 1999 Needs Survey,
performed by USEPA as part of this study, transmission lines and distribution mains
account for most (55 percent) of the reported needs. The adjustment of the transmission and
distribution needs (obtained from the survey) by a factor of 1.605 (for underreporting and
adjustment to 2001 dollars) yields an estimate of $120 billion over the next 20 years.
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Today, many water utilities are exploring the possibilities of optimizing their water
infrastructure R&R costs, by effectively correlating the costs of preventive maintenance
practices with those of infrastructure R&R. The purpose of the program documented in this
report is to develop consolidated and proactive water infrastructure R&R procedures
specific to DWSD’s needs. The current practice is reactive —responding to failing pipes,
appurtenances, and equipment. Using existing technology and DWSD’s extensive
knowledge and experience will enable a program to be developed that cost-effectively
renews the water system infrastructure and identifies problem areas in the system before an
actual failure occurs. Although DWSD's operations budget may increase to account for the
expansion of a more proactive program, the long-term expenditures can be significantly
reduced. Potential annual savings are significant by taking this type of approach.

This report presents three sections: 1) Desired Program, 2) DWSD’s Current Program, and 3)
Recommendations for Improvements. The Desired Program was developed from reviewing
best-industry practices in AWWA, AwwaRF, and AMSA publications. Information
regarding the current program was obtained through consultations with DWSD personnel.
The Recommendations for Improvements section outlines the enhancements to DWSD’s
current program that will improve the effectiveness of capital expenditures, water quality,
and overall system reliability.

At the end of this report, two appendixes (A and B) have been created to provide R&R
schedule and estimates of the total or annual R&R costs for DWSD's transmission pipes,
WTPs, water booster stations, and storage tanks through 2050.






SECTION 2

Desired Program

2.1 Strategic Foundation for Asset Management:

As a growing number of utilities are (or have expressed interest in) implementing a
comprehensive asset management program, specifically to incorporate more rigorous
methods of planning for R&R, it is important to identify the strategic foundation for the
program. For DWSD, asset management requires understanding DWSD’s mission and
objectives, as well as how existing policies may affect asset management decisions. New and
revised policies frame the performance standards to be applied to infrastructure
components and establish the target levels of service for the water and wastewater systems.
This strategic foundation for asset management is not static but revised periodically in
continual improvement cycles. The development of an asset management strategy requires
a long-term perspective and the engagement of a utility’s leadership. The strategy should
include appropriate asset management objectives directly linked to the attainment of the
utility’s mission and goals. Key stakeholders should be involved in establishing these
objectives. A cross-disciplinary team will help ensure the successful development and
execution of an expanded, comprehensive asset management program. An action plan
supported by senior utility leadership becomes the roadmap for setting priorities and
implementing asset management program components.

The implementation plan includes the adoption of policies that support asset management
objectives, remove obstacles to efficient program activities, and ensure alignment. It also
requires effective communication among the utility’s functional units — engineering,
operations, planning, finance, public affairs, etc. —to establish decisionmaking processes and
criteria that result in the best tradeoffs among competing needs for capital funds.

2.2 Elements of a Rehabilitation and Replacement Program

An R&R program is one component of a comprehensive asset management program. R&R
activities should be integrated or linked to operations, maintenance, master planning,
expansion and enhancement planning, financial planning and reporting, information
management, and public information programs to enhance efficiency, promote effective
communication, and improve decisionmaking.

Seven basic elements of an R&R program are described below. The critical links, or
integration points, to other asset management functions are included in the descriptions.

Strategic objectives, performance measures, and target service levels. These are critical in
order to establish the “rules” and guidelines for conducting an R&R program. They are used
to determine critical assets and risk evaluation criteria and form the basis for allocating

1 For more detailed discussion that is the basis of the next two sections, refer to reference 16. (E.O Wagner, et al. 2002.
Managing Public Infrastructure Assets to Minimize Cost and Maximize Performance. Washington, DC.: AMSA)

2-1
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capital resources. They must be the same, or at least consistent with, the strategic rules for
operations, maintenance, and system expansion and enhancement planning.

Asset inventory. A utility’s infrastructure asset inventory should be complete and
organized in a manner that supports the utility’s adequate planning and evaluation as well
as good internal and external communication. For the purpose of R&R, assets should be
grouped into logical management units at an appropriate level of detail. The attributes
relevant to R&R planning and decisionmaking should be captured in the database. These
include location, size, capacity, materials, installation date, environmental conditions,
historical and replacement costs, etc.

A utility typically has multiple asset databases within its asset management program. These
include computerized maintenance management systems (CMMS), geographic information
systems (GIS), facility information management systems (FIMS), fixed asset registers,
supervisory data acquisition and control systems (SCADA), etc. All these asset databases
should be consistent and processes should be developed to efficiently update and verify the
databases when changes are made.

Asset Condition Assessment. Periodic condition assessments are conducted to evaluate an
asset’s physical state and determine current and predicted performance levels. This
information is also used during criteria assessments and evaluation, discussed below. For
the R&R program, condition assessment activities are required to identify those assets that
are not performing as needed, predict future asset condition and potential failure to perform
as needed; determine reasons for condition and performance deficiencies, determine
necessary corrective action, and record failures for use in predictive modeling for future
R&R needs. Condition assessments should be conducted objectively using consistent and
documented procedures to provide accuracy and useful trending results. Condition rating
systems that are quantitative and non-dimensional are the most useful so that condition
scores can be combined to give overall scores for subsystems, systems and facilities.
Condition and failure prediction models are useful for assets that cannot be inspected easily
or frequently, such as distribution and collection systems. These models can consider past
failure histories, sampling condition information, engineering factors, and statistical
assumptions to predict future R&R needs.

Condition assessment inspection programs may be conducted specifically to determine R&R
needs, but condition assessment should also be part of operational routines and
maintenance activities.

R&R Cycles. All infrastructures will deteriorate with use and age. Diligent operation and
maintenance will control the deterioration rate and monitor the performance of assets over
time. R&R refers to planning and carrying out work that restores or replaces an existing
asset toward its original size, capacity, or condition, allowing it to perform at or close to its
original design intent and provide a level of service at or above the targets established by
utility policies. A good asset management program will anticipate future R&R needs over
analysis periods that are consistent with the lives of the infrastructure assets. For equipment
and facilities, schedules can be established that set forth periodic rehabilitation, overhaul,
refurbishment activities over the life of an asset, and replacement at the end of its life cycle.
For very long-lived assets, such as in distribution and collection systems, it is not practical to

2-2
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forecast the R&R cycles for individual pipes, valves, manholes, etc., thus predictive models
are used to estimate the probability of R&R needs in future years.

The cycles for both facility and distributed assets are determined by experience and
engineering analysis and are periodically reviewed and refined based on trend analysis of
condition assessment results and failure histories. R&R schedules and predictive models
will be adjusted over time —based on actual and varying asset deterioration rates,
adjustments to policy determinations for target service levels, information on total life-cycle
costs, varying failure modes (obsolescence, insufficient capacity, etc.), and the consequences
of reduced performance and failure in terms of risk to the utility’s goals.

A R&R program clearly needs to be linked to policy determinations, changes in target
service levels and acceptable risk, information on operations and maintenance costs over
time and as related to asset condition and performance, planning for future growth and
system expansion, long-term financial planning, and public information programs.

Analysis Programs. Inventory data, condition assessment information and R&R schedules
and predictions are inputs to rehabilitation and replacement decisionmaking. Four basic
outputs are needed from programs that analyze the input data:

1. Requirements for future funding needs for R&R that are used in budgeting and
financing decisions

2. Information for management and external stakeholders on future funding needs, asset
condition and performance trends, and associated risks to the utility

3. Identification of changes in operations or maintenance procedures that may be
warranted to improve reliability or extend renewal cycles, or condition assessment
program changes that will provide additional or improved information

4. Revisions to older data and assumptions relating to renewal cycles and predictive models

A number of computer software tools can assist in organizing the inventory database,
analyzing condition information, calculating funding requirements, supporting decisions
for choosing between various management scenarios, and creating quantified expressions of
asset condition and risks.

Evaluation of Management Alternatives. DWSD, like all utilities, is routinely faced with
allocating limited resources among competing needs. A good asset management system will
allow an objective process for framing alternative management approaches to funding R&R
and assessing the effects on long-term asset condition, levels of service, and risks to the
Department. The basic outputs from an alternative analysis are, for each management
alternative —annual funding requirements over a long-term planning window, projected
asset condition levels, and projected risk levels.

Depending on the size and complexity of a utility’s infrastructure systems, the level of detail
at which assets are managed, and the number of people involved in analysis, decisionmaking
and oversight, analysis tools can range from simple spreadsheets to more complex
proprietary software packages. However, the tools selected should allow the following data
analysis and forecasting capabilities: analysis at all levels of the asset hierarchy; internal

2-3
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comparisons between assets and asset groups; external comparisons to industry benchmarks
or standards; and export of data results to capital and financial planning modules.

Risk-based Decisionmaking. When evaluating management alternatives, it is helpful to use
a more formal approach than generally practiced through understanding and
communicating risks associated with both current and projected deficiencies in asset
condition. An effective asset management program includes a process to express the risks to
the utility posed by deteriorated asset condition. The calculation of risk levels needs to be
structured to reflect the utility’s goals, performance objectives, and target service levels.

