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TRANSIT COOPERATIVE RESEARCH PROGRAM

The nation’s growth and the need to meet mobility, environmental,
and energy objectives place demands on public transit systems. Current
systems, some of which are old and in need of upgrading, must expand
service area, increase service frequency, and improve efficiency to serve
these demands. Research is necessary to solve operating problems, to
adapt appropriate new technologies from other industries, and to intro-
duce innovations into the transit industry. The Transit Cooperative
Research Program (TCRP) serves as one of the principal means by
which the transit industry can develop innovative near-term solutions
to meet demands placed on it.

The need for TCRP was originally identified in TRB Special Report
213—Research for Public Transit: New Directions, published in 1987
and based on a study sponsored by the Urban Mass Transportation
Administration—now the Federal Transit Administration (FTA). A
report by the American Public Transportation Association (APTA),
Transportation 2000, also recognized the need for local, problem-
solving research. TCRP, modeled after the longstanding and success-
ful National Cooperative Highway Research Program, undertakes
research and other technical activities in response to the needs of tran-
sit service providers. The scope of TCRP includes a variety of transit
research fields including planning, service configuration, equipment,
facilities, operations, human resources, maintenance, policy, and
administrative practices.

TCRP was established under FTA sponsorship in July 1992. Pro-
posed by the U.S. Department of Transportation, TCRP was autho-
rized as part of the Intermodal Surface Transportation Efficiency Act
of 1991 (ISTEA). On May 13, 1992, a memorandum agreement out-
lining TCRP operating procedures was executed by the three cooper-
ating organizations: FTA, the National Academies, acting through the
Transportation Research Board (TRB); and the Transit Development
Corporation, Inc. (TDC), a nonprofit educational and research orga-
nization established by APTA. TDC is responsible for forming the
independent governing board, designated as the TCRP Oversight and
Project Selection (TOPS) Committee.

Research problem statements for TCRP are solicited periodically but
may be submitted to TRB by anyone at any time. It is the responsibility
of the TOPS Committee to formulate the research program by identi-
fying the highest priority projects. As part of the evaluation, the TOPS
Committee defines funding levels and expected products.

Once selected, each project is assigned to an expert panel, appointed
by the Transportation Research Board. The panels prepare project state-
ments (requests for proposals), select contractors, and provide techni-
cal guidance and counsel throughout the life of the project. The process
for developing research problem statements and selecting research
agencies has been used by TRB in managing cooperative research pro-
grams since 1962. As in other TRB activities, TCRP project panels serve
voluntarily without compensation.

Because research cannot have the desired impact if products fail
to reach the intended audience, special emphasis is placed on dissemi-
nating TCRP results to the intended end users of the research: tran-
sit agencies, service providers, and suppliers. TRB provides a series
of research reports, syntheses of transit practice, and other support-
ing material developed by TCRP research. APTA will arrange for
workshops, training aids, field visits, and other activities to ensure
that results are implemented by urban and rural transit industry
practitioners.

The TCRP provides a forum where transit agencies can cooperatively
address common operational problems. The TCRP results support and
complement other ongoing transit research and training programs.
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FOREWORD

By Dianne S. Schwager
Staff Officer
Transportation Research Board

TCRP Report 172: Guidance for Developing a Transit Asset Management Plan provides a
process for developing a transit asset management plan used by transit agencies seeking to
achieve a state of good repair (SGR). The report is accompanied by a Transit Asset Priori-
tization Tool (TAPT), which is composed of four spreadsheet models designed to assist
transit agencies in predicting the future conditions of their assets, and in prioritizing asset
rehabilitation and replacement.

TCRP Report 172 together with the TAPT models are valuable resources for transit agen-
cies and will be of interest to regional, state, and federal agencies that oversee, plan, or finance
public transportation. The report, TAPT models, and the contractor’s final report sum-
marizing the research conducted can be found at http://www.trb.org/Main/Blurbs/171285.
aspx.

This research is the second phase of a two-part research project to develop tools for transit
agencies to improve asset management and achieve SGR. Asset management is concerned
with using quality data to support decisions that will maintain, rehabilitate, and replace
existing assets in a cost-effective way and minimize asset lifecycle costs. By implementing
best practices in transit asset management, a transit agency can make investment decisions
that reduce the costs over time of maintaining its system, freeing up funds, where possible,
to help improve service.

e Phase 1. The first phase of this research produced TCRP Report 157, which developed
a preliminary framework and spreadsheet tools for transit agencies to use for prioritiz-
ing capital asset rehabilitation and replacement decisions. The research in this phase
reviewed existing SGR practices in transit and other related industries. Based on the
review, a framework was developed for evaluating the impacts and implications of differ-
ent investment levels for rehabilitation and replacement of transit assets. The framework
was built upon fundamental concepts involved in prioritizing asset rehabilitation and
replacement decisions and provided a basic set of steps for transit agencies to analyze
their SGR needs.

» Phase 2. The second phase produced three deliverables to improve transit asset manage-
ment: TCRP Report 172, the TAPT spreadsheet, and a final research report. Additional
research was undertaken to further develop the SGR framework and spreadsheet tools
developed in Phase 1 and prepare guidance materials for transit agencies. Pilot tests and
a workshop were conducted to solicit input from transit agencies and industry experts
involved in transit asset management. These initiatives helped validate and refine the
guidance document and the spreadsheet tools.
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TCRP Report 172 and the accompanying TAPT spreadsheet are intended for use by transit
agencies of all sizes and with all types of assets. The complexity of the process of developing
an asset management plan as described in the report is dependent upon the total number
of assets and the number of types of assets in a transit agency’s inventory. TCRP Report 172
provides a set of tutorials illustrating the use of TAPT and describes additional resources that
may be relevant for transit agencies implementing an asset management approach for helping
achieve SGR. The TAPT tutorials illustrate use of the process and tool with two transit agencies;
the first describes a smaller agency modeling its bus assets, and the second describes an
agency using the tool to analyze needs for buses, light rail, track, and facilities. The final
research report, which is a separate electronic deliverable, documents the Phase 2 research
and supplements TCRP Report 172 and the TAPT spreadsheet.

Copyright National Academy of Sciences. All rights reserved.
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CHAPTER 1

Introduction

Background

U.S. transit agencies have a wide variety of capital assets to maintain, including, but not limited
to, buses, rail cars, guideway, stations, and other facilities and supporting systems. Transit agencies
must rehabilitate and replace their existing physical assets to keep them in a state of good repair
(SGR) and provide a consistent level of service to their passengers. Absent adequate investment
in existing assets, a transit agency may find its equipment becoming increasingly unreliable and
difficult to maintain, and in extreme cases may suffer reductions in system reliability resulting in
degraded transit service. In recent years, transit ridership has increased, but funds for rehabilitating
and replacing existing assets remain tightly constrained, further heightening the challenge that
transit agencies face.

Transit asset management provides a set of tools and approaches for helping transit agencies
manage their physical assets and achieve SGR. Specifically, asset management is concerned
with using quality data to support decisions that will maintain, rehabilitate, and replace exist-
ing assets in a cost-effective way and minimize asset lifecycle costs. By implementing best
practices in transit asset management, a transit agency can make investment decisions that
reduce the costs over time of maintaining its system, freeing up funds where possible to help
improve service.

Developing an asset management plan encompasses many of the basic steps in implementing
an asset management approach. An asset management plan describes the physical assets that a
transit agency owns and/or maintains, their existing condition, the strategy used for investing in
those assets, the transit agency’s plan for future asset rehabilitation and replacement, and how assets
relate to levels and the quality of services that agencies provide. Preparing an asset management
plan is not just good practice; with the passage of the transportation reauthorization bill MAP-21
in 2012, it is also the law for all recipients of federal transit funding.

TCRP Report 157 provides a framework for transit SGR, and describes a basic set of steps in
applying the framework, including development of an investment plan. Figure 1.1 illustrates
the components of the framework, and the questions the framework is meant to help answer.
Fundamentally, the SGR framework is intended to help transit agencies prioritize investments
to rehabilitate and replace existing transit capital assets.

In addition to providing the SGR framework, TCRP Report 157 details a set of analytical tools
and approaches for prioritizing asset investments. The framework and tools provide a starting
point for transit agencies interested in using an asset management approach. However, transit
agencies require more detailed guidance and tools to develop asset management plans and
prioritize their investments. Thus, following completion of TCRP Report 157, additional research
was performed to further develop the framework and tools described in the report, as well as

Copyright National Academy of Sciences. All rights reserved.
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are required Investment predicted impacts
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Safety

How will capital asset rehabilitation
& replacement impact performance?

Source: TCRP Report 157

Figure 1.1. Elements of the transit SGR framework.

to incorporate additional considerations resulting from the transit asset management-related
requirements of MAP-21. The results of this additional research are described in this guide and in
the accompanying research report, Guidance for Applying the State of Good Repair Prioritization
Framework and Tools: Research Report, which can be found at http://www.trb.org/Main/Blurbs/
171285.aspx.

Purpose of the Guide

This guide describes the process of developing a transit asset management plan (TAMP) and
is intended for use by transit agencies as they seek to achieve SGR and comply with the require-
ments of MAP-21. Also, it describes how to use the Transit Asset Prioritization Tool (TAPT),
a spreadsheet tool designed to assist transit agencies in predicting the future conditions of their
assets and in prioritizing asset rehabilitation and replacement. Further, this guide provides a set
of tutorials illustrating the use of TAPT, and describes additional resources that may be relevant
for transit agencies implementing an asset management approach.

This guide is intended for use by transit agencies of all sizes and with all types of assets. Note,
the complexity of the process is dependent upon the total number of assets and the number of
types of assets. The TAPT tutorials illustrate use of the process and tool with two agencies; the
first describes a smaller agency modeling their bus assets, and the second describes an agency
using the tool to analyze needs for buses, light rail, track, and facilities.

Copyright National Academy of Sciences. All rights reserved.
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MAP-21 Requirements

MAP-21 includes several definitions and provisions related to using a performance-based
approach to making transportation investment decisions, and to asset management, in particular.
At the time of this writing, the FTA was developing the rules for implementing the requirements
of MAP-21. This section describes the basic requirements of the law, pending further clarification
and details from FTA’s rulemaking.

MAP-21, for the first time, provides a federal definition of the term “asset management.”
Section 1103 of the bill defines the term as follows.

ASSET MANAGEMENT.—The term ‘asset management’ means a strategic and systematic process of
operating, maintaining, and improving physical assets, with a focus on both engineering and economic
analysis based upon quality information, to identify a structured sequence of maintenance, preservation,
repair, rehabilitation, and replacement actions that will achieve and sustain a desired state of good repair
over the lifecycle of the assets at minimum practicable cost.

The primary provisions related to transit asset management are in Section 20019 of the bill,
which amends Section 5326 of Title 49 of United States Code (USC). This section begins with
definitions of the terms “transit asset management system” and “transit asset management plan.”
MAP-21 defines “transit asset management system” as:

TRANSIT ASSET MANAGEMENT SYSTEM.—The term ‘transit asset management system’ means
a strategic and systematic process of operating, maintaining, and improving public transportation capital
assets effectively throughout the lifecycle of such assets.

And the law includes the following definition of “transit asset management plan”:

TRANSIT ASSET MANAGEMENT PLAN.—The term ‘transit asset management plan’ means a plan
developed by a recipient of funding under this chapter that—(A) includes, at a minimum, capital asset
inventories and condition assessments, decision support tools, and investment prioritization; and (B) the
recipient certifies complies with the rule issued under this section.

This section further directs the Secretary of Transportation to establish a “national transit
management system” and lists the elements to be included in that system. These include:

(1) a definition of the term ‘state of good repair’ that includes objective standards for measuring the
condition of capital assets of recipients, including equipment, rolling stock, infrastructure, and facilities;

(2) arequirement that the recipients and subrecipients of Federal financial assistance under this chapter
develop a transit asset management plan;

(3) a requirement that each recipient of Federal financial assistance under this chapter report on the
condition of the system of the recipient and provide a description of any change in condition since the
last report;

(4) an analytical process or decision support tool for use by public transportation systems that—(A) allows
for the estimation of capital investment needs of such systems over time; and (B) assists with asset
investment prioritization by such systems; and

(5) technical assistance to recipients of Federal financial assistance under this chapter.

Section 20019 also requires the Secretary of Transportation, to “establish performance
measures based on the state of good repair standards . . .” Finally, this section sets a timeline for
the rulemaking and for recipients of federal funds to begin reporting performance and perfor-
mance targets, and submitting annual transit asset management plans following completion of
the rulemaking.

The net effect of these provisions is that following FTA’s rulemaking, transit agencies will be
required to prepare transit asset management plans that describe their inventory of capital assets
and their conditions. Also, the plan will describe how they prioritize their SGR investments.
Section 20028 of MAP-21, which amends USC Title 49, Section 5337, further stipulates that any
projects funded through the SGR grants defined in this section should be listed in the transit
agency’s asset management plan.

Copyright National Academy of Sciences. All rights reserved.
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Another requirement of the law is that transit agencies will need to report on their performance
on an annual basis, and set performance targets using measures that incorporate consideration of
SGR. Here we have assumed that a transit agency’s asset management plan will include reporting
of SGR-related performance measures, though transit agencies may be required to submit separate
documents for performance reporting in addition to their TAMP. It’s quite possible that perfor-
mance measures other than what are presented in the guide may be required by FTA.

The guidance provided in this document is intended to aid in development of a TAMP consistent
with best asset management practice and in compliance with MAP-21 requirements. However,
developing a TAMP is beneficial regardless of federal requirements. Such a plan is valuable as a
tool for communicating needs for investment in existing capital assets, for “making the case” for
increased funding where needed to achieve SGR, and for establishing a transparent, repeatable,
and effective process for making investment decisions. Likewise, the document describes the use
of TAPT. This tool can assist a transit agency in developing its TAMP but the fundamental goal of
the tool is to help transit agencies optimize their asset rehabilitation and replacement decisions.

Asset Management Guidance

Per MAP-21 requirements, transit agencies must develop a TAMP. However, there are many
other aspects and elements to implementing an asset management approach. Two documents,
in particular, have additional guidance pertinent to this broader topic: the FTA Transit Asset
Management Guide and the ISO 55000 Standard Series. Chapter 5 of this report provides more
information on these resources and the broader concepts, but the following is a summary of the
guidance they provide relating to the development of a transit asset management plan.

