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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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TABLE 1
Utilities Studied 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 Des Moines, IA

East Bay Municipal Utility District Oakland, CA

City of Gloucester Gloucester, MA

Board of Water Supply Honolulu, HI

Louisville Water Company 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.
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SECTION 2

Desired Program

2.1 Strategic Foundation for Asset Management1

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)
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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
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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
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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
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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.
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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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FIGURE 2
Conceptual Renewal and Decision Planning System [14]
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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, WTPs,
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 
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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
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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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SECTION 3

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].

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

Figure 4
Summary of DWSD Transmission Mains by Pipe Diameter
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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, WTPs, 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.

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

Figure 5
Summary of DWSD Transmission Mains by Material Type
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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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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 WTPs 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

Figure 7
"C" Factor Reduction Curve for Concrete & Relined Steel Pipes
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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.



SECTION 4: RECOMMENDATIONS FOR IMPROVEMENTS

4-2

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 WTPs, 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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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

Figure 8
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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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TABLE A-1
Water Main 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:

FIGURE A-2
Fraction of the Existing DWSD Water Transmission Pipes by Pipe Category
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FIGURE A-3
Installation Year of the Existing DWSD Water Transmission Pipes by Pipe Category
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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.

FIGURE A-4
Age Distribution of the Existing DWSD Water Transmission Pipes by Pipe Category
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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
Expectancies (yrs)

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

Report

Water Main Category for
KANEW Run

100%
(low~high)

50%
(low ~ high)

10%
(low ~ high)

100%
(low~high)

50%
(low ~ high)

10%
(low ~ high)

1 Unlined cast iron
installed before 1923 55 90 75 115 100 150

2 Unlined cast iron
installed 1923–1940 20 50 35 75 60 90

3 Unlined cast iron
installed after 1940 40 75 60 100 90 130

20(1) 90(1) 30(1) 115(1) 50(1) 150(1)

4 Lined steel 50 75 70 100 95 125 20(2) 75(2) 40(2) 100(2) 60(2) 125(2)

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:
(1) The range listed here is for the generic pipe Unlined Cast Iron pipe category.
(2) The range listed here is for the generic Steel pipe category.
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FIGURE A-5
KANEW Input—Survival Function Generated from Given Life-expectancies by Pipe Category
(medium life expectancy scenario)

percent of
the pipes
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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.

FIGURE A-6
KANEW Results—Annual Replacement Rates by Pipe Category
(short life expectancy scenario)
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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
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FIGURE A-8
KANEW Results— Annual Replacement Rates by Pipe Category
(long life expectancy scenario)
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TABLE A-4-A
KANEW Results—Annual Replacement Rates by Pipe Category (medium life expectancy scenario)

Pipe Category

Year

1-Unlined-
CI<1923

(%)

2-Unlined-CI
1923~1940

(%)

3-Unlined-
CI>1940

(%)
4-St-lined

(%)
5-Lined-DI

(%)
6-Conc

(%)

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 2.211 2.191 2.401 0.000 0.000

2020 2.433 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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TABLE A-4-A
KANEW Results—Annual Replacement Rates by Pipe Category (medium life expectancy scenario)

Pipe Category

Year

1-Unlined-
CI<1923

(%)

2-Unlined-CI
1923~1940

(%)

3-Unlined-
CI>1940

(%)
4-St-lined

(%)
5-Lined-DI

(%)
6-Conc

(%)

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
Year 2050

93.308 99.128 85.178 87.797 0.452 4.746

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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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.

FIGURE A-9
KANEW Results— Residual Pipe Age by Pipe Category
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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).

FIGURE A-10
KANEW Results— Annual Replacement Rates for the DWSD Transmission System -
data in Table A-4-B



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

A-17

TABLE A-4-B
KANEW Results— Annual Replacement Rates for the DWSD Transmission System

Year

Short Service Life
Expectancy

(%)

Medium Service Life
Expectancy

(%)

Long Service Life
Expectancy

(%)

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 2.117 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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TABLE A-4-B
KANEW Results— Annual Replacement Rates for the DWSD Transmission System

Year

Short Service Life
Expectancy

(%)

Medium Service Life
Expectancy

(%)

Long Service Life
Expectancy

(%)

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
Replacement Length (mile) 9.86 6.92 5.68

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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•  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

Diameter1 (in.)
Rural Cost
($/linear-ft)

Highway Cost
($/linear-ft)

Urban Cost
($/linear-ft)

16 130 or 1652

24 169 175 338

30 208 215 416

36 247 255 494

42 286 296 572

48 390 403 780

54 445 460 890

60 520 537 1,040

72 650 672 1,300

84 760 785 1,520

96 1,040 1,075 2,080

108 1,300 1,343 2,600

120 2,106 2,176 4,212
1 The miscellaneous diameters and relative costs not included from this list were determined by extrapolating

between the known values.
2 Cost per linear foot was obtained from the Detroit model (DWSD CS-1332), $130/ft for urban areas, $165/ft for

low-pressure zones (mainly downtown Detroit).

A detailed summary of the cost per pipe category for the near term (2000–2004) is shown in
Table A-9 and per decade from 2004 to 2050, in Table A-10.
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FIGURE A-11
Pipe Replacement Forecast by Decade for DWSD Transmission Mains
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TABLE A-9
Annual Pipe Rehabilitation and Replacement Cost Estimate for Near Term (in $1,000)

Replacement Cost Per Year (in $1,000)

Pipe Category 2004 2005 2006 2007 2008 2009 2010 Sum

Cast Iron Pipes $33,461 $28,353 $28,583 $16,941 $25,696 $20,568 $23,095 $176,696

Steel Pipes $5,499 $8,421 $8,252 $8,424 $7,956 $10,733 $8,970 $58,256

Total Costs by Year
based on KANEW $38,960 $36,774 $36,835 $25,365 $33,652 $31,301 $32,065 $234,952

*Costs by Year based
on Service Criteria

$12,567 $12,567 $12,567 $12,567 $12,567 $12,567 $12,567 $87,967

Total Costs by Year $51,526 $49,341 $49,402 $37,931 $46,219 $43,868 $44,631 $322,918

* The cost from Service Criteria was evenly distributed from 2004 to 2010.

TABLE A-10
Pipe Rehabilitation and Replacement Cost Estimate by Decade (based on both KANEW & Service Criteria) (in $1,000)

Replacement Cost Per Decade (in $1,000)

Pipe Category
Replacement

Based on 2004 ~ 2010 2011 ~ 2020 2021 ~ 2030 2031 ~ 2040 2041 ~ 2050

KANEW $176,696 $184,827 $108,976 $47,156 $24,369
Cast Iron Pipes

Service Criteria $51,537 $988 $0 $3,025 $0

KANEW $58,256 $46,417 $38,659 $40,408 $28,238
Steel Pipes

Service Criteria $32,188 $0 $0 $0 $0

KANEW $0 $0 $0 $13,308 $62,846
Concrete Pipes

Service Criteria $4,242 $0 $9,212 $7,720 $17,761

Total Costs ——
KANEW

$234,952 $231,244 $147,635 $100,872 $115,453

Total Costs ——
Service Criteria

$87,967 $988 $9,212 $10,745 $17,761

Total Costs by
Decade

$322,918 $232,232 $156,847 $111,617 $133,213

Grand Total (from 2004 to 2050, in $1,000) = $956,827

Note: None of the ductile iron pipes in the DWSD transmission system are forecasted for replacement based on
KANEW and Service Criteria.

Based solely on the KANEW predictions, it is clear that pipe replacement for DWSD’s
transmission system needs to be concentrated on cast iron and steel pipes until 2030, and
this replacement will need to be carried on through year 2050. The replacement of concrete
pipes will start after 2030.



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

A-23

Based on meeting the service criteria requirement, most of the pipe replacements will be
concentrated within the current decade of 2004-2010 for cast iron, steel, and concrete pipes.

At the completion of the 2004–2050 planning period, the approximate replacement for cast
iron pipes is estimated to be 95 percent, for steel pipes is 91 percent, and 7 percent for
concrete pipes. The replacement cost will be highest during this decade (2004 -2010),
$323 million. This total will taper off through 2050 after most cast iron and steel pipes have
been replaced. The total pipe replacement for the entire transmission system throughout
Year 2050 is estimated to be about $957 million, an average of more than $20 million/year.



TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
938 700 1854 C.I. 24 1-Unlined-CI<1923
955 608 1856 C.I. 24 1-Unlined-CI<1923
967 1130 1856 C.I. 24 1-Unlined-CI<1923
252 6000 1859 C.I. 24 1-Unlined-CI<1923
313 1500 1867 C.I. 24 1-Unlined-CI<1923
329 50 1867 C.I. 24 1-Unlined-CI<1923
957 2060 1874 C.I. 30 1-Unlined-CI<1923
401 4650 1874 C.I. 24 1-Unlined-CI<1923
911 4820 1875 C.I. 48 1-Unlined-CI<1923
896 2300 1875 C.I. 42 1-Unlined-CI<1923
900 10 1875 C.I. 42 1-Unlined-CI<1923
903 5020 1875 C.I. 42 1-Unlined-CI<1923
942 700 1875 C.I. 30 1-Unlined-CI<1923
944 650 1875 C.I. 30 1-Unlined-CI<1923
945 550 1875 C.I. 30 1-Unlined-CI<1923
909 5550 1876 C.I. 42 1-Unlined-CI<1923
322 1600 1877 C.I. 24 1-Unlined-CI<1923
880 500 1880 C.I. 30 1-Unlined-CI<1923
882 2000 1880 C.I. 30 1-Unlined-CI<1923
946 850 1880 C.I. 30 1-Unlined-CI<1923
947 300 1880 C.I. 30 1-Unlined-CI<1923
951 250 1880 C.I. 30 1-Unlined-CI<1923
952 2880 1880 C.I. 30 1-Unlined-CI<1923
256 5095 1881 C.I. 42 1-Unlined-CI<1923
333 2800 1881 C.I. 42 1-Unlined-CI<1923
888 6720 1881 C.I. 42 1-Unlined-CI<1923
254 600 1881 C.I. 42 1-Unlined-CI<1923
255 600 1881 C.I. 42 1-Unlined-CI<1923
630 1980 1881 C.I. 42 1-Unlined-CI<1923
887 800 1881 C.I. 42 1-Unlined-CI<1923
890 6720 1881 C.I. 42 1-Unlined-CI<1923
891 900 1881 C.I. 42 1-Unlined-CI<1923
892 750 1881 C.I. 42 1-Unlined-CI<1923
886 225 1881 C.I. 36 1-Unlined-CI<1923
889 350 1881 C.I. 36 1-Unlined-CI<1923
883 550 1881 C.I. 30 1-Unlined-CI<1923
334 10 1882 C.I. 30 1-Unlined-CI<1923
335 6400 1882 C.I. 30 1-Unlined-CI<1923
338 1300 1883 C.I. 30 1-Unlined-CI<1923
399 3800 1883 C.I. 24 1-Unlined-CI<1923
337 3600 1883 C.I. 24 1-Unlined-CI<1923
397 500 1886 C.I. 30 1-Unlined-CI<1923
978 1200 1886 C.I. 30 1-Unlined-CI<1923
979 930 1886 C.I. 30 1-Unlined-CI<1923
980 500 1886 C.I. 30 1-Unlined-CI<1923
959 1200 1886 C.I. 24 1-Unlined-CI<1923
414 6400 1886 C.I. 16 1-Unlined-CI<1923
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
412 4000 1888 C.I. 24 1-Unlined-CI<1923
939 1740 1890 C.I. 36 1-Unlined-CI<1923
960 2300 1890 C.I. 30 1-Unlined-CI<1923
925 320 1890 C.I. 30 1-Unlined-CI<1923
927 1160 1890 C.I. 30 1-Unlined-CI<1923
930 530 1890 C.I. 30 1-Unlined-CI<1923
961 1150 1890 C.I. 30 1-Unlined-CI<1923
969 650 1890 C.I. 30 1-Unlined-CI<1923
1318 200 1890 C.I. 30 1-Unlined-CI<1923
1925 360 1890 C.I. 24 1-Unlined-CI<1923
918 600 1890 C.I. 24 1-Unlined-CI<1923
928 600 1890 C.I. 24 1-Unlined-CI<1923
929 350 1890 C.I. 24 1-Unlined-CI<1923
936 700 1890 C.I. 24 1-Unlined-CI<1923
973 150 1890 C.I. 24 1-Unlined-CI<1923
931 1130 1890 C.I. 16 1-Unlined-CI<1923
932 760 1890 C.I. 16 1-Unlined-CI<1923
933 760 1890 C.I. 16 1-Unlined-CI<1923
970 970 1890 C.I. 16 1-Unlined-CI<1923
266 3069 1891 C.I. 30 1-Unlined-CI<1923
307 4400 1891 C.I. 24 1-Unlined-CI<1923
435 2550 1891 C.I. 24 1-Unlined-CI<1923
989 1230 1891 C.I. 16 1-Unlined-CI<1923
926 350 1892 C.I. 24 1-Unlined-CI<1923
324 3000 1893 C.I. 24 1-Unlined-CI<1923
400 4650 1893 C.I. 24 1-Unlined-CI<1923
398 1300 1893 C.I. 24 1-Unlined-CI<1923
984 1490 1893 C.I. 16 1-Unlined-CI<1923
985 200 1893 C.I. 16 1-Unlined-CI<1923
986 970 1893 C.I. 16 1-Unlined-CI<1923
902 10 1895 C.I. 48 1-Unlined-CI<1923
898 2750 1895 C.I. 42 1-Unlined-CI<1923
901 10 1895 C.I. 42 1-Unlined-CI<1923
907 2850 1895 C.I. 42 1-Unlined-CI<1923
943 1500 1895 C.I. 42 1-Unlined-CI<1923
906 5750 1895 C.I. 42 1-Unlined-CI<1923
253 5500 1896 C.I. 30 1-Unlined-CI<1923
881 85 1896 C.I. 30 1-Unlined-CI<1923
430 400 1900 C.I. 42 1-Unlined-CI<1923
6 10 1902 C.I. 48 1-Unlined-CI<1923
54 5250 1902 C.I. 42 1-Unlined-CI<1923
67 7900 1902 C.I. 42 1-Unlined-CI<1923
81 1700 1902 C.I. 42 1-Unlined-CI<1923
242 800 1902 C.I. 42 1-Unlined-CI<1923
243 2100 1902 C.I. 36 1-Unlined-CI<1923
245 2800 1902 C.I. 36 1-Unlined-CI<1923
885 2020 1903 C.I. 36 1-Unlined-CI<1923
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
884 2050 1903 C.I. 30 1-Unlined-CI<1923
404 10050 1907 C.I. 42 1-Unlined-CI<1923
7 10 1908 C.I. 48 1-Unlined-CI<1923
76 1550 1908 C.I. 48 1-Unlined-CI<1923
248 12660 1908 C.I. 48 1-Unlined-CI<1923
55 3250 1908 C.I. 48 1-Unlined-CI<1923
78 50 1908 C.I. 42 1-Unlined-CI<1923
194 1100 1908 C.I. 24 1-Unlined-CI<1923
415 3300 1908 C.I. 24 1-Unlined-CI<1923
69 300 1909 C.I. 48 1-Unlined-CI<1923
70 350 1909 C.I. 48 1-Unlined-CI<1923
237 4150 1909 C.I. 48 1-Unlined-CI<1923
263 700 1909 C.I. 48 1-Unlined-CI<1923
315 19000 1909 C.I. 48 1-Unlined-CI<1923
262 3000 1909 C.I. 42 1-Unlined-CI<1923
427 4300 1909 C.I. 24 1-Unlined-CI<1923
103 7700 1910 C.I. 48 1-Unlined-CI<1923
238 3000 1910 C.I. 48 1-Unlined-CI<1923
66 300 1910 C.I. 42 1-Unlined-CI<1923
241 1900 1910 C.I. 42 1-Unlined-CI<1923
8 10 1911 C.I. 48 1-Unlined-CI<1923
9 10 1911 C.I. 48 1-Unlined-CI<1923
64 2000 1911 C.I. 48 1-Unlined-CI<1923
65 1800 1911 C.I. 48 1-Unlined-CI<1923
537 3100 1911 C.I. 42 1-Unlined-CI<1923
267 1800 1911 C.I. 42 1-Unlined-CI<1923
268 2870 1911 C.I. 42 1-Unlined-CI<1923
308 1500 1911 C.I. 42 1-Unlined-CI<1923
405 3500 1911 C.I. 42 1-Unlined-CI<1923
1315 1540 1911 C.I. 42 1-Unlined-CI<1923
77 650 1912 C.I. 48 1-Unlined-CI<1923
80 50 1912 C.I. 48 1-Unlined-CI<1923
275 2865 1912 C.I. 42 1-Unlined-CI<1923
348 1750 1912 C.I. 24 1-Unlined-CI<1923
1435 9730 1912 C.I. 16 1-Unlined-CI<1923
10 10 1913 C.I. 48 1-Unlined-CI<1923
12 10 1913 C.I. 48 1-Unlined-CI<1923
58 300 1913 C.I. 48 1-Unlined-CI<1923
61 70 1913 C.I. 48 1-Unlined-CI<1923
71 1800 1913 C.I. 48 1-Unlined-CI<1923
87 10050 1913 C.I. 48 1-Unlined-CI<1923
314 1050 1913 C.I. 24 1-Unlined-CI<1923
349 3100 1913 C.I. 24 1-Unlined-CI<1923
413 6000 1913 C.I. 24 1-Unlined-CI<1923
91 10 1913 C.I. 8 1-Unlined-CI<1923
312 7100 1914 C.I. 48 1-Unlined-CI<1923
332 5500 1914 C.I. 48 1-Unlined-CI<1923
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
339 3550 1914 C.I. 48 1-Unlined-CI<1923
419 550 1914 C.I. 48 1-Unlined-CI<1923
57 1700 1914 C.I. 48 1-Unlined-CI<1923
249 7500 1914 C.I. 48 1-Unlined-CI<1923
251 950 1914 C.I. 48 1-Unlined-CI<1923
328 50 1914 C.I. 48 1-Unlined-CI<1923
879 30 1914 C.I. 48 1-Unlined-CI<1923
420 2600 1914 C.I. 42 1-Unlined-CI<1923
102 350 1914 C.I. 42 1-Unlined-CI<1923
417 2300 1914 C.I. 24 1-Unlined-CI<1923
336 1050 1915 C.I. 48 1-Unlined-CI<1923
393 2950 1915 C.I. 48 1-Unlined-CI<1923
910 4000 1915 C.I. 48 1-Unlined-CI<1923
921 1220 1915 C.I. 48 1-Unlined-CI<1923
922 1430 1915 C.I. 48 1-Unlined-CI<1923
923 350 1915 C.I. 48 1-Unlined-CI<1923
330 2250 1915 C.I. 48 1-Unlined-CI<1923
904 3820 1915 C.I. 48 1-Unlined-CI<1923
913 1500 1915 C.I. 48 1-Unlined-CI<1923
920 2000 1915 C.I. 48 1-Unlined-CI<1923
311 1300 1915 C.I. 42 1-Unlined-CI<1923
341 2400 1915 C.I. 42 1-Unlined-CI<1923
350 4750 1915 C.I. 36 1-Unlined-CI<1923
351 2800 1915 C.I. 24 1-Unlined-CI<1923
525 4800 1915 C.I. 24 1-Unlined-CI<1923
357 4700 1916 C.I. 36 1-Unlined-CI<1923
383 1350 1916 C.I. 36 1-Unlined-CI<1923
384 4100 1916 C.I. 36 1-Unlined-CI<1923
386 350 1916 C.I. 36 1-Unlined-CI<1923
301 2850 1917 C.I. 42 1-Unlined-CI<1923
358 1850 1917 C.I. 42 1-Unlined-CI<1923
359 6400 1917 C.I. 42 1-Unlined-CI<1923
377 2700 1917 C.I. 36 1-Unlined-CI<1923
226 5300 1917 C.I. 24 1-Unlined-CI<1923
235 2200 1917 C.I. 24 1-Unlined-CI<1923
385 3700 1917 C.I. 24 1-Unlined-CI<1923
436 5740 1917 C.I. 24 1-Unlined-CI<1923
191 700 1918 C.I. 48 1-Unlined-CI<1923
298 6100 1918 C.I. 48 1-Unlined-CI<1923
299 50 1918 C.I. 48 1-Unlined-CI<1923
300 50 1918 C.I. 48 1-Unlined-CI<1923
360 5600 1918 C.I. 48 1-Unlined-CI<1923
229 5500 1918 C.I. 24 1-Unlined-CI<1923
230 5300 1918 C.I. 24 1-Unlined-CI<1923
433 50 1918 C.I. 16 1-Unlined-CI<1923
940 1050 1919 C.I. 36 1-Unlined-CI<1923
941 1050 1919 C.I. 36 1-Unlined-CI<1923
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
378 2750 1919 C.I. 24 1-Unlined-CI<1923
418 4700 1920 C.I. 42 1-Unlined-CI<1923
422 3950 1920 C.I. 42 1-Unlined-CI<1923
260 300 1920 C.I. 36 1-Unlined-CI<1923
342 200 1920 C.I. 36 1-Unlined-CI<1923
225 3800 1920 C.I. 30 1-Unlined-CI<1923
233 1820 1920 C.I. 30 1-Unlined-CI<1923
246 4600 1920 C.I. 30 1-Unlined-CI<1923
265 2666 1920 C.I. 30 1-Unlined-CI<1923
269 1600 1920 C.I. 30 1-Unlined-CI<1923
270 5300 1920 C.I. 30 1-Unlined-CI<1923
111 2200 1920 C.I. 24 1-Unlined-CI<1923
117 2350 1920 C.I. 24 1-Unlined-CI<1923
113 1750 1920 C.I. 24 1-Unlined-CI<1923
100 1100 1920 C.I. 24 1-Unlined-CI<1923
173 50 1920 C.I. 24 1-Unlined-CI<1923
174 4000 1920 C.I. 24 1-Unlined-CI<1923
361 3900 1920 C.I. 24 1-Unlined-CI<1923
368 8350 1920 C.I. 24 1-Unlined-CI<1923
1006 650 1920 C.I. 24 1-Unlined-CI<1923
1009 1850 1920 C.I. 24 1-Unlined-CI<1923
908 700 1920 C.I. 16 1-Unlined-CI<1923
912 580 1920 C.I. 16 1-Unlined-CI<1923
14 10 1921 C.I. 48 1-Unlined-CI<1923
108 900 1921 C.I. 42 1-Unlined-CI<1923
114 900 1921 C.I. 36 1-Unlined-CI<1923
106 1150 1921 C.I. 36 1-Unlined-CI<1923
107 3500 1921 C.I. 36 1-Unlined-CI<1923
126 4000 1921 C.I. 36 1-Unlined-CI<1923
272 2700 1921 C.I. 30 1-Unlined-CI<1923
273 50 1921 C.I. 30 1-Unlined-CI<1923
171 3550 1921 C.I. 30 1-Unlined-CI<1923
95 5800 1921 C.I. 24 1-Unlined-CI<1923
172 8950 1921 C.I. 24 1-Unlined-CI<1923
290 2700 1921 C.I. 24 1-Unlined-CI<1923
291 50 1921 C.I. 24 1-Unlined-CI<1923
367 50 1921 C.I. 24 1-Unlined-CI<1923
983 25 1921 C.I. 16 1-Unlined-CI<1923
770 2400 1922 C.I. 48 1-Unlined-CI<1923
121 4100 1922 C.I. 24 1-Unlined-CI<1923
374 4150 1922 C.I. 24 1-Unlined-CI<1923
129 4900 1923 C.I. 24 2-Unlined-CI 1923~1940
131 1100 1923 C.I. 24 2-Unlined-CI 1923~1940
147 4000 1923 C.I. 24 2-Unlined-CI 1923~1940
170 3600 1923 C.I. 24 2-Unlined-CI 1923~1940
122 6500 1923 C.I. 16 2-Unlined-CI 1923~1940
82 2100 1924 C.I. 48 2-Unlined-CI 1923~1940
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
13 10 1924 C.I. 48 2-Unlined-CI 1923~1940
84 2700 1924 C.I. 48 2-Unlined-CI 1923~1940

1008 350 1924 C.I. 48 2-Unlined-CI 1923~1940
432 2600 1924 C.I. 36 2-Unlined-CI 1923~1940
916 1050 1924 C.I. 24 2-Unlined-CI 1923~1940
141 2900 1924 C.I. 24 2-Unlined-CI 1923~1940
143 1100 1924 C.I. 24 2-Unlined-CI 1923~1940
124 8900 1924 C.I. 16 2-Unlined-CI 1923~1940
90 600 1925 C.I. 48 2-Unlined-CI 1923~1940
535 5900 1925 C.I. 36 2-Unlined-CI 1923~1940
83 1850 1925 C.I. 30 2-Unlined-CI 1923~1940
133 5150 1925 C.I. 24 2-Unlined-CI 1923~1940
166 6000 1925 C.I. 24 2-Unlined-CI 1923~1940
199 50 1925 C.I. 24 2-Unlined-CI 1923~1940
204 7900 1925 C.I. 24 2-Unlined-CI 1923~1940
207 30 1925 C.I. 24 2-Unlined-CI 1923~1940
482 7000 1925 C.I. 24 2-Unlined-CI 1923~1940
484 2000 1925 C.I. 24 2-Unlined-CI 1923~1940
963 400 1925 C.I. 24 2-Unlined-CI 1923~1940
167 4220 1925 C.I. 16 2-Unlined-CI 1923~1940
231 3800 1925 C.I. 16 2-Unlined-CI 1923~1940
354 4200 1926 C.I. 36 2-Unlined-CI 1923~1940
356 1100 1926 C.I. 36 2-Unlined-CI 1923~1940
396 4500 1926 C.I. 30 2-Unlined-CI 1923~1940
469 6500 1926 C.I. 24 2-Unlined-CI 1923~1940
186 4500 1926 C.I. 24 2-Unlined-CI 1923~1940
187 1900 1926 C.I. 24 2-Unlined-CI 1923~1940
188 6200 1926 C.I. 24 2-Unlined-CI 1923~1940
471 2650 1926 C.I. 24 2-Unlined-CI 1923~1940
473 650 1926 C.I. 24 2-Unlined-CI 1923~1940
475 5250 1926 C.I. 24 2-Unlined-CI 1923~1940
477 10850 1926 C.I. 24 2-Unlined-CI 1923~1940
1316 10 1926 C.I. 24 2-Unlined-CI 1923~1940
1955 2840 1926 C.I. 24 2-Unlined-CI 1923~1940
990 1280 1926 C.I. 16 2-Unlined-CI 1923~1940
991 250 1926 C.I. 16 2-Unlined-CI 1923~1940
140 5750 1926 C.I. 16 2-Unlined-CI 1923~1940
145 700 1926 C.I. 16 2-Unlined-CI 1923~1940
874 10 1926 C.I. 16 2-Unlined-CI 1923~1940
876 4000 1926 C.I. 16 2-Unlined-CI 1923~1940
964 350 1926 C.I. 12 2-Unlined-CI 1923~1940
670 3100 1927 C.I. 36 2-Unlined-CI 1923~1940
672 2900 1927 C.I. 36 2-Unlined-CI 1923~1940
673 2300 1927 C.I. 36 2-Unlined-CI 1923~1940
679 2300 1927 C.I. 36 2-Unlined-CI 1923~1940
681 4300 1927 C.I. 36 2-Unlined-CI 1923~1940
682 5700 1927 C.I. 36 2-Unlined-CI 1923~1940
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
683 4000 1927 C.I. 36 2-Unlined-CI 1923~1940
295 7250 1927 C.I. 30 2-Unlined-CI 1923~1940
363 50 1927 C.I. 30 2-Unlined-CI 1923~1940
96 2400 1927 C.I. 24 2-Unlined-CI 1923~1940
98 2250 1927 C.I. 24 2-Unlined-CI 1923~1940
99 1700 1927 C.I. 24 2-Unlined-CI 1923~1940
160 5700 1927 C.I. 24 2-Unlined-CI 1923~1940
161 3900 1927 C.I. 24 2-Unlined-CI 1923~1940
168 300 1927 C.I. 24 2-Unlined-CI 1923~1940
524 11200 1927 C.I. 24 2-Unlined-CI 1923~1940
158 6150 1927 C.I. 16 2-Unlined-CI 1923~1940
875 3650 1927 C.I. 16 2-Unlined-CI 1923~1940
74 3900 1928 C.I. 36 2-Unlined-CI 1923~1940
423 100 1928 C.I. 36 2-Unlined-CI 1923~1940
434 3350 1928 C.I. 36 2-Unlined-CI 1923~1940
437 6400 1928 C.I. 36 2-Unlined-CI 1923~1940
505 2750 1928 C.I. 36 2-Unlined-CI 1923~1940
1436 2720 1928 C.I. 36 2-Unlined-CI 1923~1940
109 3620 1928 C.I. 30 2-Unlined-CI 1923~1940
110 1000 1928 C.I. 30 2-Unlined-CI 1923~1940
112 2000 1928 C.I. 30 2-Unlined-CI 1923~1940
116 4100 1928 C.I. 30 2-Unlined-CI 1923~1940
1007 650 1928 C.I. 30 2-Unlined-CI 1923~1940
678 2300 1928 C.I. 24 2-Unlined-CI 1923~1940
373 4600 1928 C.I. 24 2-Unlined-CI 1923~1940
371 6100 1928 C.I. 24 2-Unlined-CI 1923~1940
379 3500 1928 C.I. 24 2-Unlined-CI 1923~1940
457 9500 1928 C.I. 24 2-Unlined-CI 1923~1940
491 5700 1928 C.I. 24 2-Unlined-CI 1923~1940
495 50 1928 C.I. 24 2-Unlined-CI 1923~1940
496 2300 1928 C.I. 24 2-Unlined-CI 1923~1940
680 3900 1928 C.I. 24 2-Unlined-CI 1923~1940
696 2500 1928 C.I. 24 2-Unlined-CI 1923~1940
697 100 1928 C.I. 24 2-Unlined-CI 1923~1940
541 4500 1929 C.I. 42 2-Unlined-CI 1923~1940
498 3350 1929 C.I. 36 2-Unlined-CI 1923~1940
949 1620 1929 C.I. 36 2-Unlined-CI 1923~1940
950 1580 1929 C.I. 36 2-Unlined-CI 1923~1940
228 3990 1929 C.I. 30 2-Unlined-CI 1923~1940
490 2600 1929 C.I. 30 2-Unlined-CI 1923~1940
493 2900 1929 C.I. 30 2-Unlined-CI 1923~1940
118 6400 1929 C.I. 24 2-Unlined-CI 1923~1940
120 4550 1929 C.I. 24 2-Unlined-CI 1923~1940
391 1800 1929 C.I. 24 2-Unlined-CI 1923~1940
135 2650 1929 C.I. 24 2-Unlined-CI 1923~1940
142 1400 1929 C.I. 24 2-Unlined-CI 1923~1940
388 5200 1929 C.I. 24 2-Unlined-CI 1923~1940
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
390 3300 1929 C.I. 24 2-Unlined-CI 1923~1940
441 4600 1929 C.I. 24 2-Unlined-CI 1923~1940
443 1850 1929 C.I. 24 2-Unlined-CI 1923~1940
487 5700 1929 C.I. 24 2-Unlined-CI 1923~1940
492 50 1929 C.I. 24 2-Unlined-CI 1923~1940
662 6500 1929 C.I. 24 2-Unlined-CI 1923~1940
507 1300 1930 C.I. 48 2-Unlined-CI 1923~1940
538 2150 1930 C.I. 42 2-Unlined-CI 1923~1940
395 700 1930 C.I. 36 2-Unlined-CI 1923~1940
416 7700 1930 C.I. 36 2-Unlined-CI 1923~1940
200 1900 1930 C.I. 36 2-Unlined-CI 1923~1940
201 2230 1930 C.I. 36 2-Unlined-CI 1923~1940
224 670 1930 C.I. 36 2-Unlined-CI 1923~1940
279 6800 1930 C.I. 36 2-Unlined-CI 1923~1940
292 5000 1930 C.I. 36 2-Unlined-CI 1923~1940
347 4400 1930 C.I. 36 2-Unlined-CI 1923~1940
425 4400 1930 C.I. 36 2-Unlined-CI 1923~1940
536 7200 1930 C.I. 36 2-Unlined-CI 1923~1940
642 13150 1930 C.I. 36 2-Unlined-CI 1923~1940
394 1300 1930 C.I. 30 2-Unlined-CI 1923~1940
450 5500 1930 C.I. 24 2-Unlined-CI 1923~1940
189 2750 1930 C.I. 24 2-Unlined-CI 1923~1940
223 50 1930 C.I. 24 2-Unlined-CI 1923~1940
382 11500 1930 C.I. 24 2-Unlined-CI 1923~1940
424 7050 1930 C.I. 24 2-Unlined-CI 1923~1940
657 4300 1930 C.I. 24 2-Unlined-CI 1923~1940
276 2500 1931 C.I. 36 2-Unlined-CI 1923~1940
517 6000 1931 C.I. 36 2-Unlined-CI 1923~1940
516 4600 1931 C.I. 36 2-Unlined-CI 1923~1940
527 2000 1931 C.I. 36 2-Unlined-CI 1923~1940
615 9500 1931 C.I. 36 2-Unlined-CI 1923~1940
644 6000 1931 C.I. 36 2-Unlined-CI 1923~1940
645 3100 1931 C.I. 36 2-Unlined-CI 1923~1940
646 1000 1931 C.I. 36 2-Unlined-CI 1923~1940
227 1500 1931 C.I. 30 2-Unlined-CI 1923~1940
271 3150 1931 C.I. 30 2-Unlined-CI 1923~1940
274 1650 1931 C.I. 30 2-Unlined-CI 1923~1940
1274 2100 1931 C.I. 30 2-Unlined-CI 1923~1940
917 2300 1931 C.I. 24 2-Unlined-CI 1923~1940
381 7200 1931 C.I. 24 2-Unlined-CI 1923~1940
94 3400 1931 C.I. 24 2-Unlined-CI 1923~1940
97 5450 1931 C.I. 24 2-Unlined-CI 1923~1940
935 1280 1931 C.I. 24 2-Unlined-CI 1923~1940
971 1100 1931 C.I. 24 2-Unlined-CI 1923~1940
972 600 1931 C.I. 24 2-Unlined-CI 1923~1940
974 1100 1931 C.I. 24 2-Unlined-CI 1923~1940
977 2320 1931 C.I. 24 2-Unlined-CI 1923~1940
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
994 550 1931 C.I. 16 2-Unlined-CI 1923~1940
965 450 1933 C.I. 30 2-Unlined-CI 1923~1940
893 200 1934 C.I. 42 2-Unlined-CI 1923~1940
897 500 1934 C.I. 42 2-Unlined-CI 1923~1940
948 4250 1934 C.I. 30 2-Unlined-CI 1923~1940
953 1070 1934 C.I. 30 2-Unlined-CI 1923~1940
954 1000 1934 C.I. 30 2-Unlined-CI 1923~1940
982 5000 1934 C.I. 16 2-Unlined-CI 1923~1940
894 80 1934 C.I. 16 2-Unlined-CI 1923~1940
895 50 1934 C.I. 16 2-Unlined-CI 1923~1940
966 600 1936 C.I. 16 2-Unlined-CI 1923~1940
987 430 1936 C.I. 16 2-Unlined-CI 1923~1940
988 550 1936 C.I. 16 2-Unlined-CI 1923~1940
439 1100 1939 C.I. 36 2-Unlined-CI 1923~1940
234 1300 1941 C.I. 42 3-Unlined-CI>1940
236 2300 1941 C.I. 42 3-Unlined-CI>1940
239 2500 1941 C.I. 42 3-Unlined-CI>1940
123 5350 1941 C.I. 24 3-Unlined-CI>1940
937 700 1941 C.I. 24 3-Unlined-CI>1940
962 1100 1941 C.I. 24 3-Unlined-CI>1940
494 2750 1942 C.I. 72 3-Unlined-CI>1940
68 30 1942 C.I. 48 3-Unlined-CI>1940
540 3500 1942 C.I. 42 3-Unlined-CI>1940
462 650 1942 C.I. 42 3-Unlined-CI>1940
539 1000 1942 C.I. 42 3-Unlined-CI>1940
555 10 1942 C.I. 36 3-Unlined-CI>1940
561 10300 1942 C.I. 36 3-Unlined-CI>1940
563 11250 1942 C.I. 36 3-Unlined-CI>1940
564 5500 1942 C.I. 24 3-Unlined-CI>1940
139 2600 1942 C.I. 24 3-Unlined-CI>1940
60 1750 1943 C.I. 48 3-Unlined-CI>1940
72 30 1943 C.I. 48 3-Unlined-CI>1940
293 1440 1943 C.I. 42 3-Unlined-CI>1940
59 40 1943 C.I. 42 3-Unlined-CI>1940
297 2980 1943 C.I. 36 3-Unlined-CI>1940
552 3300 1943 C.I. 36 3-Unlined-CI>1940
553 2360 1943 C.I. 36 3-Unlined-CI>1940
616 10700 1943 C.I. 36 3-Unlined-CI>1940
627 2200 1943 C.I. 36 3-Unlined-CI>1940
629 9300 1943 C.I. 36 3-Unlined-CI>1940
632 10 1943 C.I. 36 3-Unlined-CI>1940
63 30 1943 C.I. 36 3-Unlined-CI>1940
626 10 1943 C.I. 36 3-Unlined-CI>1940
565 2800 1943 C.I. 24 3-Unlined-CI>1940
621 5200 1943 C.I. 24 3-Unlined-CI>1940
483 5200 1944 C.I. 48 3-Unlined-CI>1940
485 2800 1944 C.I. 48 3-Unlined-CI>1940