The approach to evaluating risk in the R&R program context is as follows. The level of risk
is determined by two factors: the severity of the impact on a utility if an asset fails to
perform as expected and the probability that the failure will occur. Infrastructure assets
have different functions in providing service and achieving the utility’s objectives. Based on
this, more critical assets are given a higher severity rating. Underinvestment in R&R will
result in reduced condition levels. Poorer asset condition levels create hazards, which are
defined as potential negative events that will reduce performance and service levels. The
poorer an asset’s condition, the greater the probability that the hazard will occur. As a
result, for two assets in equally poor condition, the probability of “failure” is the same but
the risk to the utility is greater for the more critical asset. The level of risk reflects both the
severity of impact and the probability of occurrence.

By using a quantified risk assessment approach that is linked to the utility’s performance
objectives and level of service targets, future risk levels can be predicted for the various
management alternatives under consideration. This allows a utility to better understand the
tradeoffs between investment and service levels and make responsible and defendable
decisions.

2.3 Information Databases

2.3.1 Geographic Information System (GIS)

A consolidated and proactive water main R&R program utilizes a Geographic Information
System (GIS) that includes an up-to-date and accurate inventory of infrastructure
components. A GIS is an organized collection of computer hardware, software, geographic
data, and personnel designed to capture, store, update, manipulate, analyze, and display all
forms of geographically referenced information. This system allows users to perform very
difficult and time-consuming spatial analyses as well as to display geographically
referenced information, i.e. data identified according to their locations. A computerized
information database system such as GIS enables electronic manipulation of the data and
integration into an overall maintenance management system. GIS mapping capabilities
provide a systemwide view of the candidate infrastructure components for renewal or
replacement. Implementing a GIS system supports the ability of the utility to take action
proactively rather than react to a failure in the system.

A GIS system enables the utility to store and update water main inventory that includes
physical characteristics (i.e., pipe size, pipe age, material type, depth of cover, and status of
appurtenances), location information (such as proximity to highways and railroads and
environmental characteristics such as soil type). In addition, maintenance management data

24
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of water mains can be incorporated into the GIS system, including pipe break and leak
history, repair records, leak detection reports, and water quality complaint records. The
water main inventory and maintenance management data are geographically referenced to
the transmission and distribution systems utilizing either the billing addresses or the state
coordinate system.

2.3.2 Computerized Maintenance Management Systems

Water treatment plant, pump station, and reservoir data should also be maintained in a
computerized maintenance management system (CMMS). A facility inventory that includes
water quality and hydraulic data, physical characteristics (i.e., facility component age, size,
etc.), and location information is updated and monitored using CMMS. Maintenance
reports, water quality-testing data, and repair records are also incorporated into a CMMS
database to enable an overall maintenance management system of WTPs.

2.3.3 Government Accounting Standards Board Statement 34 (GASB 34)

In addition, a GIS and CMMS facilitate the utility in reporting its annual capital assets in a
complete, accurate, and detailed manner in accordance with the Government Accounting
Standards Board Statement 34 (GASB 34). The GASB is part of the Financial Accounting
Foundation, a not-for-profit organization that establishes accounting rules as an
independent organization. In June 1999, GASB issued Statement 34, the most significant
change in the history of governmental financial reporting, that covers the basic financial
statements, note disclosures, and the new Management Discussion and Analysis (MD&A).
Statement 34 states that governments need to report capital assets with consideration of
depreciation, including infrastructure assets and “historical treasures.”

The objective of the new statement is that anyone with an interest in public finance -
citizens, the media, bond raters, creditors, legislators, and others - will have additional
access and easier-to-understand information presented in a business-like format regarding
any government unit in the United States.

GASB sets forth three phases of reporting requirements. DWSD, with revenues in excess of
$100 million per year, falls into the Phase 1 category and is required to report retroactively
all major infrastructure assets acquired, constructed, or significantly improved since June
1980.

For DWSD, this means that the Department, in conjunction with the statutory reporting
requirements, will need to create and maintain an inventory of all capital assets including
land /easements, land improvements, buildings/building improvements, vehicles,
moveable equipment, works of art/historical treasures, and infrastructure. DWSD will also
be required to determine the actual (or estimated) cost of each asset going back at least to
1980 and complete a regular condition assessment of the infrastructure to ascertain
depreciation and estimated useful life.

A comprehensive “Capital Asset” management system will be essential to the success of this
program. An updated GIS and CMMS of the infrastructure will greatly aide DWSD in
maintaining a detailed and accurate inventory to support a comprehensive system of
reporting its annual capital assets in accordance with the GASB 34.

25
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2.4 Criteria Assessments and Evaluation

A desired program utilizes a GIS database system to assess the R&R criteria of system
components and to evaluate the most feasible correct alternative. Each infrastructure
component is evaluated by analyzing the information collected using several criteria, an
evaluation of the solution alternatives, several economic decision models, scoring systems
for prioritization, and testing programs for reanalysis and verification [8]. A flow chart of
the desired decision planning system and evaluation process as presented in an AwwaRF
publication can be found in Figure 2.

2.4.1 Selection Process

The evaluation process begins with the selection of water mains to be analyzed, based on
predetermined standards of recent break and leak frequencies, structural conditions, and
water quality or hydraulic issues. One of the most effective methods for water main
selection is to use predictive models and selection systems. A predictive model such as
KANEW [4] is a systematic approach utilizing a statistical analysis to evaluate the condition
of water mains based upon available information maintained in databases such as GIS.

In a desired R&R program, the selected water mains are assessed to decide the best course
of action for each and to determine the priority assigned to it for the recommended action.
The criteria assessment is based on the structural and hydraulic conditions, water quality
conditions, level of joint utility construction, and the hazard potential in the area.

2.4.2 Criteria Assessment

One of the most critical factors that a utility must assess is the structural condition of the
water mains. The pipe size, pipe age, type of pipe material, corrosion issues, pipe break and
leak history, and the condition of valves; hydrants; and other appurtenances are important
criteria that must be analyzed to determine the anticipated useful life span and the best
solution alternative for water mains. A general guideline for pipe size evaluation is pipes
with a diameter of 10 in. or less experience significantly higher failure rates than larger
diameter water mains. Length also needs to be considered when assessing the structural
condition of water mains [8]. The minimum pipe length that can be cost-effectively
rehabilitated is about 5,000 feet (ft). Discolored water complaints, which often indicate
internal corrosion issues, need to be taken into account when assessing the selected water
mains. External corrosion issues, usually caused by environmental factors, such as soil type
and biological activity, must also be considered.
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When analyzing a water main’s corrosion status, it must be understood that the role of
corrosion in structural deterioration depends on the pipe material, pipe age, and
environmental factors. The pipe material type data must be collected and then assessed
using the information in a GIS database system. For instance, tuberculation can be an issue
in unlined iron or steel water mains, and can therefore restrict a pipeline’s carrying capacity
of (reduced C-factors), cause water quality complaints, and produce biofilm that can reduce
chlorine residual levels necessary for the protection of potable drinking water. It has been
reported [13] for example; that failures in DWSD steel pipe occurred from external corrosion
due in part to streetcar tracks that created stray electrical currents. Pipe break and leak
frequencies, primarily dependent on the status of corrosion and type of pipe material, are
other factors that must be assessed in a desired pipe R&R program [8].

In a desired R&R program, an evaluation process must be conducted for other system
components, such as water treatment plants, pump stations, and reservoirs. These system
components are selected for assessment based on standard criteria determined by the utility
such as water quality data, hydraulic performance, capacity needs, pump efficiencies, and
other planned construction projects in the area. The most effective method for the selection
of system components is to use predictive models and selection systems that analyze the
data stored in a CMMS database, as previously described for water mains.

The selected WTPs, pump stations, and reservoirs are assessed to decide the best course of
action and to determine the priority assigned to each system component for the
recommended action. The assessment is based on criteria that vary depending on the system
component. The assessment could include such criteria as age, maintenance history, and
hydraulic capacity of WTPs, pump stations and reservoirs.

The criteria of WTPs [1], pump stations, and reservoirs consist of a facility inventory and
maintenance management data. The facility inventory includes physical characteristics

(i.e. structural conditions, chemical feed conditions, mechanical equipment and electrical
equipment), raw and treated water-quality data, hydraulic data, capacity data and location
information of each WTP. The maintenance management data includes operation and
maintenance data (i.e. washwater rates, typical production rates, and chlorine residuals),
preventive maintenance schedules, maintenance cost information, parts inventory, water
quality testing data, and repair records.

The criteria of pipeline appurtenances must be evaluated to determine the best R&R
method. Valve and hydrant operational issues such as surges, contamination from defective
or inoperable hydrants, and valves left in the ‘closed” position must be reviewed. Storing,
maintaining, and updating this data in a GIS-based database system greatly facilitates the
analysis and criteria evaluation of water main appurtenances.

The utility must assess the hazard potential when rehabilitating or replacing water mains,
WTPs, pump stations, and reservoirs. It is important to evaluate the risks involved in
working on an infrastructure component before an alternative assessment is undertaken.
Assessing the role of each component is a factor in deciding the importance of an R&R
procedure to the entire system’s operation and reliability. Public safety, potential damage to
property in the area, and transportation disruption are criteria to be assessed when
evaluating this hazard potential.
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To increase the program efficiency and decrease the hazard potential, a desired R&R
program uses an updated GIS database to coordinate R&R efforts with other utility
construction in the area. This joint effort between utilities decreases the level of damage and
disruption to the area and in many cases decreases the construction costs for both utilities.
The construction process may become accelerated such that the renewed water main or
facility may return to service sooner than expected.