The FTA Transit Asset Management Guide offers targeted guidance for transit agencies
interested in advancing the practice and implementation of transit asset management. This
document is largely focused on how to implement an asset management approach. It defines
an asset management plan as a plan for implementing an asset management approach, focused
primarily on investments needed for a set of assets, and less on process improvements. The FTA
guide also describes the development of asset class-specific lifecycle management plans, which
share several of the same sections that Chapter 2 of this document recommends for transit asset
management plans. FTA’s proposed sections for lifecycle management plans include:

e Rolesand Responsibilities—Who is responsible for this asset’s lifecycle management activities?

o Asset Inventory—What assets are included in this lifecycle management plan?

e Condition Assessment and Performance Monitoring—How will the asset class’ performance
be measured and monitored?

o Preventative Maintenance Plan—What activities can be proactively completed?

o Rehabilitation and Replacement Plan—What capital investments are needed?

o Asset Policy and Strategy—What are the asset management goals for this asset class?

o Asset Lifecycle Management—What are the investment activities necessary for maximizing
the performance of this asset?

o Capital Programming and Operations and Maintenance Budgeting—How will asset manage-
ment support capital programming and operations and maintenance budgeting?

o Performance Modeling—How will asset condition data support scenario evaluation?

¢ Continuous Improvement—How can we ensure we continue to get better at managing this
asset?

The other key resource for implementing an asset management approach is the ISO 55000
standards series. This standard includes specific requirements for establishing asset management
systems. Particularly relevant to the development of asset management plans are the planning

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/22306

Guidance for Developing a Transit Asset Management Plan

Introduction 5

requirements in the standard (more detail is provided on these in Chapter 5). These require-
ments are consistent with, but broader than, the TAMP outline presented in Chapter 2. They
include important additional considerations such as criteria for decision making, responsi-
bility for performing needed actions, the approach for reviewing the plan, and the risks associ-
ated with managing assets. Transit agencies implementing the ISO 55000 standards may wish to
supplement their MAP-21 asset management plans accordingly by incorporating the additional
considerations. As meeting the ISO 55000 standards will take more work, agencies may want
to implement a model where they complete the broader plan, but then opt only to update the
MAP-21 required sections annually. Another agency might plan to create an ISO 55000 asset
management plan every five years, and pull from that the MAP-21 related elements for the
annual update.

Important Concepts

This section discusses key concepts used throughout the document. The final section of the
document includes a list of references with more information on each of these items.

Lifecycle cost is the sum of the costs of an asset over the course of its life. The calculation
of lifecycle costs always includes agency costs, costs borne by the owner and operator of the
asset (typically a transit agency in the context of transit assets). These costs may include, but
are not limited to: the cost of the purchase or construction of an asset; costs from performing
maintenance, repair, and rehabilitation work over the asset’s life; and costs incurred in the
event an asset fails prematurely. The calculation may include user costs, costs associated with
use of the asset. The determination of exactly what costs are included in an analysis depends
in large part upon what options the decision maker is weighing. Lifecycle costs are often
presented on an average annual basis to facilitate comparison between assets with different
lives. Lifecycle costs are always calculated considering a discount rate, which captures the
time value of money.

Asset life (or service life) is the estimated useful economic life of an asset, specified in terms of
time (years) or some other unit (e.g., accumulated mileage). The remaining service life (RSL)
is the difference between this life and the age of the asset. Note one can continue to maintain an
asset even once it has reached its service life, but it is unlikely to be cost effective to do so.

Asset failure occurs when an asset unexpectedly ceases to provide its intended service.
For revenue vehicles, a failure (also called road calls, in the case of buses) is defined using the
National Transit Database (NTD) definition of “major mechanical failure,” which includes cases
where the failure of a mechanical element of the vehicle prevents the vehicle from completing
a scheduled revenue trip or starting the next scheduled revenue trip. For other assets, the term
refers to the catastrophic failure of the asset requiring its replacement.

An optimal policy for an asset is a description of the set of actions to be taken to best achieve
transit agency objectives. Typically the transit agency’s objective, with respect to an asset, is
to minimize the lifecycle cost of purchasing and maintaining the asset. Ideally, the level of
maintenance should also maintain or improve service levels and meet the public’s expectations.
However, a transit agency may consider other factors that are difficult to incorporate in a life-
cycle cost calculation, such as aesthetics, compliance with legal requirements, environmental
concerns, and other factors. Strictly speaking, the policy for an asset should address when all
maintenance, repair, rehabilitation, and replacement actions should be taken and how these will
at least conceptually relate to the quality of the transit agency’s services. However, this document
focuses on rehabilitation and replacement actions which may be included in a transit agency’s
capital program.
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Guide Organization
The remainder of this document is organized as follows:

o Chapter 2 describes a step-by-step process for developing a transit asset management plan.

o Chapter 3 details how to use TAPT to predict asset performance and prioritize rehabilitation
and replacement actions.

o Chapter 4 provides a set of tutorials illustrating the use of TAPT to help prioritize asset invest-
ments and prepare an asset management plan.

o Chapter 5 describes additional references valuable for transit agencies implementing a transit
asset management approach and/or developing an asset management plan.
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CHAPTER 2

Steps in Developing a Transit Asset
Management Plan

This chapter walks through the steps involved in development of a Transit Asset Management
Plan (TAMP). It describes the way in which a tool [such as the Transit Asset Prioritization
Tool (TAPT), described in Chapter 3] can be used by transit agencies to support this process.
Upon completion, readers will understand the necessary steps and required data to develop
a TAMP.

The process of developing and finalizing a TAMP is divided into 5 steps, as illustrated in
Figure 2.1.

For transit agencies with larger asset inventories it will likely be necessary to use software
tools to support the process outlined above. TAPT, detailed in the next chapter, is designed to
support prioritization of transit asset rehabilitation and replacement, and can be used to support
development of the TAMP. Also, the FTA Transit Economic Requirements Model (TERM)
Lite can be used in conjunction with TAPT or independently from TAPT to support analysis
of investment scenarios. Further, many transit agencies have implemented asset management
systems and decision support tools that can be used to support TAMP development.

Step 1
Inventory Assets
and Data

Step 2

Analyze Asset
Conditions and
Performance

Step 3
Define Investment
Scenarios

Step 4
Finalize Investment
Scenarios

Step 5

Develop Transit
Asset Management
Plan

OREICKRECERECEKEO

Figure 2.1. 5-Step
TAMP development
process.

The process described in this chapter is applicable whether a transit agency uses TAPT, TERM
Lite, and/or other tools. However, where TAPT is used, the text notes steps where the reader
should refer to Chapter 3 for more information. Further, many of the examples in this chapter
are drawn from the transit agency pilots performed using TAPT with data from King County
Metro, the Denver Regional Transportation District (RTD), and the Southeastern Pennsylvania
Transportation Authority (SEPTA). Note the examples are used strictly for illustrative purposes,
and do not reflect actual investments or plans.

Step One: Inventory Assets and Data

The process of evaluating and prioritizing rehabilitation and replacement work starts with
collecting data on existing transit capital assets. Described at the very basic level: first you need
to know what you have (i.e., capital assets), and then you need to understand what you know
about what you have (i.e., data). Data are needed to describe the transit agency’s asset inventory,
and establish the condition of the inventory as an initial step in determining what replacement
actions will be needed and when. While the scope of this guidance does not include detailed
inventory and data collection methods, additional resources in Chapter 5 can be used to develop
a more detailed data collection process.

Step 1 includes 5 sub-steps. Upon completion you will have:

o A comprehensive list of your transit agency’s capital assets, organized by subsystem type to
facilitate data collection
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A list, by asset, of the data your transit agency currently collects related to its assets
e An agency-approved definition of SGR

A selected list of performance measures

e A plan or protocol for gathering, storing, and updating the necessary data

Note: If utilizing the TAPT you should refer to Chapter 3 for specific instructions on how to use
the tool to help complete Steps 1 through 4. Return to this chapter for Step 5 (Develop Transit
Asset Management Plan).

Step 1.1 Establish the Capital Asset Inventory

Creation of a TAMP starts with quantifying, describing, and categorizing a transit agency’s
existing capital assets. MAP-21 defines a capital asset as follows:

(1) CAPITAL ASSETS—The term ‘capital asset’ includes equipment, rolling stock, infrastructure, and
facilities for use in public transportation and owned or leased by a recipient or sub recipient of Federal
Financial assistance under this chapter.

To create your capital asset inventory, you may choose to reference an existing asset classification
system as a guide. TERM Lite, an FTA tool available to help transit agencies assess their SGR
needs, provides a classification system for organizing an asset inventory. For more information
on TERM Lite refer to Chapter 5. The high level classification from TERM Lite is provided in
Table 2.1. This table also summarizes basic inventory data that should be collected for each asset
to support development of the TAMP. Note that regarding collection of cost data, ideally you
should be able to calculate the full cost of asset acquisition, replacement, etc., including “soft”
or indirect costs such as administrative and design costs. However, what is most important

Table 2.1. TERM Lite inventory structure.

Asset Type Sub-Category/Classification | Inventory Data

Vehicles Revenue Vehicles Quantity (unit), year built, unit cost,
Non-Revenue Vehicles acquisition cost, replacement cost,
Equipment/Parts cost year, useful life

Guideway Elements | Guideway
Trackwork

Speed Structures
Bus Guideway
Stations Rail

Motor Bus

Ferry

Facilities Buildings

Storage Yard
Equipment

Major Shops
Central Control
Systems Train Control
Roadway Traffic Signals
Electrification
Communications
Security

Revenue Collection
Utilities

ITS
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Table 2.2. NTD asset module structure.

Asset Type Sub-Category/Classification | Inventory Data
Revenue Vehicle Vehicles in Operation Vehicle type, ownership, funding
Inventory source, year of manufacture, year

of rebuild, manufacturer, model
number, fuel type, vehicle length,
seating capacity, standing capacity

Transit Way Mileage | At-grade Miles of track; crossings
Elevated Miles of track
Open-cut
Subway
Stations and Passenger Stations (Single and | Number of stations for fixed route
Maintenance Multimodal) or fixed guideway
Facilities Maintenance Facilities Type, ownership, and size

regarding tracking of data on costs is that you track costs in a consistent manner, which argues
for tracking indirect costs only if you can do this consistently.

The guidelines for the NTD reporting also can serve as a foundation for these efforts, providing
a de facto minimum set of standards for describing a transit asset inventory. NTD requirements
are summarized in Table 2.2. Note that there are additional requirements pertaining to vehicles
not summarized in the table, and different requirements for rural transit agencies. For more
information on the NTD, refer to Chapter 5.

Ifyou are using TAPT, you will have the flexibility to define the set of assets in your inventory,
and the tool will list the data items required for quantifying the inventory. Table 2.3 provides
an example of an inventory of buses. In TAPT these are detailed at the subfleet level, with data
items defined consistently with the NTD reporting requirements.

When creating your asset groups, you may want to consider whether there are groups of assets
that may fall within the same asset category (e.g., same model and age), but whose operational
characteristics may impact asset management and condition (e.g., some buses may be run on
suburban and rural routes while others are servicing urban areas, or the annual mileage varies
significantly). In these cases it may be worth creating sub-asset groups for each type to ensure
that the replacement and rehabilitation recommendations are as accurate as possible.

Table 2.3. Capital asset inventory example—buses.

Articulated  Bus-Artic 1 2000 NABI 118 330,900
Mall Bus-Mall 1 2000 Mall Shuttle 18 12 138,904
Bus-Mall 2 2001 Mall Shuttle 15 11 141,193
Bus-Mall 3 2002 Mall Shuttle 3 10 130,023
Intercity Bus-IC 1 1998 MClI 67 14 1,024,371
Bus-IC 2 2001 Neoplan 85 11 493,701
Bus-IC 3 2009 Blue Bird 6] IS 55,487
Bus-IC 4 2010 MClI 6 2 84,036
40’ Transit Bus-Transit 1 2000 Orion V 199 12 482,740
Bus-Transit2 2005 Gillig Diesel 42 7 295,447
Bus-Transit 3 2006 Gillig Hybrid 4 6 171,153
Bus-Transit 4 2006 Gillig Diesel 7 6 249,523
Bus-Transit5 2008 Gillig Diesel 6 4 170,629
Bus-Transit 6 2008 Gillig Hybrid 5 4 115,508
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Step 1.2 Establish Available Data Resources

Once you have established the capital asset inventory, it is important to identify available
sources of inventory and condition data for use in developing the TAMP. Specifying which data
sources are used for each asset type will allow for consistent, future updates to the inventory.
The specification of which data are required for the TAMP would ideally be determined consid-
ering both best practices and the story it is that you are trying to tell—i.e., which performance
measures you are going to track, report, and use in your decision-making and prioritization
processes. However, for a transit agency that has an established data collection process, it makes
sense to utilize existing resources to determine the way your conditions will be described.

In performing this step, first determine what existing systems and tools are used in the transit
agency to collect and store asset data. These systems may include:

o Enterprise asset management (EAM) systems with detailed data on the inventory and day-to-day
maintenance work;

o Asset-specific management systems, such as vehicle, facility, and bridge management systems;

e Operations and service planning systems, which may detail relevant fleet operations data;

e Financial management systems with information on capital expenditures;

o Electronic and/or paper inspection reports;

o Analysis tools, such as TERM Lite;

o Other databases and spreadsheets with inventory and condition data; and/or

o Transit agency reports with asset details, such as capital plans or asset-specific analyses.

Note that a transit agency may have many systems that have valuable data for use in developing a
TAMP outside of its asset management systems. For instance, in many cases systems used for sup-
porting operations may have useful information on delays or slow orders attributed to asset main-
tenance or failures that are highly valuable in developing a TAMP. As another example, financial
management systems with records of capital expenditures can be used to establish an inventory of
capital assets and details on asset costs. However, it is important to assess data quality and currency
when using data from other systems, or repurposing data collected for other purposes.

Once the set of data resources has been established, you will establish basic information on each
resource, and the types of data stored in, listed in, and/or managed using the resource. Table 2.4
lists the information required on each data resource.

Table 2.4. Information required on data resources.

ltem Notes
Resource name System or database name.
Owner Should specify owner of the system if the system is licensed by the

transit agency, as well as the transit agency business owner.

Asset types included Should specify level of detail of the inventory. Are individual

assets listed, or are assets grouped by subfleet, line, or using other
approaches. Are complex assets such as structures and facilities
specified by system or subsystem?

Update approach Should detail major system uses, and how frequently the data in
the system are updated and used.

Inventory data items List of inventory items. These are typically entered upon
purchase/construction of an asset

Condition data items List of data items that are updated as the asset ages, such as
mileage and/or physical condition.

Cost-related data items| May include purchase cost, replacement cost, cost of actual or
planned maintenance or rehabilitation actions, energy consumption,
transit agency soft costs, and/or other fields.