Page 9 of 21



TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
486 5400 1944 C.I. 48 3-Unlined-CI>1940
620 10500 1944 C.I. 36 3-Unlined-CI>1940
530 2400 1944 C.I. 36 3-Unlined-CI>1940
1319 7000 1944 C.I. 36 3-Unlined-CI>1940
185 9800 1944 C.I. 24 3-Unlined-CI>1940
445 1850 1944 C.I. 24 3-Unlined-CI>1940
687 10700 1944 C.I. 24 3-Unlined-CI>1940
619 50 1945 C.I. 24 3-Unlined-CI>1940
667 6090 1946 C.I. 48 3-Unlined-CI>1940
669 900 1946 C.I. 48 3-Unlined-CI>1940
671 5800 1946 C.I. 48 3-Unlined-CI>1940
1667 1880 1946 C.I. 48 3-Unlined-CI>1940
628 2500 1946 C.I. 16 3-Unlined-CI>1940
666 8150 1947 C.I. 36 3-Unlined-CI>1940
345 7400 1949 C.I. 24 3-Unlined-CI>1940
155 50 1950 C.I. 42 3-Unlined-CI>1940
153 2000 1950 C.I. 30 3-Unlined-CI>1940
331 10 1950 C.I. 24 3-Unlined-CI>1940
154 10 1950 C.I. 24 3-Unlined-CI>1940
380 9000 1950 C.I. 24 3-Unlined-CI>1940
428 5700 1950 C.I. 24 3-Unlined-CI>1940
1320 2400 1950 C.I. 24 3-Unlined-CI>1940
1321 3800 1950 C.I. 24 3-Unlined-CI>1940
93 1100 1953 C.I. 30 3-Unlined-CI>1940
355 400 1954 C.I. 36 3-Unlined-CI>1940
340 7800 1954 C.I. 30 3-Unlined-CI>1940
352 2100 1954 C.I. 16 3-Unlined-CI>1940
353 3000 1954 C.I. 16 3-Unlined-CI>1940
278 2300 1955 C.I. 16 3-Unlined-CI>1940
277 5200 1956 C.I. 16 3-Unlined-CI>1940
617 500 1956 C.I. 16 3-Unlined-CI>1940
232 4100 1957 C.I. 24 3-Unlined-CI>1940
130 5100 1957 C.I. 24 3-Unlined-CI>1940
105 3200 1957 C.I. 16 3-Unlined-CI>1940
127 4100 1957 C.I. 16 3-Unlined-CI>1940
128 200 1957 C.I. 16 3-Unlined-CI>1940
146 4500 1957 C.I. 16 3-Unlined-CI>1940
192 7700 1957 C.I. 16 3-Unlined-CI>1940
503 50 1957 C.I. 16 3-Unlined-CI>1940
150 3200 1958 C.I. 16 3-Unlined-CI>1940
151 850 1958 C.I. 16 3-Unlined-CI>1940
149 3900 1958 C.I. 16 3-Unlined-CI>1940
622 5570 1958 C.I. 16 3-Unlined-CI>1940
152 7850 1959 C.I. 16 3-Unlined-CI>1940
468 800 1961 C.I. 24 3-Unlined-CI>1940
598 8000 1962 C.I. 20 3-Unlined-CI>1940
1312 13200 1962 C.I. 16 3-Unlined-CI>1940
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
1317 10 1965 C.I. 24 3-Unlined-CI>1940
421 6600 1967 C.I. 16 3-Unlined-CI>1940
303 1600 1968 C.I. 42 3-Unlined-CI>1940
993 2400 1977 C.I. 16 3-Unlined-CI>1940
56 1450 1913 St. lined 48 4-St-lined
62 5600 1914 St. lined 48 4-St-lined
193 5950 1919 St. lined 48 4-St-lined
195 1200 1919 St. lined 48 4-St-lined
375 3300 1919 Steel 42 4-St-lined
995 500 1920 Steel 60 4-St-lined
996 300 1920 Steel 60 4-St-lined
997 120 1920 Steel 60 4-St-lined
196 5150 1920 St. lined 48 4-St-lined
197 10 1920 St. lined 48 4-St-lined
198 1200 1920 St. lined 48 4-St-lined
376 900 1920 Steel 42 4-St-lined
202 500 1921 St. lined 48 4-St-lined
213 1600 1921 St. lined 48 4-St-lined
217 1400 1921 St. lined 48 4-St-lined
218 50 1921 St. lined 48 4-St-lined
219 10 1921 St. lined 48 4-St-lined
222 2650 1921 St. lined 48 4-St-lined
250 2000 1921 St. lined 48 4-St-lined
294 50 1921 St. lined 48 4-St-lined
296 6100 1921 St. lined 48 4-St-lined
316 4300 1921 St. lined 48 4-St-lined
319 3300 1921 St. lined 48 4-St-lined
362 2600 1921 St. lined 48 4-St-lined
4 10 1921 Steel 48 4-St-lined
79 950 1921 Steel 48 4-St-lined
89 12800 1921 Steel 48 4-St-lined
221 600 1921 Steel 48 4-St-lined
280 10900 1921 Steel 48 4-St-lined
203 1700 1921 Steel 24 4-St-lined
220 10 1921 Steel 24 4-St-lined
289 16150 1921 Steel 16 4-St-lined
408 5700 1922 St. lined 36 4-St-lined
899 10 1924 Steel 42 4-St-lined
240 4050 1925 St. lined 60 4-St-lined
247 2100 1925 St. lined 60 4-St-lined
257 3000 1925 St. lined 60 4-St-lined
259 700 1925 St. lined 60 4-St-lined
5 10 1925 Steel 60 4-St-lined

310 4000 1925 St. lined 48 4-St-lined
411 500 1925 Steel 48 4-St-lined
407 5750 1925 St. lined 42 4-St-lined
410 3940 1925 St. lined 42 4-St-lined
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
449 5750 1925 Steel 24 4-St-lined
258 2100 1926 St. lined 48 4-St-lined
448 6200 1926 St. lined 44 4-St-lined
455 2000 1926 St. lined 44 4-St-lined
456 7400 1926 St. lined 44 4-St-lined
476 6000 1926 St. lined 44 4-St-lined
478 850 1926 St. lined 44 4-St-lined
366 2700 1927 St. lined 54 4-St-lined
543 3200 1927 St. lined 50 4-St-lined
453 4700 1928 St. lined 60 4-St-lined
526 5700 1928 St. lined 42 4-St-lined
613 17400 1928 Steel 42 4-St-lined
440 2250 1929 St. lined 72 4-St-lined
442 4100 1929 St. lined 72 4-St-lined
429 900 1930 St. lined 72 4-St-lined
431 1100 1930 St. lined 72 4-St-lined
446 3050 1930 St. lined 72 4-St-lined
447 5300 1930 St. lined 72 4-St-lined
21 10 1930 Steel 72 4-St-lined
409 7650 1930 St. lined 66 4-St-lined
426 3850 1930 St. lined 66 4-St-lined
454 4010 1930 St. lined 60 4-St-lined
364 1800 1930 St. lined 54 4-St-lined
369 5450 1930 St. lined 54 4-St-lined
451 5600 1930 St. lined 48 4-St-lined
92 5590 1930 Steel 36 4-St-lined
508 2000 1931 St. lined 66 4-St-lined
502 3800 1931 St. lined 66 4-St-lined
529 400 1931 Steel 66 4-St-lined
532 300 1931 Steel 66 4-St-lined
365 650 1931 St. lined 54 4-St-lined
438 1800 1939 St. lined 72 4-St-lined
500 1350 1939 St. lined 72 4-St-lined
499 10 1939 Steel 48 4-St-lined
318 3000 1941 St. lined 48 4-St-lined
497 4900 1943 St. lined 72 4-St-lined
518 9400 1944 St. lined 54 4-St-lined
523 4400 1944 St. lined 54 4-St-lined
216 10 1946 St. lined 54 4-St-lined
488 2400 1946 St. lined 54 4-St-lined
489 4350 1946 St. lined 54 4-St-lined
661 11700 1946 St. lined 54 4-St-lined
372 9750 1951 St. lined 48 4-St-lined
104 5400 1957 St. lined 48 4-St-lined
542 1000 1965 St. lined 48 4-St-lined
510 5600 1966 Steel     (Relined 66 4-St-lined
444 8400 1967 Steel     (Relined 72 4-St-lined
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
452 6400 1967 Steel     (Relined 48 4-St-lined
53 14300 1970 St. lined 60 4-St-lined
914 1500 1976 Steel 42 4-St-lined
915 1050 1976 Steel 42 4-St-lined
799 950 1965 D.I. 24 5-Lined-DI
51 10 1970 D.I. 24 5-Lined-DI
992 600 1977 D.I. 16 5-Lined-DI
1003 850 1987 D.I. 36 5-Lined-DI
1004 2400 1987 D.I. 24 5-Lined-DI
1005 1000 1987 D.I. 24 5-Lined-DI
1002 6400 1988 D.I. 36 5-Lined-DI
389 2800 1991 D.I. 24 5-Lined-DI
981 1790 1994 D.I. 16 5-Lined-DI
934 600 1996 D.I. 16 5-Lined-DI
212 8100 1940 Conc. 24 6-Conc
206 2600 1948 Conc. 66 6-Conc
205 800 1948 Conc. 60 6-Conc
215 10600 1948 Conc. 54 6-Conc
179 950 1948 Conc. 48 6-Conc
180 2150 1949 Conc. 66 6-Conc
288 5800 1949 Conc. 54 6-Conc
165 800 1949 Conc. 48 6-Conc
175 1300 1949 Conc. 48 6-Conc
176 2700 1949 Conc. 48 6-Conc
177 2600 1949 Conc. 48 6-Conc
178 1000 1949 Conc. 48 6-Conc
211 1300 1950 Conc. 60 6-Conc
214 4000 1950 Conc. 60 6-Conc
156 3800 1950 Conc. 42 6-Conc
157 3650 1950 Conc. 42 6-Conc
163 2900 1950 Conc. 42 6-Conc
164 2100 1950 Conc. 42 6-Conc
633 9300 1950 Conc. 36 6-Conc
607 10700 1950 Conc. 24 6-Conc
370 4700 1951 Conc. 54 6-Conc
458 5300 1951 Conc. 54 6-Conc
568 6020 1951 Conc. 24 6-Conc
569 6020 1951 Conc. 24 6-Conc
285 5400 1952 Conc. 54 6-Conc
287 5100 1952 Conc. 54 6-Conc
459 5000 1952 Conc. 54 6-Conc
461 300 1952 Conc. 54 6-Conc
794 15850 1952 Conc. 42 6-Conc
796 9200 1952 Conc. 42 6-Conc
797 7900 1952 Conc. 42 6-Conc
1793 17550 1952 Conc. 42 6-Conc
652 2650 1952 Conc. 36 6-Conc

Page 13 of 21



TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
688 8000 1952 Conc. 36 6-Conc
694 4900 1952 Conc. 36 6-Conc
695 3300 1952 Conc. 36 6-Conc
793 4730 1952 Conc. 36 6-Conc
566 2800 1952 Conc. 30 6-Conc
567 5660 1952 Conc. 30 6-Conc
674 4050 1953 Conc. 48 6-Conc
675 10600 1953 Conc. 48 6-Conc
73 2930 1953 Conc. 42 6-Conc
460 650 1953 Conc. 42 6-Conc
467 300 1953 Conc. 42 6-Conc
115 4700 1953 Conc. 36 6-Conc
137 700 1953 Conc. 36 6-Conc
138 6250 1953 Conc. 36 6-Conc
119 7500 1953 Conc. 30 6-Conc
1454 1460 1954 Conc. 60 6-Conc
464 2950 1954 Conc. 54 6-Conc
320 1900 1954 Conc. 48 6-Conc
321 2400 1954 Conc. 48 6-Conc
676 8300 1954 Conc. 48 6-Conc
346 4200 1954 Conc. 36 6-Conc
344 5600 1954 Conc. 30 6-Conc
244 1300 1955 Conc. 30 6-Conc
261 2500 1955 Conc. 30 6-Conc
264 1600 1955 Conc. 30 6-Conc
1 10 1956 Conc. 72 6-Conc
2 5 1956 Conc. 60 6-Conc

479 11000 1956 Conc. 54 6-Conc
648 2600 1956 Conc. 36 6-Conc
1923 450 1956 Conc. 30 6-Conc
656 5100 1956 Conc. 24 6-Conc
698 2800 1956 Conc. 24 6-Conc
699 1700 1956 Conc. 24 6-Conc
481 1500 1957 Conc. 72 6-Conc
501 6700 1957 Conc. 72 6-Conc
504 1650 1957 Conc. 72 6-Conc
506 100 1957 Conc. 72 6-Conc
528 7400 1957 Conc. 72 6-Conc
663 7800 1957 Conc. 72 6-Conc
283 1000 1957 Conc. 54 6-Conc
639 4100 1957 Conc. 54 6-Conc
786 9700 1957 Conc. 54 6-Conc
787 6200 1957 Conc. 54 6-Conc
75 2700 1957 Conc. 48 6-Conc
609 5000 1957 Conc. 48 6-Conc
610 6900 1957 Conc. 48 6-Conc
685 6350 1957 Conc. 48 6-Conc
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
686 650 1957 Conc. 48 6-Conc
190 3100 1957 Conc. 42 6-Conc
684 5700 1957 Conc. 42 6-Conc
125 1000 1957 Conc. 36 6-Conc
618 10 1957 Conc. 36 6-Conc
284 20 1957 Conc. 24 6-Conc
513 8500 1958 Conc. 54 6-Conc
521 1000 1958 Conc. 54 6-Conc
531 2700 1958 Conc. 54 6-Conc
612 6300 1958 Conc. 54 6-Conc
614 6400 1958 Conc. 54 6-Conc
148 480 1958 Conc. 42 6-Conc
515 700 1958 Conc. 36 6-Conc
132 600 1958 Conc. 24 6-Conc
52 80 1958 Conc. 16 6-Conc
611 4150 1959 Conc. 54 6-Conc
343 9500 1959 Conc. 42 6-Conc
958 1850 1959 Conc. 30 6-Conc
641 7200 1959 Conc. 24 6-Conc
637 9000 1960 Conc. 66 6-Conc
472 3350 1960 Conc. 54 6-Conc
474 5250 1960 Conc. 54 6-Conc
480 4450 1960 Conc. 54 6-Conc
544 8700 1960 Conc. 54 6-Conc
545 860 1960 Conc. 54 6-Conc
638 400 1960 Conc. 54 6-Conc
677 10100 1960 Conc. 54 6-Conc
727 5300 1960 Conc. 54 6-Conc
728 5200 1960 Conc. 54 6-Conc
729 4850 1960 Conc. 54 6-Conc
731 2400 1960 Conc. 54 6-Conc
732 500 1960 Conc. 54 6-Conc
733 500 1960 Conc. 54 6-Conc
735 7050 1960 Conc. 54 6-Conc
784 3100 1960 Conc. 54 6-Conc
785 12800 1960 Conc. 54 6-Conc
1313 1640 1960 Conc. 54 6-Conc
1314 1730 1960 Conc. 54 6-Conc
636 6500 1960 Conc. 48 6-Conc
643 6400 1960 Conc. 48 6-Conc
788 5000 1960 Conc. 48 6-Conc
789 5650 1960 Conc. 48 6-Conc
664 6500 1960 Conc. 24 6-Conc
730 10 1960 Conc. 24 6-Conc
658 14000 1960 PC 24 6-Conc
659 3600 1960 PC 24 6-Conc
660 5150 1960 PC 24 6-Conc
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
20 1000 1961 Conc. 137.9 6-Conc
282 4100 1961 Conc. 72 6-Conc
519 1000 1961 Conc. 72 6-Conc
533 4000 1961 Conc. 72 6-Conc
534 120 1961 Conc. 72 6-Conc
589 5500 1961 Conc. 72 6-Conc
511 5600 1961 Conc. 66 6-Conc
522 200 1961 Conc. 66 6-Conc
183 6100 1961 Conc. 60 6-Conc
465 700 1961 Conc. 54 6-Conc
470 7400 1961 Conc. 54 6-Conc
546 1000 1961 Conc. 54 6-Conc
547 2800 1961 Conc. 54 6-Conc
548 1100 1961 Conc. 54 6-Conc
549 5800 1961 Conc. 54 6-Conc
590 5500 1961 Conc. 54 6-Conc
591 5700 1961 Conc. 54 6-Conc
649 6500 1961 Conc. 54 6-Conc
778 10600 1961 Conc. 54 6-Conc
782 5400 1961 Conc. 54 6-Conc
783 5400 1961 Conc. 54 6-Conc
592 2400 1961 Conc. 48 6-Conc
593 10 1961 Conc. 48 6-Conc
594 1500 1961 Conc. 48 6-Conc
595 12100 1961 Conc. 48 6-Conc
608 5250 1961 Conc. 48 6-Conc
647 300 1961 Conc. 48 6-Conc
650 2700 1961 Conc. 48 6-Conc
790 5000 1961 Conc. 48 6-Conc
792 8600 1961 Conc. 48 6-Conc
800 2400 1961 Conc. 48 6-Conc
801 5300 1961 Conc. 48 6-Conc
802 5500 1961 Conc. 48 6-Conc
509 50 1961 Conc. 48 6-Conc
512 50 1961 Conc. 48 6-Conc
588 10 1961 Conc. 48 6-Conc
596 5150 1961 Conc. 42 6-Conc
791 50 1961 Conc. 36 6-Conc
281 60 1961 Conc. 24 6-Conc
668 5400 1961 PC 16 6-Conc
826 29.3 1962 Conc. 84 6-Conc
520 200 1962 Conc. 72 6-Conc
514 8500 1962 Conc. 66 6-Conc
640 4100 1962 Conc. 66 6-Conc
780 10 1962 Conc. 60 6-Conc
463 950 1962 Conc. 54 6-Conc
550 5100 1962 Conc. 54 6-Conc
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
551 4200 1962 Conc. 54 6-Conc
556 4600 1962 Conc. 54 6-Conc
559 2750 1962 Conc. 54 6-Conc
584 5350 1962 Conc. 54 6-Conc
585 2250 1962 Conc. 54 6-Conc
773 13230 1962 Conc. 54 6-Conc
776 5300 1962 Conc. 54 6-Conc
777 5280 1962 Conc. 54 6-Conc
779 10 1962 Conc. 54 6-Conc
781 11300 1962 Conc. 54 6-Conc
317 1650 1962 Conc. 48 6-Conc
327 850 1962 Conc. 48 6-Conc
919 2250 1962 Conc. 48 6-Conc
579 5350 1962 Conc. 42 6-Conc
606 5450 1962 Conc. 42 6-Conc
634 10600 1962 Conc. 42 6-Conc
101 50 1962 Conc. 42 6-Conc
309 3900 1962 RC 36 6-Conc
582 5200 1962 Conc. 30 6-Conc
466 700 1962 Conc. 24 6-Conc
597 7800 1962 Conc. 24 6-Conc
599 13700 1962 Conc. 24 6-Conc
624 18930 1962 Conc. 24 6-Conc
625 4710 1962 Conc. 24 6-Conc
665 5200 1962 Conc. 24 6-Conc
15 10 1963 Conc. 72 6-Conc
182 2600 1963 Conc. 72 6-Conc
208 4000 1963 Conc. 72 6-Conc
210 7100 1963 Conc. 72 6-Conc
557 6800 1963 Conc. 72 6-Conc
558 10 1963 Conc. 72 6-Conc
560 6825 1963 Conc. 72 6-Conc
768 1500 1963 Conc. 54 6-Conc
877 9200 1963 Conc. 54 6-Conc
562 9200 1963 Conc. 54 6-Conc
134 3400 1963 Conc. 42 6-Conc
136 1000 1963 Conc. 42 6-Conc
159 5000 1963 Conc. 42 6-Conc
169 7500 1963 Conc. 42 6-Conc
578 10650 1963 Conc. 42 6-Conc
721 2600 1963 Conc. 42 6-Conc
722 2800 1963 Conc. 42 6-Conc
723 2000 1963 Conc. 42 6-Conc
724 10 1963 Conc. 42 6-Conc
725 5900 1963 Conc. 42 6-Conc
726 2700 1963 Conc. 42 6-Conc
759 15600 1963 Conc. 42 6-Conc
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
905 400 1963 Conc. 42 6-Conc
144 1600 1963 Conc. 36 6-Conc
575 7150 1963 Conc. 36 6-Conc
576 4700 1963 Conc. 36 6-Conc
577 5350 1963 Conc. 36 6-Conc
717 5400 1963 Conc. 30 6-Conc
718 2750 1963 Conc. 30 6-Conc
719 5600 1963 Conc. 30 6-Conc
570 10000 1963 Conc. 24 6-Conc
209 30 1963 Conc. 24 6-Conc
587 10300 1964 Conc. 72 6-Conc
795 15200 1964 Conc. 72 6-Conc
181 650 1964 PC 66 6-Conc
736 18000 1964 Conc. 60 6-Conc
798 21500 1964 Conc. 60 6-Conc
651 8000 1964 Conc. 42 6-Conc
734 10400 1964 Conc. 42 6-Conc
720 10800 1964 Conc. 24 6-Conc
835 11000 1965 Conc. 96 6-Conc
841 15100 1965 Conc. 96 6-Conc
842 11200 1965 Conc. 96 6-Conc
843 10700 1965 Conc. 96 6-Conc
737 5300 1965 Conc. 60 6-Conc
738 10400 1965 Conc. 60 6-Conc
827 11000 1965 Conc. 60 6-Conc
828 13900 1965 Conc. 60 6-Conc
829 9400 1965 Conc. 60 6-Conc
830 6500 1965 Conc. 60 6-Conc
832 10600 1965 Conc. 60 6-Conc
757 10950 1965 Conc. 42 6-Conc
758 6800 1965 Conc. 42 6-Conc
581 16100 1965 Conc. 30 6-Conc
711 1250 1965 Conc. 24 6-Conc
712 1650 1965 Conc. 24 6-Conc
713 2850 1965 Conc. 24 6-Conc
714 3650 1965 Conc. 24 6-Conc
715 4150 1965 Conc. 24 6-Conc
716 2950 1965 Conc. 24 6-Conc
306 2600 1965 PC 24 6-Conc
836 20000 1966 Conc. 96 6-Conc
837 8800 1966 Conc. 96 6-Conc
838 8800 1966 Conc. 96 6-Conc
839 5200 1966 Conc. 96 6-Conc
840 13200 1966 Conc. 96 6-Conc
844 13500 1966 Conc. 96 6-Conc
845 10450 1966 Conc. 96 6-Conc
846 10700 1966 Conc. 96 6-Conc
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
847 6800 1966 Conc. 96 6-Conc
878 27 1966 Conc. 96 6-Conc
824 7000 1966 Conc. 96 6-Conc
825 20000 1966 Conc. 96 6-Conc
586 10450 1966 Conc. 72 6-Conc
852 6540 1966 Conc. 72 6-Conc
853 9200 1966 Conc. 72 6-Conc
854 2860 1966 Conc. 72 6-Conc
855 7531 1966 Conc. 72 6-Conc
856 1120 1966 Conc. 72 6-Conc
857 9135 1966 Conc. 72 6-Conc
858 7965 1966 Conc. 72 6-Conc
861 10562 1966 Conc. 72 6-Conc
862 10580 1966 Conc. 72 6-Conc
863 4067 1966 Conc. 72 6-Conc
864 3855 1966 Conc. 72 6-Conc
865 7772 1966 Conc. 72 6-Conc
851 7993 1966 Conc. 72 6-Conc
583 5300 1966 Conc. 54 6-Conc
402 7450 1966 PC 48 6-Conc
580 5250 1966 Conc. 42 6-Conc
756 6000 1966 Conc. 42 6-Conc
403 3000 1966 RC 24 6-Conc
859 1320 1967 Conc. 72 6-Conc
860 5860 1967 Conc. 72 6-Conc
752 750 1967 Conc. 60 6-Conc
743 10550 1967 Conc. 54 6-Conc
744 5700 1967 Conc. 54 6-Conc
751 750 1967 Conc. 54 6-Conc
771 2600 1967 Conc. 54 6-Conc
325 535 1967 Conc. 48 6-Conc
326 2950 1967 Conc. 48 6-Conc
689 10150 1967 Conc. 48 6-Conc
690 13000 1967 Conc. 48 6-Conc
803 4300 1967 Conc. 48 6-Conc
804 1300 1967 Conc. 48 6-Conc
805 5800 1967 Conc. 48 6-Conc
806 4100 1967 Conc. 48 6-Conc
1311 510 1967 Conc. 48 6-Conc
753 4900 1967 Conc. 42 6-Conc
807 10500 1967 Conc. 42 6-Conc
302 3350 1967 PC 42 6-Conc
305 4200 1967 PC 42 6-Conc
600 5500 1967 Conc. 30 6-Conc
968 1650 1967 Conc. 30 6-Conc
406 7350 1968 RC 54 6-Conc
754 8500 1968 Conc. 42 6-Conc
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
755 11850 1968 Conc. 42 6-Conc
304 5800 1968 PC 36 6-Conc
573 4900 1968 Conc. 30 6-Conc
574 11100 1968 Conc. 30 6-Conc
1400 920 1968 RC 30 6-Conc
975 1780 1968 Conc. 24 6-Conc
701 13350 1969 Conc. 48 6-Conc
702 1800 1969 Conc. 48 6-Conc
703 10 1969 Conc. 48 6-Conc
704 3250 1969 Conc. 48 6-Conc
708 2750 1969 Conc. 36 6-Conc
709 7900 1969 Conc. 36 6-Conc
710 5500 1969 Conc. 36 6-Conc
571 8800 1969 Conc. 24 6-Conc
572 1700 1969 Conc. 24 6-Conc
653 11000 1969 Conc. 24 6-Conc
392 1800 1969 RC 24 6-Conc
691 10 1970 Conc. 48 6-Conc
692 9500 1970 Conc. 48 6-Conc
741 5600 1970 Conc. 48 6-Conc
742 10200 1970 Conc. 48 6-Conc
808 4700 1970 Conc. 42 6-Conc
604 20900 1971 Conc. 42 6-Conc
605 11600 1971 Conc. 42 6-Conc
631 13725 1971 PC 42 6-Conc
700 6650 1972 Conc. 48 6-Conc
654 5440 1972 Conc. 42 6-Conc
765 10800 1972 Conc. 42 6-Conc
767 12050 1972 Conc. 42 6-Conc
769 4100 1972 Conc. 42 6-Conc
766 2700 1972 Conc. 36 6-Conc
869 13697 1973 Conc. 120 6-Conc
870 16461 1973 Conc. 120 6-Conc
871 13138 1973 Conc. 120 6-Conc
872 20779 1973 Conc. 120 6-Conc
873 648 1973 Conc. 120 6-Conc
655 7910 1973 Conc. 42 6-Conc
817 11300 1973 Conc. 36 6-Conc
818 14350 1973 Conc. 36 6-Conc
819 11800 1973 Conc. 36 6-Conc
820 15000 1973 Conc. 36 6-Conc
821 8500 1973 Conc. 36 6-Conc
815 4900 1973 Conc. 36 6-Conc
823 10 1973 Conc. 36 6-Conc
833 10 1973 Conc. 36 6-Conc
739 2700 1974 Conc. 42 6-Conc
1015 5300 1974 PC 42 6-Conc
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TABLE A-2
Input Data for Kanew Run Model (sorted by KANEW subgroup, installation year and size (descending))

Link ID      Length (ft)   Year Installed Material Size (in) KANEW Subgroup
22 10 1976 Conc. 120 6-Conc
85 16508 1976 Conc. 120 6-Conc
86 3284 1976 Conc. 120 6-Conc
88 18593 1976 Conc. 120 6-Conc