Utilities must also evaluate the water quality conditions of system components. For
instance, degrading water quality is often prevalent even in water mains that have sound
structural integrity. In such cases, a potential alternative may be a preventive maintenance
procedure to clean and flush the water main rather than a more expensive and unnecessary
rehabilitation. A unidirectional flushing program, as described later in this report, is one
example of such a program. Water quality complaints, discolored water reports, and water
quality tests performed by the utility are constantly recorded and updated in a GIS system
to allow a more thorough and accurate evaluation of the water quality in the system.

2.4.3 Alternative Selection

In a desired R&R program, the evaluation of program alternatives for water mains, W1Ps,
pump stations, and reservoirs is performed to determine the most feasible course of action,
based on the previous criteria assessments. The overall alternative assessment goals are to
enhance the system’s water quality, improve its operational reliability, extend the
infrastructure’s useful life span, and improve the system’s fire flow capabilities. Preventive
maintenance and the rehabilitation or replacement of water mains and facilities are feasible
alternatives to be evaluated by the utility. The alternative assessment helps to decide the
most applicable solution for the system.

2.4.4 Economic Assessment

In cases where more than one alternative is feasible, an economic evaluation is applied to
select the best course of action from an economic standpoint. In a proactive and
consolidated R&R program, the utility assesses the most applicable alternative based on the
evaluation and the most economical solution simultaneously.

2.4.5 Prioritization

Once an economic assessment has been conducted, the previously described criteria are
weighted and utilized to prioritize the water mains and system facilities according to the
action selected for it. This should include such issues as comparing the asset’s risk of failure
and associated condition with acceptable level of service. The prioritization allows for an
efficient R&R program, as those components that are economically feasible and critical to the
overall reliability of the system are of utmost importance.

2.4.6 Testing Procedures

Field information is obtained in a desired R&R program to verify the assumptions utilized
in the criteria and alternative assessments. Pipe coupon sampling, soils sampling, water
quality sampling, flow tests, and leak detection are necessary tests that must be conducted
to acquire the most accurate data for the evaluation processes. The test results, along with all
current available data, are immediately entered into the GIS database to update the system
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information. This allows the utility to perform the criteria and alternative assessments with
the most accurate data available.

2.5 Consolidated Planning and Budgeting

In many cases, an economically efficient program [2] utilizes a planning system that integrates
R&R requirements with other infrastructure needs simultaneously. By effectively correlating
routine operation and preventive maintenance activities with capital spending activities for
rehabilitation or replacement, overall economic efficiency can be optimized. This
comprehensive decisionmaking process also takes into account additional budget constraints
for the water distribution and transmission system, budget constraints for the wastewater
infrastructure; rate increases on customer households, personnel constraints, emergency
repair work requirements, local community needs and regulatory requirements. In many
cases, the costs for the drinking-water system R&R compete with necessary expenditures for
the wastewater infrastructure. The relationship between water supply and wastewater costs
for a typical utility is presented on Figure 3. It can be determined that for many utilities, the
expenditures for the wastewater infrastructure are often noticeably more than the drinking
water system. Therefore, it is imperative that the utility simultaneously plans and coordinates
to fulfill both the drinking water and wastewater infrastructure needs accordingly.

Figure 3
Replacement Expenditure Projections for a
Water & Wastewater Utility (2)
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Under this consolidated approach, the utility analyzes these additional factors after initial
criteria and alternative assessments have been conducted. This process facilitates the
reprioritizing of preventive maintenance, rehabilitation, and replacement lists of water
mains and infrastructure facilities based on additional constraints. Using a GIS database
enables the utility to perform an efficient and consolidated planning effort with the most
updated information available. Although the operations and maintenance budget may
increase for an expanded comprehensive program, the overall costs will be significantly
reduced. This type of information and analyses for DWSD will facilitate a better assessment
of the longer-term CIP needs for system infrastructure R&R.

2.6 Implementation of Program Alternatives

As described in this report, preventive maintenance and R&R are potential solutions to
transmission and distribution system issues. Once a utility has performed criteria
assessments of system components, an alternative evaluation, and an examination of
economical feasibility, the selected alternative is implemented. In a desired R&R program,
the selected alternative is initiated immediately after the evaluation process is completed
and approved by the utility.

2.6.1 Preventive Maintenance

A proactive R&R program utilizes preventive maintenance procedures to minimize
rehabilitation or replacement construction impact, extend the useful age of infrastructure
components, enhance water quality, and reinforce the system’s overall reliability. Several
available methods of preventive maintenance should be analyzed before the utility makes a
final decision on the alternative program. Flushing, fire hydrant testing, valve management,
and cross-connection testing are potential preventive maintenance methods to be
undertaken by the utility.

A flushing program consists of conventional practices and directional flushing strategies.
Conventional methods include reactive or emergency flushing, regular flushing of dead-end
mains and problem areas, and scheduled systemwide flushing. Directional [3] or
unidirectional flushing uses higher velocities than conventional methods for pipe sections in
need of extensive flushing and cleaning. A directional-flushing program can use up to

40 percent less water to clean water mains than conventional programs. Directional flushing
requires a more systematic approach that includes a scheduled shutoff of valves to isolate
the pipe section and an in-series approach that uses water from previously cleaned sections.
In a proactive R&R program, the utility determines the most applicable course of action
based on the criteria and alternative assessments previously discussed in this report. Other
program considerations are the system’s size and the time of day or year that a preventive
maintenance program is scheduled. Preventive maintenance practices should be scheduled
when there are no freezing and/or high-demand periods. Consolidated planning and
budgeting are necessary for an organized and effective preventive maintenance program.

Fire hydrant inspection and testing [3] can be an effective preventive maintenance practice
when performed correctly and efficiently. The utility organizes and oversees each step to
ensure maximum efficiency and productivity. During regular fire hydrant inspections, any
inoperative hydrants are tagged, noted, and scheduled for repair. These field notes are



SECTION 2: DESIRED PROGRAM

entered into the GIS database system. Fire hydrant seals are tested and minor repairs are
performed during the inspections.

Another practice that can be implemented into the preventive maintenance alternative in a
desired R&R program is a valve management program. Valve management [3] incorporates
the periodic exercise, maintenance, and tracking of valves throughout the system. Valve
exercise and maintenance is determined based on water main criteria assessment, economic
feasibility, and utility standards of acceptable periods between valve site visits. Valve
exercise and maintenance reduce the time and cost required to isolate water main breaks
during a rehabilitation or replacement procedure. This preventive maintenance program for
valves also verifies the exact location of every valve in the system. A valve-tracking
program prevents many hydraulic and water-quality concerns due to improperly closed
water mains by ensuring that the valves are in the correct position. In addition, a valve
tracking system would decrease the time spent on searching for improperly closed valves.

A proactive R&R program incorporates cross-connection testing and verification as a
preventive maintenance alternative. A cross-connection program [3] provides detailed
records that are entered into a GIS database as well as education, training, and certification
on backflow prevention devices and cross-connection verification. This would require
coordination with the City plumbing inspection department, which would normally be
responsible for cross-connection inspections.

By recording the closest street address or intersection, the location of water main
appurtenances (e.g. valves, hydrants and cross-connections) that are tested and verified can
be geocoded into a GIS database, thereby providing the utility with an overall preventive
maintenance management system.

2.6.2 Rehabilitation and Replacement Practices

R&R procedures are implemented in a desired R&R program when it is determined that
preventive maintenance is not the most feasible course of action to water main renewal.
R&R techniques are extensive, and should be assessed before a specific alternative is
selected by the community. In a proactive R&R program, the utility is aware of the latest
techniques of water main R&R, which enable it to select the most applicable method. R&R
techniques include cleaning, relining, and replacement of the entire targeted pipe section
using both conventional and trenchless strategies [12].

The utility may decide that cleaning is the most feasible method of water main
rehabilitation. Cleaning can be accomplished using pigs, scrapers, or chemicals [5]. Based on
the water main criteria assessments and economic evaluation, one of the three methods may
be better than others. The utility must determine the specific methodology and costs of each
water main cleaning procedure.

Lining the water main with a cement mortar or an epoxy material is another standard
rehabilitation practice available to the utility. In a desired R&R program, the utility
researches the advantages and disadvantages of each method to determine the best solution
when water main lining is necessary. Epoxy lining [5] has a faster curing time than
conventional cement mortar lining, and thus provides the water main with an accelerated
return to service. Epoxy lining also requires a much smaller lining thickness (1mm),
regardless of the pipe diameter, allowing for a minimal impact on the diameter reduction.
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Pipe insertion is another method of water main R&R. Sliplining [5] is the process in which a
liner pipe is inserted into the old host pipe and the standard practice of pipe insertion.
Sliplining utilizes either a rigid liner pipe or a more modern thermoplastic liner pipe that is
inserted into the original water main. A rigid liner pipe is typically butt-welded and placed
into a larger in-place water main. A thermoplastic liner pipe is expanded and set in place
using heat and pressure.

A desired R&R program also incorporates trenchless strategies into the potential
replacement alternatives. Typically, trenchless techniques produce savings of up to

50 percent over conventional open-cut replacement methods. Various types of trenchless
solutions, such as directional drilling, modified sliplining, and structural lining produce
virtually no damage to landscaping or concrete areas and minimize future leaks in water
mains. Trenchless strategies also provide the stability to withstand subtle ground movement
in the local area of a replaced water main.