Operations-related May include information on the service for which assets are used
data items (e.g., ridership by vehicle), data on delays and asset failures.
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As aresult of this step you may find that you do not have sufficient data on all of your assets to

complete a full prioritization analysis. If this is the case, you can focus on those assets for which
you do have the data, and separately input budget data for other assets. For example, you may
focus your TAMP development on your vehicle assets, and handle your facility assets separately
(if you do not have complete data), or as an addition at the end. In future years, if you do have
the data, you can add the additional asset types to the analysis.

Step 1.3 Define SGR

Nominally the goal of capital asset rehabilitation and replacement is to maintain a transit

agency’s assets in, or return them to, SGR. However, it is important to define what SGR means
to the transit agency, and how the definition relates to transit agency goals and objectives.
The process of defining the term “state of good repair” for your transit agency will allow you to
set appropriate targets, benchmark progress over time, and provide direction and guidance in
the prioritization of capital improvements and maintenance.

As discussed in Chapter 1, MAP-21 requires FTA to create a definition for SGR, and establish

performance measures that will support this definition for use by transit agencies in their TAMPs.
This document will be updated once FTA has established its definition of the term. However,
even given FTA’s definition, a transit agency should relate the definition to its goals and objectives,
and may find that in so doing, it needs to clarify or extend the definition of SGR.

At the 2010 State of Good Repair Roundtable, FTA presented three possible approaches to

defining SGR. Each one combines a mix of approaches from the following categories:

Management activities and processes,

Asset conditions (as defined by transit agency, owner’s manual, industry standards),
System performance (as defined by transit agency),

Safety conditions (as defined by transit agency),

Quality (as reported by customers).

FTA’s example definitions include:

Option 1

A transit system is in a SGR when:

The transit agency possesses and maintains a comprehensive list of its capital assets and rolling
stock.

The transit agency possesses an asset management plan, which is integrated into the management
processes and practices of the transit agency.

A set percentage of the transit agency’s assets are within their particular useful life and remaining
assets are performing at their designed function.

Option 2

A transit system is in a SGR when:

System components are properly maintained or replaced in accordance with:

— The owner’s approved O&M procedures and schedules; or

— The original equipment manufacturer’s recommended criteria when owner’s procedures
do not exist; or

— Industry standards when the above are not available.

The system satisfactorily performs its intended design function.
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Option 3

A transit system is in a SGR if it exhibits the following characteristics:

o Safety: Transit infrastructure and vehicles are well maintained and replaced before their
condition deteriorates to the point of presenting a safety risk.

o Quality Transit: Infrastructure and vehicles meet customer expectations for comfort and
reliability.

Source: Presentation by A. James at 2nd State of Good Repair Roundtable, 2010: “Addressing
the Challenge: Formulating a Definition of SGR for a Federal Program.”

Table 2.5 provides examples of SGR definitions used by six transit agencies. As reflected in the
FTA approaches, the definitions in this set range from those based on a condition or performance
assessment, to those based on maintenance or replacement activities.

Once your transit agency has defined SGR, it is important to link it to your transit agency’s
mission and goals. Table 2.6 shows how the MBTA has linked its mission and goals to SGR. The
SGR program is specifically mentioned under the infrastructure goal. Also, certain SGR-related
activities may relate to the service and financial goals. The ISO 55000 and [IMM asset management
guidance documents cited in the Chapter 5 emphasize a top-down approach whereby desired
service levels drive asset condition goals and objectives.

Step 1.4 Select Performance Measures and Targets
for Asset Management

The performance measures and targets that you select for your TAMP will provide you with
the baseline asset conditions, help you track your progress across program areas, predict how
conditions are likely to change in the future, and provide a level to which you are striving. The
measures should be quantifiable using the data that your transit agency is collecting (identified
in Step 1.2) and help describe and track the state of the repair of your transit agency’s assets, as well

Table 2.5. Example SGR definitions.
Transit Agency Definition
Chicago Transit CTA defines SGR primarily in terms of standards:
Authority (CTA) ¢ Rail lines should be free of slow zones and have reliable signals.
lllinois e Buses should be rehabbed at 6 years and replaced at 12 years.

o Rail cars should be rehabbed at quarter- and half-life intervals and replaced
at 25 years.
« Maintenance facilities should be replaced at 40 years (70 years if rehabbed).

Cleveland Regional
Transit Authority
(RTA)

Ohio

State of good repair projects are those needed to bring the system to a consistent,
high quality condition system-wide

Massachusetts Bay
Transportation
Authority (MBTA)
Massachusetts

A state of good repair standard [is where] all capital assets are functioning at
their ideal capacity within their design life.

New Jersey Transit
(NJT)

“State of Good Repair” is achieved when the infrastructure components are
replaced on a schedule consistent with their life expectancy.

Pennsylvania

New Jersey

New York City Investments that address deteriorated conditions and make up for past

Transit (NYCT) disinvestment.

New York

Southeastern An asset or system is in a state of good repair when no backlog of needs exists
Pennsylvania and no component is beyond its useful life. State of good repair projects correct
Transportation past deferred maintenance, or replace capital assets that have exceeded
Authority (SEPTA) | their useful life.

Source: Transit State of Good Repair: Beginning the Dialogue. FTA, 2008.
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Table 2.6. MBTA mission.

Mission: Committed to excellence, the MBTA strives to provide safe, accessible,
dependable, clean, and affordable transportation to our valued customers through the
dedication of our diverse and talented workforce.

Goals: Service To provide clean, safe, and reliable public transportation,
accessible to everyone, and a clean and safe environment
for employees.

Infrastructure To modernize the system through an aggressive SGR
program while investing in cost-effective expansion projects
to increase our customer base.

Financial To provide affordable transit for the public toward reducing
Condition the burden to taxpayers through efficient operations,
innovative fare policies, and the generation of non-fare
revenues, while simultaneously supporting a balanced
capital program of modernization and expansion through
strong project and grant management.

Employee To recruit, train, and retain a highly professional, diverse,
Development and committed workforce capable of improving the system
in an efficient and cost-effective manner.

Communication | To develop direct, effective communication techniques that
inform our customers, obtain valuable feedback, and
develop goodwill for the organization.

Source: The MBTA FY2009 Budget. MBTA, 2008.

as the impacts and implications of operating at a given state of repair. Most (if not all) of the measures
you will use for your TAMP are likely among those that your transit agency is already collecting.

FTA is currently developing guidance on performance measures and targets for transit asset
management. Once adopted, these measures will be used by all transit agencies in their TAMP.
However, transit agencies may choose to report additional measures beyond the minimum set
required by FTA. This document provides some general guidance on the selection of measures,
and offers suggestions for other resources that may be useful.

Appendix A of FTA’s Asset Management Guide provides guidance on performance metrics
by asset type. TCRP Report 88: A Guidebook for Developing a Transit Performance-Measurement
System provides background information on the use of performance measures by transit agencies
across all areas. It includes a list of possible measures, including detail about data requirements,
appropriate use, and other related information. The NTD Annual Reporting Manual provides addi-
tional guidance. Though many of the metrics required for NTD reporting are not performance
measures, it does include a few relevant measures (e.g., total miles on active vehicles during period).
These resources are discussed further in Chapter 5.

Selecting Performance Measures for Asset Management

Performance measurement is a complex topic, and extends beyond the area of capital asset
rehabilitation and replacement that is the focus of this report. Important considerations in identi-
fying performance measures for supporting transit asset rehabilitation and replacement decisions
adapted from NCHRP Report 551 are as follows:

o Feasibility: a performance measure is useful only if the transit agency can capture the data
needed to support its calculation. In considering whether to use a given measure, the transit
agency must consider the cost of quantifying the measure, and weigh this against the marginal
value of having the information that the measure would provide.

o Policy sensitivity: performance measures used to support resource allocation decisions should
ideally relate to transit agency policy objectives, and should provide a measure of whether
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the expected outcomes of policy objectives are occurring. This tends to emphasize measures
correlated with transit service from the transit customer’s viewpoint. For instance, on-time
performance is more meaningful for a typical passenger than a condition score.

o Long-term view: to support rehabilitation and replacement decisions it is important to leverage
information on trends in performance and predictions of future performance given a set of
budget assumptions. Also, it should be possible to predict performance of the selected mea-
sures over the entire lifecycle of an asset. If a measure cannot be predicted in the future, then
it may be of value for reporting or tracking purposes, but it will not be an effective measure
for supporting asset replacement decisions.

o Useful for decision support: the ideal measure would provide information on when rehabili-
tation or replacement is needed, would be impacted as a result of rehabilitation/replacement
actions, would not be unduly impacted by factors outside of the transit agency’s control, and
would be useful for testing different budget scenarios. Asset age, remaining service life, and
condition ratings are commonly-used measures that meet these criteria for many assets.

o Useful across the transit agency: ideally the performance measures adopted for supporting
asset management decisions are measures that are used broadly across the transit agency, such
as for reporting across modes or units and to the public.

Your TAMP should include a core set of measures, which together will capture the condition
of your agency’s assets. This set in Table 2.7 includes the minimum recommended set of measures,
the data for which should be readily available at any transit agency.

For those transit agencies interested in moving beyond the minimum recommended measures,
Table 2.8 provides additional measures recommended for comprehensive reporting of asset
management. Combined with the core measures, this set should offer your transit agency a
complete picture of the state of your assets, and effectively support your prioritization and
decision-making processes.

Once you have selected your measures, you will select targets corresponding to each one. These
should be realistically achievable, and related to the transit agency’s definition of SGR. After you

Table 2.7. Core TAMP measures.

Measure Use for How to Measure Notes

Backlog of
investment needs

All assets

Sum of costs for
unmet needs for
achieving SGR

Calculate using TERM
Lite, TAPT, or an
alternative, documented
approach

Average asset
age

Guideway, stations,
facilities, systems

Year of
manufacture for
vehicles; year of
construction or
installation for other
assets. Weight by
asset value when
combining assets.

Use age of initial
construction or last
major rehabilitation
when reporting for
stations and facilities.
May report age by
station/facility, or group
by type.

in the subfleet

Mean distance Vehicles Vehicle-miles Should include major

between failures traveled/number of | mechanical failures

(MDBF) road calls or failures| reported to NTD at a
minimum

Average Vehicles Total lifetime Measure by subfleet

accumulated mileage averaged

mileage among all vehicles
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Measure

Use For

How to Measure

Notes

Percent of assets
in good/fair/poor
condition

Guideway, stations,
facilities, systems

Measure using TERM
condition ratings (or a
documented alternative
rating) with a rating of
5o0r4 as good, 3 as
fair, and 2 or 1 as poor.
Weight by asset value
when combining
assets.

A good/fair/poor classification
is recommended for
combining different rating
scales used (e.g., 5-point
TERM ratings and 10-point
National Bridge Inventory
ratings used for structures).

Asset availability

Elevators and

Percent of total

Ideally repair time should be

mechanical failures of
vehicles or fixed assets

escalators operating time that included as down time even
elevator or escalator is | when scheduled
available.
Hours of delay Vehicles, Passenger hours of Typically requires
guideway delay caused by assumptions concerning

variables such as passenger
loads. An alternative for

15

guideways is to report extent
of slow orders.

Tons of CO, emitted May also report per vehicle
by the vehicle fleet per | mile, extent to include

year emissions from vehicle
manufacture and/or report for
fixed assets.

Greenhouse gas | Vehicles
(GHG) emissions

have completed Step 2.1 (calculation of your agency’s current conditions and performance),
you may need to revisit your targets to ensure that they are appropriate.

Step 1.5 Define Data Collection Protocols and Reporting Schedule

A successful TAMP is dependent upon accurate, consistent data to support the monitoring
and performance measurement activities. Therefore, having the methods used to collect the data
are as critical as what data you are collecting and what you are measuring.

Once your performance measures and targets have been selected, it is important to con-
duct an analysis of the data you have to support them. Depending upon the measures that you
have selected, or the frequency with which you plan to report, the following actions may be
necessary:

o Aggregation of data for calculating measures (e.g., vehicle level to subfleet or fleet);
o Integration of data for analysis;

o Update of data collection schedule; and

o Establishment of new data sharing pathways within a transit agency.

Since some data collection can be time and resource intensive, this analysis may raise legitimate
questions regarding the value of the measures compared with the resources needed to report
them. Therefore, this may be an iterative process, requiring the shifting of how you are calculat-
ing your measures, as you match up your data and reporting techniques with your performance
measurement reporting.

Table 2.9 recommends the level of aggregation, performance measures, and calculation
frequency organized by TERM asset type.

Once you have established your measures, targets, and data collection practices, you may find
value in using them to communicate progress and trends outside of the TAMP. Figure 2.2 provides
an example of a monthly scorecard established for performance reporting.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/22306

Guidance for Developing a Transit Asset Management Plan

16  Guidance for Developing a Transit Asset Management Plan

Table 2.9. Recommended aggregation level, performance measures,
and reporting frequency by asset types.

Asset Aggregation Level for Performance Measure Calculation
Type Calculations Measure Category Frequency
Guideway | At a minimum, aggregate | Backlog of Core Annual
by line. Ideally, investment needs
calculations should be Average age Core Annual
performed for track, other "pgicentof assets | Comprehensive | Annual
guideway elements, and | ;, good/fair/ poor
major systems using the | . ition
TERM asset hierarchy or Hours of del Comprehensi Monthl
equivalent ours of delay omprehensive [ Monthly
Facilities | At a minimum aggregate | Backlog of Core Annual
by facility. Ideally investment needs
calculations should be Average age Core Annual
performed by building and |"percent of assets | Comprehensive | Quarterly
major system (e.g., roof, | iy good/fair/poor
electrical, HVAC) condition
Systems | Aggregate by system Backlog of Core Annual
using TERM asset investment needs
hierarchy. Note this Percent of assets | Comprehensive | Quarterly
category excludes in good/fair/poor
systems within stations condition
and facilities.
Stations At a minimum aggregate | Backlog of Core Annual
by mode or line. Ideally | investment needs
calculations should be Average age Core Annual
performed by station and  ["percent of assets | Comprehensive| Quarterly
major system. in good/fair/poor
condition
Asset availability Comprehensive| Monthly
(for escalators and
elevators)
Vehicles | Aggregate by subfleet. Backlog of Core Annual
investment needs
Mean distance Core Monthly
between failure
Average Core Monthly
accumulated
mileage
Hours of delay Comprehensive| Monthly
Percent of assets Comprehensive | Quarterly
in good/fair/poor
condition
Average tons of CO, | Comprehensive| Quarterly
(per vehicle/fleet/
per mile
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EXAMPLE: MBTA PERFORMANCE MEASURE REPORTING

@ ScoreCard

May 2011 [April 11' Data]

Ridership

Average Weekday Ridership
Apr2011: 1.15M
Up 3.6 % from Apr 2010
Year-to-Year Change: May 2010 to Present
waraasz,
e

508 for2011,
e

Augnaa,
Mo 2010y 1, 2050, 2ax

sacad
208 200, 2. Fabao11,
13 Togy T 0% 0%

System Maintenance

A key measure of system maintenance is the travel time

impact of slowdowns caused by track condition. Impactis

measured as minutes of speead restrictions.
137

118 44
112 11.0
29
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Vehicle Maintenance

The MBTA measures in mean-miles between failures, the
average distance a vehicle travels between breakdowns.