1201 7792 1976 Conc. 120 6-Conc
1202 7829 1976 Conc. 120 6-Conc
1203 7278 1976 Conc. 120 6-Conc
1204 10783 1976 Conc. 120 6-Conc
774 12450 1977 Conc. 84 6-Conc
775 9900 1977 Conc. 84 6-Conc
813 4430 1980 Conc. 36 6-Conc
1001 13150 1980 PC 36 6-Conc
761 10 1981 Conc. 72 6-Conc
764 10650 1981 Conc. 42 6-Conc
762 5600 1981 PC 30 6-Conc
763 5400 1981 PC 30 6-Conc
999 10 1981 PC 30 6-Conc
772 12050 1982 Conc. 84 6-Conc
693 11600 1982 Conc. 48 6-Conc
924 440 1986 RC 30 6-Conc
706 5250 1988 Conc. 48 6-Conc
707 7950 1988 Conc. 48 6-Conc
705 5350 1988 Conc. 48 6-Conc
623 10400 1989 PC 60 6-Conc
1000 15800 1989 PC 60 6-Conc
323 8250 1989 Conc. 42 6-Conc
745 10 1994 Conc. 72 6-Conc
746 15540 1994 Conc. 72 6-Conc
747 5875 1994 Conc. 72 6-Conc
748 7350 1994 Conc. 72 6-Conc
750 10650 1994 Conc. 72 6-Conc
760 10800 1994 Conc. 72 6-Conc
1322 4721 1994 Conc. 72 6-Conc
809 22000 2003 Conc. 42 6-Conc
810 22750 2003 Conc. 42 6-Conc
811 4920 2003 Conc. 36 6-Conc
812 10 2003 Conc. 36 6-Conc

Total = 4,071,700
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TABLE A-5
Proposed Pipe Replacement by Planning Year (Based on KANEW Results)

Proposed 
Replacement Year EPANET Link ID   Location Description KANEW Subgroup Length (ft)   Year Installed Material Size (in)

Cost Per Linear 
Foot  Replacement Cost ($) 

2004 938 Orleans - Lafayette & Congress 1-Unlined-CI<1923 700 1854 C.I. 24 338 $236,600
2004 955 Orleans - Chestnut & Erskine 1-Unlined-CI<1923 608 1856 C.I. 24 338 $205,504
2004 967 Orleans - Chestnut & Mullet 1-Unlined-CI<1923 1130 1856 C.I. 24 338 $381,940
2004 252 Watson - Russel & Cass 1-Unlined-CI<1923 6000 1859 C.I. 24 338 $2,028,000
2004 313 Temple - Cass & G.V. 1-Unlined-CI<1923 1500 1867 C.I. 24 338 $507,000
2004 329 Temple - G.V. & John C. Lodge (Fourth) 1-Unlined-CI<1923 50 1867 C.I. 24 338 $16,900
2004 957 Mullet - Orleans & Chene 1-Unlined-CI<1923 2060 1874 C.I. 30 416 $856,960
2004 401 Temple - 15th & John C. Lodge 1-Unlined-CI<1923 4650 1874 C.I. 24 338 $1,571,700
2004 911 Jefferson - Iroquois & McDougall 1-Unlined-CI<1923 4820 1875 C.I. 48 780 $3,759,600
2004 896 Jefferson - Venturi No. 1 & Crane 1-Unlined-CI<1923 2300 1875 C.I. 42 572 $1,315,600
2004 900 W.W.P. To Venturi No. 1 1-Unlined-CI<1923 10 1875 C.I. 42 572 $5,720
2004 904* Jefferson - W.W.P. & Iroquois 1-Unlined-CI<1923 3820 1915 C.I. 48 780 $2,979,600
2004 129 Harper - Frod Crossing & Hayes 2-Unlined-CI 1923~1940 4900 1923 C.I. 24 338 $1,656,200
2004 131 Harper - Hayes & Alter Rd. 2-Unlined-CI 1923~1940 1100 1923 C.I. 24 338 $371,800
2004 147 Ford Exp. - Devonshire & Alter Rd. 2-Unlined-CI 1923~1940 4000 1923 C.I. 24 338 $1,352,000
2004 170 Harper - Conner & Annsburg 2-Unlined-CI 1923~1940 3600 1923 C.I. 24 338 $1,216,800
2004 122 Warren - Alter Rd. & Bishop 2-Unlined-CI 1923~1940 6500 1923 C.I. 16 165 $1,072,500
2004 82 Harding - Kercheval & W.W.P. 2-Unlined-CI 1923~1940 2100 1924 C.I. 48 780 $1,638,000
2004 13 W.W.P. Disch. Harding V. No. 13 2-Unlined-CI 1923~1940 10 1924 C.I. 48 780 $7,800
2004 84 Harding Vernor - Kercheval - St. Jean 2-Unlined-CI 1923~1940 2700 1924 C.I. 48 780 $2,106,000
2004 1008 Wll Carleton - Telegraph to Grafton 2-Unlined-CI 1923~1940 350 1924 C.I. 48 780 $273,000
2004 432 Central - Closed GV (D? Sys) & Tiveman 2-Unlined-CI 1923~1940 2600 1924 C.I. 36 494 $1,284,400
2004 916 Congress - St. Aubin & Orleans 2-Unlined-CI 1923~1940 1050 1924 C.I. 24 338 $354,900
2004 141 Ford Exp. - Devonshire & Bishop 2-Unlined-CI 1923~1940 2900 1924 C.I. 24 338 $980,200
2004 143 Harper - Bishop & Cadieux 2-Unlined-CI 1923~1940 1100 1924 C.I. 24 338 $371,800
2004 124 Warren - Alter Rd. & St. Jean 2-Unlined-CI 1923~1940 8900 1924 C.I. 16 165 $1,468,500
2004 90 Meldrum - Benson & Charlevoix 2-Unlined-CI 1923~1940 600 1925 C.I. 48 780 $468,000
2004 535 Vernor - Mandale & Fredson 2-Unlined-CI 1923~1940 5900 1925 C.I. 36 494 $2,914,600
2004 234 Mt. Elliott - Dane & Ford Exp. 3-Unlined-CI>1940 1300 1941 C.I. 42 572 $743,600
2004 236 Moran - Palmer & Harper 3-Unlined-CI>1940 2300 1941 C.I. 42 572 $1,315,600
2004 56 Garland, French, W.W.P. & Kercheval 4-St-lined 1450 1913 St. lined 48 780 $1,131,000
2004 62 Garland, Kercheval & Mack (Canfield) 4-St-lined 5600 1914 St. lined 48 780 $4,368,000
2005 903 Jefferson - Crane & Meldrum 1-Unlined-CI<1923 5020 1875 C.I. 42 572 $2,871,440
2005 942 Chene - Congress & Lafayette 1-Unlined-CI<1923 700 1875 C.I. 30 416 $291,200
2005 944 Chene - Lafayette & Mullet 1-Unlined-CI<1923 650 1875 C.I. 30 416 $270,400
2005 945 Chene - Mullet & Macomb 1-Unlined-CI<1923 550 1875 C.I. 30 416 $228,800
2005 909 Meldrum, Congress - Jefferson & McDougall 1-Unlined-CI<1923 5550 1876 C.I. 42 572 $3,174,600
2005 322 Abbott - John C. Lodge & 10th 1-Unlined-CI<1923 1600 1877 C.I. 24 338 $540,800
2005 880 Orleans - Eriskina & Mack 1-Unlined-CI<1923 500 1880 C.I. 30 416 $208,000
2005 882 Scott - Orleans & Chene 1-Unlined-CI<1923 2000 1880 C.I. 30 416 $832,000
2005 946 Chene - Male & Mullet 1-Unlined-CI<1923 850 1880 C.I. 30 416 $353,600
2005 947 Chene - Chestnut & Maple 1-Unlined-CI<1923 300 1880 C.I. 30 416 $124,800
2005 951 Chene - Scott & Pierce 1-Unlined-CI<1923 250 1880 C.I. 30 416 $104,000
2005 952 Chene - Pierce & Chestnut 1-Unlined-CI<1923 2880 1880 C.I. 30 416 $1,198,080
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TABLE A-5
Proposed Pipe Replacement by Planning Year (Based on KANEW Results)
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2005 256 Canfield - St. Antoine & Elmwood 1-Unlined-CI<1923 5095 1881 C.I. 42 572 $2,914,340
2005 83 Marquette Drive - W.W.P. & Freud 2-Unlined-CI 1923~1940 1850 1925 C.I. 30 416 $769,600
2005 133 Alter Rd. - Ford Exp. & Warren 2-Unlined-CI 1923~1940 5150 1925 C.I. 24 338 $1,740,700
2005 166 Gratiot - 8 Mile Rd. & 7 Mile Rd. 2-Unlined-CI 1923~1940 6000 1925 C.I. 24 338 $2,028,000
2005 199 McNichols - East of French Rd.  Gale Valve Division on System 2-Unlined-CI 1923~1940 50 1925 C.I. 24 338 $16,900
2005 204 Van Dyke - Outer Dr. & Nevada 2-Unlined-CI 1923~1940 7900 1925 C.I. 24 338 $2,670,200
2005 207 Van Dyke - North & South 2-Unlined-CI 1923~1940 30 1925 C.I. 24 338 $10,140
2005 482 Schoolcraft - Coyle & Meyers 2-Unlined-CI 1923~1940 7000 1925 C.I. 24 338 $2,366,000
2005 484 Schoolcraft - Ilene & Meyers 2-Unlined-CI 1923~1940 2000 1925 C.I. 24 338 $676,000
2005 963 Beaubien - Mullet & Madison 2-Unlined-CI 1923~1940 400 1925 C.I. 24 338 $135,200
2005 167 7 Mile Rd. - Chalmers & Morang 2-Unlined-CI 1923~1940 4220 1925 C.I. 16 165 $696,300
2005 231 Miller - Van Dyke & Mt. Elliott 2-Unlined-CI 1923~1940 3800 1925 C.I. 16 165 $627,000
2005 354 Webb - John C. Lodge & Woodward 2-Unlined-CI 1923~1940 4200 1926 C.I. 36 494 $2,074,800
2005 239 Moran - Palmer & Hancock 3-Unlined-CI>1940 2500 1941 C.I. 42 572 $1,430,000
2005 193 French Rd. - Ford Exp. & Airport 4-St-lined 5950 1919 St. lined 48 780 $4,641,000
2005 195 French Rd. - Airport & Lynch 4-St-lined 1200 1919 St. lined 48 780 $936,000
2005 375 Fenkell - Linwood & Dexter 4-St-lined 3300 1919 Steel 42 572 $1,887,600
2005 995 W.W.P. Discharge 4-St-lined 500 1920 Steel 60 1040 $520,000
2005 996 W.W.P. Discharge 4-St-lined 300 1920 Steel 60 1040 $312,000
2005 997 W.W.P. Discharge 4-St-lined 120 1920 Steel 60 1040 $124,800
2006 333 Canfield-St. Antoine & Woodward 1-Unlined-CI<1923 2800 1881 C.I. 42 572 $1,601,600
2006 888 Mack - Cadillac & Elmwood 1-Unlined-CI<1923 6720 1881 C.I. 42 572 $3,843,840
2006 254 Elmwood - Leland & Superior 1-Unlined-CI<1923 600 1881 C.I. 42 572 $343,200
2006 255 Elmwood - Canfield & Superior 1-Unlined-CI<1923 600 1881 C.I. 42 572 $343,200
2006 630 Canfield - Elmwood & Shene N. ? Mack 1-Unlined-CI<1923 1980 1881 C.I. 42 572 $1,132,560
2006 887 Elmwood - Mack & Closed G.V. 1-Unlined-CI<1923 800 1881 C.I. 42 572 $457,600
2006 890 Cadillac - Mack & Goethe 1-Unlined-CI<1923 6720 1881 C.I. 42 572 $3,843,840
2006 356 Webb - John C. Lodge & 12th 2-Unlined-CI 1923~1940 1100 1926 C.I. 36 494 $543,400
2006 396 Buchanan - 15th & McKinly 2-Unlined-CI 1923~1940 4500 1926 C.I. 30 416 $1,872,000
2006 469 Greenfield - Curtis & Trojan 2-Unlined-CI 1923~1940 6500 1926 C.I. 24 338 $2,197,000
2006 186 McNichols - Strasburg & Gratiot 2-Unlined-CI 1923~1940 4500 1926 C.I. 24 338 $1,521,000
2006 187 McNichols - Strasburg & Schoenherr 2-Unlined-CI 1923~1940 1900 1926 C.I. 24 338 $642,200
2006 188 McNichols - Schoenherr & E. of French Rd. 2-Unlined-CI 1923~1940 6200 1926 C.I. 24 338 $2,095,600
2006 471 Greenfield - Curtis & McNichols 2-Unlined-CI 1923~1940 2650 1926 C.I. 24 338 $895,700
2006 473 McNichols - Whitcomb & Greenfield 2-Unlined-CI 1923~1940 650 1926 C.I. 24 0 $0
2006 475 Greenfield - McNichols & Fenkell 2-Unlined-CI 1923~1940 5250 1926 C.I. 24 338 $1,774,500
2006 477 McNichols - Greenfield & Evergreen 2-Unlined-CI 1923~1940 10850 1926 C.I. 24 338 $3,667,300
2006 123 Warren - Bishop & Canyon 3-Unlined-CI>1940 5350 1941 C.I. 24 338 $1,808,300
2006 196 French Rd. - Lunch & McNichols 4-St-lined 5150 1920 St. lined 48 780 $4,017,000
2006 197 French Rd. - McNichols & G.V. 4-St-lined 10 1920 St. lined 48 780 $7,800
2006 198 McNichols - French Rd. - Van Dyke 4-St-lined 1200 1920 St. lined 48 780 $936,000
2006 376 Fenkell - Dexter & Petoskey 4-St-lined 900 1920 Steel 42 572 $514,800
2006 202 McNichols - Van Dyke & Carrie 4-St-lined 500 1921 St. lined 48 780 $390,000
2006 213 Nevada - Concord & Mt. Elliott 4-St-lined 1600 1921 St. lined 48 780 $1,248,000

Page 2 of  13



TABLE A-5
Proposed Pipe Replacement by Planning Year (Based on KANEW Results)

Proposed 
Replacement Year EPANET Link ID   Location Description KANEW Subgroup Length (ft)   Year Installed Material Size (in)

Cost Per Linear 
Foot  Replacement Cost ($) 