In a proactive and consolidated R&R program, the utility must examine each preventive
maintenance or rehabilitation/replacement method to determine the best course of action.
In a desired program, the utility must perform a criteria assessment based on the most
updated data found in a GIS database system, an economic evaluation and an extensive
selection process of preventive maintenance, rehabilitation, or replacement alternatives.
Because of the many alternatives to water main renewal, the utility must decide on the
specific method that will produce the optimum results for the R&R program.
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DWSD’s Current Program

3.1 Information Databases

3.1.1 Conventional Record-Keeping

The current DWSD R&R program utilizes conventional paper record-keeping practices for
water mains and infrastructure components. An inventory of water mains and
infrastructure facilities is maintained for the current system. The inventory includes
information on the age, size, material type, and other characteristics of water mains
throughout the system. Other characteristics would be site specific and part of a detailed
Capital Assets Management Program, as defined and recommended later in this report. For
instance, a summary of the existing DWSD water mains by pipe size (24 inches [in.] in
diameter and greater) in the City of Detroit and surrounding metropolitan areas can be
found on Figure 4 [7].

Figure 4
Summary of DWSD Transmission Mains by Pipe Diameter
Fiscal Year 2000-2001
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The program also maintains detailed records of pipe breaks, leaks, and failures for the water
mains in the service area. The records provide descriptions of breaks, locations of breaks
and leaks, and information on break and leak rates. In addition, water quality or service
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complaints and completed repair jobs are recorded into the existing inventory. Currently,
DWSD is implementing a computerized information database system such as GIS that
enables electronic manipulation of the transmission-and-distribution system data and
integration into an overall maintenance management program. DWSD contract CS-1367,
Expanded GIS Services and Implementation, began in 2003 and is expected to be complete in
3 years.

3.1.2 Maintenance Management Systems

The DWSD current R&R program also utilizes a maintenance management system
facilitated by a computerized data collection and monitoring program. This program assists
DWSD in the maintenance of the transmission and distribution system by controlling
pumps and monitoring flows and pressures in water mains, WIPs, pump stations, and
reservoirs.

3.2 Criteria Assessments and Evaluation

The current R&R program utilizes the existing inventories to assess the criteria of primary
water mains within the system and evaluate the most feasible solution alternative. Each
infrastructure component is evaluated by analyzing the information collected using several
criteria, a prioritization process, and testing programs for reanalysis and verification.

3.2.1 Evaluation Procedures

The evaluation process begins with the selection of water mains to be analyzed for
replacement. Water mains are selected for assessment based on DWSD’ standards of recent
break and leak frequencies, corrosion issues (low C-factors), and customer complaints. The
prevalent methodology is a reactive approach, in which DWSD primarily selects water
mains for evaluation and prioritization based on failures that have already occurred. For
example, standard DWSD policy is to rehabilitate or replace an existing pipe section after
five breaks per 1,000 ft of pipeline. This information was provided by Mr. James Heath,
former Assistant Director of Water System Operations in August 2001.

Each year, DWSD replaces approximately 15 to 20 miles of distribution pipeline in the City
of Detroit at a cost approximately $12 million to $16 million. In addition, DWSD spends
approximately $7 million each year on leak repairs [14]. The current budget [8] provides an
annual allowance of $24 million for water main replacement going forward.

3.2.2 Criteria Assessments

Along with water main break and leak rates, the current program focuses on other criteria
when evaluating water mains within the DWSD service area. An analysis is usually
performed on the material type of water mains selected for possible rehabilitation or
replacement. A summary of the existing DWSD water mains and service lines by material
type in the City of Detroit and surrounding communities can be found on Figure 5. Cast
iron was used for water mains 48 in. or less in diameter within the DWSD service area.
Current findings of the analysis on type of pipe material indicate that ductile iron, although
not the most widely used throughout the existing transmission system, is the most reliable
material for pipes 56 in. or less in diameter. Cast iron water mains vary in break and leak
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rates depending on the manufacturing process used. According to DWSD’s Water Main
Breaks study report (1977) [9], cast iron pipes purchased and installed prior to 1923 were
manufactured by pit-cast process, which gave long, trouble-free service. From 1923 to 1940,
cast iron pipes (Class 150) made by centrifugal process were purchased and installed in the
Detroit system. The Department experienced serious trouble with spun cast pipes and a life
span of 35 to 40 years was suggested for such pipes based on the same report. After 1940,
the DWSD began using Class 250 spun-cast pipes for additional wall thickness for
combating corrosion. DWSD officially adopted the standard use of Class 250 pipe in 1945.

Figure 5
Summary of DWSD Transmission Mains by Material Type
Fiscal Year 2000-2001
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Prestressed concrete has been found to have a high degree of reliability. Recent DWSD
evaluations show that in the last 20 years, a maximum of about nine failures occurred along
the barrel of prestressed-concrete water mains. All steel water mains within the system were
lined internally with cement mortar during the mid-1970s to minimize internal corrosion.
However, the steel mains do not have cathodic protection, and recent material assessments
indicate that most steel water mains have failed due to external corrosion. In addition, some
failures were associated with leaks and breaks caused by insufficient field welding of
side-access panels installed after the relining process.

Five to six failures on prestressed concrete water mains have occurred since 1981. It appears
that the breaks and leaks have occurred along the pipe barrel without a known external
influence. DWSD also reports that in the current system, many breaks and leaks can occur at
the pipe joint. Lead joints have been failing at an “alarming rate,” according to DWSD
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officials, and currently being repaired as rapidly as possible using a Weko seal. The other
type of joint material used in the DWSD system is Leadite, which has been failing more
frequently than lead joints [10].

The development of calcification and subsequent resistance to flow in a water main can be
quantified by the application of a Hazen-Williams ‘C-factor’ to a given pipe segment. The
attenuation in C-factor, an indicator of internal corrosion in DWSD water mains, is currently
being correlated with pipe age and pipe material for 6- to 16-in. distribution pipes through
DWSD contract CS-1332. Currently, limited field tests have provided DWSD with internal
corrosion data for some water mains within the system, but an extensive analysis has not
been conducted to determine the relationship between the level of internal corrosion and
type of pipe material. The results of the field testing undertaken on unlined cast iron pipe,
cement mortar-lined steel pipe, and reinforced concrete pipe are presented on Figures 6 and
7. The results of the field-testing on unlined cast iron pipe correspond closely with
published information by Williams and Hazen [15].

Figure 6
"C" Factor Reduction Curve for Cast Iron Pipe
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Figure 7
"C" Factor Reduction Curve for Concrete & Relined Steel Pipes
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It has been determined that an assumed useful age of a pipeline cannot by itself be an
indication of the actual structural status of a water main. The existing selection process of
water mains for R&R, as previously discussed in this report, does not evaluate the useful
pipe age but rather utilizes the number of breaks per distance of pipeline rationale.

DWSD has recently completed an evaluation of three of the five WTPs called a “Needs
Assessment.” These were completed on the three oldest plants, Northeast WTP, Springwells
WTP and Southwest WTP, to determine the short-term (10 years) needs to rehabilitate those
plants to current standards. The detailed Needs Assessments examine the existing facilities’
inventories and maintenance management data to determine the best renewal alternative.
The Needs Assessments include data on the existing age of sedimentation basins, filters,
low-lift and high-lift pumps, and other WTP components. The most recent raw and treated
water quality data, plant capacities, pump efficiencies and hydraulic performance of WTP
components were also analyzed. Maintenance management data, such as operation and
maintenance reports, water quality testing data, and repair records are also reported and
evaluated to determine the current status of the WIPs and the best course of action to take
for renewal of the facilities.

For pumping stations, a periodic analysis was performed on pumps and cone valves to
determine if any components need to be repaired or replaced. Pumps are eligible for repairs
if the desired pressures are no longer satisfied, the pump horsepower use has diminished, or
there are leaks around the pump-shaft packing. Candidate pumps for replacement typically
cannot meet recently changed head requirements or the proposed costs of repairing the
pumps outweigh the replacement expenditures. However, it has been determined that new
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pumps typically are not much more efficient than much older pumps that have adequately
been maintained, making their replacement less cost-effective. Cone valves are eligible for
repair and replacement when they no longer function properly or become more difficult to
operate. The R&R program currently does not utilize a more detailed and comprehensive
evaluation process for pump stations and reservoirs.

The current methodology is reactive, and criteria assessments are based on conventional
record-keeping. A computerized database system and an extensive field-testing program
would greatly facilitate the criteria assessments of pump stations and reservoirs to improve
the R&R program of DWSD's transmission and distribution system.

3.3 Planning and Budgeting

In addition to the previous criteria assessments for water mains and other infrastructure
facilities, the existing R&R program broadly takes into account budget constraints, personnel
constraints, emergency repair work requirements, local community needs, and regulatory
requirements. Because of the lack of thorough and extensive planning, budgetary constraints
often limit necessary rehabilitation or replacement due to initial expenditures. Although
regular preventive maintenance and rehabilitation can be initially more expensive, with proper
planning this type of proactive approach to R&R can be much more cost-effective.

3.4 Implementation of Program Alternatives

In the current R&R program, the selected alternative of either rehabilitation or replacement
of water mains and other facilities within the service area is initiated after the prioritization
process is completed and approved by DWSD. Currently, DWSD has not implemented a
formal preventive maintenance program as a solution alternative to rehabilitation or
replacement. In many proactive R&R programs, preventive maintenance demands a larger
initial investment than other solution alternatives as well as comprehensive planning to
consolidate preventive maintenance procedures and rehabilitation or replacement efforts
simultaneously. However, with a more comprehensive approach, preventive maintenance
can reduce long-term expenditures and increase system reliability and water quality within
the transmission and distribution system.