Goal Apr-11
Red 39,000 32,553
Orange 32000 ® 32712
Blue 26,000 ® 29652
Green 5,500 5,069
Commuter Rail (Mar) 10,200 4,885
Bus 6,600 @ 14,307

Schedule Performance
The MBTA measures reliability as the percentage of
scheduled service operated. This measure captures our
ability to maintain the system well and operate reliably.

Apr-11
Red 99%
Orange
Blue 99%
Green 100%
Bus 99%

The MBTA has established a one-page scorecard for use in reporting asset conditions. The

Accessibility
Elevator Uptime Escalator Uptime
99.7% 98.7%

Safety

Incidents per 1,000 vehicle-miles traveled

Apr-11
Red 0.004
Orange 0.000
Blue 0.000
Green 0.041
Bus 0.071

Accidents / Incidents are tracked "per 1,000 vehicle-miles traveled” {or
per 100,000 passenger-miles traveled) to allow longer / more fraquent
lines to be compared fairly against shorter / less freguent lines.

Budget

The MBTA has set a goal of beating our operating budget
by 2% in FY2011. The following chart tracks progress
towards that goal.

April 117:0.1%

0.5% I 1.0% 1.5% I

2.0% '

On-Time Performance

On-Time performance is a key measure of commuter rail
performance. A Commuter Rail train is considered “on
time” if it arrives five minutes or less after the scheduled
time.

Needham, 96%
Rockport, 86%
Newburyport, 85%
Lowell, 95%
Haverhill, 85%
Fitchburg, 90%
Worcester, 92%
Stoughton, 94%
Providence, 77%
Middleboro, 70%
King./Plymouth, 91%
Greenbush, 94%
Franklin, 94%
Fairmount, 94%
Commuter Rail - ALL, 89%

%56 1120

For Subway, On-Time Performance compares the
scheduled frequency of service to the actual frequency.
An on-time train must leave the first station within 1.5x of
the scheduled interval between it and the previous train.

Blue, 96.4% :
Orange, 92.6% l
Red, 95.9% l

scorecard includes summary measures of: ridership; mean distance between failures
(MDBF), service reliability; minutes of speed restrictions; elevator and escalator uptime;
safety adherence to budget; and on-time performance. The scorecard is accompanied by
additional details by mode, and is updated on the MBTA web site on a monthly basis.

Source: MBTA

Figure 2.2. MBTA scorecard.
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Step Two: Analyze Asset Conditions and Performance

With data, performance measures, and targets in order, you are ready to put that information
to work. In this step you will first determine where you are today, and establish the assump-
tions needed to determine where you are headed. This will provide the foundation required to
understand the implications of your prioritization and funding decisions that will be the meat
of your TAMP.

Step 2 is completed in 4 sub-steps. Upon completion you will have:

o A snapshot of where your transit agency stands today, with respect to your chosen performance
measures for asset management

o The point in time at which each of your asset types will need replacement, as described by your
deterioration model

o A lifecycle policy, for each asset type, which will guide your investment scenarios and inform
your prioritization decisions

Note: If utilizing TAPT you should refer to Chapter 3 for specific instructions on how to use the
tool to help complete Step 1 through Step 4. Return to this chapter for Step 5 (Develop Transit
Asset Management Plan).

Step 2.1 Calculate Current Asset Conditions and Performance

In this step, you will establish your baseline conditions. You will use this snapshot as you
compare (and finally select) your alternatives (in Step 4), as well as in your ongoing performance
monitoring to track your actual progress.

The basis for your current conditions assessment should be your performance measures
(selected in Step 1.4), and it should include all of your transit agency’s measures. If your agency
has historical data on these measures, you may decide to present the trends leading to today’s
conditions. Table 2.10 illustrates an example of data for the example buses listed previously in
Table 2.3. Table 2.10 shows the recommended measures of backlog, accumulated miles, failures,
MDBE, and CO, emissions for each of four types of buses, as well as additional cost data. In this
example, intercity buses are shown as being at the end of their useful life as a result of their high
mileage, though they are highly reliable compared to other bus types in the fleet.

Step 2.2 Develop Asset Deterioration Models
A deterioration model predicts how the condition of an asset will change over time.

Deterioration models are needed to help predict the impacts on costs and performance as

Table 2.10. Current asset conditions and performance
pilot example—buses.

~ ValuebyBusType
B g o
0

Backlog of Needs ($ 000) 0 37,654 76,416
Average Accumulated Mileage (000) 331 135 679 428
Mechanical Failures (roadcalls) 88 65 87 317
MDBF (miles) 35,649 20,407 33,033 39,791
CO; Emissions (tons) 10,843 1,778 18,454 28,942
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an asset ages and help determine when to rehabilitate or replace an asset. Asset deterioration
models can be established through analysis of historic data, using models from TERM Lite
or other systems, through expert judgment, based on industry standards, or using a variety
of other approaches.

Establish Useful Life. The most straightforward way to model deterioration is to establish
a useful life for the asset and determine the remaining useful life of the asset based on the asset
age. This approach will support calculating an investment backlog. However, for complex assets
such as maintenance facilities or guideway, a single asset age may not provide a reliable indicator
of when rehabilitation or replacement is required. Also, this approach provides little indication
of what the impacts may be of allowing the asset to continue to deteriorate once it has reached
its assumed useful life.

Vehicles. For vehicles, tracking MDBF as the vehicles ages provides a better indication of
asset deterioration than age alone. Although it can be difficult to compare MDBF between different
fleets and systems, for a given fleet one would expect this measure to decrease as the fleet ages.
Also, MDBF is well correlated with both the maintenance cost incurred by the transit agency, and
mechanical failure-induced delays experienced by passengers. Figure 2.3 shows an example
of MDBEF predicted by TAPT for the example bus fleet described in Table 2.3. When analyzing
historic MDBF data to predict future performance, it is important to use data where failures have
been reported in a consistent manner over time. Also, it is important to note that a transit agency
can impact MDBF through increased or decreased preventive maintenance.

Non-vehicle Assets. For assets besides vehicles, a common approach to characterizing
conditions is to use the TERM condition ratings, which range from 5 (excellent) to 1 (poor). TERM
Lite includes default deterioration curves for all asset types that predict the change in condition
over time, and these are incorporated in TAPT. Figure 2.4 shows an example TERM deterioration
curve, in this case for stations.

19
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Figure 2.3. Example asset deterioration curve—MDBF versus age.
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Figure 2.4. Example asset deterioration curve—TERM condition rating versus age.

Asset Deterioration. To develop a TAMP with predictions of future conditions it is necessary
to make some assumption about asset deterioration. The most straightforward way to accomplish
this step is to either: a) use a tool such as TAPT or TERM Lite with default deterioration curves;
or b) model deterioration using asset age or MDBF based on transit agency experience. For
transit agencies with large inventories and sufficient data, the reccommended approach is to develop
deterioration curves specific to the deterioration of the transit agency’s assets using historic data
and existing TAPT and TERM Lite models as a starting point. Chapter 3 has additional information
on how to model deterioration using TAPT.

Step 2.3 Project Replacement Impacts

In this step you will consider your current assets and model the impacts of replacement. In
other words, how (and how much) will things improve if you replace your assets, and what will
replacement cost? How will a new asset perform, and what will that do to the overall performance
level of all of your assets? Performing this step amounts to predicting the lifecycle costs resulting
from replacing an asset, and the performance that will result from asset replacement in terms of
each of the performance measures established in Step 1.

Generally speaking this step is performed manually only for very straightforward cases with
minimal measures to predict. TAPT and other tools simplify this step and combine it with Step 2.4
to determine when to replace an asset to maximize performance and minimize lifecycle costs.

Step 2.4 Develop an Asset Lifecycle Policy

Your transit agency’s asset lifecycle policy will guide you in determining how to structure
your asset management plan. The policy specifies what maintenance, repair, rehabilitation, and/or
replacement actions should be performed on each asset over the asset’s lifecycle, viewing each
asset type separately. For the purpose of developing the TAMP, the most critical aspect of the
lifecycle policy is that it specifies at what point an asset should be rehabilitated or replaced consistent
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Table 2.11. Example asset replacement policy—buses.

569 16

Bus Artic 191
Mall 219 15 128
Intercity 1,085 18 177
40-ft 665 15 142

with transit agency goals, absent specific budget, or other constraints. The policy is developed using
the results of Steps 2.3 and 2.4 to determine the point at which different actions should be performed
to yield the best performance of the agency’s service and lowest overall lifecycle cost.

Tools such as TAPT automate the specification of the lifecycle policy. In the case of TAPT, the
tool attempts to quantify the full set of agency and user costs that change as an asset deteriorates,
and recommend an “optimal policy” with the objective of minimizing lifecycle costs. However,
as discussed in Chapter 1, a transit agency may consider additional objectives that are difficult
to monetize in forming its lifecycle policy.

The end result of this step is a specification of when different actions should be performed, at
a minimum including capital asset rehabilitation and replacement actions. This can be specified in
terms of the asset age, mileage, condition, impact on the quality and level of the agency’s services,
or other measures. Table 2.11 shows an example of a policy for the example set of buses listed in
Table 2.3. In this example the policy specifies when to replace different types of buses considering
the lifecycle costs of asset maintenance, rehabilitation, replacement, fuel, emissions, and road calls.

Step Three: Define Asset Investment Scenarios

Now that you have catalogued your asset inventory and conditions and have established an
approach for predicting replacement needs, it is time to look into the future. In this step, you
will define a number of possible asset funding scenarios and get a view of how those look with
respect to your performance measures. Each scenario will “tell a story” about what will happen
to the transit agency’s assets, its level and quality of services, and to your system as a whole based
on your funding and prioritization decisions.

Comparing alternative scenarios is a powerful tool for supporting investment decisions,
particularly when a decision maker must contend with significant uncertainty and investment
objectives that are difficult to weigh against each other. The process of evaluating asset investment
scenarios requires developing funding and prioritization assumptions, defining the scenarios,
and simulating future conditions. The description focuses on asset replacement scenarios, but
in practice the approach can be extended to compare these investments to other transit agency
investments, such as investments in new capacity.

Step 3 is completed in 4 sub-steps. Upon completion you will have:

o A prioritization approach and some basic funding assumptions to guide you in project selection
o Three or more defined investment scenarios that provide an accurate picture of how key funding
and policy decisions will impact your transit agency’s operations on the ground

Note: If utilizing the TAPT you should refer to Chapter 3 for specific instructions on how to complete
Step 1 through Step 4. Return to this chapter for Step 5 (Develop Transit Asset Management Plan).
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Step 3.1 Specify Prioritization Approach

The prioritization approach, informed by the lifecycle policy (Step 2.4) and project replacement
impacts (Step 2.3), provides a methodology for designating the order (and timing) that assets
will be replaced. While this step does not include funding assumptions (that comes in Step 3.2),
it is developed based on the assumption that there may not be sufficient funds to conduct all
asset replacement activities at the optimal point in time.

Most structured approaches to prioritizing capital projects assume investments should be
prioritized based on an objective of minimizing lifecycle costs. However, many additional con-
siderations may need to be factored into the prioritization process. A transit agency’s particular
prioritization process is, to a degree, subjective; it should rely on measures and inputs that reflect
the agency’s customers’ desires and expectations.

The prioritization approach can be structured to consider a wide range of factors, depending
on your transit agency’s goals and objectives. Example factors include:

o Agency lifecycle costs

o User benefits, including travel time and reliability
o Risk of service interruption

o Accessibility

e Environmental impacts

o Projected ridership

o Impact on disadvantaged communities

Safety is not listed above, as operating transit service safely is a fundamental requirement of
a transit agency and not a factor which may be varied at different funding levels. Rather than
operate in an unsafe manner, it is generally assumed that a transit agency will remove assets from
service, or operate them in a manner that provides the required level of safety. For instance, when a
section of track is badly deteriorated, a transit agency will place a slow order on the section, increas-
ing delay, rather than operating with a reduced margin of safety. The above factors, including travel
time, reliability, and risk of service interruption, quantify impacts caused by reducing the level of
service as a result to maintain safe operations.

There are different quantitative approaches for combining the various factors a transit agency
may wish to consider when prioritizing. There is no one right approach; the best approach is one
that results in a set of priorities that best reflects a transit agency’s goals and objectives. Following
are three basic approaches for prioritizing projects:

1. Monetize the different prioritization factors, and then use this information to select projects
based on incremental benefits (cost savings) of performing a recommended rehabilitation or
replacement action relative to deferring the action. This is the approach used by TAPT.

2. Develop a priority rating or score combining different prioritization factors using a set of
weights established through an elicitation process. Various software tools have been developed
to assist in this process.

3. Develop a basic strategy for prioritizing that reflects agency goals and objectives. For instance,
for a transit agency with a limited number of asset types and different funding sources for
vehicles and facilities, the prioritization approach may be to use grant funds for vehicle replace-
ments, prioritizing these based on vehicle accumulated mileage. Other transit agency funds
are used for facility rehabilitation/replacement, prioritizing these based on remaining service life.