2006 217 Nevada - Concord & Mt. Elliott 4-St-lined 1400 1921 St. lined 48 780 $1,092,000
2006 218 Nevada - Van Dyke & G.V. Division of System 4-St-lined 50 1921 St. lined 48 780 $39,000
2006 219 Nevada - Carrie & G.V. 4-St-lined 10 1921 St. lined 48 780 $7,800
2007 891 Cadillac - Goethe & Charlevoix 1-Unlined-CI<1923 900 1881 C.I. 42 572 $514,800
2007 892 Cadillac - Charlevoix & W.W.P. 1-Unlined-CI<1923 750 1881 C.I. 42 572 $429,000
2007 886 Gratiot - Elmwood & Elmwood 1-Unlined-CI<1923 225 1881 C.I. 36 494 $111,150
2007 889 Mack - Cadillac & Hurlbut 1-Unlined-CI<1923 350 1881 C.I. 36 494 $172,900
2007 883 Chene - Scott & Mack 1-Unlined-CI<1923 550 1881 C.I. 30 416 $228,800
2007 334 Calumet-Calumet & John C. Lodge Exp. 1-Unlined-CI<1923 10 1882 C.I. 30 416 $4,160
2007 335 Calumet-Grand R. & John C. Lodge 1-Unlined-CI<1923 6400 1882 C.I. 30 416 $2,662,400
2007 338 Buchanan-Grand River & 15th 1-Unlined-CI<1923 1300 1883 C.I. 30 416 $540,800
2007 399 Butternut - Michigan & 15th 1-Unlined-CI<1923 3800 1883 C.I. 24 338 $1,284,400
2007 337 15th-Buchanan & Buffernut 1-Unlined-CI<1923 3600 1883 C.I. 24 338 $1,216,800
2007 397 Buchanan - McKinly & Vinewood 1-Unlined-CI<1923 500 1886 C.I. 30 416 $208,000
2007 978 Washington - Michigan & Woodward 1-Unlined-CI<1923 1200 1886 C.I. 30 416 $499,200
2007 979 Gratiot - Woodward & Broadway 1-Unlined-CI<1923 930 1886 C.I. 30 416 $386,880
2007 980 Gratiot - Brush & Broadway 1-Unlined-CI<1923 500 1886 C.I. 30 416 $208,000
2007 959 Orleans - Mullet & lafayette 1-Unlined-CI<1923 1200 1886 C.I. 24 338 $405,600
2007 145 Cadieux - Harper & Ford 2-Unlined-CI 1923~1940 700 1926 C.I. 24 338 $236,600
2007 1316 N/A 2-Unlined-CI 1923~1940 10 1926 C.I. 24 338 $3,380
2007 1955 in Orleans from S. of Erskine to N. of Wilkins 2-Unlined-CI 1923~1940 2840 1926 C.I. 24 338 $959,920
2007 990 Madison - Broadway & Brush 2-Unlined-CI 1923~1940 1280 1926 C.I. 16 165 $211,200
2007 991 Witherell - Woodward & Broadway 2-Unlined-CI 1923~1940 250 1926 C.I. 16 165 $41,250
2007 140 Moross - Mack & Ford Exp. 2-Unlined-CI 1923~1940 5750 1926 C.I. 16 165 $948,750
2007 874 7 Mile - Gratiot E. & Gratiot W. 2-Unlined-CI 1923~1940 10 1926 C.I. 16 165 $1,650
2007 876 Gratiot - E. 7 Mile & 6 Mile 2-Unlined-CI 1923~1940 4000 1926 C.I. 16 165 $660,000
2007 964 Mdison - Beaubien & Brush 2-Unlined-CI 1923~1940 350 1926 C.I. 12 0 $0
2007 670 Lancashire - Southfield & Warwick 2-Unlined-CI 1923~1940 3100 1927 C.I. 36 0 $0
2007 672 Midland - Warwick & Evergreen 2-Unlined-CI 1923~1940 2900 1927 C.I. 36 0 $0
2007 673 Midland - Evergreen & Pierson 2-Unlined-CI 1923~1940 2300 1927 C.I. 36 494 $1,136,200
2007 679 Bennett - Telegraph & Salem 2-Unlined-CI 1923~1940 2300 1927 C.I. 36 494 $1,136,200
2007 681 Midland - Lamphere & Pierson 2-Unlined-CI 1923~1940 4300 1927 C.I. 36 494 $2,124,200
2007 937 Beaubien - Congress & Lafayette 3-Unlined-CI>1940 700 1941 C.I. 24 338 $236,600
2007 962 Beaubien - Lafayette & Mullet 3-Unlined-CI>1940 1100 1941 C.I. 24 338 $371,800
2007 222 Carrie - McNichols & Nevada 4-St-lined 2650 1921 St. lined 48 780 $2,067,000
2007 250 Maple - McDougall & Orleans 4-St-lined 2000 1921 St. lined 48 780 $1,560,000
2007 294 Nevada - Dequindre & Grixdale 4-St-lined 50 1921 St. lined 48 780 $39,000
2007 296 Grixdale - John R. & Dequindre 4-St-lined 6100 1921 St. lined 48 780 $4,758,000
2008 414 Buchanan - Vinewood & Michigan 1-Unlined-CI<1923 6400 1886 C.I. 16 165 $1,056,000
2008 412 Vinewood - Bagley & Michigan 1-Unlined-CI<1923 4000 1888 C.I. 24 338 $1,352,000
2008 939 St. Aubin - Congress & Lafayette 1-Unlined-CI<1923 1740 1890 C.I. 36 494 $859,560
2008 960 Lafayette - Orleans & Walter 1-Unlined-CI<1923 2300 1890 C.I. 30 416 $956,800
2008 925 Congress - Cass & Third 1-Unlined-CI<1923 320 1890 C.I. 30 416 $133,120
2008 927 Congress - Cass & Woodward 1-Unlined-CI<1923 1160 1890 C.I. 30 416 $482,560
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2008 930 Bates - Woodward & Michigan 1-Unlined-CI<1923 530 1890 C.I. 30 416 $220,480
2008 961 Lafayette - Walter & Beaubien 1-Unlined-CI<1923 1150 1890 C.I. 30 416 $478,400
2008 969 Lafayette - Beaubien  Bate 1-Unlined-CI<1923 650 1890 C.I. 30 416 $270,400
2008 1318 Congress from 3rd to Woodward 1-Unlined-CI<1923 200 1890 C.I. 30 416 $83,200
2008 1925 3rd from W. Fort to Congress 1-Unlined-CI<1923 360 1890 C.I. 24 338 $121,680
2008 918 Walter - Congress & Jefferson 1-Unlined-CI<1923 600 1890 C.I. 24 338 $202,800
2008 928 Woodward - Jefferson & Congress 1-Unlined-CI<1923 600 1890 C.I. 24 338 $202,800
2008 929 Woodward - Congress & Fort 1-Unlined-CI<1923 350 1890 C.I. 24 338 $118,300
2008 936 Walter - Congress & Lafayette 1-Unlined-CI<1923 700 1890 C.I. 24 338 $236,600
2008 682 Telegraph - Midland & Bennett 2-Unlined-CI 1923~1940 5700 1927 C.I. 36 494 $2,815,800
2008 683 Midland - Lamphere & Telegraph 2-Unlined-CI 1923~1940 4000 1927 C.I. 36 494 $1,976,000
2008 295 John R. - 8 Mile Rd. & Grixdale 2-Unlined-CI 1923~1940 7250 1927 C.I. 30 416 $3,016,000
2008 363 John R - Gate Valve & 8 Mile Rd. 2-Unlined-CI 1923~1940 50 1927 C.I. 30 416 $20,800
2008 96 Alter Rd. - Essex & Jefferson 2-Unlined-CI 1923~1940 2400 1927 C.I. 24 338 $811,200
2008 98 Alter Rd. - Jefferson & Kercheval 2-Unlined-CI 1923~1940 2250 1927 C.I. 24 338 $760,500
2008 99 Alter Rd. - Kercheval & Charlevoix 2-Unlined-CI 1923~1940 1700 1927 C.I. 24 338 $574,600
2008 160 Duchess - Morang & Hayes 2-Unlined-CI 1923~1940 5700 1927 C.I. 24 338 $1,926,600
2008 161 Hayes - Duchess & Evanston 2-Unlined-CI 1923~1940 3900 1927 C.I. 24 338 $1,318,200
2008 168 Chalmers - Evanston & Harper 2-Unlined-CI 1923~1940 300 1927 C.I. 24 338 $101,400
2008 494 Meyers - W. Chicago & Joy Rd. 3-Unlined-CI>1940 2750 1942 C.I. 72 1300 $3,575,000
2008 68 Dividing Gate - Kercheval & Garland 3-Unlined-CI>1940 30 1942 C.I. 48 780 $23,400
2008 540 Pleasant - Anchor (RR-2) & Coolidge (RR-1,3) 3-Unlined-CI>1940 3500 1942 C.I. 42 572 $2,002,000
2008 316 Maple - Orleans & Stroh's 4-St-lined 4300 1921 St. lined 48 780 $3,354,000
2008 319 Elezebeth - Park & John C. Lodge Fwy. 4-St-lined 3300 1921 St. lined 48 780 $2,574,000
2008 362 Grixdale - Woodward & John R 4-St-lined 2600 1921 St. lined 48 780 $2,028,000
2009 970 Bate - Lafayette & Michigan 1-Unlined-CI<1923 970 1890 C.I. 30 416 $403,520
2009 973 Woodward - Michigan & Fort 1-Unlined-CI<1923 150 1890 C.I. 24 338 $50,700
2009 931 Fort - Third & Cass 1-Unlined-CI<1923 1130 1890 C.I. 16 165 $186,450
2009 932 Fort - Cass & Washington 1-Unlined-CI<1923 760 1890 C.I. 16 165 $125,400
2009 933 Fort - Washington & Woodward 1-Unlined-CI<1923 760 1890 C.I. 16 165 $125,400
2009 266 E. Grand Blvd. - Dane & Jos. Campeau 1-Unlined-CI<1923 3069 1891 C.I. 30 416 $1,276,704
2009 307 Grand Blvd. - Beaubian & St. Aubin 1-Unlined-CI<1923 4400 1891 C.I. 24 338 $1,487,200
2009 435 Tireman - Lawton & Jeffries Exp. 1-Unlined-CI<1923 2550 1891 C.I. 24 338 $861,900
2009 989 Broadway - Gratiot & Witherell 1-Unlined-CI<1923 1230 1891 C.I. 16 165 $202,950
2009 926 Cass - Congress & Fort 1-Unlined-CI<1923 350 1892 C.I. 24 338 $118,300
2009 324 10th - Abbott & Michigan 1-Unlined-CI<1923 3000 1893 C.I. 24 338 $1,014,000
2009 400 Michigan - 24th & Jeff. Fwy & 12th to Jeff Fwy 1-Unlined-CI<1923 4650 1893 C.I. 24 338 $1,571,700
2009 524 Michigan Ave. - Greenfield & Dearborn limit 2-Unlined-CI 1923~1940 11200 1927 C.I. 24 338 $3,785,600
2009 158 Morang - Ford Exp. & Duchess 2-Unlined-CI 1923~1940 6150 1927 C.I. 16 165 $1,014,750
2009 875 Morang - 7 Mile & Duchess 2-Unlined-CI 1923~1940 3650 1927 C.I. 16 165 $602,250
2009 74 Garland, Goethe - Charlevoix & St. Jean 2-Unlined-CI 1923~1940 3900 1928 C.I. 36 494 $1,926,600
2009 423 Central - Warren & Closed G.V. (D? Sys.) 2-Unlined-CI 1923~1940 100 1928 C.I. 36 494 $49,400
2009 434 Central - Tireman & Joy Rd. 2-Unlined-CI 1923~1940 3350 1928 C.I. 36 494 $1,654,900
2009 437 Dover - Whitfield & Central 2-Unlined-CI 1923~1940 6400 1928 C.I. 36 494 $3,161,600
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2009 462 Greenfield - 8 mile Rd. & Hessel 3-Unlined-CI>1940 650 1942 C.I. 42 572 $371,800
2009 539 Jefferson - Henley & Anchor (RR-t) 3-Unlined-CI>1940 1000 1942 C.I. 42 572 $572,000
2009 555 Electric Ave. Sta. Dividing Gave Valve 3-Unlined-CI>1940 10 1942 C.I. 36 494 $4,940
2009 4 W.W.P. Disch. St. Paul V. No. 4 4-St-lined 10 1921 Steel 48 780 $7,800
2009 79 Cadillac - St. Paul - W.W.P. & St. Paul 4-St-lined 950 1921 Steel 48 780 $741,000
2009 89 St. Paul - Cadillac & Meldrum 4-St-lined 12800 1921 Steel 48 780 $9,984,000
2010 398 Michigan - Vinewood & Butternut 1-Unlined-CI<1923 1300 1893 C.I. 24 338 $439,400
2010 984 Columbia - Third & Park 1-Unlined-CI<1923 1490 1893 C.I. 16 165 $245,850
2010 985 Park - Columbia & P.R.V. 1-Unlined-CI<1923 200 1893 C.I. 16 165 $33,000
2010 986 Park, Withevell - P.R.V. (Park) & Broadway 1-Unlined-CI<1923 970 1893 C.I. 16 165 $160,050
2010 902 Venturi No. 11 W.W.P. 1-Unlined-CI<1923 10 1895 C.I. 48 780 $7,800
2010 898 Jefferson - Crane & Venturi No. 11 (W.W.P.) 1-Unlined-CI<1923 2750 1895 C.I. 42 572 $1,573,000
2010 901 Venturi No. 2 W.W.P. 1-Unlined-CI<1923 10 1895 C.I. 42 572 $5,720
2010 907 Lafayette - Meldrum & McDougall 1-Unlined-CI<1923 2850 1895 C.I. 42 572 $1,630,200
2010 943 Lafayette - Chene & McDougall 1-Unlined-CI<1923 1500 1895 C.I. 42 572 $858,000
2010 906 Lafayette - Iroquois & Meldrum 1-Unlined-CI<1923 5750 1895 C.I. 42 572 $3,289,000
2010 505 Hartwell - Diversey & N. of Diversey 2-Unlined-CI 1923~1940 2750 1928 C.I. 36 494 $1,358,500
2010 1436 Grand River from Joy to E. of Ravenswood 2-Unlined-CI 1923~1940 2720 1928 C.I. 36 494 $1,343,680
2010 109 Vernor Hwy. - St. jean & Springle 2-Unlined-CI 1923~1940 3620 1928 C.I. 30 416 $1,505,920
2010 110 Springle - Vernor & Charlevoix 2-Unlined-CI 1923~1940 1000 1928 C.I. 30 416 $416,000
2010 112 Springle - Charlevoix & Mack 2-Unlined-CI 1923~1940 2000 1928 C.I. 30 416 $832,000
2010 116 Mack - Springle & Alter Rd. 2-Unlined-CI 1923~1940 4100 1928 C.I. 30 416 $1,705,600
2010 1007 Gibraltar - I-75 to Telegraph 2-Unlined-CI 1923~1940 650 1928 C.I. 30 416 $270,400
2010 678 McNichols - Evergreen & Pierson 2-Unlined-CI 1923~1940 2300 1928 C.I. 24 338 $777,400
2010 373 Livernois - Clarita & mcNichols 2-Unlined-CI 1923~1940 4600 1928 C.I. 24 338 $1,554,800
2010 561 Electric Ave. - Electric Sta. & Moran 3-Unlined-CI>1940 10300 1942 C.I. 36 494 $5,088,200
2010 221 Nevada - G.V. & Concord 4-St-lined 600 1921 Steel 48 780 $468,000
2010 280 Nevada - Van Dyke & Dequindre 4-St-lined 10900 1921 Steel 48 780 $8,502,000
2020 253 Rivard - Scott & Canfield 1-Unlined-CI<1923 5500 1896 C.I. 30 416 $2,288,000
2020 881 Orleans - Scott & Closed G.V. 1-Unlined-CI<1923 85 1896 C.I. 30 416 $35,360
2020 430 Warren - Central & Lumley 1-Unlined-CI<1923 400 1900 C.I. 42 572 $228,800
2020 6 W.W.P. Disch. Hurlburt, Sylvester V. No. 6 1-Unlined-CI<1923 10 1902 C.I. 48 780 $7,800
2020 54 Hurlburt, Sylvester, W.WP. & Mack 1-Unlined-CI<1923 5250 1902 C.I. 42 572 $3,003,000
2020 67 Sylvester - Mack- Sheridon 1-Unlined-CI<1923 7900 1902 C.I. 42 572 $4,518,800
2020 81 Hurlburt - W.W.P. & Kercheval 1-Unlined-CI<1923 1700 1902 C.I. 42 572 $972,400
2020 242 Sylvester - Sheridan & Grand Blvd. 1-Unlined-CI<1923 800 1902 C.I. 42 572 $457,600
2020 243 Sylvester - Grand Blvd. & Meldrum 1-Unlined-CI<1923 2100 1902 C.I. 36 494 $1,037,400
2020 245 Sylvester - Meldrum & Elmwood 1-Unlined-CI<1923 2800 1902 C.I. 36 494 $1,383,200
2020 885 Mack - Elmwood & Chene 1-Unlined-CI<1923 2020 1903 C.I. 36 494 $997,880
2020 884 Chene - Mack & Closed G.V. 1-Unlined-CI<1923 2050 1903 C.I. 30 416 $852,800
2020 404 Jefferson - Fort - Vinewood & Post 1-Unlined-CI<1923 10050 1907 C.I. 42 572 $5,748,600
2020 7 W.W.P. Disch. Hurlburt, Kercheval No. 7 1-Unlined-CI<1923 10 1908 C.I. 48 780 $7,800
2020 76 Bewick - W.W.P. & Kercheval 1-Unlined-CI<1923 1550 1908 C.I. 48 780 $1,209,000
2020 248 Vernor Hwy. - W.W.P. & McDougall 1-Unlined-CI<1923 12660 1908 C.I. 48 780 $9,874,800
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2020 55 Bewick, Forest, W.W.P. & Charlevoix 1-Unlined-CI<1923 3250 1908 C.I. 48 780 $2,535,000
2020 78 Dividing Gate - Kercheval & Hurlburt 1-Unlined-CI<1923 50 1908 C.I. 42 572 $28,600
2020 194 Michigan Av.e Cicotte & Military 1-Unlined-CI<1923 1100 1908 C.I. 24 338 $371,800
2020 415 Vinewood - Buchanan & Michigan 1-Unlined-CI<1923 3300 1908 C.I. 24 338 $1,115,400
2020 69 Kercheval - Bewick & Hurlburt 1-Unlined-CI<1923 300 1909 C.I. 48 780 $234,000
2020 70 Kercheval - Bewick & Garland 1-Unlined-CI<1923 350 1909 C.I. 48 780 $273,000
2020 237 Palmer - moran & Sheridan 1-Unlined-CI<1923 4150 1909 C.I. 48 780 $3,237,000
2020 263 Palmer - Elmwood & Moran 1-Unlined-CI<1923 700 1909 C.I. 48 780 $546,000
2020 315 Vernor Hwy - Mcdougall  Cass 1-Unlined-CI<1923 19000 1909 C.I. 48 780 $14,820,000
2020 262 Palmer - St. Aubin & Elmwood 1-Unlined-CI<1923 3000 1909 C.I. 42 572 $1,716,000
2020 427 Michigan - Cicotte & Lumley 1-Unlined-CI<1923 4300 1909 C.I. 24 338 $1,453,400
2020 103 Forest - Bewick & Sheridan 1-Unlined-CI<1923 7700 1910 C.I. 48 780 $6,006,000
2020 238 Sheridan - Palmer & Forest 1-Unlined-CI<1923 3000 1910 C.I. 48 780 $2,340,000
2020 66 Mack - Bewick & Hurlburt 1-Unlined-CI<1923 300 1910 C.I. 42 572 $171,600
2020 241 Sheridan - Forest & Sylvester 1-Unlined-CI<1923 1900 1910 C.I. 42 572 $1,086,800
2020 8 W.W.P. Disch. Bewick, Forest No. 8 1-Unlined-CI<1923 10 1911 C.I. 48 780 $7,800
2020 9 W.W.P. Disch. Bewick, Kercheval No. 9 1-Unlined-CI<1923 10 1911 C.I. 48 780 $7,800
2020 64 Bewick - Charlevoix & Mack 1-Unlined-CI<1923 2000 1911 C.I. 48 780 $1,560,000
2020 65 Bewick - Mack & Forest (Canfield) 1-Unlined-CI<1923 1800 1911 C.I. 48 780 $1,404,000
2020 537 Jefferson - Post & Sewage Plant 1-Unlined-CI<1923 3100 1911 C.I. 42 0 $0
2020 267 Grand Blvd. - Jos. Campeau & St. Aubin 1-Unlined-CI<1923 1800 1911 C.I. 42 572 $1,029,600
2020 268 St. Aubin - E. Grand Blvd. & Holbrook 1-Unlined-CI<1923 2870 1911 C.I. 42 572 $1,641,640
2020 308 St. Aubin - E. Grand Blvd. & Palmer 1-Unlined-CI<1923 1500 1911 C.I. 42 572 $858,000
2020 405 Jefferson - Post & Sewage Plant 1-Unlined-CI<1923 3500 1911 C.I. 42 0 $0
2020 1315 In St. Aubin from Andrus to Grand Blvd. 1-Unlined-CI<1923 1540 1911 C.I. 42 572 $880,880
2020 77 Kercheval - Garland & Harding 1-Unlined-CI<1923 650 1912 C.I. 48 780 $507,000
2020 80 Kercheval - Garland & Garland 1-Unlined-CI<1923 50 1912 C.I. 48 780 $39,000
2020 275 St. Aubin - Dequindre & Faber 1-Unlined-CI<1923 2865 1912 C.I. 42 572 $1,638,780
2020 348 Holbrook - Beaubien & Woodward 1-Unlined-CI<1923 1750 1912 C.I. 24 338 $591,500
2020 1435 Tireman from E. Vancourt to Firwood 1-Unlined-CI<1923 9730 1912 C.I. 16 $0
2020 10 W.W.P. Disch. Garland & Charlevoix No. 10 1-Unlined-CI<1923 10 1913 C.I. 48 780 $7,800
2020 12 W.W.P. Disch. Garland, French No. 12 1-Unlined-CI<1923 10 1913 C.I. 48 780 $7,800
2020 58 Charlevoix, Garland & Bewick 1-Unlined-CI<1923 300 1913 C.I. 48 780 $234,000
2020 61 Charlevoix, Bewick, & Bewick 1-Unlined-CI<1923 70 1913 C.I. 48 780 $54,600
2020 71 Garland - Kercheval & Charlevoix 1-Unlined-CI<1923 1800 1913 C.I. 48 780 $1,404,000
2020 87 Charlevoix - Bewick & Meldrum 1-Unlined-CI<1923 10050 1913 C.I. 48 780 $7,839,000
2020 314 Cass - Temple & Vernor Hwy. 1-Unlined-CI<1923 1050 1913 C.I. 24 338 $354,900
2020 349 Hazelwood - J.C. Lodge & Woodward 1-Unlined-CI<1923 3100 1913 C.I. 24 338 $1,047,800
2020 413 Michigan - Vinewood & Military 1-Unlined-CI<1923 6000 1913 C.I. 24 338 $2,028,000
2020 91 Dividing gate - Garland & Kercheval 1-Unlined-CI<1923 10 1913 C.I. 16 165 $1,650
2020 371 Livernois - 8 Mile & Clarita 2-Unlined-CI 1923~1940 6100 1928 C.I. 24 338 $2,061,800
2020 379 Dexter - Fenkell & Ewald Circle 2-Unlined-CI 1923~1940 3500 1928 C.I. 24 338 $1,183,000
2020 457 McNichols - Whitcomb & Washburn 2-Unlined-CI 1923~1940 9500 1928 C.I. 24 338 $3,211,000
2020 491 Joy Rd. - Coyle & Hartwell 2-Unlined-CI 1923~1940 5700 1928 C.I. 24 338 $1,926,600
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2020 495 Joy Rd. - Hartwell & Joy Rd. (D. of Sys.) 2-Unlined-CI 1923~1940 50 1928 C.I. 24 338 $16,900
2020 496 Joy Rd. - Meyer & G.V. E.  Hartwell 2-Unlined-CI 1923~1940 2300 1928 C.I. 24 338 $777,400
2020 680 Pierson - McNichols & Midland 2-Unlined-CI 1923~1940 3900 1928 C.I. 24 338 $1,318,200
2020 696 Hazalton - Joy Rd. & W. Chicago (RD-2,6) 2-Unlined-CI 1923~1940 2500 1928 C.I. 24 338 $845,000
2020 697 Hazalton Rd. - Joy Rd. (DH-2) & Parkway (Closed G.V.) 2-Unlined-CI 1923~1940 100 1928 C.I. 24 338 $33,800
2020 541 Schaefer - Coolidge & Fort 2-Unlined-CI 1923~1940 4500 1929 C.I. 42 572 $2,574,000
2020 498 Hartwell - Joy Rd. & Diversey 2-Unlined-CI 1923~1940 3350 1929 C.I. 36 494 $1,654,900
2020 949 Heidelberg, Elmwood - McDougall & Mack 2-Unlined-CI 1923~1940 1620 1929 C.I. 36 494 $800,280
2020 950 Pierce - Chene & McDougall 2-Unlined-CI 1923~1940 1580 1929 C.I. 36 494 $780,520
2020 228 Lynch Rd. - Van Dyke & Mt. Elliott 2-Unlined-CI 1923~1940 3990 1929 C.I. 30 416 $1,659,840
2020 490 Hartwell - W. Chicago & Plymouth 2-Unlined-CI 1923~1940 2600 1929 C.I. 30 416 $1,081,600
2020 493 Hartwell - Joy Rd. & W. Chicago 2-Unlined-CI 1923~1940 2900 1929 C.I. 30 416 $1,206,400
2020 118 Mack - Alter Rd. & Bishop 2-Unlined-CI 1923~1940 6400 1929 C.I. 24 338 $2,163,200
2020 120 Bishop - Mack & Warren 2-Unlined-CI 1923~1940 4550 1929 C.I. 24 338 $1,537,900
2020 391 Lawton - Edsel Ford Exp. & Closed G.V. ?? 2-Unlined-CI 1923~1940 1800 1929 C.I. 24 338 $608,400
2020 135 Bishop - Warren & Harper 2-Unlined-CI 1923~1940 2650 1929 C.I. 24 338 $895,700
2020 142 Bishop - Harper & Linville 2-Unlined-CI 1923~1940 1400 1929 C.I. 24 338 $473,200
2020 388 West Grand Blvd. - Lawton & Linwood (Closed G.V. ???) 2-Unlined-CI 1923~1940 5200 1929 C.I. 24 338 $1,757,600
2020 390 Lawton - W. Grand Blvd. & Ford Exp. 2-Unlined-CI 1923~1940 3300 1929 C.I. 24 338 $1,115,400
2020 441 Joy Rd. - Central & Birwood 2-Unlined-CI 1923~1940 4600 1929 C.I. 24 338 $1,554,800
2020 443 Joy Rd. - Birwood & meyers 2-Unlined-CI 1923~1940 1850 1929 C.I. 24 338 $625,300
2020 487 Plymouth - Hartwell & Coyle 2-Unlined-CI 1923~1940 5700 1929 C.I. 24 338 $1,926,600
2020 492 Hartwell - W. Chicago & Hartwell (D. of Sys.) 2-Unlined-CI 1923~1940 50 1929 C.I. 24 338 $16,900
2020 662 Plymouth - Coyle & Southfield 2-Unlined-CI 1923~1940 6500 1929 C.I. 24 338 $2,197,000
2020 507 Indiana - Warren & Diversey (Div. Of Syst.) 2-Unlined-CI 1923~1940 1300 1930 C.I. 48 780 $1,014,000
2020 538 Jefferson - Sewage Plant & Henley 2-Unlined-CI 1923~1940 2150 1930 C.I. 42 0 $0
2020 395 McKinly - Hancock & Warren 2-Unlined-CI 1923~1940 700 1930 C.I. 36 494 $345,800
2020 416 Hancock - Rich - McKinley & Michigan 2-Unlined-CI 1923~1940 7700 1930 C.I. 36 494 $3,803,800
2020 200 Lynch - French Rd. & Wood 2-Unlined-CI 1923~1940 1900 1930 C.I. 36 494 $938,600
2020 201 Lynch - Wood & Van Dyke 2-Unlined-CI 1923~1940 2230 1930 C.I. 36 494 $1,101,620
2020 224 McNichols - Carrie & Mt. Elliott 2-Unlined-CI 1923~1940 670 1930 C.I. 36 494 $330,980
2020 279 McNichols - Mt. Elliott & Conant 2-Unlined-CI 1923~1940 6800 1930 C.I. 36 494 $3,359,200
2020 292 McNichols - Dequindre & Conant 2-Unlined-CI 1923~1940 5000 1930 C.I. 36 494 $2,470,000
2020 347 Beaubien - Grand Blvd & Holbrook 2-Unlined-CI 1923~1940 4400 1930 C.I. 36 494 $2,173,600
2020 425 Edward - Michigan & Central 2-Unlined-CI 1923~1940 4400 1930 C.I. 36 494 $2,173,600
2020 536 Fordson - Vernor & Oakwood 2-Unlined-CI 1923~1940 7200 1930 C.I. 36 494 $3,556,800
2020 642 Sawyer - Southfield & Hazalton 2-Unlined-CI 1923~1940 13150 1930 C.I. 36 494 $6,496,100
2020 394 McKinly - Hancock & Buchanan 2-Unlined-CI 1923~1940 1300 1930 C.I. 30 416 $540,800
2020 450 McNichols - Washburn & Petoskey 2-Unlined-CI 1923~1940 5500 1930 C.I. 24 338 $1,859,000
2020 189 Airport - Conner & French 2-Unlined-CI 1923~1940 2750 1930 C.I. 24 0 $0
2020 223 Van Dyke - G.V. & McNichols 2-Unlined-CI 1923~1940 50 1930 C.I. 24 338 $16,900
2020 382 Cortland - Fullerton & 12th 2-Unlined-CI 1923~1940 11500 1930 C.I. 24 338 $3,887,000
2020 563 Fort - Moran & Eureka (SG.3) 3-Unlined-CI>1940 11250 1942 C.I. 36 494 $5,557,500
2020 564 Electric - Eureka (SG-3) & Pennsylvania (RW-1) 3-Unlined-CI>1940 5500 1942 C.I. 24 0 $0
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2020 139 Mack - Canyon & Moross 3-Unlined-CI>1940 2600 1942 C.I. 24 0 $0
2020 60 Bewick, Kercheval & Charlevoix 3-Unlined-CI>1940 1750 1943 C.I. 48 780 $1,365,000
2020 72 Dividing Gate - Bewick & Kercheval 3-Unlined-CI>1940 30 1943 C.I. 48 780 $23,400
2020 293 Dequindre - McNichols & G.V. 3-Unlined-CI>1940 1440 1943 C.I. 42 572 $823,680
2020 59 Dividing Gate - Charlevoix & Bewick 3-Unlined-CI>1940 40 1943 C.I. 42 572 $22,880
2020 297 Marx - Nevada & McNichols 3-Unlined-CI>1940 2980 1943 C.I. 36 494 $1,472,120
2020 552 Fort - Schaefer & Visger 3-Unlined-CI>1940 3300 1943 C.I. 36 494 $1,630,200
2020 553 Fort - Visger & Outer Dr. 3-Unlined-CI>1940 2360 1943 C.I. 36 494 $1,165,840
2020 616 Michigan Ave. - Telegraph & Inkster 3-Unlined-CI>1940 10700 1943 C.I. 36 494 $5,285,800
2020 627 michigan Ave. - Mich . Sta. & W.L. Gen. Hosp. (WH-1) 3-Unlined-CI>1940 2200 1943 C.I. 36 494 $1,086,800
2020 629 Michigan - W.C. Gen. Hosp. (WH-1) & W.Y. Inkster 3-Unlined-CI>1940 9300 1943 C.I. 36 494 $4,594,200
2020 632 Michigan Ave. - Inkster (IK-1) & W. Inkster 3-Unlined-CI>1940 10 1943 C.I. 36 494 $4,940
2020 63 Dividing Gate - Charlevoix & Bewick 3-Unlined-CI>1940 30 1943 C.I. 36 494 $14,820
2020 626 Michigan Ave. Sta. Gate Valve 3-Unlined-CI>1940 10 1943 C.I. 36 494 $4,940
2020 565 Electric - Pennsylvania (RW-1) & (G1-1) Garfield 3-Unlined-CI>1940 2800 1943 C.I. 24 0 $0
2020 203 Werand - Van Dyke & Carrie 4-St-lined 1700 1921 Steel 24 338 $574,600
2020 220 Nevada - G.V. & Carrie 4-St-lined 10 1921 Steel 24 338 $3,380
2020 289 Dequindre - 8 Mile Rd. & Nevada 4-St-lined 16150 1921 Steel 16 165 $2,664,750
2020 408 Navy - Beard & Mandale 4-St-lined 5700 1922 St. lined 36 494 $2,815,800
2020 899 Cadillac from St. Paul to WWP 4-St-lined 10 1924 Steel 42 572 $5,720
2020 240 meldrum Hancock - Sylvester & Moran 4-St-lined 4050 1925 St. lined 60 1040 $4,212,000
2020 247 Meldrum - Sylvester & Benson 4-St-lined 2100 1925 St. lined 60 1040 $2,184,000
2020 257 Hancock - St. Aubin & Elmwood 4-St-lined 3000 1925 St. lined 60 1040 $3,120,000
2020 259 Hancock - Moran & Elmwood 4-St-lined 700 1925 St. lined 60 1040 $728,000
2020 5 W.W.P. Disch. Pennsylvania V. No. 5 4-St-lined 10 1925 Steel 60 1040 $10,400
2020 310 Hancock - St. Aubin & St. Antoine 4-St-lined 4000 1925 St. lined 48 780 $3,120,000
2020 411 Bagley - Vinewood & Christiancy 4-St-lined 500 1925 Steel 48 780 $390,000
2020 407 Christiancy - Military & Bagley 4-St-lined 5750 1925 St. lined 42 572 $3,289,000
2020 410 Cadet - Military & Beard 4-St-lined 3940 1925 St. lined 42 572 $2,253,680
2020 449 Petoskey - Fenkell & McNichols 4-St-lined 5750 1925 Steel 24 0 $0
2020 258 St. Aubin - Ferry & Hancock 4-St-lined 2100 1926 St. lined 48 780 $1,638,000
2020 448 Fenkell - Ilene & Petoskey 4-St-lined 6200 1926 St. lined 44 641 $3,974,200
2020 455 Fenkell - Ilene & Meyers 4-St-lined 2000 1926 St. lined 44 641 $1,282,000
2020 456 Fenkell - Meyers & Whitcomb 4-St-lined 7400 1926 St. lined 44 641 $4,743,400
2020 476 Fenkell - Greenfield & Southfield 4-St-lined 6000 1926 St. lined 44 641 $3,846,000
2020 478 Fenkell - Whitcomb & Greenfield 4-St-lined 850 1926 St. lined 44 641 $544,850
2020 366 8 Mile Rd. - Wanda (FE-3) & Hilton (FE-2) 4-St-lined 2700 1927 St. lined 54 890 $2,403,000
2020 543 Schaefer - 50"-48" connect & Oakwood Blvd. 4-St-lined 3200 1927 St. lined 50 817 $2,614,400
2030 312 Evskine - Russell & G.V. 1-Unlined-CI<1923 7100 1914 C.I. 48 780 $5,538,000
2030 332 Grand River, Brainard-Peterboro & Calumet 1-Unlined-CI<1923 5500 1914 C.I. 48 780 $4,290,000
2030 339 Grand River-Buchanan & Lawton 1-Unlined-CI<1923 3550 1914 C.I. 48 780 $2,769,000
2030 419 Warren - McKinley & Vinewood 1-Unlined-CI<1923 550 1914 C.I. 48 780 $429,000
2030 57 Garland, Charlevoix, W.W.P. & Kercheval 1-Unlined-CI<1923 1700 1914 C.I. 48 780 $1,326,000
2030 249 Charlevoix - Meldrum & Rivard 1-Unlined-CI<1923 7500 1914 C.I. 48 780 $5,850,000
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2030 251 Erskine - Orleans & Russel 1-Unlined-CI<1923 950 1914 C.I. 48 780 $741,000
2030 328 Peterboro - G.V. & John C. Lodge (Fourth) 1-Unlined-CI<1923 50 1914 C.I. 48 780 $39,000
2030 879 Garland - Charlevoix Dividing Gate 1-Unlined-CI<1923 30 1914 C.I. 48 780 $23,400
2030 420 Warren - Vinewood & Edsel Ford Exp. 1-Unlined-CI<1923 2600 1914 C.I. 42 572 $1,487,200
2030 102 Canfield - Gauland & Bewick 1-Unlined-CI<1923 350 1914 C.I. 42 572 $200,200
2030 417 Vinewood - Buchanan & Warren 1-Unlined-CI<1923 2300 1914 C.I. 24 338 $777,400
2030 336 John C. Lodge-Temple & Peterboro 1-Unlined-CI<1923 1050 1915 C.I. 48 780 $819,000
2030 393 Warren - Lawton & McKinly 1-Unlined-CI<1923 2950 1915 C.I. 48 780 $2,301,000
2030 910 Jefferson - Meldrum & McDougall 1-Unlined-CI<1923 4000 1915 C.I. 48 780 $3,120,000
2030 921 Jefferson - Walter & Beaubien 1-Unlined-CI<1923 1220 1915 C.I. 48 780 $951,600
2030 922 Jefferson - Beaubien & Woodward 1-Unlined-CI<1923 1430 1915 C.I. 48 780 $1,115,400
2030 923 Jefferson - Woodward & Shelby 1-Unlined-CI<1923 350 1915 C.I. 48 780 $273,000
2030 330 John C. Lodge - Temple & Vernor Hwy. 1-Unlined-CI<1923 2250 1915 C.I. 48 780 $1,755,000
2030 913 Jefferson - McDougall & Chene 1-Unlined-CI<1923 1500 1915 C.I. 48 780 $1,170,000
2030 920 Jefferson - Chene & Orleans 1-Unlined-CI<1923 2000 1915 C.I. 48 780 $1,560,000
2030 311 St. Antoine - Hancock & Canfield 1-Unlined-CI<1923 1300 1915 C.I. 42 572 $743,600
2030 341 St. Antoine - Hancock & Ferry 1-Unlined-CI<1923 2400 1915 C.I. 42 572 $1,372,800
2030 350 12th - Grand Blvd & Taylor 1-Unlined-CI<1923 4750 1915 C.I. 36 494 $2,346,500
2030 351 Taylor - 12th & John C. Lodge Exp. 1-Unlined-CI<1923 2800 1915 C.I. 24 338 $946,400
2030 525 Michigan Ave. - Lumley & Dearborn Limit 1-Unlined-CI<1923 4800 1915 C.I. 24 338 $1,622,400
2030 357 12th - Cortland & Oakman 1-Unlined-CI<1923 4700 1916 C.I. 36 494 $2,321,800
2030 383 12th - Cortland & Webb 1-Unlined-CI<1923 1350 1916 C.I. 36 494 $666,900
2030 384 12th - Webb & Clairmount 1-Unlined-CI<1923 4100 1916 C.I. 36 494 $2,025,400
2030 386 12th  - Clairmount & Taylor (closed G.V.) 1-Unlined-CI<1923 350 1916 C.I. 36 494 $172,900
2030 301 Dequindre - G.V. & Lawley 1-Unlined-CI<1923 2850 1917 C.I. 42 572 $1,630,200
2030 358 Linwood - Oakman & Fenkell 1-Unlined-CI<1923 1850 1917 C.I. 42 572 $1,058,200
2030 359 LaSalle - Fenkell & McNichols 1-Unlined-CI<1923 6400 1917 C.I. 42 572 $3,660,800
2030 377 Oakman Blvd. - 12th & Linwood 1-Unlined-CI<1923 2700 1917 C.I. 36 494 $1,333,800
2030 226 Van Dyke - Lynch Rd. & G.V. S. McNichols 1-Unlined-CI<1923 5300 1917 C.I. 24 338 $1,791,400
2030 235 Sheridan - Harper & Palmer 1-Unlined-CI<1923 2200 1917 C.I. 24 338 $743,600
2030 385 Clairmount - 12th & Lawton 1-Unlined-CI<1923 3700 1917 C.I. 24 0 $0
2030 436 Joy Rd./Joy & Lawton 1-Unlined-CI<1923 5740 1917 C.I. 24 0 $0
2030 424 Military - Michigan & Cadet 2-Unlined-CI 1923~1940 7050 1930 C.I. 24 338 $2,382,900
2030 657 Hazalton - Joy Rd. (DH-2) & Sawyer (DH-1) 2-Unlined-CI 1923~1940 4300 1930 C.I. 24 338 $1,453,400
2030 276 Trowbridge - Dequindre & Jos. Campeau 2-Unlined-CI 1923~1940 2500 1931 C.I. 36 494 $1,235,000
2030 517 Diversey - Greenfield & Southfield 2-Unlined-CI 1923~1940 6000 1931 C.I. 36 494 $2,964,000
2030 516 Gould - Middlesex & Greenfield 2-Unlined-CI 1923~1940 4600 1931 C.I. 36 494 $2,272,400
2030 527 Calhoun - Diversey & Blesser 2-Unlined-CI 1923~1940 2000 1931 C.I. 36 0 $0
2030 615 Telegraph - Michigan Ave. & Ford Rd. 2-Unlined-CI 1923~1940 9500 1931 C.I. 36 494 $4,693,000
2030 644 Hazalton - Sawyer & Telegraph (Richardson (DH-6) 2-Unlined-CI 1923~1940 6000 1931 C.I. 36 494 $2,964,000
2030 645 Telegraph - Richardson (DH-6) & Midway (DH-10) 2-Unlined-CI 1923~1940 3100 1931 C.I. 36 494 $1,531,400
2030 646 Telegraph - Midway (DH-10) & Ford Rd. 2-Unlined-CI 1923~1940 1000 1931 C.I. 36 494 $494,000
2030 227 Mt. Elliott - Lynch Rd. & Trowbridge 2-Unlined-CI 1923~1940 1500 1931 C.I. 30 416 $624,000
2030 271 Trowbridge - Mt. Elliott & Buffalo 2-Unlined-CI 1923~1940 3150 1931 C.I. 30 0 $0
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2030 274 Trowrbridge - Mt. Elliott & Moran 2-Unlined-CI 1923~1940 1650 1931 C.I. 30 0 $0
2030 1274 Towbridge from Connant to Caniff 2-Unlined-CI 1923~1940 2100 1931 C.I. 30 416 $873,600
2030 917 Congress - Orleans & Walter 2-Unlined-CI 1923~1940 2300 1931 C.I. 24 338 $777,400
2030 621 Michigan Ave. - Venoy (WL-3) & Newburgh (WL-8) 3-Unlined-CI>1940 5200 1943 C.I. 24 338 $1,757,600
2030 483 Meyers - Fenkell & Schoolcraft 3-Unlined-CI>1940 5200 1944 C.I. 48 780 $4,056,000
2030 485 Meyers - Fullerton & Schoolcraft 3-Unlined-CI>1940 2800 1944 C.I. 48 0 $0
2030 486 Meyer - West Chicago & Fullerton 3-Unlined-CI>1940 5400 1944 C.I. 48 0 $0
2030 620 Michigan Ave. - Mich Ae. Sta. & Venoy (WL-3) 3-Unlined-CI>1940 10500 1944 C.I. 36 494 $5,187,000
2030 530 Maple - Blesser - Schaefer & Middlesex 3-Unlined-CI>1940 2400 1944 C.I. 36 494 $1,185,600
2030 1319 N/A 3-Unlined-CI>1940 7000 1944 C.I. 36 494 $3,458,000
2030 185 Strasburg - 8 Mile Rd. & Monicho's 3-Unlined-CI>1940 9800 1944 C.I. 24 338 $3,312,400
2030 445 Fullerton - Griggs & Meyers 3-Unlined-CI>1940 1850 1944 C.I. 24 338 $625,300
2030 687 W. Parkway - Outer Dr. - W. Chicago & Kendall 3-Unlined-CI>1940 10700 1944 C.I. 24 338 $3,616,600
2030 619 Michigan Ave. - Mich. Ave. Sta. & Merriman 3-Unlined-CI>1940 50 1945 C.I. 24 338 $16,900
2030 667 Evergreen - W. Chicago & Fwy. & Schoolcraft 3-Unlined-CI>1940 6090 1946 C.I. 48 0 $0
2030 669 Evergreen - Schoolcraft & Kendall 3-Unlined-CI>1940 900 1946 C.I. 48 0 $0
2030 671 Evergreen - Kendell & Midland 3-Unlined-CI>1940 5800 1946 C.I. 48 780 $4,524,000
2030 453 Washburn - McNichols & Clarita 4-St-lined 4700 1928 St. lined 60 0 $0
2030 526 Michigan Ave. - Greenfield & Southfield 4-St-lined 5700 1928 St. lined 42 572 $3,260,400
2030 613 Michigan Ave. - Southfield & Telegraph 4-St-lined 17400 1928 Steel 42 572 $9,952,800
2030 440 Wisconsin - Diversey & Belton 4-St-lined 2250 1929 St. lined 72 1300 $2,925,000
2030 442 Mackenzie - Belton & Joy Rd. 4-St-lined 4100 1929 St. lined 72 0 $0
2030 429 Warren - Lumley & 72" SPW's 4-St-lined 900 1930 St. lined 72 1300 $1,170,000
2030 431 Warren - 72" SPWLS & Indiana 4-St-lined 1100 1930 St. lined 72 1300 $1,430,000
2030 446 Griggs - Fullerton & Schoolcraft 4-St-lined 3050 1930 St. lined 72 0 $0
2030 447 Ilene - Schoolcraft & Fenkell 4-St-lined 5300 1930 St. lined 72 0 $0
2030 21 Spwls. Sta. Hi. Disch. 4-St-lined 10 1930 Steel 72 1300 $13,000
2030 409 Central - Navy & Edward 4-St-lined 7650 1930 St. lined 66 1170 $8,950,500
2030 426 Central - Michigan & Edward 4-St-lined 3850 1930 St. lined 66 1170 $4,504,500
2030 454 Wyoming - McNichols & John C. Lodge Fwy. 4-St-lined 4010 1930 St. lined 60 0 $0
2030 364 8 Mile Rd. - John R. & Westend 9H3-4) 4-St-lined 1800 1930 St. lined 54 890 $1,602,000
2030 369 8 Mile Rd. - Woodard & Livernois (SE-6, FE-1) 4-St-lined 5450 1930 St. lined 54 890 $4,850,500
2040 191 Garland - Crossing Ford Exp. & Harper 1-Unlined-CI<1923 700 1918 C.I. 48 780 $546,000
2040 298 McNichols - Marx & Woodward 1-Unlined-CI<1923 6100 1918 C.I. 48 780 $4,758,000
2040 299 McNichols - G.V. & Marx 1-Unlined-CI<1923 50 1918 C.I. 48 780 $39,000
2040 300 McNichols - G.V. & Dequindre 1-Unlined-CI<1923 50 1918 C.I. 48 780 $39,000
2040 360 McNichols- LaSalle & Woodward 1-Unlined-CI<1923 5600 1918 C.I. 48 780 $4,368,000
2040 229 Van Dyke - Lynch & Miller 1-Unlined-CI<1923 5500 1918 C.I. 24 338 $1,859,000
2040 230 Van Dyke - Miller & Harper 1-Unlined-CI<1923 5300 1918 C.I. 24 338 $1,791,400
2040 433 Tireman - Central & Brydon 1-Unlined-CI<1923 50 1918 C.I. 16 0 $0
2040 940 Lafayette - Orleans & St. Aubin 1-Unlined-CI<1923 1050 1919 C.I. 36 494 $518,700
2040 941 Lafayette - St. Aubin & Chene 1-Unlined-CI<1923 1050 1919 C.I. 36 494 $518,700
2040 378 Oakman - Linwood & Dexter 1-Unlined-CI<1923 2750 1919 C.I. 24 338 $929,500
2040 418 Warren - Edsel & Gilbert 1-Unlined-CI<1923 4700 1920 C.I. 42 572 $2,688,400
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2040 422 Warren - Gilbert & Central 1-Unlined-CI<1923 3950 1920 C.I. 42 572 $2,259,400
2040 260 St. Aubin - Palmer & Ferry 1-Unlined-CI<1923 300 1920 C.I. 36 494 $148,200
2040 342 Ferry - St. Antoine & Beaubien 1-Unlined-CI<1923 200 1920 C.I. 36 494 $98,800
2040 225 Mt. Elliott - McNichols & Trowbridge 1-Unlined-CI<1923 3800 1920 C.I. 30 0 $0
2040 233 Mt. Elliott - Dane & Conant 1-Unlined-CI<1923 1820 1920 C.I. 30 416 $757,120
2040 246 Leland - Grand Blvd. & Wlmwood 1-Unlined-CI<1923 4600 1920 C.I. 30 416 $1,913,600
2040 265 Dane - Elmwood & Mt. Elliott 1-Unlined-CI<1923 2666 1920 C.I. 30 416 $1,109,056
2040 269 Mt. Elliott - Miller & Legrand 1-Unlined-CI<1923 1600 1920 C.I. 30 416 $665,600
2040 270 Mt. Elliott - Miller & Lynch 1-Unlined-CI<1923 5300 1920 C.I. 30 416 $2,204,800
2040 111 Charlevoix - Springle & Eastlawn 1-Unlined-CI<1923 2200 1920 C.I. 24 338 $743,600
2040 381 Fullerton - Turner & Griggs 2-Unlined-CI 1923~1940 7200 1931 C.I. 24 0 $0
2040 94 Freud - Tennessee & Eastlawn 2-Unlined-CI 1923~1940 3400 1931 C.I. 24 338 $1,149,200
2040 97 Eastlawn  - Essex & Charlevoix 2-Unlined-CI 1923~1940 5450 1931 C.I. 24 338 $1,842,100
2040 935 Congress - Beaubien & Walter 2-Unlined-CI 1923~1940 1280 1931 C.I. 24 338 $432,640
2040 971 Congress, Michigan - Beaubien & State 2-Unlined-CI 1923~1940 1100 1931 C.I. 24 338 $371,800
2040 972 Michigan - Bate & Woodward 2-Unlined-CI 1923~1940 600 1931 C.I. 24 338 $202,800
2040 974 Michigan - Woodward & Washington 2-Unlined-CI 1923~1940 1100 1931 C.I. 24 338 $371,800
2040 977 Abbott - Washington & Fourth 2-Unlined-CI 1923~1940 2320 1931 C.I. 24 338 $784,160
2040 994 Woodward - Gratiot & Michigan 2-Unlined-CI 1923~1940 550 1931 C.I. 16 0 $0
2040 965 Gratiot - Beaubien & Brush 2-Unlined-CI 1923~1940 450 1933 C.I. 30 416 $187,200
2040 893 Cadillac - Venturi No. 3 & 16" W.M. Connection 2-Unlined-CI 1923~1940 200 1934 C.I. 42 572 $114,400
2040 897 Crane - Jefferson (Closed G.V.) & Jefferson 2-Unlined-CI 1923~1940 500 1934 C.I. 42 572 $286,000
2040 1667 Evergreen, from Plymouth to W. Chicago 3-Unlined-CI>1940 1880 1946 C.I. 48 0 $0
2040 628 Merriman - Michigan & Traverse (WL-1, 1K-2, WH-2) 3-Unlined-CI>1940 2500 1946 C.I. 16 0 $0
2040 666 W. Chicago - Evergreen & Parkway (RD-1?) 3-Unlined-CI>1940 8150 1947 C.I. 36 0 $0
2040 345 Grand Blvd - 12th & Beaubien 3-Unlined-CI>1940 7400 1949 C.I. 24 338 $2,501,200
2040 155 8 Mile Rd. - SS-1 & P.R.V. 3-Unlined-CI>1940 50 1950 C.I. 42 572 $28,600
2040 153 Ford Exp. - Vernier (GW-2) & 8 Mile Rd. 3-Unlined-CI>1940 2000 1950 C.I. 30 416 $832,000
2040 331 Temple - John C.Lodge & G.V. 3-Unlined-CI>1940 10 1950 C.I. 24 338 $3,380
2040 154 Harper - P.R.V. & 8 Mile (SS-1) 3-Unlined-CI>1940 10 1950 C.I. 24 338 $3,380
2040 380 Schoolcraft - Linwood & Ilene 3-Unlined-CI>1940 9000 1950 C.I. 24 338 $3,042,000
2040 428 Cicotte - Warren & Michigan 3-Unlined-CI>1940 5700 1950 C.I. 24 338 $1,926,600
2040 1320 N/A 3-Unlined-CI>1940 2400 1950 C.I. 24 0 $0
2040 1321 N/A 3-Unlined-CI>1940 3800 1950 C.I. 24 0 $0
2040 93 Tennessee Freud & Essex 3-Unlined-CI>1940 1100 1953 C.I. 30 416 $457,600
2040 355 Webb - John C. Lodge & E. N. John C. Lodge (G.V.) 3-Unlined-CI>1940 400 1954 C.I. 36 494 $197,600
2040 340 Hancock - St. Antoine & 12th 3-Unlined-CI>1940 7800 1954 C.I. 30 416 $3,244,800
2040 352 John C. Lodge Exp : Taylor & Edison 3-Unlined-CI>1940 2100 1954 C.I. 16 165 $346,500
2040 353 John C. Lodge Exp. - Web & Edison 3-Unlined-CI>1940 3000 1954 C.I. 16 165 $495,000
2040 278 Conant - McNichols & Lawley 3-Unlined-CI>1940 2300 1955 C.I. 16 165 $379,500
2040 451  Clarita - Washburn & Livernois 4-St-lined 5600 1930 St. lined 48 780 $4,368,000
2040 92 Freud - Marquette Dr. & E. St. Clair 4-St-lined 5590 1930 Steel 36 494 $2,761,460
2040 508 Warren, Wyoming - Wisconsin & Blesser 4-St-lined 2000 1931 St. lined 66 1170 $2,340,000
2040 502 Blesser - Bingham & Kingsley 4-St-lined 3800 1931 St. lined 66 1170 $4,446,000
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TABLE A-5
Proposed Pipe Replacement by Planning Year (Based on KANEW Results)