DWSD currently practices an R&R program for distribution water mains only within the
City of Detroit service area. Currently, there is no R&R program for transmission mains. The
DWSD's local Yards (North, East, West, and Central) are contacted by the DWSD
Maintenance Division approximately every 6 months to obtain recent pipe break data
provided in a monthly summary. The Maintenance Division prioritizes the necessary pipe
replacements based on the information received from each Yard. The prioritized list of pipe
replacements is sent to DWSD’s Urban Engineering Department to begin the process of
design, bid, award, and construction. If pipelines are identified by DWSD as requiring
urgent replacement, they are considered highest priority.

The existing R&R program does not incorporate preventive maintenance practices as
solution alternatives for WTPs, pump stations, and reservoirs. The current program for
these system facilities is restricted and should include a wider range of solution alternatives
to repair and prevent system failures at the facilities.
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Recommendations for Improvements

The following recommendations for DWSD are based on the review of the DWSD’s current
rehabilitation/replacement approach and general procedures and practices from peer
municipalities across North America.

4.1 Information Databases

4.1.1 Geographic Information System

DWSD is currently implementing a GIS that enables electronic manipulation of the
transmission and distribution system data and their integration into an overall maintenance
management program. Implementing the GIS database would enable DWSD to proactively
take action rather than react to a failure in the system that has already occurred. The GIS
mapping capabilities will also provide a systemwide view of the candidate infrastructure
components for maintenance, rehabilitation, or replacement.

A GIS program would enable DWSD to store and update inventories of water mains and
other infrastructure facilities that include physical characteristics, location information, and
environmental characteristics. In addition, maintenance management data of water mains
and system facilities that include pipe break and leak history, repair records, leak detection
reports, and water quality complaint records would be incorporated into the GIS system.
The transmission and distribution system water main inventory, facility inventory, and
maintenance management data would be geographically referenced by the state coordinate
system.

The current R&R program utilizes conventional record-keeping practices of water mains
and infrastructure components. A detailed inventory of water mains and infrastructure
facilities is maintained where available. The current program also maintains pipe break,
leak, and failure records of all reported water mains in the service area. These records
should be transferred to the computerized database system as expeditiously as possible to
ensure that the new system utilizes the most recent available data. This will require an
increase in initial labor expenditures but will be advantageous to implement an updated
system for use in a more efficient R&R program.

4.1.2 Monitoring and Testing

Routine and thorough testing of water mains, appurtenances, and other system facilities to
include such issues as “C’ factor, water quality, and pipe wall corrosion, will ensure a more
proactive and efficient R&R program. By sufficiently collecting and consolidating field data
acquired through testing and verification as budgetary constraints permit, DWSD may
effectively and efficiently select candidate water mains and facilities within the system for
preventive maintenance, rehabilitation, or replacement. The selection process can be
initiated before an actual failure occurs by immediately implementing a testing program as
an important component in the overall R&R program.
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4.2 Criteria Assessments and Evaluation

A much more extensive evaluation process needs to be implemented into the current
program, as described in detail in this report. The criteria utilized for water transmission
lines and distribution mains and appurtenances, WTPs, pump stations, and reservoirs
should be broadened and utilized to create a more proactive and preventive approach to the
water distribution and transmission system R&R.

4.2.1 Selection Process

R&R program should make a selection of candidate water mains for modeling and
assessment based on recent break-and-leak frequencies above certain criteria, severe water
quality and/or hydraulic concerns, and candidate water mains near other agency-planned
construction sites. In addition, it should be noted that there is a fundamental difference
between planning the renewal of water distribution mains and transmission lines. The
primary objective of a renewal plan for distribution mains is to minimize their life-cycle
costs, while for transmission mains, it is to minimize failures. The selection of WTPs, pump
station, and reservoirs for evaluation should be based on criteria similar to those used for
water main evaluations. The selection process for pump stations should be based on pump
efficiencies, water capacity concerns, and pump stations near other agency-planned
construction sites. Reservoir selection should be based on water capacity or quality concerns
and reservoirs near other planned construction sites. The implementation of this selection
process would benefit DWSD by providing a proactive approach to rehabilitating or
replacing water mains that have a high probability of failing in the near future rather than
the current reactive methodology, which involves repairing or replacing water mains after
they have failed.

4.2.1.1 KANEW Model

The most effective method for water main, WTP, pump station and reservoir selection is to
use predictive models and screening systems. For instance, a predictive model such as the
“KANEW?” [4] evaluates the condition of water mains to initiate a more proactive and
systematic approach to selection process of water mains as well as other candidate system
components. The KANEW model enables the user to forecast future rehabilitation or
replacement needs of water mains based on multiple variables. The calculations are
dependent upon an inventory of water main types in terms of length of pipeline and year of
installation. The categories of water mains must be defined according to their life
expectancy and acceptable service level. The major factors to consider are break rates, pipe
age, material, diameter, joints, bedding quality, water pressure and temperature variations,
exposure to vibrations, and pipe wall corrosion. KANEW also allows for the analysis of
failure and rehabilitation rates, comparisons of maintenance and rehabilitation investments,
and the development of rehabilitation strategies.

The selected water mains should also be assessed based on the hazard potential, the level of
joint utility construction, and water quality concerns to decide the course of action for each
main and to determine its priority for the recommended action. These criteria are much
more extensive than those currently used, in which a water main is selected when five
breaks occur for every 1,000 ft of pipeline.
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The selected infrastructure facilities such as WIPs, pump stations, and reservoirs should be
assessed based on needs assessments that include a facility inventory and a maintenance
management system. The needs assessments for each facility should be updated periodically
to accurately represent the status of the facility for optimal assessments of solution
alternatives for a proactive R&R program.

4.2.2 Alternative Selection

An evaluation of program alternatives (e.g. preventive maintenance, rehabilitation or
replacement) for each system component should be performed to determine the most
feasible course of action based on the previous criteria assessments. Currently, DWSD does
not employ an evaluation of solution alternatives as a part of the existing R&R program.
Rather, DWSD rehabilitates water mains when replacement is too expensive. When
rehabilitation is not a sufficient alternative, DWSD typically replaces the water mains.

4.2.3 Economic Selection

Once a solution alternative is selected, an economic assessment should be conducted, as
described in the Desired Program section. In cases where there is more than one feasible
alternative, an economic evaluation using such methods as a cost-benefit ratio, rate of
return, or a return on investments should be applied to select the best course of action from
an economic standpoint. A more thorough prioritization process will be necessary for this
type of extensive R&R program. The previously described criteria should be weighted and
utilized to prioritize water mains and infrastructure components according to the actions
selected for them. This process should include such issues as comparing the asset risk of
failure and the associated asset condition with acceptable level of service. The prioritization
allows for an efficient R&R program as those components that are economically feasible and
critical to the overall reliability of the system are of utmost importance. Figure 6 presents a
typical system condition versus service-life curve for an infrastructure. A graph such as this
can be utilized to determine the ideal point to rehabilitate, where the service target is equal
to the system condition. The useful service life of the infrastructure component would be
maximized by rehabilitation at this point.

Field information should be obtained more frequently to verify some of the assumptions
utilized in the models and criteria assessments. Current testing procedures, such as leak
detection programs and flow tests, should continue to be practiced. Pipe coupon sampling,
soils, and water quality sampling should be implemented to obtain updated data for a
proactive and preventive R&R program.

Although an initial increase in funding will occur for the expansion of testing procedures
and the collection of field information, assessing the current condition of the water
infrastructure is critical for an economically efficient and reliable drinking water
distribution and transmission system.
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Figure 8
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4.3 Consolidated Planning and Budgeting

It is recommended that a consolidated planning process be implemented in addition to the
previous criteria assessments of water mains and other system components for a proactive
R&R program. The R&R program should have a decisionmaking process that DWSD uses to
take into account budget constraints for the wastewater infrastructure, rate increases on
customer households, personnel constraints, emergency repair work requirements, local
community needs, and regulatory requirements. Additionally, working with the public to
increase awareness of future challenges, assess local rate structures, and adjust rates where
necessary would be essential components in planning and budgeting for the future. This
expansion of the public relations policy would assist in supplying resources to fund the
increasing needs to preventively maintain, rehabilitate, and replace the drinking water
infrastructure.

4.3.1 Capital Assets Management

An efficient method to facilitate the R&R decisionmaking process is to implement an ICAM
program. The program should be implemented in phases, given DWSD’s extensive and
complex water systems.

The first phase will provide a high-level overview of the system’s approximate long-term
R&R needs. This “top-down” approach will build on the inventory information already in
place and will group DWSD'’s water system assets into major subsystems. Risk values will
be assigned to the subsystems and order-of-magnitude estimates made for replacement
costs and capital R&R needs. The analysis will forecast the long-term financial R&R needs
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for each subsystem. Several funding scenarios will be constructed to assess the impact on
condition and risk under less than full financing. These assessments will provide
information on which subsystems are most critical in terms of risk and investment needs.
These subsystems will be evaluated in more detail in subsequent phases, which will also
include implementing the management systems to support short- and long-term
decisionmaking for R&R.

4.3.1.1 Phase 1

The specific objectives of the first phase include to:
* Forecast and document order-of-magnitude capital R&R costs through 2050

* Identify relative risks caused by potential underfunding of R&R needs for major
infrastructure subsystems

* Determine data needs and level of effort required to obtain the necessary data for more
detailed evaluations

* Develop an implementation plan for extending the application of the capital R&R
management approach to DWSD's infrastructure systems in greater detail

The analysis will determine anticipated future capital rehabilitation, R&R needs for major
subsystems, and forecast under several funding scenarios the future condition of the
subsystems and the risks associated with condition deficiencies.

Phase 1 can be completed in 2 years starting in 2007, after the expected completion of the
Department’s ongoing GIS project (CS-1367) in 2006. The estimated cost for Phase 1 study is
$1 million.