Regardless of the specific approach used for prioritizing, it is important that the approach for
establishing initial priorities be documented and repeatable. In cases where a transit agency has
a large number of asset types, this implies the use of a software tool to support the prioritization
process.
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Guideway-XC 1 Guideway—Grade Crossings—Central 1 1
Guideway-Embedded 1 Guideway—Embedded—Central 37,797 2 2
Guideway-Embedded 2 Guideway—Embedded-SW 2,700 3 3
Track-XC Int 1 Track—Grade Crossing—Intensive Use—Central 160 4 6
Track-Embedded Int 1 Track—Embedded-Intensive Use—Central 631 5 7
Track-Special Int 1 Track—Special Trackwork—Intensive Use—Central 5,928 6 9
Guideway-XC 2 Guideway—Grade Crossing—CPV 600 7 4
Guideway-Embedded 3 Guideway—Embedded-CPV 5,267 8 5
Track-Curved Ballasted Int 1 Track—Curved Ballasted—Intensive Use—Central 6,656 9 10
Bus-IC 1 1998 MCI 37,654 10 12
Track-Embedded 1 Track—Embedded—-Central 19,104 11 16
Guideway-Embedded 4 Guideway—Embedded-SE 2,371 N/A 8
Bus-Mall 2 2001 Mall Shuttle 5,760 N/A 11
Bus-Transit 1 2000 ORION V 76,416 N/A 13
Bus-Mall 1 2000 Mall Shuttle 6,912 N/A 14
Bus-Mall 3 2002 Mall Shuttle 1,152 N/A 15
Bus-Artic 1 2000 NABI 74,812 N/A 17
Track-Tangent Ballasted Int 1~ Track—Ballasted—Intensive Use—Central 990 N/A 18
Bus-Transit 2 2005 Gillig Diesel 16,128 N/A 19
Track-Special 1 Track—Special Trackwork—Central 2,175 N/A 20
Bus-Transit 4 2006 Gillig Diesel 2,688 N/A 21
Track-Curved Ballasted 1 Track—Curved Ballasted—Central 7,176 N/A 22
Track-Embedded 2 Track—Embedded-SW 1,410 N/A 23
Track-Yard 1 Track-Yard—Central 1,097 N/A 24
Bus-IC 2 2001 Neoplan 47,770 N/A 25
Bus-Transit 3 2006 Gillig Hybrid 1,536 N/A 26
Bus-Transit 5 2008 Gillig 2,304 N/A 27
Track-XC 1 Track—Grade Crossing—Central 313 N/A 28
Track-Embedded 3 Track—Embedded-CPV 2,750 N/A 29
Fac-Stations 1 Boulder Transit 2,569 N/A 30
Fac-Stations 2 Civic Center 53,937 N/A 31
Track-Special 2 Track—Special Trackwork—SW 10,429 N/A 32
Bus-Transit 6 2008 Gillig Hybrid 1,920 N/A 33

Table 2.12 shows an example of the results of a project prioritization exercise. In this case
the priorities generated by TAPT are shown using pilot data, with a project ID, description,
prioritization index (PI), and rank indicated. Here projects are ranked according to PI, which
represents the cost savings resulting from performing the project (relative to deferring it) divided
by the project cost. Thus, a PI greater than 0 represents a project that, if performed, is expected
to reduce lifecycle costs.

Step 3.2 Develop Funding Assumptions for Asset Investments

In order to apply your prioritization approach to a set of actual projects and generate a number
of investment scenarios, you must have a working assumption about available funding. At this
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stage in the process this number need not be final, but it should be realistic given constraints. This
funding level will likely be key in distinguishing the investment scenarios you define in Step 3.3.
Therefore, it is typical to identify the following:

e Current annual funding amount; and
e An amount that represents a realistic, but meaningful, increase in funding.

You will revisit this funding level in Step 4.2 once you have worked through the investment
scenarios.

Step 3.3 Develop Asset Investment Scenarios

The next step is to determine the exact scenarios that will be evaluated as well as the timeframe
for analysis. This can result in an iterative process based on the results of the initial set of scenarios.
At least four scenarios are recommended for analysis:

o Current Funding Levels: this scenario assumes that your funding levels will stay the same as they
are (on a constant dollar basis), indefinitely. As the needs and costs continue to rise and assets con-
tinue to deteriorate, this will most likely mean that your conditions and performance will decline.

e Maintaining Current Asset Conditions and Performance: this scenario describes the funding
required to maintain the status quo. As most transit agencies have a backlog of investment needs,
maintaining current asset conditions is generally a less ambitious goal than achieving a state of
good repair. However, if the system is new, the status quo may actually be better than the long-
term condition would project if maintained in state of good repair. In such cases, assets should
be assumed to be replaced according to transit agency policy rather than kept in new condition.

o Projected Future Funding for Assets: this scenario is where you will test your funding
assumptions established in Step 3.2. It will allow you to illustrate the outcomes based on your
selected preferred funding level. Typically this amount will lead to conditions and performance
that fall above current conditions, and below SGR (although that may not be the case).

o Achievinga SGR: this scenario involves those replacement actions consistent with your transit
agency’s policy to achieve a SGR. This scenario is most meaningful if your asset lifecycle policy
has been established to minimize lifecycle costs. In this case, you will be able to show that over
time, costs will be minimized if a state of good repair is achieved.

Additional scenarios may be defined to support relevant key factors, such as asset deterioration,
ridership, or external events that may impact the system. Scenarios should extend at least 10 years
and preferably 20 years into the future.

Step 3.4 Describe Future Decisions, Conditions, and Performance
for Each Investment Scenario

In this step, you will use the funding and prioritization assumptions as inputs into an analysis
of the investment scenarios that you have selected. This will require the identification of actual
projects, and the inclusion or exclusion of each within each of your chosen scenarios. You will
then look at how your projects perform within each of the investment scenarios. The analysis for
this step should be performed using the same basic approach as that in Step 2.1 (Calculate Current
Asset Conditions and Performance), but with the analysis repeated for each year of the analysis
period. From one year to the next the approaches used for calculating deterioration (Step 2.2)
should be applied to determine how conditions and performance will vary, and the impacts of
replacement (Step 2.3) should be considered for any projects assumed to occur given projected
funding. The results of this step will be a set of predicted conditions and costs that will enable
you to compare the scenarios against the current environment.
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Table 2.13. Example scenario summary.

Unmet Needs ($ 000) 116,803 439,419 233,004

Cumulative Spent ($ 000) N/A 0 209,415 439,419
MDBF (miles) 35,649 20,407 33,033 39,791
Average TERM Condition 4.68 4.39 4.54 4.62
(non-vehicle assets)

Passenger Delay (hrs) 113,682 170,399 150,781 146,801
CO, Emissions (tons) 248,160 294,722 278,009 271,134
Other Agency Costs ($ 000) 196,292 278,332 219,534 197,762
Total Agency and User and 207,750 293,654 233,504 211,374

External Costs ($ 000)

Table 2.13 shows example results from this step, in this case the results projected for three
scenarios for the transit agency pilots using TAPT. These scenarios include: 1) do nothing,
2) invest $25 million annually, and 3) unconstrained (achieve SGR).

Step Four: Finalize Asset Investment Scenarios

With projected results for your chosen investment scenarios, you now have the opportunity to
review the results, and revise them to arrive at the best possible final scenario considering avail-
able funding. In this step you will revisit your asset lifecycle policy, prioritization approach,
and funding assumptions; and select a preferred scenario. Your preferred scenario will be
the one that you will take to your decision makers, and, if approved, will be the version that is
reflected in your TAMP.

Step 4 is completed in 2 sub-steps. Upon completion you will have:

e A final (and perhaps revised) asset lifecycle policy
e A final (and perhaps revised) asset prioritization approach
o A preferred asset investment scenario

Note: If utilizing the TAPT you should refer to Chapter 3 for specific instructions on how
to complete Step 1 through Step 4. Return to this chapter for Step 5 (Develop Transit Asset
Management Plan).

Step 4.1 Revisit and Revise Asset Lifecycle Policy, Funding,
and Prioritization Assumptions

Now that you have your scenarios developed, it is time to revisit some of the assumptions
that you had to make initially to get to this point. Upon looking at the outputs, you may decide
that your asset lifecycle policy is too aggressive for some asset types, or not aggressive enough for
others. You may realize that your funding or prioritization assumptions are leading to outcomes
within one or more scenarios that are not feasible, or leading you far from the targets you have
established. Or, you may realize that replacement of some assets is dependent upon replacement of
others (e.g., new low floor vehicles may require station upgrades which received a lower priority).
This relationship should be noted in the lifecycle policy to ensure that your final plan does not
present a set of investments that do not functionally support each other.
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The following questions may assist you in this analysis:

o Are the investment priorities consistent with the scenarios defined previously? That is, if the
priorities are used to select what work to perform, is the predicted distribution of funds
consistent with that modeled in the scenarios? If not, then the scenario evaluation or priori-
tization approach should be revised so that its results better match.

¢ Do the resulting priorities match decision makers’ expectations concerning how funds should
be allocated across modes, asset types, types of investments, etc.?

e Do the conditions and performance predicted, given the expected budget allocation (or a range
of possible budgets), meet transit agency performance measure targets? If they do not, this
may suggest that changes to the prioritization approach are warranted. Alternatively, the transit
agency may need to reconsider its goals or performance measure targets if available funds are
insufficient for achieving them.

o Are there groups of investments with essentially identical priorities? This is a common outcome
when an objective function is used to capture a number of different objectives. Where this
occurs may suggest the need to fine-tune how projects are prioritized to better distinguish
between projects, or establish a separate funding category for handling like projects.

o Are certain assets or activities systematically given low priority? Though some investments are
clearly more vital than others, one would expect that as an asset nears the end of its useful life
the benefits of replacing the asset would be manifest. Consistently low priorities may suggest
the need for revising the prioritization approach, or may suggest that the lifecycle policy is
overly conservative, generating recommendations for replacement before an asset is truly at the
end of its useful life. If this issue occurs but cannot be easily addressed then a separate funding
category or minimum funding level can be established for the affected assets or activities.

o Where are assets within the “window of opportunity” with respect to rehabilitation solutions?
Generally, rehabilitation investments can be maximized when they are applied nearer the
threshold of when replacement is required.

This is an iterative process, and may take you back through Steps 3.1 and 3.2.

Step 4.2 Finalize and Select the Preferred Scenario

Once you have completed Step 4.1 you will have a revised set of scenario results to review. The
next step is to select a scenario that is preferred considering transit agency goals and objectives, as
well as available funding. Ideally you will have one scenario that offers an acceptable set of future
conditions, and that depends upon a level of funding that is reasonable and attainable. If not,
it may be sensible to consolidate or develop a compromised version of two or more scenarios
to arrive at the one that will be the best fit. Your final preferred scenario should include a pro-
jection of future values for all of the performance measures selected in Step 1.4 for a period of
10 to 20 years. Also, it should include details on the funding assumptions and work assumed
to be performed given the projected funding. The scenario should be presented to the transit
agency’s executives for approval for inclusion in the TAMP. Ifit is helpful, you may want to include
an overview of the other investment scenarios in presenting the preferred scenario for contextual
purposes and to illustrate the impacts of different funding levels.

Step Five: Develop the Asset Management Plan

The final step will result in the development of your TAMP. If you are using a tool (e.g., TAPT),
this is the step where you integrate those outputs into a plan that your transit agency can
implement. In Step Five you will make all final adjustments and decisions, and prepare your
TAMP for official adoption by your agency.
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Step 5 is completed in 3 sub-steps. Upon completion you will have:

A final version of your TAMP

Note: If utilizing TAPT, this is where you should start for guidance on putting together your
TAMP once you have prioritized replacement needs in TAPT.

Step 5.1 Finalize Funding Levels and Constraints

At this stage in the process, your executives will have provided you with a final set of funding
assumptions for your use in the TAMP. Your plan should include planned asset investments by
year for a period of at least 10 years. For transit agencies with a small number of capital projects,
the plan may simply be the transit agency’s capital plan supplemented with additional information
and analysis of its existing assets. For transit agencies with a large number of projects, the TAMP
will likely stand as a companion document to the capital plan.

The determination of overall funding level may be influenced by perceptions of the transit
agency’s SGR needs, but in the short term the overall funding level is often a given based on
available federal, state, and local funding, as well as projected farebox revenue. The distribution of
assets between investment categories may also be a given, but as much as possible transit agency
decision makers should rely on the analyses described in previous steps. This work enables them
to consider funding levels based on an assessment of how well a given distribution of funds will
achieve transit agency goals, perform, and meet the established targets.

Also in this step, it is necessary to specify any funding and other constraints that may impact
project selection. For instance:

o Are certain funds specified for use for certain assets or actions (e.g., bus replacements)?

o Are there certain investments that will need to be “pipelined” either because the transit agency
committed to these projects in the previous plan, or because a decision on the project has been
made externally?

o What capacity constraints need to be considered, such as limits on the amount of work performed
at once on a given line, or the number of projects that can be designed simultaneously?

o Are there minimum amounts of funding that should be invested by asset, mode, or adminis-
trative or geographic distribution, such as to best utilize existing staff and resources?

o Where is coordination with other stakeholders required, such as state and local agencies or
other transit agencies, which may impact project timing?

e Do funding constraints systematically exclude certain types of work from consideration
because they are ranked low on the list of priorities?

o Are there other political or institutional factors such as legal or environmental mandates that
are influencing the distribution of funds or the selection of projects?

Step 5.2 Select Specific Projects

Before the plan can be prepared, the projects to be included in the plan need to be fully defined.
This includes characterizing the scope, timing, and budget of each of those projects, and verifying
that they can be scheduled as assumed (e.g., all design, permitting, etc. is or will likely be in place as
programmed). The detail to which the projects are specified should match your transit agency’s
standards for capital plan development.
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Next, a set of decision makers entrusted with finalizing the investment plan must select the set
of rehabilitation and replacement projects to include in the plan, considering the funding levels
that have been established and any constraints on how those funds may be used. If there are few
complicating constraints, the project prioritization approach is fully specified, and funding levels
are generally adequate, then selecting the set of projects may be as simple as working through
the list of alternative projects in decreasing order of rank and selecting projects until the budget
is expended. In practice, though, it is likely that there will be complicating factors that need to
be considered when selecting the final set of projects.

For these reasons the decision makers who must finalize the investment plan generally have
their work cut out for them as they balance competing objectives and constraints and attempt to
find a plan that is both feasible and that best meets the transit agency’s goals and objectives. The
priorities suggested through the previous steps and the results of any models used to recommend
specific projects provide valuable input, but the final decision of what projects to include in the
plan is made weighing this information with additional factors not captured in the prioritization
formula and models.

Step 5.3 Prepare the Plan

Once the set of projects to include in the plan has been specified, the TAMP itself can be
finalized. The plan documents the results of the analysis in terms of what specific actions are
recommended or planned, as well as to detail why funds are needed for asset replacement, how
available funds should be distributed, and what the planned investments will accomplish. It thus
forms an action plan and serves as a tool to support needed investments. There are many ways
to structure a plan that will accomplish these goals. Here is a suggested format.