Proposed 
Replacement Year EPANET Link ID   Location Description KANEW Subgroup Length (ft)   Year Installed Material Size (in)

Cost Per Linear 
Foot  Replacement Cost ($) 

2040 529 Blesser - Calhoun & Schaefer 4-St-lined 400 1931 Steel 66 1170 $468,000
2040 532 Blesser - Calhoun & Bingham 4-St-lined 300 1931 Steel 66 1170 $351,000
2040 365 8 Mile Rd. - Westend (H3-4) & Wanda (FE-3) 4-St-lined 650 1931 St. lined 54 890 $578,500
2040 438 Belton - Tireman & Wisconsin 4-St-lined 1800 1939 St. lined 72 1300 $2,340,000
2040 500 Cloverlawn - Spwels Sta & Wisconsin 4-St-lined 1350 1939 St. lined 72 1300 $1,755,000
2040 499 Belton & Wisconsin Dividing Gate 4-St-lined 10 1939 Steel 48 780 $7,800
2040 318 Elezabeth - Stroh's & Park (P.R.V.) 4-St-lined 3000 1941 St. lined 48 780 $2,340,000
2040 497 Belton - Meyers - Wisconsin & Joy Rd. 4-St-lined 4900 1943 St. lined 72 1300 $6,370,000
2040 518 Maple - Paul - Blesser & Greenfield 4-St-lined 9400 1944 St. lined 54 890 $8,366,000
2040 523 Greenfield - Ford Rd. & Michigan 4-St-lined 4400 1944 St. lined 54 890 $3,916,000
2040 212 Van Dyke - 8 Mile Rd. & Nevada 6-Conc 8100 1940 Conc. 24 0 $0
2040 206 8 Mile Rd. - Northeast Sta. & Van Dyke 6-Conc 2600 1948 Conc. 66 1170 $3,042,000
2040 205 Northeast Sta. - 60" Main 6-Conc 800 1948 Conc. 60 1040 $832,000
2040 215 Concord - Nevada & Northeast Sta. 6-Conc 10600 1948 Conc. 54 890 $9,434,000
2050 117 Charlevoix - Eastlawn & Alter Rd. 1-Unlined-CI<1923 2350 1920 C.I. 24 338 $794,300
2050 113 Charlevoix - St. Jean & Springle 1-Unlined-CI<1923 1750 1920 C.I. 24 338 $591,500
2050 100 Alter Rd. - Charlevoix & Mark 1-Unlined-CI<1923 1100 1920 C.I. 24 338 $371,800
2050 173 McNichols (Division of system HI & Lul-) Gratiot 1-Unlined-CI<1923 50 1920 C.I. 24 338 $16,900
2050 174 Gratiot - 6 Mile Rd. & 7 Mile Rd. 1-Unlined-CI<1923 4000 1920 C.I. 24 338 $1,352,000
2050 361 Woodward - McNichols & Grindale 1-Unlined-CI<1923 3900 1920 C.I. 24 338 $1,318,200
2050 368 Woodward - S. of 8 Mile Rd. & Grixdale 1-Unlined-CI<1923 8350 1920 C.I. 24 338 $2,822,300
2050 1006 Gibraltar - Fort to I-75 1-Unlined-CI<1923 650 1920 C.I. 24 338 $219,700
2050 1009 Oakville - Walty - Grafton to Sumpter 1-Unlined-CI<1923 1850 1920 C.I. 24 338 $625,300
2050 908 McDougal - Lafayette & Congress 1-Unlined-CI<1923 700 1920 C.I. 16 165 $115,500
2050 912 McDougall - Jefferson & Congress 1-Unlined-CI<1923 580 1920 C.I. 16 165 $95,700
2050 14 W.W.P. Disch. Freud, Marquette V. No. 14 1-Unlined-CI<1923 10 1921 C.I. 48 780 $7,800
2050 108 St. Jean - Vernor Hwy & Charlevoix 1-Unlined-CI<1923 900 1921 C.I. 42 572 $514,800
2050 114 St. Jean - Charlevoix & Goethe 1-Unlined-CI<1923 900 1921 C.I. 36 494 $444,600
2050 106 St. Jean - Goethe & Mark 1-Unlined-CI<1923 1150 1921 C.I. 36 0 $0
2050 107 St. Jean - Mack & Warren 1-Unlined-CI<1923 3500 1921 C.I. 36 494 $1,729,000
2050 126 St. Jean - Warren & E. Ford Exp. 1-Unlined-CI<1923 4000 1921 C.I. 36 494 $1,976,000
2050 948 Chestnut, McDougell - Heidelberg  Chene 2-Unlined-CI 1923~1940 4250 1934 C.I. 30 416 $1,768,000
2050 953 Chestnut - Chene & St. Aubin 2-Unlined-CI 1923~1940 1070 1934 C.I. 30 416 $445,120
2050 954 Chestnut - St. Aubin Orleans 2-Unlined-CI 1923~1940 1000 1934 C.I. 30 416 $416,000
2050 982 Fifth - Elizabeth & Fisher 2-Unlined-CI 1923~1940 5000 1934 C.I. 16 165 $825,000
2050 277 Lawley - Dequindre & Conant 3-Unlined-CI>1940 5200 1956 C.I. 16 165 $858,000
2050 617 24" Gate Valve - Inkster & Michigan Ave. 3-Unlined-CI>1940 500 1956 C.I. 16 165 $82,500
2050 232 Harper - Sherison & Mt. Elliott 3-Unlined-CI>1940 4100 1957 C.I. 24 338 $1,385,800
2050 130 Ford Fwy. - ford Crossing & Hayes 3-Unlined-CI>1940 5100 1957 C.I. 24 338 $1,723,800
2050 105 Ford Exp.- Garland & St. Jean 3-Unlined-CI>1940 3200 1957 C.I. 16 165 $528,000
2050 127 Harper - St. Jean & Outer Drive 3-Unlined-CI>1940 4100 1957 C.I. 16 165 $676,500
2050 128 E. Ford Exp. Crossing - Park Dr. & Ansbury 3-Unlined-CI>1940 200 1957 C.I. 16 0 $0
2050 146 Ford Exp. - Alter Rd. & Devonshire 3-Unlined-CI>1940 4500 1957 C.I. 16 165 $742,500
2050 192 ord Exp. Garland & St. Jean 3-Unlined-CI>1940 7700 1957 C.I. 16 165 $1,270,500
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TABLE A-5
Proposed Pipe Replacement by Planning Year (Based on KANEW Results)

Proposed 
Replacement Year EPANET Link ID   Location Description KANEW Subgroup Length (ft)   Year Installed Material Size (in)

Cost Per Linear 
Foot  Replacement Cost ($) 

2050 503 Calhoun & Diversey (D. of Sys.) 3-Unlined-CI>1940 50 1957 C.I. 16 165 $8,250
2050 150 Ford Exp. Moran & Moross Bio P79 3-Unlined-CI>1940 3200 1958 C.I. 16 0 $0
2050 151 Ford Exp . - Moross & Kingsville (HW-395) 3-Unlined-CI>1940 850 1958 C.I. 16 0 $0
2050 149 Harper - Haverhill & Cadieux 3-Unlined-CI>1940 3900 1958 C.I. 16 165 $643,500
2050 216 Concord - Nevada & G.V. 4-St-lined 10 1946 St. lined 54 0 $0
2050 488 W. Chicago - Meyers & Hartwell 4-St-lined 2400 1946 St. lined 54 890 $2,136,000
2050 489 W. Chicago - Hartwell & Coyle 4-St-lined 4350 1946 St. lined 54 890 $3,871,500
2050 661 W. Chicago - Evergreen & Coyle 4-St-lined 11700 1946 St. lined 54 890 $10,413,000
2050 372 7 Mile Rd. - Livernois & Grixdale 4-St-lined 9750 1951 St. lined 48 780 $7,605,000
2050 104 Garland - Canfield & E. Ford Exp. 4-St-lined 5400 1957 St. lined 48 780 $4,212,000
2050 179 8 Mile Rd. - Strasburg & Groesbeck 6-Conc 950 1948 Conc. 48 780 $741,000
2050 180 8 Mile Rd. - Groesbeck & Mullin 6-Conc 2150 1949 Conc. 66 1170 $2,515,500
2050 288 8 Mile South - Binder & Van Dyke 6-Conc 5800 1949 Conc. 54 890 $5,162,000
2050 165 8 Mile Rd. - Gratiot & Regent 6-Conc 800 1949 Conc. 48 780 $624,000
2050 175 8 Mile Rd. - Regent & Hoyt 6-Conc 1300 1949 Conc. 48 780 $1,014,000
2050 176 8 Mile Rd. - Hayt & Schoenherr (WN-6) 6-Conc 2700 1949 Conc. 48 780 $2,106,000
2050 177 8 Mile Rd. - Schoenherr & Waltham 6-Conc 2600 1949 Conc. 48 780 $2,028,000
2050 178 8 Mile Rd. - Waltham & Strasburg 6-Conc 1000 1949 Conc. 48 780 $780,000
2050 211 8 Mile - Stotter & Mound 6-Conc 1300 1950 Conc. 60 1040 $1,352,000
2050 214 8 Mile Rd. - Northeast Sta. & Van Dyke 6-Conc 4000 1950 Conc. 60 1040 $4,160,000
2050 156 8 Mile Rd. - P.R.V. & Beaconfield 6-Conc 3800 1950 Conc. 42 572 $2,173,600
2050 157 8 Mile Rd. - Beaconfield & Kelly Rd. 6-Conc 3650 1950 Conc. 42 572 $2,087,800
2050 163 8 Mile Rd. - Kelly & Crusade 6-Conc 2900 1950 Conc. 42 572 $1,658,800
2050 164 8 Mile Rd. - Crusade & Gratiot 6-Conc 2100 1950 Conc. 42 572 $1,201,200
2050 633 Inkster - Michigan & Marquette 6-Conc 9300 1950 Conc. 36 494 $4,594,200
2050 607 Mewimm - Wick & Michigan Ave. 6-Conc 10700 1950 Conc. 24 338 $3,616,600
2050 370 8 Mile Rd. - Livernois (SE-6, FE-1) & Wyoming (RT-1,2) 6-Conc 4700 1951 Conc. 54 890 $4,183,000
2050 458 8 Mile Rd. - Wyoming & Coolidge 6-Conc 5300 1951 Conc. 54 890 $4,717,000
2050 568 Electric Ave. - King Rd. (TN-1) & West (TN-1) 6-Conc 6020 1951 Conc. 24 338 $2,034,760
2050 569 Electric Ave. - West Rd. (TN-1) & Van Horn (TN-1) 6-Conc 6020 1951 Conc. 24 338 $2,034,760
2050 285 8 Mile Rd. - John R. & G.V. Marx 6-Conc 5400 1952 Conc. 54 890 $4,806,000
2050 287 8 Mile South - Dequindre & Binder 6-Conc 5100 1952 Conc. 54 890 $4,539,000
2050 459 8 Mile Rd. - Coolidge & Prest. 6-Conc 5000 1952 Conc. 54 890 $4,450,000
2050 461 8 Mile Rd. - Prest. & Greenfield 6-Conc 300 1952 Conc. 54 890 $267,000

Total $830,154,904

along Jefferson.
* As a result of the 5/21/2003 meeting and request of J. Heath, the replacement year of pipe ID # 904 located along Jefferson was moved from 2030 to 2004 to be replaced along with the 42" pipes 
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TABLE A-6
Proposed Pipe Replacement by Planning Year (Based on Service Criteria)

Proposed 
Replacement 

Year EPANET Link ID  Location Description KANEW Subgroup Length (ft)   Year Installed Material Size (in) Cost/ln foot Total Cost
2010 405 Jefferson - Post & Sewage Plant 1-Unlined-CI<1923 3500 1911 C.I. 42 572 $2,002,000
2010 537 Jefferson - Post & Sewage Plant 1-Unlined-CI<1923 3100 1911 C.I. 42 572 $1,773,200
2010 1435 Tireman from E. Vancourt to Firwood 1-Unlined-CI<1923 9730 1912 C.I. 24 338 $3,288,740
2010 385 Clairmount - 12th & Lawton 1-Unlined-CI<1923 3700 1917 C.I. 36 494 $1,827,800
2010 436 Joy Rd./Joy & Lawton 1-Unlined-CI<1923 5740 1917 C.I. 36 494 $2,835,560
2010 433 Tireman - Central & Brydon 1-Unlined-CI<1923 50 1918 C.I. 24 338 $16,900
2010 225 Mt. Elliott - McNichols & Trowbridge 1-Unlined-CI<1923 3800 1920 C.I. 30 416 $1,580,800
2010 106 St. Jean - Goethe & Mark 1-Unlined-CI<1923 1150 1921 C.I. 36 494 $568,100
2010 272 Mt. Elliott - McNichols & Nevada 1-Unlined-CI<1923 2700 1921 C.I. 30 416 $1,123,200
2010 473 McNichols - Whitcomb & Greenfield 2-Unlined-CI 1923~1940 650 1926 C.I. 30 416 $270,400
2010 964 Mdison - Beaubien & Brush 2-Unlined-CI 1923~1940 350 1926 C.I. 24 338 $118,300
2010 670 Lancashire - Southfield & Warwick 2-Unlined-CI 1923~1940 3100 1927 C.I. 42 572 $1,773,200
2010 672 Midland - Warwick & Evergreen 2-Unlined-CI 1923~1940 2900 1927 C.I. 42 572 $1,658,800
2010 538 Jefferson - Sewage Plant & Henley 2-Unlined-CI 1923~1940 2150 1930 C.I. 42 572 $1,229,800
2010 189 Airport - Conner & French 2-Unlined-CI 1923~1940 2750 1930 C.I. 24 338 $929,500
2010 271 Trowbridge - Mt. Elliott & Buffalo 2-Unlined-CI 1923~1940 3150 1931 C.I. 30 416 $1,310,400
2010 274 Trowrbridge - Mt. Elliott & Moran 2-Unlined-CI 1923~1940 1650 1931 C.I. 30 416 $686,400
2010 381 Fullerton - Turner & Griggs 2-Unlined-CI 1923~1940 7200 1931 C.I. 24 338 $2,433,600
2010 994 Woodward - Gratiot & Michigan 2-Unlined-CI 1923~1940 550 1931 C.I. 16 165 $90,750
2010 439 Tireman - Central & Cloverlawn 2-Unlined-CI 1923~1940 1100 1939 C.I. 36 494 $543,400
2010 139 Mack - Canyon & Moross 3-Unlined-CI>1940 2600 1942 C.I. 24 338 $878,800
2010 564 Electric - Eureka (SG-3) & Pennsylvania (RW-1) 3-Unlined-CI>1940 5500 1942 C.I. 24 338 $1,859,000
2010 565 Electric - Pennsylvania (RW-1) & (G1-1) Garfield 3-Unlined-CI>1940 2800 1943 C.I. 24 338 $946,400
2010 485 Meyers - Fullerton & Schoolcraft 3-Unlined-CI>1940 2800 1944 C.I. 48 780 $2,184,000
2010 486 Meyer - West Chicago & Fullerton 3-Unlined-CI>1940 5400 1944 C.I. 48 780 $4,212,000
2010 667 Evergreen - W. Chicago & Fwy. & Schoolcraft 3-Unlined-CI>1940 6090 1946 C.I. 48 780 $4,750,200
2010 669 Evergreen - Schoolcraft & Kendall 3-Unlined-CI>1940 900 1946 C.I. 48 780 $702,000
2010 1667 Evergreen, from Plymouth to W. Chicago 3-Unlined-CI>1940 1880 1946 C.I. 48 780 $1,466,400
2010 628 Merriman - Michigan & Traverse (WL-1, 1K-2, WH-2) 3-Unlined-CI>1940 2500 1946 C.I. 16 130 $325,000
2010 666 W. Chicago - Evergreen & Parkway (RD-1?) 3-Unlined-CI>1940 8150 1947 C.I. 42 572 $4,661,800
2010 1320 N/A 3-Unlined-CI>1940 2400 1950 C.I. 24 338 $811,200
2010 1321 N/A 3-Unlined-CI>1940 3800 1950 C.I. 24 338 $1,284,400
2010 128 E. Ford Exp. Crossing - Park Dr. & Ansbury 3-Unlined-CI>1940 200 1957 C.I. 16 130 $26,000
2010 150 Ford Exp. Moran & Moross Bio P79 3-Unlined-CI>1940 3200 1958 C.I. 24 338 $1,081,600
2010 151 Ford Exp . - Moross & Kingsville (HW-395) 3-Unlined-CI>1940 850 1958 C.I. 24 338 $287,300
2010 449 Petoskey - Fenkell & McNichols 4-St-lined 5750 1925 Steel 24 338 $1,943,500
2010 453 Washburn - McNichols & Clarita 4-St-lined 4700 1928 St. lined 60 1040 $4,888,000
2010 442 Mackenzie - Belton & Joy Rd. 4-St-lined 4100 1929 St. lined 72 1300 $5,330,000
2010 446 Griggs - Fullerton & Schoolcraft 4-St-lined 3050 1930 St. lined 72 1300 $3,965,000
2010 447 Ilene - Schoolcraft & Fenkell 4-St-lined 5300 1930 St. lined 72 1300 $6,890,000
2010 454 Wyoming - McNichols & John C. Lodge Fwy. 4-St-lined 4010 1930 St. lined 60 1040 $4,170,400
2010 216 Concord - Nevada & G.V. 4-St-lined 10 1946 St. lined 54 890 $8,900
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TABLE A-6
Proposed Pipe Replacement by Planning Year (Based on Service Criteria)

Proposed 
Replacement 

Year EPANET Link ID  Location Description KANEW Subgroup Length (ft)   Year Installed Material Size (in) Cost/ln foot Total Cost
2010 452 Wyoming - Clarita & 8 Mile Rd. 4-St-lined 6400 1967 teel     (Relined 48 780 $4,992,000
2010 212 Van Dyke - 8 Mile Rd. & Nevada 6-Conc 8100 1940 Conc. 36 494 $4,001,400
2010 958 Mullet - Orleans 7 Chrysler Exp. 6-Conc 1850 1959 Conc. 16 130 $240,500
2020 527 Calhoun - Diversey & Blesser 2-Unlined-CI 1923~1940 2000 1931 C.I. 36 494 $988,000
2030 559 Allend Rd. - Godard & Brest (SG-1) 6-Conc 2750 1962 Conc. 54 890 $2,447,500
2030 585 Allen Rd. - Northline (TA-6) & Brest (SG-1) 6-Conc 2250 1962 Conc. 54 890 $2,002,500
2030 584 Allen Rd. - Eureka (SG-4) & Northline (TA-6) 6-Conc 5350 1962 Conc. 54 890 $4,761,500
2040 172 Gratiot - Conner & McNichols 1-Unlined-CI<1923 8950 1921 C.I. 24 338 $3,025,100
2040 583 Allen Rd. - Pennsylvania & Eureka (SG-4) 6-Conc 5300 1966 Conc. 54 890 $4,717,000
2040 580 Allen - Sibley (BR-4RW-4) Pennsylvania 6-Conc 5250 1966 Conc. 42 572 $3,003,000
2050 688 West Chicago - West Park (RD-2,6) Beech Daly (RD ?) 6-Conc 8000 1952 Conc. 36 494 $3,952,000
2050 694 W. Chicago - Beech Daly (RD-8) & Inkster Rd. 6-Conc 4900 1952 Conc. 36 494 $2,420,600
2050 695 W. Chicago - Inkster Rd. & W. chicago Sta. 6-Conc 3300 1952 Conc. 36 494 $1,630,200
2050 579 Allen - Kinds Rd. (W0-2) & Sibley (BR.4-RW-4) 6-Conc 5350 1962 Conc. 42 572 $3,060,200
2050 581 Pennsylvania - Allen Rd. & Beech Daly (BR-6) 6-Conc 16100 1965 Conc. 30 416 $6,697,600

Total $126,671,850
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TABLE A-7
Summary of Proposed Pipe Replacement by Planning Year (Based on KANEW and Service Criteria)

Proposed 
Replacement Year EPANET Link ID    Location Description KANEW Subgroup Length (ft)   

Year 
Installed Material Size (in)

Cost Per Linear 
Foot

 Replacement Cost 
($) 

2004 938 Orleans - Lafayette & Congress 1-Unlined-CI<1923 700 1854 C.I. 24 338 $236,600
2004 955 Orleans - Chestnut & Erskine 1-Unlined-CI<1923 608 1856 C.I. 24 338 $205,504
2004 967 Orleans - Chestnut & Mullet 1-Unlined-CI<1923 1,130 1856 C.I. 24 338 $381,940
2004 252 Watson - Russel & Cass 1-Unlined-CI<1923 6,000 1859 C.I. 24 338 $2,028,000
2004 313 Temple - Cass & G.V. 1-Unlined-CI<1923 1,500 1867 C.I. 24 338 $507,000
2004 329 Temple - G.V. & John C. Lodge (Fourth) 1-Unlined-CI<1923 50 1867 C.I. 24 338 $16,900
2004 401 Temple - 15th & John C. Lodge 1-Unlined-CI<1923 4,650 1874 C.I. 24 338 $1,571,700
2004 957 Mullet - Orleans & Chene 1-Unlined-CI<1923 2,060 1874 C.I. 30 416 $856,960
2004 896 Jefferson - Venturi No. 1 & Crane 1-Unlined-CI<1923 2,300 1875 C.I. 42 572 $1,315,600
2004 900 W.W.P. To Venturi No. 1 1-Unlined-CI<1923 10 1875 C.I. 42 572 $5,720
2004 911 Jefferson - Iroquois & McDougall 1-Unlined-CI<1923 4,820 1875 C.I. 48 780 $3,759,600
2004 904* Jefferson - W.W.P. & Iroquois 1-Unlined-CI<1923 3,820 1915 C.I. 48 780 $2,979,600
2004 122 Warren - Alter Rd. & Bishop 2-Unlined-CI 1923~1940 6,500 1923 C.I. 16 165 $1,072,500
2004 129 Harper - Frod Crossing & Hayes 2-Unlined-CI 1923~1940 4,900 1923 C.I. 24 338 $1,656,200
2004 131 Harper - Hayes & Alter Rd. 2-Unlined-CI 1923~1940 1,100 1923 C.I. 24 338 $371,800
2004 147 Ford Exp. - Devonshire & Alter Rd. 2-Unlined-CI 1923~1940 4,000 1923 C.I. 24 338 $1,352,000
2004 170 Harper - Conner & Annsburg 2-Unlined-CI 1923~1940 3,600 1923 C.I. 24 338 $1,216,800
2004 13 W.W.P. Disch. Harding V. No. 13 2-Unlined-CI 1923~1940 10 1924 C.I. 48 780 $7,800
2004 82 Harding - Kercheval & W.W.P. 2-Unlined-CI 1923~1940 2,100 1924 C.I. 48 780 $1,638,000
2004 84 Harding Vernor - Kercheval - St. Jean 2-Unlined-CI 1923~1940 2,700 1924 C.I. 48 780 $2,106,000
2004 124 Warren - Alter Rd. & St. Jean 2-Unlined-CI 1923~1940 8,900 1924 C.I. 16 165 $1,468,500
2004 141 Ford Exp. - Devonshire & Bishop 2-Unlined-CI 1923~1940 2,900 1924 C.I. 24 338 $980,200
2004 143 Harper - Bishop & Cadieux 2-Unlined-CI 1923~1940 1,100 1924 C.I. 24 338 $371,800
2004 432 Central - Closed GV (D? Sys) & Tiveman 2-Unlined-CI 1923~1940 2,600 1924 C.I. 36 494 $1,284,400
2004 916 Congress - St. Aubin & Orleans 2-Unlined-CI 1923~1940 1,050 1924 C.I. 24 338 $354,900
2004 1008 Wll Carleton - Telegraph to Grafton 2-Unlined-CI 1923~1940 350 1924 C.I. 48 780 $273,000
2004 90 Meldrum - Benson & Charlevoix 2-Unlined-CI 1923~1940 600 1925 C.I. 48 780 $468,000
2004 535 Vernor - Mandale & Fredson 2-Unlined-CI 1923~1940 5,900 1925 C.I. 36 494 $2,914,600
2004 234 Mt. Elliott - Dane & Ford Exp. 3-Unlined-CI>1940 1,300 1941 C.I. 42 572 $743,600
2004 236 Moran - Palmer & Harper 3-Unlined-CI>1940 2,300 1941 C.I. 42 572 $1,315,600
2004 56 Garland, French, W.W.P. & Kercheval 4-St-lined 1,450 1913 St. lined 48 780 $1,131,000
2004 62 Garland, Kercheval & Mack (Canfield) 4-St-lined 5,600 1914 St. lined 48 780 $4,368,000
2005 903 Jefferson - Crane & Meldrum 1-Unlined-CI<1923 5,020 1875 C.I. 42 572 $2,871,440
2005 942 Chene - Congress & Lafayette 1-Unlined-CI<1923 700 1875 C.I. 30 416 $291,200
2005 944 Chene - Lafayette & Mullet 1-Unlined-CI<1923 650 1875 C.I. 30 416 $270,400
2005 945 Chene - Mullet & Macomb 1-Unlined-CI<1923 550 1875 C.I. 30 416 $228,800
2005 909 Meldrum, Congress - Jefferson & McDougall 1-Unlined-CI<1923 5,550 1876 C.I. 42 572 $3,174,600
2005 322 Abbott - John C. Lodge & 10th 1-Unlined-CI<1923 1,600 1877 C.I. 24 338 $540,800
2005 880 Orleans - Eriskina & Mack 1-Unlined-CI<1923 500 1880 C.I. 30 416 $208,000
2005 882 Scott - Orleans & Chene 1-Unlined-CI<1923 2,000 1880 C.I. 30 416 $832,000
2005 946 Chene - Male & Mullet 1-Unlined-CI<1923 850 1880 C.I. 30 416 $353,600
2005 947 Chene - Chestnut & Maple 1-Unlined-CI<1923 300 1880 C.I. 30 416 $124,800
2005 951 Chene - Scott & Pierce 1-Unlined-CI<1923 250 1880 C.I. 30 416 $104,000
2005 952 Chene - Pierce & Chestnut 1-Unlined-CI<1923 2,880 1880 C.I. 30 416 $1,198,080
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TABLE A-7
Summary of Proposed Pipe Replacement by Planning Year (Based on KANEW and Service Criteria)

Proposed 
Replacement Year EPANET Link ID    Location Description KANEW Subgroup Length (ft)   

Year 
Installed Material Size (in)

Cost Per Linear 
Foot

 Replacement Cost 
($) 