4.3.1.2 Phase 2

Although subsequent phases should be determined by the results of Phase 1, it is assumed
for planning purposes that the water transmission system will be the highest priority for
further detailed R&R assessment. This assumption is based on the age, relative condition,
and level of rehabilitation work done in the past. The objectives of the detailed R&R
assessment of the transmission system are to:

* Conduct more formal analyses of risk issues to fully align the risk model to the DWSD
mission and goals.

* Refine the transmission system inventory database to ensure that all infrastructure
elements are cataloged and that the data required for forecasting R&R needs are
complete and reasonably accurate.

* Perform a more-thorough condition assessment of the transmission system by
examining maintenance and repair records, supplemented by targeted physical
inspection.

» Forecast long-term funding needs for rehabilitation, R&R of the transmission system
using statistical and engineering analyses.
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Also during Phase 2, a management system that will support decisionmaking for capital
investment will also be developed and implemented for the transmission system. The
decisionmaking process will link investment strategies to life cycle costs and risk and
service levels. The objectives of this management system are:

* Institute a long-term planning process of at least 15 years

* Integrate R&R planning with the implementation of other elements of the Master Plan,
such as growth and capacity planning and maintenance management

* Implement a program of regular assessments of condition, service performance, and
capacity utilization

» Establish detailed relationships between condition, service levels, and risk levels
* Formalize performance measures and targets for service levels and risk

* Construct an investment model that balances life-cycle costs (including both capital and
O&M) and risk and service levels

* Develop a decisionmaking process based on the output of the investment model and
other relevant factors

Phase 2 can be completed in 3 years following the completion of Phase 1 and is estimated to
cost $2 million.

4.3.1.3 Phase 3

Following Phase 2, detailed R&R analyses will be extended to incorporate the remainder of
the DWSD water system. The decisionmaking process developed under Phase 2 will also be
extended to the remainder of the system. At the beginning of Phase 3, it will be decided
whether to apply the R&R analysis and decisionmaking model to the entire system or to
incrementally extend their application. It is feasible to implement this program to the
treatment plants, pumping stations, and other facilities one by one, or all of the remaining
system can be simultaneously incorporated. The cost and time required will be about the
same for both approaches.

Phase 3 can be completed in 3 years following the completion of Phase 2 and is estimated to
cost $3 million.

4.4 Implementation of Program Alternatives

4.4.1 Preventive Maintenance Practices

Preventive maintenance should be implemented as a solution alternative to R&R of water
mains and other infrastructure components within the water distribution and transmission
system. A proactive R&R program utilizes preventive maintenance procedures to minimize
rehabilitation or replacement construction impact, extend the useful age of infrastructure
components, enhance water quality and reinforce the overall reliability of the system.
Several methods of preventive maintenance are available and should be analyzed before a
final decision by DWSD is made on the alternative program. Flushing, fire hydrant testing,
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valve management, and cross-connection testing are potential preventive maintenance
methods to be undertaken.

4.4.2 Trenchless Strategies

It is recommended that recently developed replacement strategies should be implemented
into the current replacement program for water mains. Trenchless pipe replacement
techniques have many advantages, including savings of up to 50 percent over conventional
replacement methods. Various types of trenchless solutions, such as directional drilling,
modified sliplining and structural lining, produce virtually no damage to landscaping or
concrete areas and minimize future leaks in water mains. Trenchless strategies also provide
other advantages over conventional replacement strategies as previously discussed in the
Desired Program section of this report.

4.4.3 Summary

DWSD has taken several steps to expand the current R&R process towards a more proactive
and preventive program. The implementation of a GIS database to maintain and manage the
most up-to-date information of the system as well as increasing public awareness of future
challenges are actions that DWSD currently makes to improve the system’s overall
condition.

Implementing more-extensive criteria assessments and evaluation procedures of the
infrastructure would greatly increase the efficiency of the current R&R program. Employing
a program that facilitates a more proactive approach will advance the quality of customer
service, water quality and cost effectiveness of the current program. In addition,
implementing preventive maintenance practices and recently developed replacement
strategies will decrease DWSD long-term expenditures and strengthen the effectiveness of
the current R&R program.
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APPENDIX A

Forecasting Pipe Replacement and
Rehabilitation Needs for DWSD’s Water
Transmission System

This section is an appendix to the rehabilitation and replacement (R&R) program outlined in
the Rehabilitation and Replacement report under the Task C of the Comprehensive Water
Master Plan (CWMP). However, its content is also independent, as it describes the
methodology and results of forecasting the pipe replacement and rehabilitation needs and
associated costs for the DWSD'’s water transmission system.

A1.0 Goal

The main purpose of this appendix is to present the forecast of the DWSD’s water
transmission pipe replacement/rehabilitation needs and associated costs for the next

50 years. The DWSD water transmission system consists of about 770 miles of pipes with
24-in. and larger diameter and a small amount of smaller-sized pipes throughout the City of
Detroit and suburban areas. KANEW, a statistical model, was used to forecast the pipe
replacement needs mainly due to aging. Using the KANEW results of estimated annual pipe
replacement needs by category, the individual pipe R&R decision and schedule were
determined based on age. The individual pipe replacement forecasting was required to
better estimate the replacement costs as well as the Hazen William C-factors for hydraulic
and water quality modeling purposes (Tasks C and D under the CWMP).

Besides KANEW predictions, additional pipes were identified for replacement as a result of
the transmission system hydraulic modeling analysis. Their replacement is needed in order
to provide adequate pressures in the system with the projected demand. The system
pressure requirement along with other interrelated criteria (i.e. unit headloss, maximum
flow velocity, etc.) are discussed in general in Section 5 of this appendix and in detail in the
CWMP Task C: Water Supply and Management Plan report.

It should be noted that the pipe replacement forecast in this report does not represent actual
pipe replacement projects. The decision to replace a pipe is usually reached by considering
the existing system’s condition, the needs of the overall water system improvement
program, the pipe locations, and other factors. Therefore, the replacement needs and costs
presented in this document are for planning purposes only.

A2.0 Basics about the Predictive Model—KANEW
A2.1 General

KANEW is a macrostatistical model used for planning guidance on the length of pipes of
certain categories that need to be rehabilitated and replaced each year. The forecast is based
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on the development of statistical survival functions that will be applied to the current water
main inventory to simulate the aging process and calculate the length of the pipes that reach
the end of their useful lives each year.

A2.2 KANEW Model Input Requirements

1. Planning period —Identifies the planning range to be simulated

2. Water main categories —Separates the water main into categories by material, age, and
size based on each utility’s individual need

3. Current inventory by each category —Includes installation year and length of all mains

4. Realistic estimates of the water main lifespans — Estimates the ranges of years that 100,
50, and 10 percent of the pipes will survive for each category. This will determine the
aging function for each water main category.

A3.0 KANEW Analysis for CWMP

The following input and methodology were used to perform the pipe replacement/
rehabilitation forecast for the CWMP.

A3.1 KANEW Input

A3.1.1 Planning Period
The planning period used for the analysis covers 2004 to 2050.

A3.1.2 Water Main Categories

For the KANEW analysis, the existing water mains were separated into six categories based
on the pipe material, as presented in Table A-1. Three divisions were created among the cast
iron pipes to account for a known difference in life expectancy due to pipe manufacturing
techniques and wall thickness. The three categories were created based on a review of an
early DWSD study report (1977) on the Water Main Breaks [9] and discussions with DWSD
staff, since the water main categorization is utility dependent. According to the DWSD’s
1977 report, cast iron pipes purchased and installed prior to 1923 were manufactured by
pit-cast process and provided long, trouble-free service. From period 1923 to 1940, cast iron
pipes (Class 150) made by centrifugal process were purchased and installed in the Detroit
system. The Department experienced serious trouble with spun cast pipes, and a lifespan of
35 to 40 years was suggested to such pipes based on the same report. Starting from 1940, the
DWSD began using Class 250 spun cast pipes for additional wall thickness to combat
corrosion. DWSD officially adopted the standard use of Class 250 pipe in 1945. Except for
cast iron pipes, the pipe material was used for water main categorizing due to the similar
life expectancy.
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xa?;f I\?Ia1in Category of DWSD Transmission System for KANEW Analysis
No. Water Main Category for KANEW Run Description
1 Unlined CI<1923 Unlined cast iron pipes installed before 1923
2 Unlined CI 1923~1940 Unlined cast iron pipes installed 1923—-1940
3 Unlined CI>1940 Unlined cast iron pipes installed after 1940
4 St-lined Steel and steel-lined pipes
5 Lined DI All ductile iron pipes
6 Conc Concrete, prestressed and reinforced concrete pipes

Note: According to DWSD, all the ductile iron pipes in the Detroit system are lined (per meeting with DWSD— Monthly
Progress Meeting September 4, 2003).

Steel pipes in the system were not lined when they were installed, but all were relined in 1974-1975 (Attachment A).

A3.1.3 Current Inventory by Each Category

The current inventory of all the existing water mains was taken from the CWMP 2000
hydraulic model. Spalding DeDecker & Associates (SDA) compiled information on pipe
material, installation year, and other related information by checking the DWSD’s GIS
database, hardcopy of gate books, and meetings with DWSD personnel. Some missing
information, particularly the pipe material, was assumed based on the reasonable engineering
approach. The CWMP project team performed a quality check of the SDA data and
incorporated information obtained from DWSD personnel (Jim Heath) into the main
inventory. The minutes of the meeting with Jim Heath are at the end of Attachment A.