Sample Transit Asset Management Plan Table of Contents

1. Executive Summary
2. Introduction and Background
The introduction should include an overview of what is included in the report, a quick overview
of the process (including who was involved, how the investment scenarios were vetted, etc.), the
dates to which it applies, and how it will be implemented within the agency.
3. Transit Agency Context and Policies
a. Asset Inventory
The asset inventory can be done on a sub-class level (e.g., by fleet, not individual vehicle). (Step 1.1)
b. Definition of State of Good Repair
Beyond stating the transit agency’s adopted definition of SGR, this section may discuss any
relationships or connections to the agency’s mission or goals. (Step 1.3)
c. Performance Measures and Targets
This section should clearly list the adopted performance measures and targets. It may also
include details on reporting practices, data collection, etc. (Step 1.4)
d. Asset Lifecycle Policy
This section should describe the agency’s asset lifecycle policy, focusing on thresholds for
performing rehabilitation and replacement actions included in the plan. It may also discuss
how the deterioration model and other analysis impacted this policy. (Step 2.4)
e. Prioritization Approach
This section should describe the transit agency’s prioritization approach, including all factors
that are considered and the way in which those factors are considered. (Step 3.1)
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4. Current Conditions
a. Asset Conditions and Performance (Step 2.1)
This section should be a list of the existing assets and how they are doing with respect to the
selected performance measures and targets.
5. Investment Scenario
a. Funding (Step 5.1)
This section should detail the finalized funding amounts, by funding category if applicable.
b. Projects (Step 5.2)
This section should include a high level description of the projects that were selected for inclu-
sion in the preferred investment scenario.
c. Projected Performance Measures and Targets (Step 3.4 and Step 4.2)
This section will mirror section 4.1, but include the projected future performance measures and
targets based on the preferred funding scenario.
6. Capital Investment Plan (Step 5.2)
This final section can be a stand alone Capital Investment Plan (CIP) for your agency. It will
include the standard CIP detail for all of the projects included in the selected investment scenario.
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CHAPTER 3

Using the Transit Asset
Prioritization Tool

Introduction

This section provides step-by-step instructions for using TAPT. After reading this chapter, you
should understand how to input the required data, how to run scenarios, and how to interpret the
outputs. Additional guidance is provided in the tool, indicated by a @ symbol. Information on the
modeling approach and defaults used in the model is provided in the accompanying research report,
Guidance for Applying the State of Good Repair Prioritization Framework and Tools: Research Report.

TAPT is used to model rehabilitation and replacement needs for transit capital assets. The tool sup-
ports definition of a range of different asset types. For a transit agency’s asset inventory, the tool pre-
dicts future conditions and performance, and helps prioritize asset rehabilitation and replacement.

The tool includes three basic models:

e A model for vehicle assets;
o A model for non-vehicle assets that can be modeled based on age; and
¢ A model for non-vehicle assets that can be modeled based on condition.

For each of these models, describe its existing asset inventory, and the model predicts how the
condition and performance of the inventory will vary over time, as well as when to rehabilitate
or replace assets. To use the tool one first creates models for each asset type, specifying which
model to use for each type.

Once you have created a set of asset models, you can specify additional parameters, such as the
budget available for asset rehabilitation and replacement, and then perform an analysis. The results
of an analysis include a projection of future conditions, performance and costs by year, and a pri-
oritized list of projects. By default, assets are prioritized with an objective of minimizing lifecycle
transit agency and user costs using a metric called the PI. However, the system user can adjust the
prioritization calculation to set weights on different types of cost, and/or incorporate other factors.

It is possible to perform multiple runs by changing either the parameters or the asset inputs
(for example, deleting some assets from the analysis or adjusting the budget) to illustrate how
those factors impact the recommended program. The results from the runs can be displayed as
a table, or using a charting tool that allows up to two runs to be compared.

System Requirements

Running TAPT requires Microsoft Excel 2007 or higher. TAPT has been tested in Microsoft
Excel 2007, 2010, and 2013 for Windows computers, and Microsoft Excel 2011 for Macintosh
computers.
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In order for the buttons and the models to function, macros must be enabled. To enable
macros (in Excel 2007 or 2010):

1. If the computer security setting is set to Low, macros will automatically be enabled.

2. If the computer security setting is set to Medium, a window will appear when the tool is
opened, prompting the user to enable macros. The user must click the Enable macros button
to successfully enable the tool.

3. If the computer security setting is set to High, a ‘Security Warning’ window will open. Check
the Always trust macros from this source option and click the Enable macros button to
enable the tool.

4. If the Always trust macros from this source box cannot be checked, use the following steps:

Click Details or Detail Signature Details.

Click View Certificate.

Click Install Certificate. This will initiate the Certificate Import Wizard.

Click Next, Next, and Finish. This will initiate a security-warning window.

Review the warning and click Yes at the bottom of the window.

Click OK on all remaining windows.

The Always trust macros from this source checkbox should now be available to edit. Check

the box and click Enable macros to complete the process and enable the tool.

5. If the computer is running Microsoft Excel 2007, it is likely that macros will automatically be
disabled. In order to enable macros, use the following steps:

Click the Office icon and click Excel Options from the dropdown menu.

Check the box for Show Developer Tab in Ribbon.

Click on the Developer tab.

. Click on Macro security to open the ‘“Trust Center’ window.

Select Disable all macros except digitally signed macros and click OK. This will open the

‘Security Warning’ dialog box.

Click Options on the ‘Security Warning’ dialog box.

Click Details or Detail Signature Details.

. Click View Certificate.

Click Install Certificate. This will initiate the Certificate Import Wizard.

Click Next, Next, and Finish. This will initiate a security-warning window.

A window will open to say the import was successful. Click OK.

R O A

o oo o

T oiee o

Tool Components

TAPT is a Microsoft Excel spreadsheet with multiple models on different worksheet tabs.
Figure 3.1 depicts the Start Screen of the tool, which provides access to all models, parameters,
and results.

Using the Tool

All data is input in the asset model worksheets and in the Budgets and Economic Analysis
Parameters worksheet. Concerning the asset model worksheets, each asset type utilizes one of
three basic model templates: the Vehicle Model, the Age-Based Model, or the Condition-Based
Model. It is important to review the required inputs for these three models to ensure that the
model selected for each asset group best reflects the available data. Buttons on the Start Screen
and model worksheets can be used to navigate through the tool. Note that certain fields in TAPT
are hidden and/or locked to streamline use of the tool.

In addition to the instructions provided here, information on the data inputs is provided in
the tool. For more information on any of the fields in TAPT, scroll over the ® icon in the tool
for a more detailed description.
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‘ Delete Previous Run

PRIORITIZATION MODEL RESULTS
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model results by year for a selected run. You will ‘ Display Summary Table

bo asked to selecta  Run ID Code.

ASSET REPLACEMENT PROGRAM

Displays a listing of the assel replacement program |
from a prioritization model run. You will be asked to Display Program List

select the Run ID Code.

Figure 3.1. TAPT Start Screen.
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ASSET GROUPS
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Non-Vehicle 0
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INITIAL CONDITIONS
Replacement Value (S 000)
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Avg. Age (years)
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be asked to select a Run ID Code(s)and the
output variable to be charted.

‘ Display Chart - Cne Run ‘

‘ Display Chart - Two Runs ‘

[« |

The Start Screen contains buttons for accessing all of the major components of TAPT. The
screen contains four sections (Figure 3.2).

1. The Model Parameters section allows the users to provide inputs, including managing assets
in the tool and setting parameters for all assets.

o Asset Group Administration: Defines asset groups to be included in the analysis. Asset
groups can be created, edited, and deleted from the Start Screen.

o Budgets and Parameters Input: Includes a button to define the budgets and parameters
that will be applied to all of the assets in the analysis.

2. The Prioritization Model section allows the user to run the prioritization model and display

the results.

o Prioritization Model Administration: Runs the prioritization model based on the included
assets and allows the user to delete previous runs.
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Transit Cooperative Research Program - Transit Asset Prioritization Tool
Start Screen

ASSET GROUP ADMINISTRATION

Opens worksheet Lo enter or edit information for a
new assel group. You will be asked for an Asset Create Asset Group ‘
Group |D Code and model type (vehicle, age-
based, or condition-based).
‘ Edit Asset Group ‘
‘ Delete Asset Group ‘

BUDGETS AND PARAMETERS INPUT
Opens worksheet o input budgel amounts for each
year and review (and, if desired, cverride) default ‘ Budgets & Parameters ‘
econamic analysis parameters.

PRIORITIZATION MODEL ADMINISTRATION
Runs the pricritization model wsing current
budgets, parameters, and asset groups. You will ba

Run Prioritization Model ‘
asked o specify a Run ID Code.

‘ Delete Previous Run ‘

PRIORITIZATION MODEL RESULTS
Displays a summary table showing prioritization
model results by year for a selected run. You wil

‘ Display Summary Table ‘
be asked to selecta  Run ID Code.

ASSET REPLACEMENT PROGRAM

Displays a listing of the asset replacement program
from a prioritization model run. You will be asked to
salect the Run ID Code.

Display Program List ‘

Figure 3.2. Start Screen.
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Version 1.00
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Total 0
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resulls by year for one model run or two. You will
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outpul varable o be charted.

‘ Display Chart - Cne Run ‘

‘ Display Chart - Two Runs ‘

o Prioritization Model Results: Displays a summary table that shows the data that has been

included in the prioritization analysis.

o Asset Replacement Program: Displays a program list that shows how projects used in the
prioritization run should be programmed over the analysis period. Includes information

on program year, asset descriptions, and cost.

Ll

The Summary Statistics displays data from the most recent prioritization model run.
The Charts section allows the user to create charts using prioritization model runs. The tool

provides a number of default calculations that can be graphed, either using a single prioritization

run or comparing two prioritization runs.

Parameters

Inputting Budgets and Parameters

The following steps describe the process of entering budgets and parameters into TAPT.
The parameters will be used to define the defaults for assets in the tool and determine constraints
for the analysis. The budget is used during the analysis phase to simulate rehabilitation and
replacement work. Note that budgets are specified in constant dollars.

1. From the Start Screen, click on the Budgets and Parameters button (Figure 3.3).
2. Define the budget using the first set of Parameters (Figure 3.4).
e Choose the First Budget Year, which will be the first year of the analysis. The default

for this value is 2015, meaning that the first projects will be programmed for 2015. The
suggested value for the first budget year is the year after the most recent inspection.
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Mean Distance Between Failures (miles)

BUDGETS AND PARAMETERS INPUT Avg. Condition (non-vehicle)
Opens worksheet to input budget amounts for CO2 Emissions (tons)

each year and review (and, if desired,

override)  Budgets & Parameters

default economic analysis parameters. Replacement Value Initial Needs

Non

Figure 3.3. Budgets and Parameters Input.

Determine if the analysis should Allow budget to carry over? This will determine if excess
funds at the end of the program year can be used in subsequent years. Valid inputs for
this field are either “TRUE” or “FALSE.” The default for this value is “TRUE,” meaning
the budget will be allowed to carry over. Only provide an override value if the budget
should be reevaluated annually and excess funds from previous years will not be allowed
to carry over.

Define the PI Threshold for Asset Replacement. The PI is the net present value
(i.e., benefits minus costs) of replacing or rehabilitating an asset in the current year
relative to deferring action for one year divided by the rehabilitation or replacement cost.
If the PI is greater than zero, then the lifecycle cost of maintaining the asset will be lower
if the asset is rehabilitated or replaced in the current year rather than later. If the PI is less
than zero, then asset rehabilitation/replacement in the current year cannot be justified
strictly based on economic grounds, though it may be justified based on consideration of
other factors. TAPT will attempt to perform all rehabilitation/replacement actions with a
PI value greater than or equal to the specified threshold value. The default for this threshold
is zero, meaning that any project that is not considered economically justifiable will not be
included in the analysis. Pipeline projects will be considered regardless of the PI. Adjusting
this value allows the user to program projects that have additional value to the transit agency
or to determine a program for allocating excess funding.

Transit Cooperative Research Program - Transit Asset Prioritization Tool

Budgets and Parameters

Default Override Value Notes
First Budget Year i e
Allow budget to carry over? TRUE @ Click for Main
Pl Threshold for Asset Replacement 0.00 @ Menu
Discount Rate 70% @
Cost per Passenger Hour of Delay ($) 4540 @
External Cost per Ton of CO2 (§) 2400 @
Tons of CO2 per Gallon 00111 @
Tons of CO2 per Kilowatt Hour 0.0010 @
Agency Cost per Gallon of Fuel () 300 @
Agency Cost per Kilowait Hour (5) 016

Weight on Other Passenger Costs

Weight on Other External Costs

Figure 3.4. Parameters.
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What Is the Pl Threshold and When Should It Be Adjusted?

The PI is used to rank projects in TAPT. By default it represents the savings in lifecycle transit
agency and user and external costs from performing a project in a given year relative to deferring
the project for one year divided by the project cost. Thus, a project with a PI greater than 0 is
projected to reduce costs over the long term relative to deferral. However, one can adjust the PI
values for a given asset group in TAPT and/or adjust the weights on different types of costs, which
may raise or lower PI. The PI threshold is the minimum value for PI for a project to be considered
as a need and included in the prioritization. By default this threshold is 0, but you may wish to
adjust this value through editing the PI Threshold for Asset Replacement field. Some examples
of when it might be appropriate to adjust the threshold for replacement include:

o If there are additional benefits to asset rehabilitation or replacement that are not reflected in
the models, such as improved quality or service from implementation of new technologies.

o If the transit agency has adjusted weights on user or external costs, or entered a supplemental
replacement benefit for any of the asset groups to better reflect transit agency priorities.

o If the Allow budget to carry over? field is set to “FALSE,” meaning that funds may not be
carried over from one year to the next, a lower threshold may be justified to reduce the extent
of unspent funds.

3. Define the Economic Analysis Parameters for the analysis. Note these parameters all are
populated with default values, but the user can override these defaults if desired (Figure 3.5).
o Define the Discount Rate. This value is used to quantify the time value of money and
should be set according to transit agency policy. If no transit agency value has been defined,

the default value of 7.0% should be used.

Defining the Discount Rate

The discount rate is the annual percentage by which future costs should be reduced (discounted)
to compare with present costs. The discount rate is used to quantify the time value of money. That
is, provided the opportunity to receive a given benefit either in the present or in the future, you
would generally prefer to receive the benefit in the present. Likewise, if you must incur a given
cost in the present or future, you would generally rather incur the cost in the future. The discount
rate quantifies these preferences. Note the discount rate is not a measure of inflation: all costs and
benefits in TAPT are expressed in constant dollars and exclude consideration of inflation.