2005 256 Canfield - St. Antoine & Elmwood 1-Unlined-CI<1923 5,095 1881 C.I. 42 572 $2,914,340
2005 83 Marquette Drive - W.W.P. & Freud 2-Unlined-CI 1923~1940 1,850 1925 C.I. 30 416 $769,600
2005 133 Alter Rd. - Ford Exp. & Warren 2-Unlined-CI 1923~1940 5,150 1925 C.I. 24 338 $1,740,700
2005 166 Gratiot - 8 Mile Rd. & 7 Mile Rd. 2-Unlined-CI 1923~1940 6,000 1925 C.I. 24 338 $2,028,000
2005 167 7 Mile Rd. - Chalmers & Morang 2-Unlined-CI 1923~1940 4,220 1925 C.I. 16 165 $696,300
2005 199 McNichols - East of French Rd.  Gale Valve Division on System 2-Unlined-CI 1923~1940 50 1925 C.I. 24 338 $16,900
2005 204 Van Dyke - Outer Dr. & Nevada 2-Unlined-CI 1923~1940 7,900 1925 C.I. 24 338 $2,670,200
2005 207 Van Dyke - North & South 2-Unlined-CI 1923~1940 30 1925 C.I. 24 338 $10,140
2005 231 Miller - Van Dyke & Mt. Elliott 2-Unlined-CI 1923~1940 3,800 1925 C.I. 16 165 $627,000
2005 482 Schoolcraft - Coyle & Meyers 2-Unlined-CI 1923~1940 7,000 1925 C.I. 24 338 $2,366,000
2005 484 Schoolcraft - Ilene & Meyers 2-Unlined-CI 1923~1940 2,000 1925 C.I. 24 338 $676,000
2005 963 Beaubien - Mullet & Madison 2-Unlined-CI 1923~1940 400 1925 C.I. 24 338 $135,200
2005 354 Webb - John C. Lodge & Woodward 2-Unlined-CI 1923~1940 4,200 1926 C.I. 36 494 $2,074,800
2005 239 Moran - Palmer & Hancock 3-Unlined-CI>1940 2,500 1941 C.I. 42 572 $1,430,000
2005 193 French Rd. - Ford Exp. & Airport 4-St-lined 5,950 1919 St. lined 48 780 $4,641,000
2005 195 French Rd. - Airport & Lynch 4-St-lined 1,200 1919 St. lined 48 780 $936,000
2005 375 Fenkell - Linwood & Dexter 4-St-lined 3,300 1919 Steel 42 572 $1,887,600
2005 995 W.W.P. Discharge 4-St-lined 500 1920 Steel 60 1040 $520,000
2005 996 W.W.P. Discharge 4-St-lined 300 1920 Steel 60 1040 $312,000
2005 997 W.W.P. Discharge 4-St-lined 120 1920 Steel 60 1040 $124,800
2006 254 Elmwood - Leland & Superior 1-Unlined-CI<1923 600 1881 C.I. 42 572 $343,200
2006 255 Elmwood - Canfield & Superior 1-Unlined-CI<1923 600 1881 C.I. 42 572 $343,200
2006 333 Canfield-St. Antoine & Woodward 1-Unlined-CI<1923 2,800 1881 C.I. 42 572 $1,601,600
2006 630 Canfield - Elmwood & Shene N. ? Mack 1-Unlined-CI<1923 1,980 1881 C.I. 42 572 $1,132,560
2006 887 Elmwood - Mack & Closed G.V. 1-Unlined-CI<1923 800 1881 C.I. 42 572 $457,600
2006 888 Mack - Cadillac & Elmwood 1-Unlined-CI<1923 6,720 1881 C.I. 42 572 $3,843,840
2006 890 Cadillac - Mack & Goethe 1-Unlined-CI<1923 6,720 1881 C.I. 42 572 $3,843,840
2006 186 McNichols - Strasburg & Gratiot 2-Unlined-CI 1923~1940 4,500 1926 C.I. 24 338 $1,521,000
2006 187 McNichols - Strasburg & Schoenherr 2-Unlined-CI 1923~1940 1,900 1926 C.I. 24 338 $642,200
2006 188 McNichols - Schoenherr & E. of French Rd. 2-Unlined-CI 1923~1940 6,200 1926 C.I. 24 338 $2,095,600
2006 356 Webb - John C. Lodge & 12th 2-Unlined-CI 1923~1940 1,100 1926 C.I. 36 494 $543,400
2006 396 Buchanan - 15th & McKinly 2-Unlined-CI 1923~1940 4,500 1926 C.I. 30 416 $1,872,000
2006 469 Greenfield - Curtis & Trojan 2-Unlined-CI 1923~1940 6,500 1926 C.I. 24 338 $2,197,000
2006 471 Greenfield - Curtis & McNichols 2-Unlined-CI 1923~1940 2,650 1926 C.I. 24 338 $895,700
2006 475 Greenfield - McNichols & Fenkell 2-Unlined-CI 1923~1940 5,250 1926 C.I. 24 338 $1,774,500
2006 477 McNichols - Greenfield & Evergreen 2-Unlined-CI 1923~1940 10,850 1926 C.I. 24 338 $3,667,300
2006 123 Warren - Bishop & Canyon 3-Unlined-CI>1940 5,350 1941 C.I. 24 338 $1,808,300
2006 196 French Rd. - Lunch & McNichols 4-St-lined 5,150 1920 St. lined 48 780 $4,017,000
2006 197 French Rd. - McNichols & G.V. 4-St-lined 10 1920 St. lined 48 780 $7,800
2006 198 McNichols - French Rd. - Van Dyke 4-St-lined 1,200 1920 St. lined 48 780 $936,000
2006 376 Fenkell - Dexter & Petoskey 4-St-lined 900 1920 Steel 42 572 $514,800
2006 202 McNichols - Van Dyke & Carrie 4-St-lined 500 1921 St. lined 48 780 $390,000
2006 213 Nevada - Concord & Mt. Elliott 4-St-lined 1,600 1921 St. lined 48 780 $1,248,000
2006 217 Nevada - Concord & Mt. Elliott 4-St-lined 1,400 1921 St. lined 48 780 $1,092,000
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2006 218 Nevada - Van Dyke & G.V. Division of System 4-St-lined 50 1921 St. lined 48 780 $39,000
2006 219 Nevada - Carrie & G.V. 4-St-lined 10 1921 St. lined 48 780 $7,800
2007 883 Chene - Scott & Mack 1-Unlined-CI<1923 550 1881 C.I. 30 416 $228,800
2007 886 Gratiot - Elmwood & Elmwood 1-Unlined-CI<1923 225 1881 C.I. 36 494 $111,150
2007 889 Mack - Cadillac & Hurlbut 1-Unlined-CI<1923 350 1881 C.I. 36 494 $172,900
2007 891 Cadillac - Goethe & Charlevoix 1-Unlined-CI<1923 900 1881 C.I. 42 572 $514,800
2007 892 Cadillac - Charlevoix & W.W.P. 1-Unlined-CI<1923 750 1881 C.I. 42 572 $429,000
2007 334 Calumet-Calumet & John C. Lodge Exp. 1-Unlined-CI<1923 10 1882 C.I. 30 416 $4,160
2007 335 Calumet-Grand R. & John C. Lodge 1-Unlined-CI<1923 6,400 1882 C.I. 30 416 $2,662,400
2007 337 15th-Buchanan & Buffernut 1-Unlined-CI<1923 3,600 1883 C.I. 24 338 $1,216,800
2007 338 Buchanan-Grand River & 15th 1-Unlined-CI<1923 1,300 1883 C.I. 30 416 $540,800
2007 399 Butternut - Michigan & 15th 1-Unlined-CI<1923 3,800 1883 C.I. 24 338 $1,284,400
2007 397 Buchanan - McKinly & Vinewood 1-Unlined-CI<1923 500 1886 C.I. 30 416 $208,000
2007 959 Orleans - Mullet & lafayette 1-Unlined-CI<1923 1,200 1886 C.I. 24 338 $405,600
2007 978 Washington - Michigan & Woodward 1-Unlined-CI<1923 1,200 1886 C.I. 30 416 $499,200
2007 979 Gratiot - Woodward & Broadway 1-Unlined-CI<1923 930 1886 C.I. 30 416 $386,880
2007 980 Gratiot - Brush & Broadway 1-Unlined-CI<1923 500 1886 C.I. 30 416 $208,000
2007 140 Moross - Mack & Ford Exp. 2-Unlined-CI 1923~1940 5,750 1926 C.I. 16 165 $948,750
2007 874 7 Mile - Gratiot E. & Gratiot W. 2-Unlined-CI 1923~1940 10 1926 C.I. 16 165 $1,650
2007 876 Gratiot - E. 7 Mile & 6 Mile 2-Unlined-CI 1923~1940 4,000 1926 C.I. 16 165 $660,000
2007 990 Madison - Broadway & Brush 2-Unlined-CI 1923~1940 1,280 1926 C.I. 16 165 $211,200
2007 991 Witherell - Woodward & Broadway 2-Unlined-CI 1923~1940 250 1926 C.I. 16 165 $41,250
2007 145 Cadieux - Harper & Ford 2-Unlined-CI 1923~1940 700 1926 C.I. 24 338 $236,600
2007 1316 N/A 2-Unlined-CI 1923~1940 10 1926 C.I. 24 338 $3,380
2007 1955 in Orleans from S. of Erskine to N. of Wilkins 2-Unlined-CI 1923~1940 2,840 1926 C.I. 24 338 $959,920
2007 673 Midland - Evergreen & Pierson 2-Unlined-CI 1923~1940 2,300 1927 C.I. 36 494 $1,136,200
2007 679 Bennett - Telegraph & Salem 2-Unlined-CI 1923~1940 2,300 1927 C.I. 36 494 $1,136,200
2007 681 Midland - Lamphere & Pierson 2-Unlined-CI 1923~1940 4,300 1927 C.I. 36 494 $2,124,200
2007 937 Beaubien - Congress & Lafayette 3-Unlined-CI>1940 700 1941 C.I. 24 338 $236,600
2007 962 Beaubien - Lafayette & Mullet 3-Unlined-CI>1940 1,100 1941 C.I. 24 338 $371,800
2007 222 Carrie - McNichols & Nevada 4-St-lined 2,650 1921 St. lined 48 780 $2,067,000
2007 250 Maple - McDougall & Orleans 4-St-lined 2,000 1921 St. lined 48 780 $1,560,000
2007 294 Nevada - Dequindre & Grixdale 4-St-lined 50 1921 St. lined 48 780 $39,000
2007 296 Grixdale - John R. & Dequindre 4-St-lined 6,100 1921 St. lined 48 780 $4,758,000
2008 414 Buchanan - Vinewood & Michigan 1-Unlined-CI<1923 6,400 1886 C.I. 16 165 $1,056,000
2008 412 Vinewood - Bagley & Michigan 1-Unlined-CI<1923 4,000 1888 C.I. 24 338 $1,352,000
2008 918 Walter - Congress & Jefferson 1-Unlined-CI<1923 600 1890 C.I. 24 338 $202,800
2008 925 Congress - Cass & Third 1-Unlined-CI<1923 320 1890 C.I. 30 416 $133,120
2008 927 Congress - Cass & Woodward 1-Unlined-CI<1923 1,160 1890 C.I. 30 416 $482,560
2008 928 Woodward - Jefferson & Congress 1-Unlined-CI<1923 600 1890 C.I. 24 338 $202,800
2008 929 Woodward - Congress & Fort 1-Unlined-CI<1923 350 1890 C.I. 24 338 $118,300
2008 930 Bates - Woodward & Michigan 1-Unlined-CI<1923 530 1890 C.I. 30 416 $220,480
2008 936 Walter - Congress & Lafayette 1-Unlined-CI<1923 700 1890 C.I. 24 338 $236,600
2008 939 St. Aubin - Congress & Lafayette 1-Unlined-CI<1923 1,740 1890 C.I. 36 494 $859,560

Page 3 of  14



TABLE A-7
Summary of Proposed Pipe Replacement by Planning Year (Based on KANEW and Service Criteria)

Proposed 
Replacement Year EPANET Link ID    Location Description KANEW Subgroup Length (ft)   

Year 
Installed Material Size (in)

Cost Per Linear 
Foot

 Replacement Cost 
($) 

2008 960 Lafayette - Orleans & Walter 1-Unlined-CI<1923 2,300 1890 C.I. 30 416 $956,800
2008 961 Lafayette - Walter & Beaubien 1-Unlined-CI<1923 1,150 1890 C.I. 30 416 $478,400
2008 969 Lafayette - Beaubien  Bate 1-Unlined-CI<1923 650 1890 C.I. 30 416 $270,400
2008 1318 Congress from 3rd to Woodward 1-Unlined-CI<1923 200 1890 C.I. 30 416 $83,200
2008 1925 3rd from W. Fort to Congress 1-Unlined-CI<1923 360 1890 C.I. 24 338 $121,680
2008 96 Alter Rd. - Essex & Jefferson 2-Unlined-CI 1923~1940 2,400 1927 C.I. 24 338 $811,200
2008 98 Alter Rd. - Jefferson & Kercheval 2-Unlined-CI 1923~1940 2,250 1927 C.I. 24 338 $760,500
2008 99 Alter Rd. - Kercheval & Charlevoix 2-Unlined-CI 1923~1940 1,700 1927 C.I. 24 338 $574,600
2008 160 Duchess - Morang & Hayes 2-Unlined-CI 1923~1940 5,700 1927 C.I. 24 338 $1,926,600
2008 161 Hayes - Duchess & Evanston 2-Unlined-CI 1923~1940 3,900 1927 C.I. 24 338 $1,318,200
2008 168 Chalmers - Evanston & Harper 2-Unlined-CI 1923~1940 300 1927 C.I. 24 338 $101,400
2008 295 John R. - 8 Mile Rd. & Grixdale 2-Unlined-CI 1923~1940 7,250 1927 C.I. 30 416 $3,016,000
2008 363 John R - Gate Valve & 8 Mile Rd. 2-Unlined-CI 1923~1940 50 1927 C.I. 30 416 $20,800
2008 682 Telegraph - Midland & Bennett 2-Unlined-CI 1923~1940 5,700 1927 C.I. 36 494 $2,815,800
2008 683 Midland - Lamphere & Telegraph 2-Unlined-CI 1923~1940 4,000 1927 C.I. 36 494 $1,976,000
2008 68 Dividing Gate - Kercheval & Garland 3-Unlined-CI>1940 30 1942 C.I. 48 780 $23,400
2008 494 Meyers - W. Chicago & Joy Rd. 3-Unlined-CI>1940 2,750 1942 C.I. 72 1300 $3,575,000
2008 540 Pleasant - Anchor (RR-2) & Coolidge (RR-1,3) 3-Unlined-CI>1940 3,500 1942 C.I. 42 572 $2,002,000
2008 316 Maple - Orleans & Stroh's 4-St-lined 4,300 1921 St. lined 48 780 $3,354,000
2008 319 Elezebeth - Park & John C. Lodge Fwy. 4-St-lined 3,300 1921 St. lined 48 780 $2,574,000
2008 362 Grixdale - Woodward & John R 4-St-lined 2,600 1921 St. lined 48 780 $2,028,000
2009 931 Fort - Third & Cass 1-Unlined-CI<1923 1,130 1890 C.I. 16 165 $186,450
2009 932 Fort - Cass & Washington 1-Unlined-CI<1923 760 1890 C.I. 16 165 $125,400
2009 933 Fort - Washington & Woodward 1-Unlined-CI<1923 760 1890 C.I. 16 165 $125,400
2009 970 Bate - Lafayette & Michigan 1-Unlined-CI<1923 970 1890 C.I. 30 416 $403,520
2009 973 Woodward - Michigan & Fort 1-Unlined-CI<1923 150 1890 C.I. 24 338 $50,700
2009 266 E. Grand Blvd. - Dane & Jos. Campeau 1-Unlined-CI<1923 3,069 1891 C.I. 30 416 $1,276,704
2009 307 Grand Blvd. - Beaubian & St. Aubin 1-Unlined-CI<1923 4,400 1891 C.I. 24 338 $1,487,200
2009 435 Tireman - Lawton & Jeffries Exp. 1-Unlined-CI<1923 2,550 1891 C.I. 24 338 $861,900
2009 989 Broadway - Gratiot & Witherell 1-Unlined-CI<1923 1,230 1891 C.I. 16 165 $202,950
2009 926 Cass - Congress & Fort 1-Unlined-CI<1923 350 1892 C.I. 24 338 $118,300
2009 324 10th - Abbott & Michigan 1-Unlined-CI<1923 3,000 1893 C.I. 24 338 $1,014,000
2009 400 Michigan - 24th & Jeff. Fwy & 12th to Jeff Fwy 1-Unlined-CI<1923 4,650 1893 C.I. 24 338 $1,571,700
2009 158 Morang - Ford Exp. & Duchess 2-Unlined-CI 1923~1940 6,150 1927 C.I. 16 165 $1,014,750
2009 524 Michigan Ave. - Greenfield & Dearborn limit 2-Unlined-CI 1923~1940 11,200 1927 C.I. 24 338 $3,785,600
2009 875 Morang - 7 Mile & Duchess 2-Unlined-CI 1923~1940 3,650 1927 C.I. 16 165 $602,250
2009 74 Garland, Goethe - Charlevoix & St. Jean 2-Unlined-CI 1923~1940 3,900 1928 C.I. 36 494 $1,926,600
2009 423 Central - Warren & Closed G.V. (D? Sys.) 2-Unlined-CI 1923~1940 100 1928 C.I. 36 494 $49,400
2009 434 Central - Tireman & Joy Rd. 2-Unlined-CI 1923~1940 3,350 1928 C.I. 36 494 $1,654,900
2009 437 Dover - Whitfield & Central 2-Unlined-CI 1923~1940 6,400 1928 C.I. 36 494 $3,161,600
2009 462 Greenfield - 8 mile Rd. & Hessel 3-Unlined-CI>1940 650 1942 C.I. 42 572 $371,800
2009 539 Jefferson - Henley & Anchor (RR-t) 3-Unlined-CI>1940 1,000 1942 C.I. 42 572 $572,000
2009 555 Electric Ave. Sta. Dividing Gave Valve 3-Unlined-CI>1940 10 1942 C.I. 36 494 $4,940
2009 4 W.W.P. Disch. St. Paul V. No. 4 4-St-lined 10 1921 Steel 48 780 $7,800
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2009 79 Cadillac - St. Paul - W.W.P. & St. Paul 4-St-lined 950 1921 Steel 48 780 $741,000
2009 89 St. Paul - Cadillac & Meldrum 4-St-lined 12,800 1921 Steel 48 780 $9,984,000
2010 398 Michigan - Vinewood & Butternut 1-Unlined-CI<1923 1,300 1893 C.I. 24 338 $439,400
2010 984 Columbia - Third & Park 1-Unlined-CI<1923 1,490 1893 C.I. 16 165 $245,850
2010 985 Park - Columbia & P.R.V. 1-Unlined-CI<1923 200 1893 C.I. 16 165 $33,000
2010 986 Park, Withevell - P.R.V. (Park) & Broadway 1-Unlined-CI<1923 970 1893 C.I. 16 165 $160,050
2010 898 Jefferson - Crane & Venturi No. 11 (W.W.P.) 1-Unlined-CI<1923 2,750 1895 C.I. 42 572 $1,573,000
2010 901 Venturi No. 2 W.W.P. 1-Unlined-CI<1923 10 1895 C.I. 42 572 $5,720
2010 902 Venturi No. 11 W.W.P. 1-Unlined-CI<1923 10 1895 C.I. 48 780 $7,800
2010 906 Lafayette - Iroquois & Meldrum 1-Unlined-CI<1923 5,750 1895 C.I. 42 572 $3,289,000
2010 907 Lafayette - Meldrum & McDougall 1-Unlined-CI<1923 2,850 1895 C.I. 42 572 $1,630,200
2010 943 Lafayette - Chene & McDougall 1-Unlined-CI<1923 1,500 1895 C.I. 42 572 $858,000
2010 405 Jefferson - Post & Sewage Plant 1-Unlined-CI<1923 3,500 1911 C.I. 42 572 $2,002,000
2010 537 Jefferson - Post & Sewage Plant 1-Unlined-CI<1923 3,100 1911 C.I. 42 572 $1,773,200
2010 1435 Tireman from E. Vancourt to Firwood 1-Unlined-CI<1923 9,730 1912 C.I. 24 338 $3,288,740
2010 385 Clairmount - 12th & Lawton 1-Unlined-CI<1923 3,700 1917 C.I. 36 494 $1,827,800
2010 436 Joy Rd./Joy & Lawton 1-Unlined-CI<1923 5,740 1917 C.I. 36 494 $2,835,560
2010 433 Tireman - Central & Brydon 1-Unlined-CI<1923 50 1918 C.I. 24 338 $16,900
2010 225 Mt. Elliott - McNichols & Trowbridge 1-Unlined-CI<1923 3,800 1920 C.I. 30 416 $1,580,800
2010 106 St. Jean - Goethe & Mark 1-Unlined-CI<1923 1,150 1921 C.I. 36 494 $568,100
2010 272 Mt. Elliott - McNichols & Nevada 1-Unlined-CI<1923 2,700 1921 C.I. 30 416 $1,123,200
2010 473 McNichols - Whitcomb & Greenfield 2-Unlined-CI 1923~1940 650 1926 C.I. 30 416 $270,400
2010 964 Mdison - Beaubien & Brush 2-Unlined-CI 1923~1940 350 1926 C.I. 24 338 $118,300
2010 670 Lancashire - Southfield & Warwick 2-Unlined-CI 1923~1940 3,100 1927 C.I. 42 572 $1,773,200
2010 672 Midland - Warwick & Evergreen 2-Unlined-CI 1923~1940 2,900 1927 C.I. 42 572 $1,658,800
2010 109 Vernor Hwy. - St. jean & Springle 2-Unlined-CI 1923~1940 3,620 1928 C.I. 30 416 $1,505,920
2010 110 Springle - Vernor & Charlevoix 2-Unlined-CI 1923~1940 1,000 1928 C.I. 30 416 $416,000
2010 112 Springle - Charlevoix & Mack 2-Unlined-CI 1923~1940 2,000 1928 C.I. 30 416 $832,000
2010 116 Mack - Springle & Alter Rd. 2-Unlined-CI 1923~1940 4,100 1928 C.I. 30 416 $1,705,600
2010 373 Livernois - Clarita & mcNichols 2-Unlined-CI 1923~1940 4,600 1928 C.I. 24 338 $1,554,800
2010 505 Hartwell - Diversey & N. of Diversey 2-Unlined-CI 1923~1940 2,750 1928 C.I. 36 494 $1,358,500
2010 678 McNichols - Evergreen & Pierson 2-Unlined-CI 1923~1940 2,300 1928 C.I. 24 338 $777,400
2010 1007 Gibraltar - I-75 to Telegraph 2-Unlined-CI 1923~1940 650 1928 C.I. 30 416 $270,400
2010 1436 Grand River from Joy to E. of Ravenswood 2-Unlined-CI 1923~1940 2,720 1928 C.I. 36 494 $1,343,680
2010 189 Airport - Conner & French 2-Unlined-CI 1923~1940 2,750 1930 C.I. 24 338 $929,500
2010 538 Jefferson - Sewage Plant & Henley 2-Unlined-CI 1923~1940 2,150 1930 C.I. 42 572 $1,229,800
2010 271 Trowbridge - Mt. Elliott & Buffalo 2-Unlined-CI 1923~1940 3,150 1931 C.I. 30 416 $1,310,400
2010 274 Trowrbridge - Mt. Elliott & Moran 2-Unlined-CI 1923~1940 1,650 1931 C.I. 30 416 $686,400
2010 381 Fullerton - Turner & Griggs 2-Unlined-CI 1923~1940 7,200 1931 C.I. 24 338 $2,433,600
2010 994 Woodward - Gratiot & Michigan 2-Unlined-CI 1923~1940 550 1931 C.I. 16 165 $90,750
2010 439 Tireman - Central & Cloverlawn 2-Unlined-CI 1923~1940 1,100 1939 C.I. 36 494 $543,400
2010 139 Mack - Canyon & Moross 3-Unlined-CI>1940 2,600 1942 C.I. 24 338 $878,800
2010 561 Electric Ave. - Electric Sta. & Moran 3-Unlined-CI>1940 10,300 1942 C.I. 36 494 $5,088,200
2010 564 Electric - Eureka (SG-3) & Pennsylvania (RW-1) 3-Unlined-CI>1940 5,500 1942 C.I. 24 338 $1,859,000
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2010 565 Electric - Pennsylvania (RW-1) & (G1-1) Garfield 3-Unlined-CI>1940 2,800 1943 C.I. 24 338 $946,400
2010 485 Meyers - Fullerton & Schoolcraft 3-Unlined-CI>1940 2,800 1944 C.I. 48 780 $2,184,000
2010 486 Meyer - West Chicago & Fullerton 3-Unlined-CI>1940 5,400 1944 C.I. 48 780 $4,212,000
2010 628 Merriman - Michigan & Traverse (WL-1, 1K-2, WH-2) 3-Unlined-CI>1940 2,500 1946 C.I. 16 130 $325,000
2010 667 Evergreen - W. Chicago & Fwy. & Schoolcraft 3-Unlined-CI>1940 6,090 1946 C.I. 48 780 $4,750,200
2010 669 Evergreen - Schoolcraft & Kendall 3-Unlined-CI>1940 900 1946 C.I. 48 780 $702,000
2010 1667 Evergreen, from Plymouth to W. Chicago 3-Unlined-CI>1940 1,880 1946 C.I. 48 780 $1,466,400
2010 666 W. Chicago - Evergreen & Parkway (RD-1?) 3-Unlined-CI>1940 8,150 1947 C.I. 42 572 $4,661,800
2010 1320 N/A 3-Unlined-CI>1940 2,400 1950 C.I. 24 338 $811,200
2010 1321 N/A 3-Unlined-CI>1940 3,800 1950 C.I. 24 338 $1,284,400
2010 128 E. Ford Exp. Crossing - Park Dr. & Ansbury 3-Unlined-CI>1940 200 1957 C.I. 16 130 $26,000
2010 150 Ford Exp. Moran & Moross Bio P79 3-Unlined-CI>1940 3,200 1958 C.I. 24 338 $1,081,600
2010 151 Ford Exp . - Moross & Kingsville (HW-395) 3-Unlined-CI>1940 850 1958 C.I. 24 338 $287,300
2010 221 Nevada - G.V. & Concord 4-St-lined 600 1921 Steel 48 780 $468,000
2010 280 Nevada - Van Dyke & Dequindre 4-St-lined 10,900 1921 Steel 48 780 $8,502,000
2010 449 Petoskey - Fenkell & McNichols 4-St-lined 5,750 1925 Steel 24 338 $1,943,500
2010 453 Washburn - McNichols & Clarita 4-St-lined 4,700 1928 St. lined 60 1040 $4,888,000
2010 442 Mackenzie - Belton & Joy Rd. 4-St-lined 4,100 1929 St. lined 72 1300 $5,330,000
2010 446 Griggs - Fullerton & Schoolcraft 4-St-lined 3,050 1930 St. lined 72 1300 $3,965,000
2010 447 Ilene - Schoolcraft & Fenkell 4-St-lined 5,300 1930 St. lined 72 1300 $6,890,000
2010 454 Wyoming - McNichols & John C. Lodge Fwy. 4-St-lined 4,010 1930 St. lined 60 1040 $4,170,400
2010 216 Concord - Nevada & G.V. 4-St-lined 10 1946 St. lined 54 890 $8,900
2010 452 Wyoming - Clarita & 8 Mile Rd. 4-St-lined 6,400 1967 teel     (Relined 48 780 $4,992,000
2010 212 Van Dyke - 8 Mile Rd. & Nevada 6-Conc 8,100 1940 Conc. 36 494 $4,001,400
2010 958 Mullet - Orleans 7 Chrysler Exp. 6-Conc 1,850 1959 Conc. 16 130 $240,500
2020 253 Rivard - Scott & Canfield 1-Unlined-CI<1923 5,500 1896 C.I. 30 416 $2,288,000
2020 881 Orleans - Scott & Closed G.V. 1-Unlined-CI<1923 85 1896 C.I. 30 416 $35,360
2020 430 Warren - Central & Lumley 1-Unlined-CI<1923 400 1900 C.I. 42 572 $228,800
2020 6 W.W.P. Disch. Hurlburt, Sylvester V. No. 6 1-Unlined-CI<1923 10 1902 C.I. 48 780 $7,800
2020 54 Hurlburt, Sylvester, W.WP. & Mack 1-Unlined-CI<1923 5,250 1902 C.I. 42 572 $3,003,000
2020 67 Sylvester - Mack- Sheridon 1-Unlined-CI<1923 7,900 1902 C.I. 42 572 $4,518,800
2020 81 Hurlburt - W.W.P. & Kercheval 1-Unlined-CI<1923 1,700 1902 C.I. 42 572 $972,400
2020 242 Sylvester - Sheridan & Grand Blvd. 1-Unlined-CI<1923 800 1902 C.I. 42 572 $457,600
2020 243 Sylvester - Grand Blvd. & Meldrum 1-Unlined-CI<1923 2,100 1902 C.I. 36 494 $1,037,400
2020 245 Sylvester - Meldrum & Elmwood 1-Unlined-CI<1923 2,800 1902 C.I. 36 494 $1,383,200
2020 884 Chene - Mack & Closed G.V. 1-Unlined-CI<1923 2,050 1903 C.I. 30 416 $852,800
2020 885 Mack - Elmwood & Chene 1-Unlined-CI<1923 2,020 1903 C.I. 36 494 $997,880
2020 404 Jefferson - Fort - Vinewood & Post 1-Unlined-CI<1923 10,050 1907 C.I. 42 572 $5,748,600
2020 7 W.W.P. Disch. Hurlburt, Kercheval No. 7 1-Unlined-CI<1923 10 1908 C.I. 48 780 $7,800
2020 55 Bewick, Forest, W.W.P. & Charlevoix 1-Unlined-CI<1923 3,250 1908 C.I. 48 780 $2,535,000
2020 76 Bewick - W.W.P. & Kercheval 1-Unlined-CI<1923 1,550 1908 C.I. 48 780 $1,209,000
2020 78 Dividing Gate - Kercheval & Hurlburt 1-Unlined-CI<1923 50 1908 C.I. 42 572 $28,600
2020 194 Michigan Av.e Cicotte & Military 1-Unlined-CI<1923 1,100 1908 C.I. 24 338 $371,800
2020 248 Vernor Hwy. - W.W.P. & McDougall 1-Unlined-CI<1923 12,660 1908 C.I. 48 780 $9,874,800
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2020 415 Vinewood - Buchanan & Michigan 1-Unlined-CI<1923 3,300 1908 C.I. 24 338 $1,115,400
2020 69 Kercheval - Bewick & Hurlburt 1-Unlined-CI<1923 300 1909 C.I. 48 780 $234,000
2020 70 Kercheval - Bewick & Garland 1-Unlined-CI<1923 350 1909 C.I. 48 780 $273,000
2020 237 Palmer - moran & Sheridan 1-Unlined-CI<1923 4,150 1909 C.I. 48 780 $3,237,000
2020 262 Palmer - St. Aubin & Elmwood 1-Unlined-CI<1923 3,000 1909 C.I. 42 572 $1,716,000
2020 263 Palmer - Elmwood & Moran 1-Unlined-CI<1923 700 1909 C.I. 48 780 $546,000
2020 315 Vernor Hwy - Mcdougall  Cass 1-Unlined-CI<1923 19,000 1909 C.I. 48 780 $14,820,000
2020 427 Michigan - Cicotte & Lumley 1-Unlined-CI<1923 4,300 1909 C.I. 24 338 $1,453,400
2020 66 Mack - Bewick & Hurlburt 1-Unlined-CI<1923 300 1910 C.I. 42 572 $171,600
2020 103 Forest - Bewick & Sheridan 1-Unlined-CI<1923 7,700 1910 C.I. 48 780 $6,006,000
2020 238 Sheridan - Palmer & Forest 1-Unlined-CI<1923 3,000 1910 C.I. 48 780 $2,340,000
2020 241 Sheridan - Forest & Sylvester 1-Unlined-CI<1923 1,900 1910 C.I. 42 572 $1,086,800
2020 8 W.W.P. Disch. Bewick, Forest No. 8 1-Unlined-CI<1923 10 1911 C.I. 48 780 $7,800
2020 9 W.W.P. Disch. Bewick, Kercheval No. 9 1-Unlined-CI<1923 10 1911 C.I. 48 780 $7,800
2020 64 Bewick - Charlevoix & Mack 1-Unlined-CI<1923 2,000 1911 C.I. 48 780 $1,560,000
2020 65 Bewick - Mack & Forest (Canfield) 1-Unlined-CI<1923 1,800 1911 C.I. 48 780 $1,404,000
2020 267 Grand Blvd. - Jos. Campeau & St. Aubin 1-Unlined-CI<1923 1,800 1911 C.I. 42 572 $1,029,600
2020 268 St. Aubin - E. Grand Blvd. & Holbrook 1-Unlined-CI<1923 2,870 1911 C.I. 42 572 $1,641,640
2020 308 St. Aubin - E. Grand Blvd. & Palmer 1-Unlined-CI<1923 1,500 1911 C.I. 42 572 $858,000
2020 1315 In St. Aubin from Andrus to Grand Blvd. 1-Unlined-CI<1923 1,540 1911 C.I. 42 572 $880,880
2020 77 Kercheval - Garland & Harding 1-Unlined-CI<1923 650 1912 C.I. 48 780 $507,000
2020 80 Kercheval - Garland & Garland 1-Unlined-CI<1923 50 1912 C.I. 48 780 $39,000
2020 275 St. Aubin - Dequindre & Faber 1-Unlined-CI<1923 2,865 1912 C.I. 42 572 $1,638,780
2020 348 Holbrook - Beaubien & Woodward 1-Unlined-CI<1923 1,750 1912 C.I. 24 338 $591,500
2020 10 W.W.P. Disch. Garland & Charlevoix No. 10 1-Unlined-CI<1923 10 1913 C.I. 48 780 $7,800
2020 12 W.W.P. Disch. Garland, French No. 12 1-Unlined-CI<1923 10 1913 C.I. 48 780 $7,800
2020 58 Charlevoix, Garland & Bewick 1-Unlined-CI<1923 300 1913 C.I. 48 780 $234,000
2020 61 Charlevoix, Bewick, & Bewick 1-Unlined-CI<1923 70 1913 C.I. 48 780 $54,600
2020 71 Garland - Kercheval & Charlevoix 1-Unlined-CI<1923 1,800 1913 C.I. 48 780 $1,404,000
2020 87 Charlevoix - Bewick & Meldrum 1-Unlined-CI<1923 10,050 1913 C.I. 48 780 $7,839,000
2020 91 Dividing gate - Garland & Kercheval 1-Unlined-CI<1923 10 1913 C.I. 16 165 $1,650
2020 314 Cass - Temple & Vernor Hwy. 1-Unlined-CI<1923 1,050 1913 C.I. 24 338 $354,900
2020 349 Hazelwood - J.C. Lodge & Woodward 1-Unlined-CI<1923 3,100 1913 C.I. 24 338 $1,047,800
2020 413 Michigan - Vinewood & Military 1-Unlined-CI<1923 6,000 1913 C.I. 24 338 $2,028,000
2020 371 Livernois - 8 Mile & Clarita 2-Unlined-CI 1923~1940 6,100 1928 C.I. 24 338 $2,061,800
2020 379 Dexter - Fenkell & Ewald Circle 2-Unlined-CI 1923~1940 3,500 1928 C.I. 24 338 $1,183,000
2020 457 McNichols - Whitcomb & Washburn 2-Unlined-CI 1923~1940 9,500 1928 C.I. 24 338 $3,211,000
2020 491 Joy Rd. - Coyle & Hartwell 2-Unlined-CI 1923~1940 5,700 1928 C.I. 24 338 $1,926,600
2020 495 Joy Rd. - Hartwell & Joy Rd. (D. of Sys.) 2-Unlined-CI 1923~1940 50 1928 C.I. 24 338 $16,900
2020 496 Joy Rd. - Meyer & G.V. E.  Hartwell 2-Unlined-CI 1923~1940 2,300 1928 C.I. 24 338 $777,400
2020 680 Pierson - McNichols & Midland 2-Unlined-CI 1923~1940 3,900 1928 C.I. 24 338 $1,318,200
2020 696 Hazalton - Joy Rd. & W. Chicago (RD-2,6) 2-Unlined-CI 1923~1940 2,500 1928 C.I. 24 338 $845,000
2020 697 Hazalton Rd. - Joy Rd. (DH-2) & Parkway (Closed G.V.) 2-Unlined-CI 1923~1940 100 1928 C.I. 24 338 $33,800
2020 118 Mack - Alter Rd. & Bishop 2-Unlined-CI 1923~1940 6,400 1929 C.I. 24 338 $2,163,200
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TABLE A-7
Summary of Proposed Pipe Replacement by Planning Year (Based on KANEW and Service Criteria)

Proposed 
Replacement Year EPANET Link ID    Location Description KANEW Subgroup Length (ft)   

Year 
Installed Material Size (in)

Cost Per Linear 
Foot

 Replacement Cost 
($) 