Table A-2, at the end of this document, presents the input file for the KANEW analysis
(i.e. existing pipe inventory), and Figure A-1 is a map showing the existing transmission
system within the City and the surrounding metropolitan area. For the KANEW run, the
input data were organized in a format that pipes in the same category and with same
installation year were combined into one input record.

The DWSD water transmission system is about 770 miles long and most transmission pipes
are 24 inches and larger in diameter, but some smaller pipes in the City are also included in
this study, as shown in Figures A-2 through A-4. Concrete, cast iron, and steel pipes
constitute more than 99 percent of the pipes in the DWSD water transmission system. The
cast iron pipes were installed from the late 1850s to the late 1940s, steel pipes between the
1910s and 1970s, and concrete pipes since the late 1940s. In general, the water system slowly
expanded from the 1850s to the mid-1920s with intermittently stagnant growth. Periods of
rapid expansion can be identified in the 1920s and 1930s, and the 1960s to 1980s. Concrete
pipes represent the youngest group with mostly 30- to 40-year-old pipes, while cast iron
pipes are 70 to 90 years old, with some more than 100 years old.
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FIGURE A-1
Existing DWSD Transmission Pipes (from the CWMP 2000 EPANET model)
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The following charts show the existing water main data by category, installation year, and
age of the pipes:

Azset type fraction of total stock
Total length: 4071700.3 ft (reference year: 2003)

[ 1-Unlined-Cl=1923 13,685 %
[ 2-Unlined-C1 1923~1940 12 .99 %
N =-Unlined-Cl=1940 7 .61 %
 4-St-lined 5.39 %

I 5-Lined-0l 0.43 %

[ 6-Conc 56.94 %

FIGURE A-2
Fraction of the Existing DWSD Water Transmission Pipes by Pipe Category
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Distribution of assets by installation year
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Installation Year of the Existing DWSD Water Transmission Pipes by Pipe Category
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Age distribution of assets
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FIGURE A-4
Age Distribution of the Existing DWSD Water Transmission Pipes by Pipe Category

A3.1.4 Realistic Estimates of the Water Main Lifespans

Realistic estimation of lifespan is critical to the KANEW model results, because the
progression of water mains in time due to be replaced is simulated based on probability
distributions of lifespans according to particular aging behavior. The most accurate
estimation of lifespan requires experience with the specific system because lifespan varies
by location and each utility’s asset condition.

A lifespan for each category was suggested for the DWSD system, based on experience with
DWSD system and information on 28 other utilities collected during a 1998 AwwaRF
survey. The suggested lifespan used for the KANEW analysis for DWSD system, along with
the data collected through the 14 responses to the survey are summarized in Table A-3. The
suggested lifespan for the DWSD system was developed based on the AwwaRF data with
some modifications using engineering judgments and experience with the City’s water
system. The lifespans were given in a range of years that 100, 50, and 10 percent of a given
category of pipes are expected to reach before rehabilitation or replacement is required.
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Figure A-5 shows the survival functions derived from the given lifespan ranges for each
pipe category, assuming the median lifespan scenario, the details of which are explained in
Subsection 3.2 of this appendix.

TABLE A-3

Estimated Life Expectancies for DWSD Transmission Pipes and AwwaRF Survey Results on Life Expectancies

Range of Water Main Life

General Range of Water Main Life
Expectancies (yrs) from AwwaRF

Expectancies (yrs) Report
Water Main Category for 100% 50% 10% 100% 50% 10%
KANEW Run (low~high) |(low ~ high)| (low ~ high) | (low~high) |(low ~ high)| (low ~ high)
Unlined cast iron
1 . 55 90 75 115 | 100 150
installed before 1923 20(1) 90(1) 30(1) 115(1) 50(1) 150(1)
Unlined cast iron
2 installed 1923-1940 20 50 35 75 60 90
Unlined cast iron
3 installed after 1940 | 40 75 | 60 100 | 90 130
4  Lined steel 50 75 | 70 100 | 95 125 | 20¥ 75@ | 40@® 100®| 60@ 125@
5 Lined ductile Iron 50 100 | 80 150 | 100 200 | 30 100 | 50 150 90 200
6  Concrete 65 100 | 95 150 | 130 200 | 30 100 | 40 150 60 200

Note:

™ The range listed here is for the generic pipe Unlined Cast Iron pipe category.

@ The range listed here is for the generic Steel pipe category.
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Survival functions of asset types
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A4.0 KANEW Results

The KANEW output of the annual replacement/rehabilitation rates by pipe category is
presented in the following figures and some associated data can be found in Table A-4. They
represent results from three life-expectancy scenarios —short (pessimistic), medium, and
long (optimistic). Short life expectancy predicts the most aggressive replacement needs and
long, the least. These can be seen clearly in Figures A-6 through A-8. For the later analysis
on individual pipe’s replacement forecast, results the medium life expectancy scenario
results were used.

Future rehabilitation rates of asset types
___________________ AU
_________________________
_____________ AU
___________
_________ Ao S
_________
_________ L e e
_________
: 1 1 : 1
2010 2020 2030 2040 2050
Year
e | - IMliNEd-Cl=] 923 2-Unlined-C1 1 923~1 940 s 3| Inlined-Cl=1340
— Tt -linEd e 5-LinEcd-D1 G-Conc

FIGURE A-6
KANEW Results—Annual Replacement Rates by Pipe Category
(short life expectancy scenario)
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Future rehabilitation rates of as=zet types
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FIGURE A-7

KANEW Results—Annual Replacement Rates by Pipe Category
(medium life expectancy scenario) - data in Table A-4-A

A-11



APPENDIX A—FORECASTING PIPE REPLACEMENT AND REHABILITATION NEEDS FOR DWSD'S WATER TRANSMISSION SYSTEM

Future rehabilitation rates of asset types

s | _|_IMlined-Cl=1 923 2-Unlined-C1 1923~1 340 s 3-Unlined-Cl=1340
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FIGURE A-8

KANEW Results— Annual Replacement Rates by Pipe Category
(long life expectancy scenario)
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APPENDIX A—FORECASTING PIPE REPLACEMENT AND REHABILITATION NEEDS FOR DWSD'S WATER TRANSMISSION SYSTEM

TABLE A-4-A
KANEW Results—Annual Replacement Rates by Pipe Category (medium life expectancy scenario)

Pipe Category

1-Unlined- 2-Unlined-Cl 3-Unlined-
Cl<1923 1923~1940 CI>1940 4-St-lined 5-Lined-DI 6-Conc

Year (%) (%) (%) (%) (%) (%)

2004 4.325 8.954 1.021 2.835 0.000 0.000
2005 4.206 8.218 1.108 2.836 0.000 0.000
2006 4.087 7.531 1.153 2.850 0.000 0.000
2007 3.967 6.892 1.236 2.985 0.000 0.000
2008 3.846 6.300 1.400 2.968 0.000 0.000
2009 3.724 5.752 1.448 2.943 0.000 0.000
2010 3.603 5.246 1.495 2.910 0.000 0.000
2011 3.482 4.780 1.544 2.870 0.000 0.000
2012 3.361 4.351 1.653 2.823 0.000 0.000
2013 3.240 3.958 1.705 2.769 0.000 0.000
2014 3.120 3.597 1.771 2.755 0.000 0.000
2015 3.002 3.267 1.927 2.692 0.000 0.000
2016 2.885 2.966 2.057 2.625 0.000 0.000
2017 2.769 2.691 2,132 2.554 0.000 0.000
2018 2.655 2.440 2.162 2.479 0.000 0.000
2019 2.543 2211 2.191 2.401 0.000 0.000
2020 2433 2.003 2.319 2.321 0.000 0.000
2021 2.326 1.814 2.336 2.239 0.000 0.000
2022 2.221 1.642 2.348 2.156 0.000 0.000
2023 2.119 1.486 2.353 2.072 0.000 0.003
2024 2.020 1.344 2.351 1.988 0.000 0.003
2025 1.923 1.216 2.378 1.904 0.000 0.003
2026 1.830 1.099 2.373 1.820 0.000 0.003
2027 1.739 0.994 2.355 1.737 0.000 0.003
2028 1.652 0.898 2.331 1.660 0.000 0.003
2029 1.567 0.812 2.302 1.631 0.000 0.003
2030 1.486 0.733 2.267 1.625 0.000 0.004
2031 1.408 0.662 2.227 1.554 0.000 0.009
2032 1.333 0.598 2.182 1.486 0.000 0.015
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APPENDIX A—FORECASTING PIPE REPLACEMENT AND REHABILITATION NEEDS FOR DWSD'S WATER TRANSMISSION SYSTEM

TABLE A-4-A
KANEW Results—Annual Replacement Rates by Pipe Category (medium life expectancy scenario)

Pipe Category

1-Unlined- 2-Unlined-Cl 3-Unlined-
Cl<1923 1923~1940 CI>1940 4-St-lined 5-Lined-DI 6-Conc
Year (%) (%) (%) (%) (%) (%)
2033 1.261 0.540 2.133 1.486 0.000 0.029
2034 1.193 0.488 2.080 1.425 0.000 0.038
2035 1.127 0.441 2.036 1.367 0.000 0.074
2036 1.064 0.398 1.978 1.311 0.000 0.090
2037 1.004 0.359 1.917 1.257 0.000 0.102
2038 0.947 0.324 1.854 1.205 0.000 0.107
2039 0.893 0.293 1.789 1.167 0.000 0.119
2040 0.841 0.264 1.722 1.120 0.032 0.150
2041 0.793 0.238 1.655 1.074 0.034 0.164
2042 0.746 0.215 1.588 1.031 0.036 0.177
2043 0.702 0.194 1.520 0.989 0.037 0.232
2044 0.660 0.175 1.452 0.949 0.039 0.291
2045 0.621 0.158 1.385 0.911 0.041 0.357
2046 0.584 0.142 1.318 0.873 0.043 0.420
2047 0.548 0.129 1.253 0.837 0.045 0.466
2048 0.515 0.116 1.188 0.802 0.047 0.539
2049 0.484 0.105 1.126 0.769 0.049 0.643
2050 0.454 0.094 1.064 0.736 0.051 0.697
Total by 93.308 99.128 85.178 87.797 0.452 4.746

Year 2050

Figure A-7 and Table A-4-A illustrate that under the medium life expectancy scenario, most
cast iron (more than 85 percent for each of the three categories) and approximately

88 percent of the steel pipes will need to be replaced within the next 50 years; the
replacement should start immediately. Replacement of concrete pipes will be required from
the mid-2030s.