Discount Rate 1.0% ®
Cost per Passenger Hour of Delay ($) 4840 @
External Cost per Ton of CO2 ($) 2400 ®
Tons of CO2 per Gallon 0.0111 ®
Tons of CO2 per Kilowatt Hour 0.0010 ®
Agency Cost per Gallon of Fuel ($) 300 ®
Agency Cost per Kilowatt Hour ($) 015 @

Figure 3.5. Parameters cont.
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Weight on Other Passenger Costs
Weight on Other External Costs

The discount rate is an important parameter in any calculation of future economic costs and
benefits. Many organizations establish a discount rate for use in analyzing potential investments.
If your transit agency has developed guidance on the rate to use for economic analyses, you should
enter that in TAPT. The default value in TAPT is set at 7%, which is the value used by the federal
government for benefit-cost analyses of public investments, as stipulated in Office of Management
and Budget (OMB) Circular A-94. For internal investments, OMB recommends using the U.S.
Treasury borrowing rate. For 2013, the real borrowing rate (with inflation removed) was 1.1%
for a 30-year bond. Thus, pending specific guidance on the rate to use, and depending on the
nature of the analysis being performed in TAPT, a rate between 1% and 7% is recommended.

Define the Cost per Passenger Hour of Delay. This value defines the delay cost per hour for a
transit passenger. This value will be used to calculate defaults for all assets included in the tool.
Define the External Cost per Ton of CO,. This value defines the external cost of a ton of CO,,.
This value will be used as the default for assets in the tool. This value will also be used to
calculate energy and environmental costs. Override values for specific assets can be input
using the models.

Define the Tons of CO, per Gallon. This value defines the tons of CO, produced per gallon
of fuel. This value will be used as the default for assets in the tool that use fuel. This value
will also be used to calculate energy and environmental costs. Override values for specific
assets can be input using the models.

Define the Tons of CO, per Kilowatt Hour. This value defines the tons of CO, produced
per kilowatt hour. This value will be used as the default for assets in the tool that utilize
electric power. This value will also be used to calculate energy and environmental costs.
Override values for specific assets can be input using the models.

Define the Agency Cost per Gallon of Fuel. This value defines the cost to the transit agency
of purchasing a gallon of fuel. This value will be used as the default for assets in the tool
that use fuel and will be used to calculate transit agency costs.

Define the Agency Cost per Kilowatt Hour. This value defines the cost to the transit
agency of purchasing or producing a kilowatt hour of energy. This value will be used as the
default for assets in the tool that utilize electric power and will be used to calculate transit
agency costs.

. If desired, define weights for other passenger costs and external costs (Figure 3.6). These costs
are used to define the relative importance of passenger costs and other external costs relative to
transit agency costs in selecting assets for replacement. These are set to 1 by default, meaning
these costs are weighted the same priority as other costs in the analysis. The user can override
these values based on transit agency priorities, such as if defining a custom priority function.

Note: This does not include the costs for personal value of time or CO,, as those costs are

defined elsewhere in the spreadsheet.
o Define the weight for Other Passenger Costs.
o Define the weight for Other External Costs.

Figure 3.6. Parameters cont.
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Year Amount (§) Notes Year Amount (§) Notes
B —— T —
2018 i 2026 0
2017 [1] 2027 [1]
2018 0 2028 1]
2019 0 2029 1]
2020 1] 2030 [1]
2021 0 2031 1]
2022 ] 2032 0
2023 1] 2033 [1]

Figure 3.7. Budget for Asset Replacement and Rehabilitation.

Weighting Costs

TAPT considers three types of costs in prioritizing asset rehabilitation and replacement
activities:

o Agency costs, including costs of maintenance, asset replacement, and asset failure, as well as
energy costs.

o Passenger costs, including delay costs (and delay from asset failure), as well as other unspecified
passenger costs.

o External costs, including costs of CO, emissions and other unspecified external costs, which
may include costs of noise and air pollution, for instance.

The system user has the ability to adjust the priority on all of these costs either by explicitly
entering unit costs, or entering weights as described above. There are numerous transit agency cost
parameters, so to change the priority on transit agency costs it is easiest to leave these unchanged,
and adjust the priority of other costs accordingly. To change the priority on passenger delay costs,
edit the value of the Cost per Hour of Passenger Delay. To change the priority on CO, emissions,
change the External Cost per Ton of CO,. To change the priority on other passenger and external
costs, edit the weights on these. Together these parameters can be used to specify a transit agency-
specific prioritization function in TAPT.

5. Define the Budget for Asset Replacement and Rehabilitation (Figure 3.7). This field is
required. The Budget for Asset Replacement and Rehabilitation should be defined annually.
The analysis period, which covers 20 years beginning with the First Budget Year, is automatically
populated in the Year field. For each Year the budget Amount should be specified. No default
values are provided for this field.

6. When all of the required values have been defined and any additional fields for which the
transit agency has data have been completed, use the Click for Main Menu button to return
to the Start Screen.

Asset Group Administration

The following pages describe how to create a new asset group in TAPT (Figure 3.8). Note
that when creating an asset group, you must decide whether to use the vehicle, age-based, or
condition-based model. The vehicle model should be used for all revenue vehicles. The other
models are used for assets beside vehicles, with the condition-based model reserved for cases
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ASSET GROUP ADMINISTRATION ASSET GROUPS
Opens worksheet to enter or edit information Vehicles 0
for a new asset group. You will be asked for Create Asset Group Non-Vehicle 0
an Asset Group ID Code and model type Total 0
(vehicle, age-based, or condition-based).
Edit Asset Group INITIAL CONDITIONS
Replacement Value ($ 000)

Initial Needs ($ 000)
Avg. Age (years)
Mean Distance Between Failures (miles)

Delete Asset Group

Figure 3.8. Asset Group Administration.

where a transit agency has condition data available. Separate instructions are provided for each
model type.

Creating an Asset Group: Vehicle Assets

The vehicle model is used for all vehicle assets in TAPT. The model is designed to take input
data that are readily available for revenue data, such as items reported to the NTD. The model
contains defaults for multiple vehicle types including: bus, light rail, heavy rail, commuter rail
locomotive, commuter rail coach, vans, and small buses.

1. From the Start Screen, click on the Create Asset Group button.
2. On this screen, define an Asset Group ID Code for the asset group (Figure 3.9).
Note: It is mandatory to define an asset group ID code and codes cannot be repeated.

It is recommended that the ID code contain a basic description of the asset being modeled,
as the code will appear throughout the results.

3. Select the Asset Group Model Type as Vehicle Model to create an asset group for vehicle
assets.

4. Click the Create New Group button to create a new sheet and input data for the asset group.

5. Use the drop down menu to select the Vehicle Type (Figure 3.10). The vehicle type can be
defined as Bus, Heavy Rail, Light Rail, Commuter Rail Locomotive, Commuter Rail Coach,
Vans, or Small Buses. The default values used in the model will automatically adjust based

for a new asset group. You will be asked for Crosta Accat Geaun | Man.\/ahicla

n
an Asset Group ID Code and model type JEIN Create Asset X|
(vehicle, age-based, or condition-based). Asset Group ID Code

= |
I Create New Group
BUDGETS AND PARAMETERS INPUT Select the Model T:
Opens worksheet to input budget amounts for bLi Cancel
each year and review (and, if desired, override) " Vehicle Model
default economic analysis parameters. —_ 5
" Age-Based Model
" Condition-Based Model
PRIORITIZATION MODEL ADMINISTRATI(
Runs the prioritization model using current T —

Figure 3.9. Create Asset.
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Transit Cooperative Research Program - Transit Asset Prioritization Tool
Vehicle Model: Asset Group 1

@® Vebhicle Type Bus
G)‘ Asset Description

Figure 3.10. Vehicle Model.

on the vehicle type that is selected. If the desired vehicle type is not available, choose the
vehicle type that best describes the asset to be modeled and provide override values to adjust
the model as necessary.

6. Use the Asset Description field to input a detailed text description of the assets included in
the worksheet. This description will be used later in the tool to describe projects that appear
in the Program List.

Handling Different Operational Environments

If your transit agency operates assets differently within the same asset group, you may want to
consider creating additional asset groups. For example, you may have a fleet of buses, some of which
you operate in urban service areas and others you run on suburban routes. While they may fall
within the same NTD group, these sets of vehicles are going to have different average annual miles
and maintenance costs and needs. Therefore, creating separate asset groups for such can offer more
accuracy in the model, and result in more reasonable prioritization recommendations in the output.

7. These fields are required. Input Inventory Description data (Figure 3.11). For this section,
vehicles are typically grouped together based on where they are of similar type and age.
o The Accumulated Mileage is the average total mileage for each of the vehicles in the
sub-group. It is the total mileage from when the vehicle was new until the end of the year
before the first budget year. For each asset sub-group, input the accumulated mileage.

@“ lated G)‘“ ber of @‘ Project @‘ Pipeline @‘A lated d" ber of @‘Project @‘Pipeline
Mileage Vehicles Code Year Mileage Vehicles Code Year

1 16

2 17

3 18

4 19

5 20

1

s $ 5
o o

G 8 & 23
a o

= 9 & 24

10 25

1 26

12 27

13 28

14 29

15 30

Figure 3.11. Vehicle Model: Inventory Description.
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Input the Number of Vehicles in the asset sub-group.

The Project Code is used to specify when the replacement of two or more groups of assets is
to be treated as a single project. Entering the same project code for two or more sub-groups
of assets means they are to be analyzed together. This means that either all sub-groups with
the same project code will be replaced in a given year, or none of the sub-groups will be
replaced. A project can include different types of assets, provided they have the same project
code. Input a project code if multiple asset sub-groups should be analyzed together. If the
asset sub-group should be analyzed on its own, the project code can be left blank or given
a unique value to help describe the asset subgroup in the model results.

The Pipeline Year is entered when the replacement of a group of vehicles has already
been scheduled for a given year. If the project has already been scheduled during the
analysis period, input the year the project is programmed. If the project has not been
scheduled, the pipeline year should be left blank.

8. Input Vehicle Data from the National Transit Database (Figure 3.12). The vehicle data from
the NTD is used to establish a number of model parameters for the vehicles being modeled.
If these items are left blank, then the system user will have the option to either use national
defaults for the model parameters described in the next section, or can enter these directly.
While these fields are not required, they are strongly suggested. If the assets being modeled
correspond to the assets reported for a single mode in the NTD, then NTD-reported values
can be used directly, as described below.

(D‘ VEHICLE DATA FROM THE NATIONAL
TRANSIT DATABASE
Passenger Miles (000)
Unlinked Trips (000)
Vehicle Miles (000)
Revenue Vehicle Miles (000)
Revenue Vehicle Hours (000)

Number of Road Calls (buses) or Failures (rail)

Gallons of Fuel for Vehicle Operations (000)
Kilowatt Hours for Vehicle Operations (000)
Vehicle Maintenance Cost (000)

Define Passenger Miles (000). This value is the cumulative sum of the distances ridden
by each passenger, measured in thousands of miles. This value can be found in Service
form S-10.

Define Unlinked Trips (000). This value is the annual number of passengers who board
public transportation, measured in thousands of trips. This value can be fund in Identifi-
cation form B-10, Operating Expenses form F-30, Service form S-10, and Federal Fund-
ing Allocation Statistics form FFA-10.

Define Vehicle Miles (000). The value is the total number of miles traveled by a vehicle,
measured in thousands of miles. This value can be found in Service form S-10.

Define Revenue Vehicle Miles (000). This value is the number of miles traveled by a
vehicle while in revenue service, measured in thousands of miles. This value can be found
in Source of Funds form F-10.

Define Revenue Vehicle Hours (000). This value is the number of hours that vehicles are
scheduled to or actually travel while in revenue service, measured in thousands of hours.
This value can be found in Service form S-10.

Value Notes

Click for Main
Menu

©,0,0 000 0 0 0

Figure 3.12. Vehicle Model: Model Parameters.
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Define Number of Road Calls (buses) or Failures (rail). This value is the annual number
of road calls (for buses) or failures (for rail). This value can be found in Maintenance
Performance form R-20.

Define Gallons of Fuel for Vehicle Operations (000). This value is the gallons of fuel
required for annual vehicle operations, measured in thousands of gallons. This value can
be found in Energy Consumption form R-30.

Define Kilowatt Hours for Vehicle Operations (000). This value quantifies the electricity
consumption for annual vehicle operations, measured in thousands of kilowatt hours.
This value can be found in Energy Consumption form R-30.

Define Vehicle Maintenance Cost (000). This value is the transit agency maintenance
cost for all vehicle groups in the worksheet, measured in thousands of dollars. This value
can be found in Uses of Capital form F-20, Operating Expenses form F-30, and Employees

form R-10.

NTD Inputs

All of the Vehicle Data from NTD fields are marked as required. These fields are used to
calculate defaults for the Additional Vehicle Data fields, which will be used in the analysis. In
instances where the transit agency does not have access to all of the required NTD fields, the user
should attempt to provide override values for all of the Additional Vehicle Data fields.

The vehicle model does include default NTD values for the selected asset type, which will be
included in the analysis if no other input values have been provided, but these values are based on
national averages and are unlikely to accurately reflect the current status of transit agency assets.

9. Input Additional Vehicle Data (Figure 3.13). Defaults for the following fields are calcu-
lated based on the Inventory Description and Vehicle Data inputs. Where data are missing,
model defaults will be used in the calculations. Override values can also be input. Values for
Other Passenger Cost and Other External Cost field defaults are set to zero and the fields
will not be included in the analysis unless specified by the user.

o Define the New Vehicle Cost ($ per vehicle). This value describes the cost to the transit
agency of purchasing a new vehicle, measured in dollars.

o Define the Total Fleet (number of vehicles). If inventory data have been entered, this
number will be calculated automatically as the default value.

¢ Define the Annual Miles per Vehicle. If values have been input for Vehicle Miles and
Total Fleet, the default value will be recalculated to reflect the transit agency data and no

additional input is required.

Default Override Value Notes
Q)‘ ADDITIONAL VEHICLE DATA
New Vehicle Cost (S per vehicle) 495951 @
Total Fleet (number of vehicles) 0Q® default calculated based on data above (if populated)
Annual Miles per Vehicle 36425 © default calculated based on data above (if populated)
Average Accumulated Lifetime Mileage per Vehicle 291,398 @ default calculated based on data above (if populated)
Maintenance Cost per Vehicle Mile ($) 144 © default calculated based on data above (if populated)
Gallons per Vehicle Mile 027 ® default calculated based on data above (if populated)
Kilowatt Hours per Vehicle Mile 0.00 @ default calculated based on data above (if populated)
Roadcalls/Failures per Vehicle Mile 0.000157 ® default calculated based on data above (if populated)
Other Passenger Cost per Vehicle Mile () 0.00 ®
Other External Cost per Vehicle Mile ($) 0.00 ®

Figure 3.13. Vehicle Model: Additional Vehicle Data.
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o Define the Average Accumulated Lifetime Mileage per Vehicle. If values have been input
for Number of Vehicles and Accumulated Mileage, the default value will be recalculated
to reflect the transit agency data and no additional input is required.

o Define the Maintenance Cost per Vehicle Mile ($). If values have been input for the
Vehicle Maintenance Cost and Vehicle Miles, the default value will be recalculated to
reflect the transit agency data and no additional input is required.