2020 120 Bishop - Mack & Warren 2-Unlined-CI 1923~1940 4,550 1929 C.I. 24 338 $1,537,900
2020 135 Bishop - Warren & Harper 2-Unlined-CI 1923~1940 2,650 1929 C.I. 24 338 $895,700
2020 142 Bishop - Harper & Linville 2-Unlined-CI 1923~1940 1,400 1929 C.I. 24 338 $473,200
2020 228 Lynch Rd. - Van Dyke & Mt. Elliott 2-Unlined-CI 1923~1940 3,990 1929 C.I. 30 416 $1,659,840
2020 388 West Grand Blvd. - Lawton & Linwood (Closed G.V. ???) 2-Unlined-CI 1923~1940 5,200 1929 C.I. 24 338 $1,757,600
2020 390 Lawton - W. Grand Blvd. & Ford Exp. 2-Unlined-CI 1923~1940 3,300 1929 C.I. 24 338 $1,115,400
2020 391 Lawton - Edsel Ford Exp. & Closed G.V. ?? 2-Unlined-CI 1923~1940 1,800 1929 C.I. 24 338 $608,400
2020 441 Joy Rd. - Central & Birwood 2-Unlined-CI 1923~1940 4,600 1929 C.I. 24 338 $1,554,800
2020 443 Joy Rd. - Birwood & meyers 2-Unlined-CI 1923~1940 1,850 1929 C.I. 24 338 $625,300
2020 487 Plymouth - Hartwell & Coyle 2-Unlined-CI 1923~1940 5,700 1929 C.I. 24 338 $1,926,600
2020 490 Hartwell - W. Chicago & Plymouth 2-Unlined-CI 1923~1940 2,600 1929 C.I. 30 416 $1,081,600
2020 492 Hartwell - W. Chicago & Hartwell (D. of Sys.) 2-Unlined-CI 1923~1940 50 1929 C.I. 24 338 $16,900
2020 493 Hartwell - Joy Rd. & W. Chicago 2-Unlined-CI 1923~1940 2,900 1929 C.I. 30 416 $1,206,400
2020 498 Hartwell - Joy Rd. & Diversey 2-Unlined-CI 1923~1940 3,350 1929 C.I. 36 494 $1,654,900
2020 541 Schaefer - Coolidge & Fort 2-Unlined-CI 1923~1940 4,500 1929 C.I. 42 572 $2,574,000
2020 662 Plymouth - Coyle & Southfield 2-Unlined-CI 1923~1940 6,500 1929 C.I. 24 338 $2,197,000
2020 949 Heidelberg, Elmwood - McDougall & Mack 2-Unlined-CI 1923~1940 1,620 1929 C.I. 36 494 $800,280
2020 950 Pierce - Chene & McDougall 2-Unlined-CI 1923~1940 1,580 1929 C.I. 36 494 $780,520
2020 200 Lynch - French Rd. & Wood 2-Unlined-CI 1923~1940 1,900 1930 C.I. 36 494 $938,600
2020 201 Lynch - Wood & Van Dyke 2-Unlined-CI 1923~1940 2,230 1930 C.I. 36 494 $1,101,620
2020 223 Van Dyke - G.V. & McNichols 2-Unlined-CI 1923~1940 50 1930 C.I. 24 338 $16,900
2020 224 McNichols - Carrie & Mt. Elliott 2-Unlined-CI 1923~1940 670 1930 C.I. 36 494 $330,980
2020 279 McNichols - Mt. Elliott & Conant 2-Unlined-CI 1923~1940 6,800 1930 C.I. 36 494 $3,359,200
2020 292 McNichols - Dequindre & Conant 2-Unlined-CI 1923~1940 5,000 1930 C.I. 36 494 $2,470,000
2020 347 Beaubien - Grand Blvd & Holbrook 2-Unlined-CI 1923~1940 4,400 1930 C.I. 36 494 $2,173,600
2020 382 Cortland - Fullerton & 12th 2-Unlined-CI 1923~1940 11,500 1930 C.I. 24 338 $3,887,000
2020 394 McKinly - Hancock & Buchanan 2-Unlined-CI 1923~1940 1,300 1930 C.I. 30 416 $540,800
2020 395 McKinly - Hancock & Warren 2-Unlined-CI 1923~1940 700 1930 C.I. 36 494 $345,800
2020 416 Hancock - Rich - McKinley & Michigan 2-Unlined-CI 1923~1940 7,700 1930 C.I. 36 494 $3,803,800
2020 425 Edward - Michigan & Central 2-Unlined-CI 1923~1940 4,400 1930 C.I. 36 494 $2,173,600
2020 450 McNichols - Washburn & Petoskey 2-Unlined-CI 1923~1940 5,500 1930 C.I. 24 338 $1,859,000
2020 507 Indiana - Warren & Diversey (Div. Of Syst.) 2-Unlined-CI 1923~1940 1,300 1930 C.I. 48 780 $1,014,000
2020 536 Fordson - Vernor & Oakwood 2-Unlined-CI 1923~1940 7,200 1930 C.I. 36 494 $3,556,800
2020 642 Sawyer - Southfield & Hazalton 2-Unlined-CI 1923~1940 13,150 1930 C.I. 36 494 $6,496,100
2020 527 Calhoun - Diversey & Blesser 2-Unlined-CI 1923~1940 2,000 1931 C.I. 36 494 $988,000
2020 563 Fort - Moran & Eureka (SG.3) 3-Unlined-CI>1940 11,250 1942 C.I. 36 494 $5,557,500
2020 59 Dividing Gate - Charlevoix & Bewick 3-Unlined-CI>1940 40 1943 C.I. 42 572 $22,880
2020 60 Bewick, Kercheval & Charlevoix 3-Unlined-CI>1940 1,750 1943 C.I. 48 780 $1,365,000
2020 63 Dividing Gate - Charlevoix & Bewick 3-Unlined-CI>1940 30 1943 C.I. 36 494 $14,820
2020 72 Dividing Gate - Bewick & Kercheval 3-Unlined-CI>1940 30 1943 C.I. 48 780 $23,400
2020 293 Dequindre - McNichols & G.V. 3-Unlined-CI>1940 1,440 1943 C.I. 42 572 $823,680
2020 297 Marx - Nevada & McNichols 3-Unlined-CI>1940 2,980 1943 C.I. 36 494 $1,472,120
2020 552 Fort - Schaefer & Visger 3-Unlined-CI>1940 3,300 1943 C.I. 36 494 $1,630,200
2020 553 Fort - Visger & Outer Dr. 3-Unlined-CI>1940 2,360 1943 C.I. 36 494 $1,165,840
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TABLE A-7
Summary of Proposed Pipe Replacement by Planning Year (Based on KANEW and Service Criteria)

Proposed 
Replacement Year EPANET Link ID    Location Description KANEW Subgroup Length (ft)   

Year 
Installed Material Size (in)

Cost Per Linear 
Foot

 Replacement Cost 
($) 

2020 616 Michigan Ave. - Telegraph & Inkster 3-Unlined-CI>1940 10,700 1943 C.I. 36 494 $5,285,800
2020 626 Michigan Ave. Sta. Gate Valve 3-Unlined-CI>1940 10 1943 C.I. 36 494 $4,940
2020 627 michigan Ave. - Mich . Sta. & W.L. Gen. Hosp. (WH-1) 3-Unlined-CI>1940 2,200 1943 C.I. 36 494 $1,086,800
2020 629 Michigan - W.C. Gen. Hosp. (WH-1) & W.Y. Inkster 3-Unlined-CI>1940 9,300 1943 C.I. 36 494 $4,594,200
2020 632 Michigan Ave. - Inkster (IK-1) & W. Inkster 3-Unlined-CI>1940 10 1943 C.I. 36 494 $4,940
2020 203 Werand - Van Dyke & Carrie 4-St-lined 1,700 1921 Steel 24 338 $574,600
2020 220 Nevada - G.V. & Carrie 4-St-lined 10 1921 Steel 24 338 $3,380
2020 289 Dequindre - 8 Mile Rd. & Nevada 4-St-lined 16,150 1921 Steel 16 165 $2,664,750
2020 408 Navy - Beard & Mandale 4-St-lined 5,700 1922 St. lined 36 494 $2,815,800
2020 899 Cadillac from St. Paul to WWP 4-St-lined 10 1924 Steel 42 572 $5,720
2020 240 meldrum Hancock - Sylvester & Moran 4-St-lined 4,050 1925 St. lined 60 1040 $4,212,000
2020 247 Meldrum - Sylvester & Benson 4-St-lined 2,100 1925 St. lined 60 1040 $2,184,000
2020 257 Hancock - St. Aubin & Elmwood 4-St-lined 3,000 1925 St. lined 60 1040 $3,120,000
2020 259 Hancock - Moran & Elmwood 4-St-lined 700 1925 St. lined 60 1040 $728,000
2020 310 Hancock - St. Aubin & St. Antoine 4-St-lined 4,000 1925 St. lined 48 780 $3,120,000
2020 407 Christiancy - Military & Bagley 4-St-lined 5,750 1925 St. lined 42 572 $3,289,000
2020 410 Cadet - Military & Beard 4-St-lined 3,940 1925 St. lined 42 572 $2,253,680
2020 5 W.W.P. Disch. Pennsylvania V. No. 5 4-St-lined 10 1925 Steel 60 1040 $10,400
2020 411 Bagley - Vinewood & Christiancy 4-St-lined 500 1925 Steel 48 780 $390,000
2020 258 St. Aubin - Ferry & Hancock 4-St-lined 2,100 1926 St. lined 48 780 $1,638,000
2020 448 Fenkell - Ilene & Petoskey 4-St-lined 6,200 1926 St. lined 44 641 $3,974,200
2020 455 Fenkell - Ilene & Meyers 4-St-lined 2,000 1926 St. lined 44 641 $1,282,000
2020 456 Fenkell - Meyers & Whitcomb 4-St-lined 7,400 1926 St. lined 44 641 $4,743,400
2020 476 Fenkell - Greenfield & Southfield 4-St-lined 6,000 1926 St. lined 44 641 $3,846,000
2020 478 Fenkell - Whitcomb & Greenfield 4-St-lined 850 1926 St. lined 44 641 $544,850
2020 366 8 Mile Rd. - Wanda (FE-3) & Hilton (FE-2) 4-St-lined 2,700 1927 St. lined 54 890 $2,403,000
2020 543 Schaefer - 50"-48" connect & Oakwood Blvd. 4-St-lined 3,200 1927 St. lined 50 817 $2,614,400
2030 57 Garland, Charlevoix, W.W.P. & Kercheval 1-Unlined-CI<1923 1,700 1914 C.I. 48 780 $1,326,000
2030 102 Canfield - Gauland & Bewick 1-Unlined-CI<1923 350 1914 C.I. 42 572 $200,200
2030 249 Charlevoix - Meldrum & Rivard 1-Unlined-CI<1923 7,500 1914 C.I. 48 780 $5,850,000
2030 251 Erskine - Orleans & Russel 1-Unlined-CI<1923 950 1914 C.I. 48 780 $741,000
2030 312 Evskine - Russell & G.V. 1-Unlined-CI<1923 7,100 1914 C.I. 48 780 $5,538,000
2030 328 Peterboro - G.V. & John C. Lodge (Fourth) 1-Unlined-CI<1923 50 1914 C.I. 48 780 $39,000
2030 332 Grand River, Brainard-Peterboro & Calumet 1-Unlined-CI<1923 5,500 1914 C.I. 48 780 $4,290,000
2030 339 Grand River-Buchanan & Lawton 1-Unlined-CI<1923 3,550 1914 C.I. 48 780 $2,769,000
2030 417 Vinewood - Buchanan & Warren 1-Unlined-CI<1923 2,300 1914 C.I. 24 338 $777,400
2030 419 Warren - McKinley & Vinewood 1-Unlined-CI<1923 550 1914 C.I. 48 780 $429,000
2030 420 Warren - Vinewood & Edsel Ford Exp. 1-Unlined-CI<1923 2,600 1914 C.I. 42 572 $1,487,200
2030 879 Garland - Charlevoix Dividing Gate 1-Unlined-CI<1923 30 1914 C.I. 48 780 $23,400
2030 311 St. Antoine - Hancock & Canfield 1-Unlined-CI<1923 1,300 1915 C.I. 42 572 $743,600
2030 330 John C. Lodge - Temple & Vernor Hwy. 1-Unlined-CI<1923 2,250 1915 C.I. 48 780 $1,755,000
2030 336 John C. Lodge-Temple & Peterboro 1-Unlined-CI<1923 1,050 1915 C.I. 48 780 $819,000
2030 341 St. Antoine - Hancock & Ferry 1-Unlined-CI<1923 2,400 1915 C.I. 42 572 $1,372,800
2030 350 12th - Grand Blvd & Taylor 1-Unlined-CI<1923 4,750 1915 C.I. 36 494 $2,346,500
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Summary of Proposed Pipe Replacement by Planning Year (Based on KANEW and Service Criteria)
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2030 351 Taylor - 12th & John C. Lodge Exp. 1-Unlined-CI<1923 2,800 1915 C.I. 24 338 $946,400
2030 393 Warren - Lawton & McKinly 1-Unlined-CI<1923 2,950 1915 C.I. 48 780 $2,301,000
2030 525 Michigan Ave. - Lumley & Dearborn Limit 1-Unlined-CI<1923 4,800 1915 C.I. 24 338 $1,622,400
2030 910 Jefferson - Meldrum & McDougall 1-Unlined-CI<1923 4,000 1915 C.I. 48 780 $3,120,000
2030 913 Jefferson - McDougall & Chene 1-Unlined-CI<1923 1,500 1915 C.I. 48 780 $1,170,000
2030 920 Jefferson - Chene & Orleans 1-Unlined-CI<1923 2,000 1915 C.I. 48 780 $1,560,000
2030 921 Jefferson - Walter & Beaubien 1-Unlined-CI<1923 1,220 1915 C.I. 48 780 $951,600
2030 922 Jefferson - Beaubien & Woodward 1-Unlined-CI<1923 1,430 1915 C.I. 48 780 $1,115,400
2030 923 Jefferson - Woodward & Shelby 1-Unlined-CI<1923 350 1915 C.I. 48 780 $273,000
2030 357 12th - Cortland & Oakman 1-Unlined-CI<1923 4,700 1916 C.I. 36 494 $2,321,800
2030 383 12th - Cortland & Webb 1-Unlined-CI<1923 1,350 1916 C.I. 36 494 $666,900
2030 384 12th - Webb & Clairmount 1-Unlined-CI<1923 4,100 1916 C.I. 36 494 $2,025,400
2030 386 12th  - Clairmount & Taylor (closed G.V.) 1-Unlined-CI<1923 350 1916 C.I. 36 494 $172,900
2030 226 Van Dyke - Lynch Rd. & G.V. S. McNichols 1-Unlined-CI<1923 5,300 1917 C.I. 24 338 $1,791,400
2030 235 Sheridan - Harper & Palmer 1-Unlined-CI<1923 2,200 1917 C.I. 24 338 $743,600
2030 301 Dequindre - G.V. & Lawley 1-Unlined-CI<1923 2,850 1917 C.I. 42 572 $1,630,200
2030 358 Linwood - Oakman & Fenkell 1-Unlined-CI<1923 1,850 1917 C.I. 42 572 $1,058,200
2030 359 LaSalle - Fenkell & McNichols 1-Unlined-CI<1923 6,400 1917 C.I. 42 572 $3,660,800
2030 377 Oakman Blvd. - 12th & Linwood 1-Unlined-CI<1923 2,700 1917 C.I. 36 494 $1,333,800
2030 424 Military - Michigan & Cadet 2-Unlined-CI 1923~1940 7,050 1930 C.I. 24 338 $2,382,900
2030 657 Hazalton - Joy Rd. (DH-2) & Sawyer (DH-1) 2-Unlined-CI 1923~1940 4,300 1930 C.I. 24 338 $1,453,400
2030 227 Mt. Elliott - Lynch Rd. & Trowbridge 2-Unlined-CI 1923~1940 1,500 1931 C.I. 30 416 $624,000
2030 276 Trowbridge - Dequindre & Jos. Campeau 2-Unlined-CI 1923~1940 2,500 1931 C.I. 36 494 $1,235,000
2030 516 Gould - Middlesex & Greenfield 2-Unlined-CI 1923~1940 4,600 1931 C.I. 36 494 $2,272,400
2030 517 Diversey - Greenfield & Southfield 2-Unlined-CI 1923~1940 6,000 1931 C.I. 36 494 $2,964,000
2030 615 Telegraph - Michigan Ave. & Ford Rd. 2-Unlined-CI 1923~1940 9,500 1931 C.I. 36 494 $4,693,000
2030 644 Hazalton - Sawyer & Telegraph (Richardson (DH-6) 2-Unlined-CI 1923~1940 6,000 1931 C.I. 36 494 $2,964,000
2030 645 Telegraph - Richardson (DH-6) & Midway (DH-10) 2-Unlined-CI 1923~1940 3,100 1931 C.I. 36 494 $1,531,400
2030 646 Telegraph - Midway (DH-10) & Ford Rd. 2-Unlined-CI 1923~1940 1,000 1931 C.I. 36 494 $494,000
2030 917 Congress - Orleans & Walter 2-Unlined-CI 1923~1940 2,300 1931 C.I. 24 338 $777,400
2030 1274 Towbridge from Connant to Caniff 2-Unlined-CI 1923~1940 2,100 1931 C.I. 30 416 $873,600
2030 621 Michigan Ave. - Venoy (WL-3) & Newburgh (WL-8) 3-Unlined-CI>1940 5,200 1943 C.I. 24 338 $1,757,600
2030 185 Strasburg - 8 Mile Rd. & Monicho's 3-Unlined-CI>1940 9,800 1944 C.I. 24 338 $3,312,400
2030 445 Fullerton - Griggs & Meyers 3-Unlined-CI>1940 1,850 1944 C.I. 24 338 $625,300
2030 483 Meyers - Fenkell & Schoolcraft 3-Unlined-CI>1940 5,200 1944 C.I. 48 780 $4,056,000
2030 530 Maple - Blesser - Schaefer & Middlesex 3-Unlined-CI>1940 2,400 1944 C.I. 36 494 $1,185,600
2030 620 Michigan Ave. - Mich Ae. Sta. & Venoy (WL-3) 3-Unlined-CI>1940 10,500 1944 C.I. 36 494 $5,187,000
2030 687 W. Parkway - Outer Dr. - W. Chicago & Kendall 3-Unlined-CI>1940 10,700 1944 C.I. 24 338 $3,616,600
2030 1319 N/A 3-Unlined-CI>1940 7,000 1944 C.I. 36 494 $3,458,000
2030 619 Michigan Ave. - Mich. Ave. Sta. & Merriman 3-Unlined-CI>1940 50 1945 C.I. 24 338 $16,900
2030 671 Evergreen - Kendell & Midland 3-Unlined-CI>1940 5,800 1946 C.I. 48 780 $4,524,000
2030 526 Michigan Ave. - Greenfield & Southfield 4-St-lined 5,700 1928 St. lined 42 572 $3,260,400
2030 613 Michigan Ave. - Southfield & Telegraph 4-St-lined 17,400 1928 Steel 42 572 $9,952,800
2030 440 Wisconsin - Diversey & Belton 4-St-lined 2,250 1929 St. lined 72 1300 $2,925,000
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2030 364 8 Mile Rd. - John R. & Westend 9H3-4) 4-St-lined 1,800 1930 St. lined 54 890 $1,602,000
2030 369 8 Mile Rd. - Woodard & Livernois (SE-6, FE-1) 4-St-lined 5,450 1930 St. lined 54 890 $4,850,500
2030 409 Central - Navy & Edward 4-St-lined 7,650 1930 St. lined 66 1170 $8,950,500
2030 426 Central - Michigan & Edward 4-St-lined 3,850 1930 St. lined 66 1170 $4,504,500
2030 429 Warren - Lumley & 72" SPW's 4-St-lined 900 1930 St. lined 72 1300 $1,170,000
2030 431 Warren - 72" SPWLS & Indiana 4-St-lined 1,100 1930 St. lined 72 1300 $1,430,000
2030 21 Spwls. Sta. Hi. Disch. 4-St-lined 10 1930 Steel 72 1300 $13,000
2030 559 Allend Rd. - Godard & Brest (SG-1) 6-Conc 2,750 1962 Conc. 54 890 $2,447,500
2030 584 Allen Rd. - Eureka (SG-4) & Northline (TA-6) 6-Conc 5,350 1962 Conc. 54 890 $4,761,500
2030 585 Allen Rd. - Northline (TA-6) & Brest (SG-1) 6-Conc 2,250 1962 Conc. 54 890 $2,002,500
2040 191 Garland - Crossing Ford Exp. & Harper 1-Unlined-CI<1923 700 1918 C.I. 48 780 $546,000
2040 229 Van Dyke - Lynch & Miller 1-Unlined-CI<1923 5,500 1918 C.I. 24 338 $1,859,000
2040 230 Van Dyke - Miller & Harper 1-Unlined-CI<1923 5,300 1918 C.I. 24 338 $1,791,400
2040 298 McNichols - Marx & Woodward 1-Unlined-CI<1923 6,100 1918 C.I. 48 780 $4,758,000
2040 299 McNichols - G.V. & Marx 1-Unlined-CI<1923 50 1918 C.I. 48 780 $39,000
2040 300 McNichols - G.V. & Dequindre 1-Unlined-CI<1923 50 1918 C.I. 48 780 $39,000
2040 360 McNichols- LaSalle & Woodward 1-Unlined-CI<1923 5,600 1918 C.I. 48 780 $4,368,000
2040 378 Oakman - Linwood & Dexter 1-Unlined-CI<1923 2,750 1919 C.I. 24 338 $929,500
2040 940 Lafayette - Orleans & St. Aubin 1-Unlined-CI<1923 1,050 1919 C.I. 36 494 $518,700
2040 941 Lafayette - St. Aubin & Chene 1-Unlined-CI<1923 1,050 1919 C.I. 36 494 $518,700
2040 111 Charlevoix - Springle & Eastlawn 1-Unlined-CI<1923 2,200 1920 C.I. 24 338 $743,600
2040 233 Mt. Elliott - Dane & Conant 1-Unlined-CI<1923 1,820 1920 C.I. 30 416 $757,120
2040 246 Leland - Grand Blvd. & Wlmwood 1-Unlined-CI<1923 4,600 1920 C.I. 30 416 $1,913,600
2040 260 St. Aubin - Palmer & Ferry 1-Unlined-CI<1923 300 1920 C.I. 36 494 $148,200
2040 265 Dane - Elmwood & Mt. Elliott 1-Unlined-CI<1923 2,666 1920 C.I. 30 416 $1,109,056
2040 269 Mt. Elliott - Miller & Legrand 1-Unlined-CI<1923 1,600 1920 C.I. 30 416 $665,600
2040 270 Mt. Elliott - Miller & Lynch 1-Unlined-CI<1923 5,300 1920 C.I. 30 416 $2,204,800
2040 342 Ferry - St. Antoine & Beaubien 1-Unlined-CI<1923 200 1920 C.I. 36 494 $98,800
2040 418 Warren - Edsel & Gilbert 1-Unlined-CI<1923 4,700 1920 C.I. 42 572 $2,688,400
2040 422 Warren - Gilbert & Central 1-Unlined-CI<1923 3,950 1920 C.I. 42 572 $2,259,400
2040 172 Gratiot - Conner & McNichols 1-Unlined-CI<1923 8,950 1921 C.I. 24 338 $3,025,100
2040 94 Freud - Tennessee & Eastlawn 2-Unlined-CI 1923~1940 3,400 1931 C.I. 24 338 $1,149,200
2040 97 Eastlawn  - Essex & Charlevoix 2-Unlined-CI 1923~1940 5,450 1931 C.I. 24 338 $1,842,100
2040 935 Congress - Beaubien & Walter 2-Unlined-CI 1923~1940 1,280 1931 C.I. 24 338 $432,640
2040 971 Congress, Michigan - Beaubien & State 2-Unlined-CI 1923~1940 1,100 1931 C.I. 24 338 $371,800
2040 972 Michigan - Bate & Woodward 2-Unlined-CI 1923~1940 600 1931 C.I. 24 338 $202,800
2040 974 Michigan - Woodward & Washington 2-Unlined-CI 1923~1940 1,100 1931 C.I. 24 338 $371,800
2040 977 Abbott - Washington & Fourth 2-Unlined-CI 1923~1940 2,320 1931 C.I. 24 338 $784,160
2040 965 Gratiot - Beaubien & Brush 2-Unlined-CI 1923~1940 450 1933 C.I. 30 416 $187,200
2040 893 Cadillac - Venturi No. 3 & 16" W.M. Connection 2-Unlined-CI 1923~1940 200 1934 C.I. 42 572 $114,400
2040 897 Crane - Jefferson (Closed G.V.) & Jefferson 2-Unlined-CI 1923~1940 500 1934 C.I. 42 572 $286,000
2040 345 Grand Blvd - 12th & Beaubien 3-Unlined-CI>1940 7,400 1949 C.I. 24 338 $2,501,200
2040 153 Ford Exp. - Vernier (GW-2) & 8 Mile Rd. 3-Unlined-CI>1940 2,000 1950 C.I. 30 416 $832,000
2040 154 Harper - P.R.V. & 8 Mile (SS-1) 3-Unlined-CI>1940 10 1950 C.I. 24 338 $3,380
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TABLE A-7
Summary of Proposed Pipe Replacement by Planning Year (Based on KANEW and Service Criteria)

Proposed 
Replacement Year EPANET Link ID    Location Description KANEW Subgroup Length (ft)   

Year 
Installed Material Size (in)

Cost Per Linear 
Foot

 Replacement Cost 
($) 

2040 155 8 Mile Rd. - SS-1 & P.R.V. 3-Unlined-CI>1940 50 1950 C.I. 42 572 $28,600
2040 331 Temple - John C.Lodge & G.V. 3-Unlined-CI>1940 10 1950 C.I. 24 338 $3,380
2040 380 Schoolcraft - Linwood & Ilene 3-Unlined-CI>1940 9,000 1950 C.I. 24 338 $3,042,000
2040 428 Cicotte - Warren & Michigan 3-Unlined-CI>1940 5,700 1950 C.I. 24 338 $1,926,600
2040 93 Tennessee Freud & Essex 3-Unlined-CI>1940 1,100 1953 C.I. 30 416 $457,600
2040 340 Hancock - St. Antoine & 12th 3-Unlined-CI>1940 7,800 1954 C.I. 30 416 $3,244,800
2040 352 John C. Lodge Exp : Taylor & Edison 3-Unlined-CI>1940 2,100 1954 C.I. 16 165 $346,500
2040 353 John C. Lodge Exp. - Web & Edison 3-Unlined-CI>1940 3,000 1954 C.I. 16 165 $495,000
2040 355 Webb - John C. Lodge & E. N. John C. Lodge (G.V.) 3-Unlined-CI>1940 400 1954 C.I. 36 494 $197,600
2040 278 Conant - McNichols & Lawley 3-Unlined-CI>1940 2,300 1955 C.I. 16 165 $379,500
2040 451  Clarita - Washburn & Livernois 4-St-lined 5,600 1930 St. lined 48 780 $4,368,000
2040 92 Freud - Marquette Dr. & E. St. Clair 4-St-lined 5,590 1930 Steel 36 494 $2,761,460
2040 365 8 Mile Rd. - Westend (H3-4) & Wanda (FE-3) 4-St-lined 650 1931 St. lined 54 890 $578,500
2040 502 Blesser - Bingham & Kingsley 4-St-lined 3,800 1931 St. lined 66 1170 $4,446,000
2040 508 Warren, Wyoming - Wisconsin & Blesser 4-St-lined 2,000 1931 St. lined 66 1170 $2,340,000
2040 529 Blesser - Calhoun & Schaefer 4-St-lined 400 1931 Steel 66 1170 $468,000
2040 532 Blesser - Calhoun & Bingham 4-St-lined 300 1931 Steel 66 1170 $351,000
2040 438 Belton - Tireman & Wisconsin 4-St-lined 1,800 1939 St. lined 72 1300 $2,340,000
2040 500 Cloverlawn - Spwels Sta & Wisconsin 4-St-lined 1,350 1939 St. lined 72 1300 $1,755,000
2040 499 Belton & Wisconsin Dividing Gate 4-St-lined 10 1939 Steel 48 780 $7,800
2040 318 Elezabeth - Stroh's & Park (P.R.V.) 4-St-lined 3,000 1941 St. lined 48 780 $2,340,000
2040 497 Belton - Meyers - Wisconsin & Joy Rd. 4-St-lined 4,900 1943 St. lined 72 1300 $6,370,000
2040 518 Maple - Paul - Blesser & Greenfield 4-St-lined 9,400 1944 St. lined 54 890 $8,366,000
2040 523 Greenfield - Ford Rd. & Michigan 4-St-lined 4,400 1944 St. lined 54 890 $3,916,000
2040 205 Northeast Sta. - 60" Main 6-Conc 800 1948 Conc. 60 1040 $832,000
2040 206 8 Mile Rd. - Northeast Sta. & Van Dyke 6-Conc 2,600 1948 Conc. 66 1170 $3,042,000
2040 215 Concord - Nevada & Northeast Sta. 6-Conc 10,600 1948 Conc. 54 890 $9,434,000
2040 580 Allen - Sibley (BR-4RW-4) Pennsylvania 6-Conc 5,250 1966 Conc. 42 572 $3,003,000
2040 583 Allen Rd. - Pennsylvania & Eureka (SG-4) 6-Conc 5,300 1966 Conc. 54 890 $4,717,000
2050 100 Alter Rd. - Charlevoix & Mark 1-Unlined-CI<1923 1,100 1920 C.I. 24 338 $371,800
2050 113 Charlevoix - St. Jean & Springle 1-Unlined-CI<1923 1,750 1920 C.I. 24 338 $591,500
2050 117 Charlevoix - Eastlawn & Alter Rd. 1-Unlined-CI<1923 2,350 1920 C.I. 24 338 $794,300
2050 173 McNichols (Division of system HI & Lul-) Gratiot 1-Unlined-CI<1923 50 1920 C.I. 24 338 $16,900
2050 174 Gratiot - 6 Mile Rd. & 7 Mile Rd. 1-Unlined-CI<1923 4,000 1920 C.I. 24 338 $1,352,000
2050 361 Woodward - McNichols & Grindale 1-Unlined-CI<1923 3,900 1920 C.I. 24 338 $1,318,200
2050 368 Woodward - S. of 8 Mile Rd. & Grixdale 1-Unlined-CI<1923 8,350 1920 C.I. 24 338 $2,822,300
2050 908 McDougal - Lafayette & Congress 1-Unlined-CI<1923 700 1920 C.I. 16 165 $115,500
2050 912 McDougall - Jefferson & Congress 1-Unlined-CI<1923 580 1920 C.I. 16 165 $95,700
2050 1006 Gibraltar - Fort to I-75 1-Unlined-CI<1923 650 1920 C.I. 24 338 $219,700
2050 1009 Oakville - Walty - Grafton to Sumpter 1-Unlined-CI<1923 1,850 1920 C.I. 24 338 $625,300
2050 14 W.W.P. Disch. Freud, Marquette V. No. 14 1-Unlined-CI<1923 10 1921 C.I. 48 780 $7,800
2050 107 St. Jean - Mack & Warren 1-Unlined-CI<1923 3,500 1921 C.I. 36 494 $1,729,000
2050 108 St. Jean - Vernor Hwy & Charlevoix 1-Unlined-CI<1923 900 1921 C.I. 42 572 $514,800
2050 114 St. Jean - Charlevoix & Goethe 1-Unlined-CI<1923 900 1921 C.I. 36 494 $444,600
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TABLE A-7
Summary of Proposed Pipe Replacement by Planning Year (Based on KANEW and Service Criteria)

Proposed 
Replacement Year EPANET Link ID    Location Description KANEW Subgroup Length (ft)   

Year 
Installed Material Size (in)

Cost Per Linear 
Foot

 Replacement Cost 
($) 