Based on KANEW prediction, a negligible amount (<0.46 percent) of ductile iron pipes
needs to be replaced by Year 2050. The ductile iron pipes in the system have a small total
length (less than 0.5 percent of the water transmission pipes or less than 4 miles). The
KANEW forecast may not be representative for this category, as it is a statistical model and
requires a minimum amount of sample sizes.
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APPENDIX A—FORECASTING PIPE REPLACEMENT AND REHABILITATION NEEDS FOR DWSD'S WATER TRANSMISSION SYSTEM

Figure A-9 shows the predicted residue service life at both the short and long service life
expectancy scenarios, based on the average age of the existing pipes in the inventory.

Average age and residual gervice life expectancies of asset types
5-Lined-Di - -
o 4-Stined - - e Fomm-- SEEEEE
e 1 1 1
= . : :
g . . .
(] 1 1 1
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2-Unlingd-Cl 1923~1540 - S (. - —— e R
1 Unlined-Cl=1923 S ]
. — i i i — i
] 20 40 (=11 a0 100 120 140 160
Years
Hl - verage ane Il =hort zervice life expectancy
[ Long service life expectancy

FIGURE A-9
KANEW Results— Residual Pipe Age by Pipe Category
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APPENDIX A—FORECASTING PIPE REPLACEMENT AND REHABILITATION NEEDS FOR DWSD'S WATER TRANSMISSION SYSTEM

Figure A-10 shows the predicted annual replacement rate for the entire DWSD transmission
system under the short, medium, and long service life expectancy scenarios. Under all three,
higher replacement rates are needed in the first two decades, and the rates decrease after
2020. The average annual replacement rates are 0.7, 0.9, and 1.3 percent respectively in terms
of the transmission system’s total length (i.e. about 6, 7, and 10 miles of pipes per year) at
long, medium, and short service-life expectancy scenarios respectively (data in Table A-4-B).

Future network rehabilitation rates
30%

25%

1.5 %

1.0 %

0.5 %

0.0 %

B e 5 e e e B

2050

—— Short service life expectancy
— Laong service life expectancy

Medium service life expectancy

FIGURE A-10
KANEW Results— Annual Replacement Rates for the DWSD Transmission System -
datain Table A-4-B
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APPENDIX A—FORECASTING PIPE REPLACEMENT AND REHABILITATION NEEDS FOR DWSD'S WATER TRANSMISSION SYSTEM

TABLE A-4-B
KANEW Results— Annual Replacement Rates for the DWSD Transmission System
Short Service Life Medium Service Life Long Service Life
Expectancy Expectancy Expectancy

Year (%) (%) (%)

2004 2.661 2.068 1.373
2005 2.517 1.963 1.381
2006 2.377 1.863 1.356
2007 2.245 1.781 1.331
2008 2117 1.698 1.296
2009 1.995 1.612 1.247
2010 1.878 1.531 1.218
2011 1.766 1.454 1.176
2012 1.660 1.386 1.123
2013 1.563 1.318 1.065
2014 1.472 1.259 1.009
2015 1.393 1.206 0.954
2016 1.319 1.156 0.907
2017 1.276 1.104 0.871
2018 1.212 1.052 0.842
2019 1.149 1.002 0.830
2020 1.091 0.963 0.792
2021 1.036 0.919 0.763
2022 1.001 0.876 0.733
2023 0.955 0.837 0.703
2024 0.911 0.798 0.679
2025 0.906 0.763 0.662
2026 0.909 0.727 0.642
2027 0.919 0.693 0.621
2028 0.930 0.661 0.601
2029 0.929 0.633 0.588
2030 0.953 0.609 0.571
2031 1.006 0.583 0.557
2032 1.018 0.559 0.550
2033 1.017 0.546 0.542
2034 1.021 0.526 0.531
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APPENDIX A—FORECASTING PIPE REPLACEMENT AND REHABILITATION NEEDS FOR DWSD'S WATER TRANSMISSION SYSTEM

TABLE A-4-B
KANEW Results— Annual Replacement Rates for the DWSD Transmission System
Short Service Life Medium Service Life Long Service Life
Expectancy Expectancy Expectancy

Year (%) (%) (%)

2035 1.018 0.523 0.518
2036 1.021 0.509 0.505
2037 1.025 0.493 0.500
2038 1.060 0.475 0.487
2039 1.057 0.462 0.474
2040 1.052 0.460 0.464
2041 1.069 0.449 0.455
2042 1.072 0.438 0.450
2043 1.069 0.452 0.439
2044 1.065 0.469 0.427
2045 1.066 0.490 0.420
2046 1.069 0.511 0.409
2047 1.072 0.522 0.397
2048 1.067 0.550 0.389
2049 1.062 0.596 0.380
2050 1.056 0.614 0.375

Summary of the Forecasted Replacement Needs for DWSD Transmission System

Total Replacement Rate by

Year 2050 (%) 60.10 42.16 34.60
Average Annual

Replacement Rate (%) 1.28 0.90 0.74
Average Annual 9.86 6.92 5.68

Replacement Length (mile)

A5.0 Determining Individual Pipe’s Rehabilitation/Replacement
Need and Schedule Using KANEW Result

The KANEW model forecasts the annual replacement rate as a percentage of the pipe length
over the whole category. This section describes how the KANEW results were used to
forecast each individual pipe’s replacement need to reasonably estimate the pipe
replacement costs and C-factor forecast for hydraulic and water quality modeling purposes.
The following steps were followed to accomplish these goals:
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APPENDIX A—FORECASTING PIPE REPLACEMENT AND REHABILITATION NEEDS FOR DWSD'S WATER TRANSMISSION SYSTEM

* Step 1—Using the KANEW output for the medium life expectancy scenario, the KANEW
output replacement rate was translated into an annual pipe replacement need by length.
This was done by multiplying the KANEW forecasted annual replacement rate by the total
length of a pipe category. A KANEW forecasted pipe replacement length was calculated
for each year from 2004 to 2010 due to near term, and by decade from 2010 to 2050.

* Step 2—The actual replacement pipes were then chosen from each category’s total
inventory based on their ages — thus, the oldest pipes were forecasted to be replaced
first. If there was competition regarding which pipe should be replaced first, larger
diameter pipes were given priority. In most cases, the actual proposed replacement
length per pipe category per year was within 10 percent of the model estimated
replacement length.

Table A-5, at the end of this document, presents a detailed listing of the proposed water main
replacements based on KANEW forecast for the entire planning period from 2004 to 2050.

A6.0 Additional Pipe Replacements based on Established
Service Criteria

The KANEW model strictly selects pipes for replacement based on the pipe material’s age
and life expectancy. Assuming that all the pipes identified by KANEW for replacement
would be replaced on schedule, new Hazen Williams C-factors were assigned to the new
pipes for hydraulic modeling analysis using EPANET. However, with these new C-factors,
additional pipes are still recommended for replacement in order to meet the service criteria
established for the water transmission mains. These service criteria are listed as below and
discussed in the CWMP Task C: Water Supply and Management Plan report.

* A minimum of 20 psi throughout the entire transmission system
* A maximum flow velocity of 10 feet/second

* A maximum head loss of 3 feet/1,000 feet on average for major transmission mains
(excludes small connector mains)

* Maximum pressures less than the design pressures in the new and existing pipes
*  Minimum pressure of 40 psi at each new wholesale customer meter

Through a series of hydraulic models, the relative head losses and pressures for the
transmission pipes were determined. The pipes with an average head loss greater than

3 feet/1,000 feet or low pressures were chosen for replacement and listed in Table A-6 (at
the end of this document). In all cases when a pipe is predicted to be replaced using both the
KANEW and Service Criteria methodologies, the pipe is listed under the service criteria for
replacement pipes.
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A7.0 Summary of the Recommended Pipe Rehabilitation/
Replacement

A detailed listing and map of the proposed water main replacements (from both KANEW
and Service Criteria) for the entire 2004 to 2050 planning period can be found in Table A-7
(at the end of this document) and Figure A-11.

A8.0 Estimation of the Pipe Rehabilitation and Replacement Costs

For long-term master planning purpose, the replacement costs were used to estimate the
funding needs for pipe rehabilitation and replacement. The unit replacement cost was
developed by considering the mean construction cost data as well as DWSD'’s historical cost
data. The unit cost can be found in the CWMP Design Data Summary (DDS) report and is
also presented in Table A-8. Since more than 98 percent of the replacement pipes are in the
urban area, the urban unit pipe cost was used to estimate the total replacement and
rehabilitation costs.

TABLE A-8
Unit Pipe Construction Cost
Rural Cost Highway C