2050 126 St. Jean - Warren & E. Ford Exp. 1-Unlined-CI<1923 4,000 1921 C.I. 36 494 $1,976,000
2050 948 Chestnut, McDougell - Heidelberg  Chene 2-Unlined-CI 1923~1940 4,250 1934 C.I. 30 416 $1,768,000
2050 953 Chestnut - Chene & St. Aubin 2-Unlined-CI 1923~1940 1,070 1934 C.I. 30 416 $445,120
2050 954 Chestnut - St. Aubin Orleans 2-Unlined-CI 1923~1940 1,000 1934 C.I. 30 416 $416,000
2050 982 Fifth - Elizabeth & Fisher 2-Unlined-CI 1923~1940 5,000 1934 C.I. 16 165 $825,000
2050 277 Lawley - Dequindre & Conant 3-Unlined-CI>1940 5,200 1956 C.I. 16 165 $858,000
2050 617 24" Gate Valve - Inkster & Michigan Ave. 3-Unlined-CI>1940 500 1956 C.I. 16 165 $82,500
2050 105 Ford Exp.- Garland & St. Jean 3-Unlined-CI>1940 3,200 1957 C.I. 16 165 $528,000
2050 127 Harper - St. Jean & Outer Drive 3-Unlined-CI>1940 4,100 1957 C.I. 16 165 $676,500
2050 130 Ford Fwy. - ford Crossing & Hayes 3-Unlined-CI>1940 5,100 1957 C.I. 24 338 $1,723,800
2050 146 Ford Exp. - Alter Rd. & Devonshire 3-Unlined-CI>1940 4,500 1957 C.I. 16 165 $742,500
2050 192 ord Exp. Garland & St. Jean 3-Unlined-CI>1940 7,700 1957 C.I. 16 165 $1,270,500
2050 232 Harper - Sherison & Mt. Elliott 3-Unlined-CI>1940 4,100 1957 C.I. 24 338 $1,385,800
2050 503 Calhoun & Diversey (D. of Sys.) 3-Unlined-CI>1940 50 1957 C.I. 16 165 $8,250
2050 149 Harper - Haverhill & Cadieux 3-Unlined-CI>1940 3,900 1958 C.I. 16 165 $643,500
2050 488 W. Chicago - Meyers & Hartwell 4-St-lined 2,400 1946 St. lined 54 890 $2,136,000
2050 489 W. Chicago - Hartwell & Coyle 4-St-lined 4,350 1946 St. lined 54 890 $3,871,500
2050 661 W. Chicago - Evergreen & Coyle 4-St-lined 11,700 1946 St. lined 54 890 $10,413,000
2050 372 7 Mile Rd. - Livernois & Grixdale 4-St-lined 9,750 1951 St. lined 48 780 $7,605,000
2050 104 Garland - Canfield & E. Ford Exp. 4-St-lined 5,400 1957 St. lined 48 780 $4,212,000
2050 179 8 Mile Rd. - Strasburg & Groesbeck 6-Conc 950 1948 Conc. 48 780 $741,000
2050 165 8 Mile Rd. - Gratiot & Regent 6-Conc 800 1949 Conc. 48 780 $624,000
2050 175 8 Mile Rd. - Regent & Hoyt 6-Conc 1,300 1949 Conc. 48 780 $1,014,000
2050 176 8 Mile Rd. - Hayt & Schoenherr (WN-6) 6-Conc 2,700 1949 Conc. 48 780 $2,106,000
2050 177 8 Mile Rd. - Schoenherr & Waltham 6-Conc 2,600 1949 Conc. 48 780 $2,028,000
2050 178 8 Mile Rd. - Waltham & Strasburg 6-Conc 1,000 1949 Conc. 48 780 $780,000
2050 180 8 Mile Rd. - Groesbeck & Mullin 6-Conc 2,150 1949 Conc. 66 1170 $2,515,500
2050 288 8 Mile South - Binder & Van Dyke 6-Conc 5,800 1949 Conc. 54 890 $5,162,000
2050 156 8 Mile Rd. - P.R.V. & Beaconfield 6-Conc 3,800 1950 Conc. 42 572 $2,173,600
2050 157 8 Mile Rd. - Beaconfield & Kelly Rd. 6-Conc 3,650 1950 Conc. 42 572 $2,087,800
2050 163 8 Mile Rd. - Kelly & Crusade 6-Conc 2,900 1950 Conc. 42 572 $1,658,800
2050 164 8 Mile Rd. - Crusade & Gratiot 6-Conc 2,100 1950 Conc. 42 572 $1,201,200
2050 211 8 Mile - Stotter & Mound 6-Conc 1,300 1950 Conc. 60 1040 $1,352,000
2050 214 8 Mile Rd. - Northeast Sta. & Van Dyke 6-Conc 4,000 1950 Conc. 60 1040 $4,160,000
2050 607 Mewimm - Wick & Michigan Ave. 6-Conc 10,700 1950 Conc. 24 338 $3,616,600
2050 633 Inkster - Michigan & Marquette 6-Conc 9,300 1950 Conc. 36 494 $4,594,200
2050 370 8 Mile Rd. - Livernois (SE-6, FE-1) & Wyoming (RT-1,2) 6-Conc 4,700 1951 Conc. 54 890 $4,183,000
2050 458 8 Mile Rd. - Wyoming & Coolidge 6-Conc 5,300 1951 Conc. 54 890 $4,717,000
2050 568 Electric Ave. - King Rd. (TN-1) & West (TN-1) 6-Conc 6,020 1951 Conc. 24 338 $2,034,760
2050 569 Electric Ave. - West Rd. (TN-1) & Van Horn (TN-1) 6-Conc 6,020 1951 Conc. 24 338 $2,034,760
2050 285 8 Mile Rd. - John R. & G.V. Marx 6-Conc 5,400 1952 Conc. 54 890 $4,806,000
2050 287 8 Mile South - Dequindre & Binder 6-Conc 5,100 1952 Conc. 54 890 $4,539,000
2050 459 8 Mile Rd. - Coolidge & Prest. 6-Conc 5,000 1952 Conc. 54 890 $4,450,000
2050 461 8 Mile Rd. - Prest. & Greenfield 6-Conc 300 1952 Conc. 54 890 $267,000
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TABLE A-7
Summary of Proposed Pipe Replacement by Planning Year (Based on KANEW and Service Criteria)

Proposed 
Replacement Year EPANET Link ID    Location Description KANEW Subgroup Length (ft)   

Year 
Installed Material Size (in)

Cost Per Linear 
Foot

 Replacement Cost 
($) 

2050 688 West Chicago - West Park (RD-2,6) Beech Daly (RD ?) 6-Conc 8,000 1952 Conc. 36 494 $3,952,000
2050 694 W. Chicago - Beech Daly (RD-8) & Inkster Rd. 6-Conc 4,900 1952 Conc. 36 494 $2,420,600
2050 695 W. Chicago - Inkster Rd. & W. chicago Sta. 6-Conc 3,300 1952 Conc. 36 494 $1,630,200
2050 579 Allen - Kinds Rd. (W0-2) & Sibley (BR.4-RW-4) 6-Conc 5,350 1962 Conc. 42 572 $3,060,200
2050 581 Pennsylvania - Allen Rd. & Beech Daly (BR-6) 6-Conc 16100 1965 Conc. 30 416 $6,697,600

Total $956,826,754
* As a result of the 5/21/2003 meeting and request of J. Heath, the replacement year of pipe ID # 904 located along Jefferson was moved from 2030 to 2004 to be replaced along with the 42" pipes along 
Jefferson.
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M E E T I N G  M I N U T E S
IN ATTENDANCE: Jim Heath/DWSD

Dave Guastella/TYJT
John Anderson/CH2MHILL

DATE: August 28, 2001
PURPOSE OF MEETING: Review of information available relating to DWSD Water Main

Break History
PREPARED BY: John Anderson/CH2MHILL

1) The history of distribution and transmission main breaks is provided to the DWSD
Engineering Department. All breaks are provided in a monthly summary.

2) Break records of water mains 24 inches in diameter and larger are currently being
summarized by Jim Heath’s staff. The summary will be provided to the Project Team
upon completion.

3) Most breaks appear to be caused by age. There are currently about five or six breaks
total in concrete water mains.

4) Leadite, a compound used at joints, appears to be failing more than lead.

5) Most of the breaks that occur in the winter season are circumferential due to the
temperature changes of water in the pipes. The winter threshold is 37 ° Fahrenheit (F)
and that in summer is 73° F.

6) The largest cast iron mains in the DWSD system are 48 inches in diameter. Larger steel
pipes have been constructed since 1921. All steel pipes in the system were relined
1974-1975. Failures in steel pipes occurred from external corrosion, due in part to
streetcar tracks that created stray electrical currents.

7) From 1921 to 1948, water mains than 48 inches or greater were all steel. After 1948,
concrete pipes were most prevalent. Around 1955, PCP was used with O-rings.

8) Since 1981, five to six failures on prestressed concrete (not old reinforced concrete)
pipes have occurred. The pipes actually failed without a known external influence and
failures occurred along the pipe barrel, not at the joints.

9) Lead joints on concrete pipes have been failing at an “alarming rate.” Recent repair work
has utilized a ‘Weko Seal’ to rehabilitate the pipes.

10) The best product in the DWSD system has been the ductile iron pipe. The maximum size in
the system is 56-inch diameter. Larger water mains are typically either steel or concrete.

11) The transmission mains along Jefferson Boulevard need to be rehabilitated or replaced
immediately, as they are more than 100 years old and the only feed to the downtown
area.

 IN ASSOCIATION WITH CDM
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APPENDIX B

Forecasting Annual Average Replacement and
Rehabilitation Costs for DWSD's Water
Treatment Plants, Booster Stations,
and Storage Tanks

The main purpose of this appendix was to forecast the annual replacement and
rehabilitation costs for the existing water treatment plants (WTPs), existing and CWMP
proposed water booster pumping stations, and proposed high-ground storage tanks for the
DWSD’s water supply system through 2050.

B1.0 Cost Estimate for Water Treatment Plants
The annual average rehabilitation and replacement costs for the five WTPs were adopted
from the CWMP Task D: Water Quality Management Plan [18] study results. The details of
the approaches and assumptions are discussed below. The results are summarized in
Table B-1.

(a) Plant Capacity — Based on the results of water demand projection and hydraulic
modeling analysis under the CWMP, the current treatment capacities of the Waterworks
Park, Northeast, Springwells, and Southwest treatment plants will remain unchanged
through 2050. However, major expansion of the Lake Huron plant from the current
capacity of 300 mgd to 700 mgd by 2050 will be necessary. The details of the plant
demand analysis and proposed expansion schedule can be found in the CWMP Task C:
Water Supply [17] and Service Management Plan and Task D: Water Quality
Management Plan [18] reports. The expansion will take place in three phases—to
400 mgd by 2004 (ongoing), to 535 mgd by 2010, and to 700 mgd by 2023.

(b) Plant Full Asset Value — The full asset value for each WTP was estimated by using an
unit $/gallon water times the total plant capacity, i.e.

Plant Full Asset Value ($ in millions) = Unit Cost ($/gallon) * Plant Capacity (million
gallons)

Where, the unit cost was assumed to be $1.3/gallon of treated water, and it included both the
construction and engineering related costs.

(a) Division of the Asset— Based on the engineering experience and judgement, it was
assumed that the full plant asset value is consisted of 75 percent structural facilities and
25 percent mechanical, electrical, and other related equipment in the plant.

(b) Annual Replacement Costs—The annual average cost for replacement of a WTP over
the long term was estimated by dividing the replacement costs by assumed life
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expectancy. Since generally, structures have a lifespan of approximately 100 years;
therefore, its expected the annual average rehabilitation and replacement rate is
1 percent of the total structural asset value. On the other hand, life expectancy for
equipment in the plant is about 30 years; so, the annual replacement and rehabilitation
rate is 3.33 percent. In summary, the annual rehabilitation and replacement cost for a
WTP is 1 percent of the structural facilities asset value plus 3.33 percent of the
equipment asset value in the plant.
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TABLE B-1
Estimated Annual Average Rehabilitation and Replacement Cost for the DWSD’s WTPs through Year 2050

Current
Capacity*

Full Asset
Value

Structures Equipment Structures Equipment
(MGD) (timeline) (MGD) (in $1,000) 75% 25% 1% 3.3%

2004 to 2010 400 520,000$ 390,000$ 130,000$ 3,900$ 4,333$ 8,233$
2011 to 2023 535 695,500$ 521,625$ 173,875$ 5,216$ 5,796$ 11,012$
2024 to 2050 700 910,000$ 682,500$ 227,500$ 6,825$ 7,583$ 14,408$

Waterworks Park 240 240 312,000$ 234,000$ 78,000$ 2,340$ 2,600$ 4,940$ 4,940$ 4,940$
Northeast 300 340 442,000$ 331,500$ 110,500$ 3,315$ 3,683$ 6,998$ 6,998$ 6,998$
Springwells 540 540 702,000$ 526,500$ 175,500$ 5,265$ 5,850$ 11,115$ 11,115$ 11,115$
Southwest 180 240 312,000$ 234,000$ 78,000$ 2,340$ 2,600$ 4,940$ 4,940$ 4,940$

ANNUAL GRAND TOTAL 36,227$ 39,005$ 42,402$

From
2011 ~ 2023

From
2024 ~ 2050

* Current treatment capacities represent existing facility capacities prior to implementation of the Needs Assessment Plan for Springwells, Northeast, and Southwest. Water Works Park is
based on the new facility.

Annual Rehabilitation /
Replacement Annual R&R Cost Summary (in $1,000)

Lake Huron 330

Future Capacity Division of Asset

Plants
From

2004 ~ 2010
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B2.0 Cost Estimation for Water Booster/Pumping Stations and
Storage Tanks
The rehabilitation and replacement costs for the existing and proposed water booster
stations and storage tanks were estimated by using a similar approach as that for the WTPs.
The following discusses the detail estimation, and the results are summarized in Table B-2.

(a) Station Capacity and Storage Volume Requirement — Table B-2 summarizes the
ultimate capacities and storage volume requirements for both existing and proposed
new DWSD pumping stations and storage tanks by each decade. These are based on the
water demand projection and hydraulic and water quality analysis performed under the
CWMP.

DWSD currently has 21 pumping stations, most of which have storage tanks with
volumes ranged from 6.6 million gallons (MG) to 20 MG. Four have no storage, as listed
in Table B-2.

As shown in Table B-2, according to the hydraulic analysis of the water supply system,
five new pumping stations and three new ground storage tanks are recommended by
year 2050. Details can be found in the CWMP Task C: Water Supply and Service
Management Plan report. In addition, in order to meet the emergency water storage
requirements, the volumes for some high ground storage tanks and storage tanks at
pumping stations, determined from hydraulic analysis, were increased. Further more,
three additional high ground storage tanks were recommended for building by the end
of 2050. Task D: Water Quality Management Plan report of the CWMP discusses the
additional storage amount needed.

(b) Station and Storage Tank Full Asset Value — The full asset value for pumping stations
(both existing and proposed new ones) was separated into two parts, one is for water
pumping capacity related, the other is for water storage tank(s) in the station, i.e.

Pumping Station Full Asset Value = Pumping Related Asset Value + Storage Related
Asset Value

The pumping-related asset value was estimated by using a pre-established formula for
calculating unit pumping station cost based on capacity from Section 4 of the CWMP
Task C report:

Unit Pumping Related Asset Value ($1,000/MGD) = 238.24 – (0.1496 x Pumping
Capacity (MGD)

This formula was derived from a review of several data sources including—DWSD
replacement costs for existing pumping stations, new station construction costs (such as
the Haggerty Road Station), and estimated station costs obtained from the Conceptual
Water System Master Plan (adjusted to present value costs).

Pumping Related Asset Value ($1,000) = Unit Pumping Related Asset Value ($1,000/MGD) x
Pumping Capacity (MGD)
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Similar to the pumping related asset value estimation, the asset value for storage tanks is
the cost for building a new tank. Again, from Section 4 of the CWMP Task C report, it
was set at $0.45 per gallon based on recently completed tank installation projects for
pre-stressed wire-wound circular concrete tanks larger than 4 MG. Since all the existing
and proposed new tanks in the DWSD system are and would be at least 4 MG, this cost
was considered to be valid.

Storage Related Asset Value ($1,000) = $0.45/gallon x Storage Volume (MG) x 1,000

This approach was not only used for calculating the storage tank asset value in the
pumping stations, but also for the proposed high-ground storage tanks.

(a) Division of the Asset— Again, based on the engineering experience and judgement, it
was assumed that for each water pumping station, the pumping related asset value was
divide equally (i.e. 50 percent by 50 percent) for the structural facilities and equipment.
The asset value for the storage tanks is assumed to be as 100-percent structural facilities.

(b) Annual Replacement Costs—Same as for the WTPs, the annual
replacement/rehabilitation rate was set as 1 percent of the structural facilities plus
3.33 percent of the equipment’s asset value.



TABLE B-2

Estimated Annual Average Rehabilitation and Replacement Cost (in thousand dollars) for the DWSD's Existing and Proposed Water Pumping Stations and High-ground Storage Tanks Through Year 2050 (Part 1)

No. Pumping Station and Storage Tanks

Existing 
Ultimate 
Station 

Capacity1    
Reservoir 
Volume Comments

Ultimate 
Station 

Capacity 1       
Storage 
Volume

Ultimate 
Station 

Capacity 1    
Storage 
Volume

Ultimate 
Station 

Capacity 1    
Storage 
Volume

Ultimate 
Station 

Capacity 1    
Storage 
Volume

Ultimate 
Station 

Capacity 1       
Storage 
Volume

(MGD) (MG) (MGD) (MG) (MGD) (MG) (MGD) (MG) (MGD) (MG) (MGD) (MG)
1 Adams Road 109 10 109 10 109 10 109 10 109 10 109 10
2 Eastside (Canyon) 30 10 30 10 30 10 30 10 30 10 30 10
3 Electric Avenue 24 6.6 2-3.3 MG Tanks 24 6.6 24 6.6 24 6.6 24 6.6 24 6.6
4 Farmington2 ---- ---- Not connected to DWSD’s 

transmission system. Station 
serves customer’s distribution 
system

---- ---- ---- ---- ---- ---- ---- ---- ---- ----

5 Ford Road 90 10 90 10 90 10 90 10 90 10 90 10
6 Franklin 164 10 164 10 164 10 194 10 194 10 255 10
7 Haggerty 86 10 New Pump Station 86 10 86 10 108 10 108 10 108 10
8 Imlay 575 20 575 20 575 20 575 20 575 20 575 20
9 Joy Road 94 10 2-5 MG Tanks 94 10 109 10 109 10 109.2 10 109 10

10 Michigan Avenue 29 6.8 1-3.5 MG (east) and 1-3.3 MG 
(west)

33.2 6.8 33.2 6.8 50 6.8 50.48 6.8 50 6.8

11 Newburgh 52 0 No Reservoir 66.4 20 66.4 20 66.4 20 66.4 20 78.4 20
12 North Service Center 227 20 2-10 MG Tanks 227 20 227 20 337 20 337 20 387 20
13 Northwest 50 10 50 10 50 10 50 10 50 10 50 10
14 Orion 14 0 No Reservoir 14 0 14 0 14 0 14 0 14 0
15 Rochester 58 0 No Reservoir 58 0 58 0 58 0 58 0 58 0
16 Roseville ---- ---- Not connected to DWSD’s 

transmission system. Station 
serves customer’s distribution 
system

---- ---- ---- ---- ---- ---- ---- ---- ---- ----

17 Schoolcraft 80 10 80 10 80 10 80 10 80 10 80 10
18 West Chicago 36 10 36 10 36 10 36 10 36 10 36 10
19 West Service Center 148 20 2-10 MG Tanks 148 20 148 20 148 20 148 20 148 20
20 Wick Road 60 10 78 10 78 10 78 10 78 10 78 10
21 Ypsilanti 54 0 No Reservoir 54 0 54 0 68.4 20 68.4 20 68.4 20
22 Chesterfield Booster Pumping Station in Chesterfield Township 26.4 20 26.4 20 26.4 20 26.4 20 26.4 20
23 Romeo Booster Pumping Station in Village of Romeo 101.7 20 135.3 20 135.3 20 135.3 20 188 20
26 Columbus Pumping Station in Columbus Township 311.3 20 311.3 20
27 Oakland Pumping Station in Oakland Township 95.3 20 221.3 20
28 Salem Pumping Station in Salem Township 26 0
24 High Ground Storage Tank West of 

Newburgh pumping station
8 mile west of Sheldon 10 10 10 10 10

25 High ground storage tank North of Orion 
Station

Brown East of Baldwin, Orion 
Township

20 20 20 20

29 High ground storage tank in Western grid 
(Kensington South of Jacoby) 

Kensington South of Jacoby, 
Brighton Township

10

30 High Ground Storage Tank SouthWest of 
Adams pumping station

10 10 10 10

31 High ground storage tank in West of 
Springfield

10 10

32 High ground storage tank in eastern of 
Salem pumping station

10

SUM (in $1,000)

ANNUAL GRAND TOTAL PER 
PLANNING INTERVAL (in $1,000)

NOTES
1 Ultimate capacity includes both line and reservoir pumping capacities
2 Station is owned and operated by DWSD, but it is part of Farmington’s water distribution system.
Bold number is the new capacity needed determined by the CWMP.
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TABLE B-2

Planning Interval of 2004 to 2010

No. Pumping Station and Storage Tanks
Pumping Storage 50% 50% 1% 3.33% Pumping Storage 50% 50% 1% 3.33% Pumping Storage 50% 50% 1% 3.33% Pumping Storage 50% 50% 1% 3.33% Pumping Storage 50% 50% 1% 3.33%

1 Adams Road  $  24,191  $     4,500  $     16,595  $     12,095  $        166  $        403  $     24,191  $ 4,500  $  16,595  $        12,095  $         166  $        403  $      24,191  $    4,500  $     16,595  $    12,095  $          166  $         403  $      24,191  $     4,500  $    16,595  $     12,095  $          166  $       403  $   24,191  $   4,500  $ 16,595  $   12,095  $          166  $      403 
2 Eastside (Canyon)  $    7,013  $     4,500  $       8,006  $       3,506  $          80  $        117  $       7,013  $ 4,500  $    8,006  $          3,506  $           80  $        117  $        7,013  $    4,500  $       8,006  $      3,506  $            80  $         117  $        7,013  $     4,500  $      8,006  $       3,506  $            80  $       117  $     7,013  $   4,500  $   8,006  $     3,506  $            80  $      117 
3 Electric Avenue  $    5,632  $     2,970  $       5,786  $       2,816  $          58  $          94  $       5,632  $ 2,970  $    5,786  $          2,816  $           58  $          94  $        5,632  $    2,970  $       5,786  $      2,816  $            58  $           94  $        5,632  $     2,970  $      5,786  $       2,816  $            58  $         94  $     5,632  $   2,970  $   5,786  $     2,816  $            58  $        94 
4 Farmington2

5 Ford Road  $  20,230  $     4,500  $     14,615  $     10,115  $        146  $        337  $     20,230  $ 4,500  $  14,615  $        10,115  $         146  $        337  $      20,230  $    4,500  $     14,615  $    10,115  $          146  $         337  $      20,230  $     4,500  $    14,615  $     10,115  $          146  $       337  $   20,230  $   4,500  $ 14,615  $   10,115  $          146  $      337 
6 Franklin  $  35,048  $     4,500  $     22,024  $     17,524  $        220  $        584  $     35,048  $ 4,500  $  22,024  $        17,524  $         220  $        584  $      37,852  $    4,500  $     23,426  $    18,926  $          234  $         631  $      40,588  $     4,500  $    24,794  $     20,294  $          248  $       676  $   45,962  $   4,500  $ 27,481  $   22,981  $          275  $      766 
7 Haggerty  $  19,382  $     4,500  $     14,191  $       9,691  $        142  $        323  $     19,382  $ 4,500  $  14,191  $          9,691  $         142  $        323  $      21,702  $    4,500  $     15,351  $    10,851  $          154  $         362  $      23,985  $     4,500  $    16,492  $     11,992  $          165  $       400  $   23,985  $   4,500  $ 16,492  $   11,992  $          165  $      400 
8 Imlay  $  87,527  $     9,000  $     52,763  $     43,763  $        528  $     1,459  $     87,527  $ 9,000  $  52,763  $        43,763  $         528  $     1,459  $      87,527  $    9,000  $     52,763  $    43,763  $          528  $      1,459  $      87,527  $     9,000  $    52,763  $     43,763  $          528  $    1,459  $   87,527  $   9,000  $ 52,763  $   43,763  $          528  $   1,459 
9 Joy Road  $  21,073  $     4,500  $     15,036  $     10,536  $        150  $        351  $     22,661  $ 4,500  $  15,830  $        11,330  $         158  $        378  $      24,232  $    4,500  $     16,616  $    12,116  $          166  $         404  $      24,232  $     4,500  $    16,616  $     12,116  $          166  $       404  $   24,232  $   4,500  $ 16,616  $   12,116  $          166  $      404 
10 Michigan Avenue  $    7,265  $     3,060  $       6,692  $       3,632  $          67  $        121  $       7,745  $ 3,060  $    6,932  $          3,872  $           69  $        129  $        9,706  $    3,060  $       7,913  $      4,853  $            79  $         162  $      11,645  $     3,060  $      8,883  $       5,823  $            89  $       194  $   11,645  $   3,060  $   8,883  $     5,823  $            89  $      194 

11 Newburgh  $  13,580  $     4,500  $     11,290  $       6,790  $        113  $        226  $     15,160  $ 9,000  $  16,580  $          7,580  $         166  $        253  $      15,160  $    9,000  $     16,580  $      7,580  $          166  $         253  $      15,160  $     9,000  $    16,580  $       7,580  $          166  $       253  $   16,464  $   9,000  $ 17,232  $     8,232  $          172  $      274 
12 North Service Center  $  46,372  $     9,000  $     32,186  $     23,186  $        322  $        773  $     46,372  $ 9,000  $  32,186  $        23,186  $         322  $        773  $      55,287  $    9,000  $     36,643  $    27,643  $          366  $         921  $      63,297  $     9,000  $    40,648  $     31,648  $          406  $    1,055  $   66,639  $   9,000  $ 42,319  $   33,319  $          423  $   1,111 
13 Northwest  $  11,538  $     4,500  $     10,269  $       5,769  $        103  $        192  $     11,538  $ 4,500  $  10,269  $          5,769  $         103  $        192  $      11,538  $    4,500  $     10,269  $      5,769  $          103  $         192  $      11,538  $     4,500  $    10,269  $       5,769  $          103  $       192  $   11,538  $   4,500  $ 10,269  $     5,769  $          103  $      192 
14 Orion  $    3,306  $            -  $       1,653  $       1,653  $          17  $          55  $       3,306  $         -  $    1,653  $          1,653  $           17  $          55  $        3,306  $           -  $       1,653  $      1,653  $            17  $           55  $        3,306  $             -  $      1,653  $       1,653  $            17  $         55  $     3,306  $          -  $   1,653  $     1,653  $            17  $        55 
15 Rochester  $  13,315  $            -  $       6,657  $       6,657  $          67  $        222  $     13,315  $         -  $    6,657  $          6,657  $           67  $        222  $      13,315  $           -  $       6,657  $      6,657  $            67  $         222  $      13,315  $             -  $      6,657  $       6,657  $            67  $       222  $   13,315  $          -  $   6,657  $     6,657  $            67  $      222 
16 Roseville

17 Schoolcraft  $  18,102  $     4,500  $     13,551  $       9,051  $        136  $        302  $     18,102  $ 4,500  $  13,551  $          9,051  $         136  $        302  $      18,102  $    4,500  $     13,551  $      9,051  $          136  $         302  $      18,102  $     4,500  $    13,551  $       9,051  $          136  $       302  $   18,102  $   4,500  $ 13,551  $     9,051  $          136  $      302 
18 West Chicago  $    8,383  $     4,500  $       8,691  $       4,191  $          87  $        140  $       8,383  $ 4,500  $    8,691  $          4,191  $           87  $        140  $        8,383  $    4,500  $       8,691  $      4,191  $            87  $         140  $        8,383  $     4,500  $      8,691  $       4,191  $            87  $       140  $     8,383  $   4,500  $   8,691  $     4,191  $            87  $      140 
19 West Service Center  $  31,983  $     9,000  $     24,991  $     15,991  $        250  $        533  $     31,983  $ 9,000  $  24,991  $        15,991  $         250  $        533  $      31,983  $    9,000  $     24,991  $    15,991  $          250  $         533  $      31,983  $     9,000  $    24,991  $     15,991  $          250  $       533  $   31,983  $   9,000  $ 24,991  $   15,991  $          250  $      533 
20 Wick Road  $  15,726  $     4,500  $     12,363  $       7,863  $        124  $        262  $     17,673  $ 4,500  $  13,336  $          8,836  $         133  $        295  $      17,673  $    4,500  $     13,336  $      8,836  $          133  $         295  $      17,673  $     4,500  $    13,336  $       8,836  $          133  $       295  $   17,673  $   4,500  $ 13,336  $     8,836  $          133  $      295 
21 Ypsilanti  $  12,429  $            -  $       6,214  $       6,214  $          62  $        207  $     12,429  $         -  $    6,214  $          6,214  $           62  $        207  $      14,020  $    4,500  $     11,510  $      7,010  $          115  $         234  $      15,596  $     9,000  $    16,798  $       7,798  $          168  $       260  $   15,596  $   9,000  $ 16,798  $     7,798  $          168  $      260 
22 Chesterfield Booster Pumping Station  $    3,119  $     4,500  $       6,059  $       1,559  $          61  $          52  $       6,185  $ 9,000  $  12,093  $          3,093  $         121  $        103  $        6,185  $    9,000  $     12,093  $      3,093  $          121  $         103  $        6,185  $     9,000  $    12,093  $       3,093  $          121  $       103  $     6,185  $   9,000  $ 12,093  $     3,093  $          121  $      103 
23 Romeo Booster Pumping Station  $  11,728  $     4,500  $     10,364  $       5,864  $        104  $        195  $     26,131  $ 9,000  $  22,065  $        13,065  $         221  $        436  $      29,495  $    9,000  $     23,748  $    14,748  $          237  $         492  $      29,495  $     9,000  $    23,748  $     14,748  $          237  $       492  $   34,612  $   9,000  $ 26,306  $   17,306  $          263  $      577 
26 Columbus Pumping Station  $            -  $            -  $             -    $             -    $           -    $          -    $               -  $         -  $         -    $                -    $            -    $           -    $               -  $           -  $            -    $            -    $             -    $            -    $      33,458  $     4,500  $    21,229  $     16,729  $          212  $       558  $   59,667  $   9,000  $ 38,833  $   29,833  $          388  $      994 
27 Oakland Pumping Station  $            -  $            -  $             -    $             -    $           -    $          -    $               -  $         -  $         -    $                -    $            -    $           -    $               -  $           -  $            -    $            -    $             -    $            -    $      11,012  $     4,500  $    10,006  $       5,506  $          100  $       184  $   33,965  $   9,000  $ 25,982  $   16,982  $          260  $      566 
28 Salem Pumping Station  $            -  $            -  $             -    $             -    $           -    $          -    $               -  $         -  $         -    $                -    $            -    $           -    $               -  $           -  $            -    $            -    $             -    $            -    $                -  $             -  $            -    $             -    $             -    $          -    $     3,060  $          -  $   1,530  $     1,530  $            15  $        51 
24 High Ground Storage Tank West of 

Newburgh pumping station
 $     2,250  $       2,250  $          23  $          -    $               -  $ 4,500  $    4,500  $           45  $           -    $               -  $    4,500  $       4,500  $            45  $            -    $                -  $     4,500  $      4,500  $            45  $          -    $           -    $   4,500  $   4,500  $            45  $         -   

25 High ground storage tank North of Orion 
Station

 $            -  $             -    $           -    $          -    $               -  $ 4,500  $    4,500  $           45  $           -    $               -  $    9,000  $       9,000  $            90  $            -    $                -  $     9,000  $      9,000  $            90  $          -    $           -    $   9,000  $   9,000  $            90  $         -   

29 High ground storage tank in Western grid 
(Kensington South of Jacoby) 

 $            -  $             -    $           -    $          -    $               -  $         -  $         -    $            -    $           -    $               -  $           -  $            -    $             -    $            -    $                -  $             -  $            -    $             -    $          -    $           -    $   2,250  $   2,250  $            23  $         -   

30 High Ground Storage Tank SouthWest of 
Adams pumping station

 $            -  $             -    $           -    $          -    $               -  $ 2,250  $    2,250  $           23  $           -    $               -  $    4,500  $       4,500  $            45  $            -    $                -  $     4,500  $      4,500  $            45  $          -    $           -    $   4,500  $   4,500  $            45  $         -   

31 High ground storage tank in West of 
Springfield

 $            -  $             -    $           -    $          -    $               -  $         -  $         -    $            -    $           -    $               -  $           -  $            -    $             -    $            -    $                -  $     2,250  $      2,250  $            23  $          -    $           -    $   4,500  $   4,500  $            45  $         -   

32 High ground storage tank in eastern of 
Salem pumping station

 $            -  $             -    $           -    $          -    $               -  $         -  $         -    $            -    $           -    $               -  $           -  $            -    $             -    $            -    $                -  $             -  $            -    $             -    $          -    $           -    $   2,250  $   2,250  $            23  $         -   

SUM (in $1,000) 3,022$      6,949$     3,363$       7,333$      3,588$        7,709$      4,051$        8,726$     4,545$        9,848$    

ANNUAL GRAND TOTAL PER 
PLANNING INTERVAL (in $1,000)

Total Annual R&R Cost (2004~2010) 9,971$     Annual R&R Cost (2011~2020) = 10,696$    Annual R&R Cost (2021~2030) = 11,297$    Annual R&R Cost (2031~2040) = 12,776$   Annual R&R Cost (2041~2050) = 14,393$  

Estimated Annual Average Rehabilitation and Replacement Cost (in thousand dollars) for the DWSD's Existing and Proposed Water Pumping Stations and High-ground Storage Tanks Through Year 2050 (Part 2)
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Planning Interval of 2041 to 2050

Full Asset Value (in 
$1,000)

Division of Asset   
Structures      
Equipment

Annual Rehabilitation / 
Replacement

Annual Rehabilitation / 
Replacement

Planning Interval of 2031 to 2040

Full Asset Value (in 
$1,000)

Division of Asset   
Structures      Equipment

Annual Rehabilitation / 
Replacement

Annual Rehabilitation / 
Replacement

Full Asset Value (in 
$1,000)

Division of Asset   
Structures      Equipment

Planning Interval of 2021 to 2030

Full Asset Value (in 
$1,000)

Division of Asset   
Structures      Equipment

Annual Rehabilitation / 
Replacement

Full Asset Value (in 
$1,000)

Planning Interval of 2011 to 2020

Division of Asset   
Structures      Equipment