¢ Define the Gallons per Vehicle Mile. If values have been input for Gallons of Fuel for
Vehicle Operations and Vehicle Miles, the default value will be recalculated to reflect the
transit agency data and no additional input is required.

e Define the Kilowatt Hours per Vehicle Mile. If values have been input for Kilowatt
Hours of Vehicle Operations and Vehicle Miles, the default value will be recalculated to
reflect the transit agency data and no additional input is required.

o Define the Roadcalls/Failures per Vehicle Mile. This value defines the number of road
calls (bus) or failures (rail) per vehicle mile. If values have been input for Number of
Road Calls or Failures and Vehicle Miles, the default value will be recalculated to reflect
the transit agency data and no additional input is required.

o Define the Other Passenger Cost per Vehicle Mile ($). This value defines other pas-
senger costs, divided by vehicle miles, measured in dollars per vehicle mile. No default is
provided for this value and it should only be input if it is relevant to the transit agency.

o Define the Other External Cost per Vehicle Mile ($). This value defines other external
costs, divided by vehicle miles, measured in dollars per vehicle mile. No default is pro-
vided for this value and it should only be input if it is relevant to the transit agency.

How Should | Account for Indirect Costs?

Procuring a vehicle costs significantly more than the price tag on the vehicle. Likewise, the
cost of rehabilitating a facility is greater than the sum of the labor and materials required for the
work. In these and other cases, there are additional “soft” or indirect costs, such as administra-
tive and design costs. Ideally, the asset models you develop will include all relevant costs. Since
approaches for tracking and allocating indirect costs vary considerably from one transit agency
to another, it is up to you to determine what indirect costs to include in your models, and how
these relate to your capital budget. The critical factor to consider is that whatever approach is
used should be applied consistently across all asset groups. Also, you may need to adjust the
budgets used when running TAPT to account for differences between the costs that are modeled
and the actual costs incurred by the transit agency, to the extent these are different.

10. The Inputs for Delay Calculation are used to define the Passenger Hours of Delay per
Roadcall/Failure (Figure 3.14). For best results in this section, provide an override value for

d INPUTS FOR THE DELAY CALCULATION

Passenger Miles per Revenue Vehicle Mile 10.05 ® default calculated based on data above (if populated)
Passenger Boardings per Revenue Vehicle Hour 3238 @ default calculated based on data above (if populated)
Typical Schedule Headway (minutes) 30 ®
Typical Roadcall/Failure Recovery Time (minutes) 60 @
Vehicles per Consist 10
Passenger Hours of Delay per Roadcall/Failure 2122 ® default calculated based on data above (if populated)

Figure 3.14. Vehicle Model: Inputs for the Delay Calculation.
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Passenger Hours of Delay per Roadcall/Failure. If this field has been completed, continue

to Step 11.

If the Passenger Hours of Delay per Roadcall/Failure is unknown or you wish to override
the default calculations, complete the following fields to calculate the delay.

e Define Passenger Miles per Revenue Vehicle Mile. If values have been defined for
Passenger Miles and Revenue Vehicle Miles, the default value will be recalculated to
reflect the transit agency data and no additional input is required.

¢ Define Passenger Boardings per Revenue Vehicle Hour. This value is calculated from
NTD data by default. If values have ben defined for Unlinked Trips and Revenue Vehicle
Hours, the default value will be recalculated to reflect the transit agency data and no
additional input is required.

o Define Typical Schedule Headway (minutes). This value should be provided by the transit
agency, when available, and describes the average number of minutes between vehicles
dispatched along a given route.

o Define Typical Roadcall/Failure Recovery Time (minutes). This value should be pro-
vided by the transit agency, when available, and defines the extent of service interruption
resulting from a roadcall or failure. This is used to approximate network effects caused
by vehicle failures, particularly in the case of rail.

o Define Vehicles per Consist. This value should only be updated for rail vehicles.

11. Define the Increases with Vehicle Age (% per 100,000 miles) (Figure 3.15). These inputs
reflect the effects of vehicle age on costs, energy use, and roadcalls/failures per vehicle mile.
The input will define the percentage increase per 100,000 miles for each cost type. Defaults
for these values are populated based on the previously defined vehicle type.

o Define the annual percent increase in Maintenance Cost per Vehicle Mile. This value will
define the increase in maintenance costs over time.

¢ Define the annual percent increase in Energy Use per Vehicle Mile. This value will define
the increase in energy use over time.

e Define the annual percent increase in Roadcalls/Failures per Vehicle Mile. This value
will define the percent increase in roadcalls or failures over time.

o Define the annual percent increase in Other Passenger Cost per Vehicle Mile. This value
will define the increase in other passenger costs over time.

o Define the annual percent increase in Other External Cost per Vehicle Mile. This value
will define the increase in other external costs over time.

12. Define Other Parameters (Figure 3.16).

e Define the Energy Savings for a New Vehicle (%). This value describes the energy savings
for a new replacement vehicle, such as that resulting from improved technology. Input-
ting a positive percentage means energy use for a replacement vehicle is less than that of
an existing vehicle, even accounting for the difference in mileage. For example, entering
+10% means a replacement vehicle will use 10% less energy per vehicle mile than a vehicle
currently in use if both are the same age. The default value of 0.00% for all vehicle assets
assumes that new vehicles will not provide any additional energy saving benefits besides
that resulting from reducing vehicle mileage or age.

@' INCREASES WITH VEHICLE AGE

(% PER 100,000 MILES)
Maintenance Cost per Vehicle Mile 13.43% @
Energy Use per Vehicle Mile 647% @
Road calls/Failures per vehicle Mile 21.90% @
Other Passenger Cost per Vehicle Mile 647% @
Other External Cost per Vehicle Mile 647% @

Figure 3.15. Vehicle Model: Increases with Vehicle Age.
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OTHER PARAMETERS
Energy Savings for a New Vehicle (%) 0.00% @ savings due to new technology for replacements
CO2 Emissions for a New Vehicle (tons) 70.00 ®
Tons of CO2 per Gallon 00111 @
Agency Cost per Gallon of Fuel (§) 397 ®
Prioritization Index (Pl) Increment 0.00 ® use to reflect additional benefits of replacement
Include in Asset Prioritization Run TRUE @

Figure 3.16. Vehicle Model: Other Parameters.

¢ Define the CO, Emissions for a New Vehicle (tons). This value defines the CO, emissions
resulting from vehicle replacement.

o Define Tons of CO, per Gallon. This value defines the tons of CO, produced per gallon
of fuel and was defined on the Budgets and Parameters worksheet. This value should be
adjusted only if the assets in the model differ from other transit agency assets.

e Define the Agency Cost per Gallon of Fuel ($). This value defines the transit agency
cost per a gallon of fuel, in dollars, and was defined on the Budgets and Parameters
worksheet. This value should be adjusted only if the assets in the model differ from other
transit agency assets.

o Define the Supplemental Replacement Benefit (% of replacement cost). This parameter
is used to specify the additional benefit of vehicle replacement, besides the types of benefits
captured in the model. Entering a value here has the effect of increasing the PI for each
vehicle replacement, and changing the priority of replacement for the asset group. The
default for all asset types is set to 0.00.

o Define if the prioritization model should Include in Asset Prioritization Run. This
value should be expressed as “TRUE” or “FALSE” and determines if the assets group
defined in this model should be included in the prioritization model. Setting this
variable to “FALSE” will exclude the asset group from prioritization runs and exclude
the results for the vehicles from summary output tables and charts. The default for
all vehicle types is “TRUE,” meaning the assets will be included if a prioritization
model is run.

13. Define the Rehabilitation Costs for the vehicle model (Figure 3.17). You can define
Periodic Rehabilitation Costs, Per Mile Rehabilitation Costs, or both. If defining Periodic
Rehabilitation Costs, you can specify that rehabilitation costs should be incurred at a specific
mileage, or averaged out over time (by getting added to the Per Mileage Rehabilitation
Costs. If you do not wish to define Periodic Rehabilitation Costs skip to Step 14. Otherwise
complete the following steps:

o Define the Percent of Vehicle Replacement Cost. This value describes the cost of
rehabilitating a vehicle. This value is measured as a percentage of the previously defined
New Vehicle Cost.

o Define the Rehab Interval (miles). This value determines at what point a vehicle should
be rehabilitated, measured in lifetime accumulated mileage.

Default Value Override Value Notes
@ PERIODIC REHABILITATION COSTS
Percent of Vehicle Replacement Cost 00% @Y T
Rehab Interval (miles) 9,999,999 ©
Convert to Per Mile Rehabilitation Cost FALSE @

Figure 3.17. Vehicle Model: Periodic Rehabilitation Costs.
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o Determine if the model should Convert to Per Mile Rehabilitation Cost. If periodic
rehabilitation occurs at a set mileage, set this field to “FALSE” and continue to Step 15.
If costs should be averaged out over time as per mileage costs, set this field to “TRUE”
and continue to Step 14. Note that setting this field to “TRUE” forces recalculation of the
default per mile costs described below.

What Type of Rehabilitation Cost Should | Use?

You can represent rehabilitation costs in the model using either Periodic Rehabilitation
Costs and/or Per Mile Rehabilitation Costs. Periodic rehabilitation costs are costs that are auto-
matically programmed when the asset reaches the specified mileage at the Rehab Interval. In this
scenario, all assets in the group are programmed for rehabilitation in a single year and the cost
is paid in full. One should use this option if rehabilitation is known to occur at a specific point,
and if the transit agency would like to weigh rehabilitation against replacement. Alternatively,
per mile rehabilitation costs should be used if rehabilitation costs are paid over time, or if there
is no formal rehabilitation action for the asset group.

14. Define the Per Mile Rehabilitation Costs [Rehab Cost ($/vehicle mile)] (Figure 3.18).
Default values are provided for buses. For other vehicle types no default is defined. However,
defaults are overridden based on the Replacement Cost and Rehab Interval if Convert to
Per Mile Rehabilitation Cost is set to “TRUE.” The units for the Rehab Cost are measured
in dollars per vehicle mile.

15. To exclude rehabilitation costs from the analysis, ensure that the Rehab Interval (miles)
is a large number that would exceed the expected lifetime mileage of assets in the model
(i.e., 9,999,999) and set the Per Mile Rehabilitation Costs to 0.

16. Review the Summary Statistics (Figure 3.19).

o The Average Annual Cost (dollars) is the average cost per year of a vehicle, including the
purchase cost of the vehicle and all transit agency, user, and external costs.

o The Cost-Minimizing Replacement Mileage (miles) is the mileage at which the vehicle
should be replaced to minimize the lifecycle costs.

(D‘ PER MILE REHABILITATION COSTS

Lifetime Mileage Rehab Cost ($/vehicle mile) Lifetime Mileage Rehab Cost ($/vehicle mile)

From To Default Override From To Default Override
0 35,000 0.1590 525,000 560,000 0.6926
35,000 70,000 0.3733 560,000 595,000 0.7042
70,000 105,000 0.5211 595,000 630,000 0.7182
105,000 140,000 0.5948 630,000 665,000 0.7344
140,000 175,000 0.6275 665,000 700,000 0.7527
175,000 210,000 0.6416 700,000 735,000 0.7721
210,000 245,000 0.6484 735,000 770,000 0.7919
245,000 280,000 0.6526 770,000 805,000 0.8106
280,000 315,000 0.6562 805,000 840,000 0.8267
315.000 350.000 0.6595 840.000 875,000 0.8385
350,000 385,000 0.6628 875,000 910,000 0.8385
385,000 420,000 0.6664 910,000 945,000 0.8385
420,000 455,000 0.6707 945,000 980,000 0.8385
455,000 490,000 0.6762 980,000 1,015,000 0.8385
490,000 525,000 0.6833 1,015,000 0.8385

Figure 3.18. Vehicle Model: Per Mile Rehabilitation Costs.
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Average Annual Cost (dollars)

162,807 @'

Cost-Minimizing Replacement Mileage (miles) 655,645 @' C"c:‘guMain
Cost-Minimizing Replacement Age (years) 18 @
Figure 3.19. Vehicle Model: Summary Results.

17.

o The Cost-Minimizing Replacement Age (years) is the age at which the vehicle is pro-
jected to reach the replacement mileage value specified.

Use the Click for Main Menu button to navigate back to the Start Screen. From this menu

it is possible to add additional assets or begin the analysis.

Creating an Asset Group: Age-Based Assets

The age-based model is used for non-vehicle assets for which accurate condition data are
not available. Note that the asset types listed, as well as many of the defaults, including cost and
deterioration data, are based on TERM Lite definitions. For additional information on the model
defaults, refer to the accompanying research report. To create a model, follow these steps:

1.

From the Start Screen, click Create Asset Group. On the screen, define an Asset Group ID
Code for the asset group.

Note: It is mandatory to define an Asset Group ID code and codes cannot be repeated. It
is reccommended that the ID code contain a basic description of the asset being modeled, as
the code will appear throughout the results.

Select the Asset Group Model Type as Age-Based Model to create an asset group for assets
using age data.

Click the Create New Group button to create a new sheet and input data for the asset
group.

Use the dropdown menu to select the Asset Type (Figure 3.20). Default values used in
the model are automatically populated based on the asset type that is chosen. If the desired
asset type is not available, choose the asset type that best describes the asset to be modeled
and provide override values to adjust the model as necessary.

. Use the Asset Description field to input a detailed text description of the assets included in

the worksheet. This description will be used later in the tool to describe projects that appear

in the Program List.

Enter the Asset Units of Measure. This field is used for documentation purposes.

Input Inventory Description data (Figure 3.21). For this section, you may list assets indi-

vidually or group assets by age.

o The Age is the age from when the asset was new until the end of the year before the first
budget year. For each asset sub-group input the age.

Transit Cooperative Research Program - Transit Asset Prioritization Tool
Age-Based Model: Asset Group 1

@™ Asset Type
(@" Asset Description

@" Asset Units of Measure

Figure 3.20. Age-Based Model.

Facilities-Access and Parking
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@' Age of @ Units of @ Project @ Pipeline @'Age of @ Units of @ Project @® Pipeline
Assets Assets Code Year Assets Assets Code Year
1 16
2 17
3 18
4 19
5 20
= 6 = 21
e 7 e 22
Q@ 38 Q 23
S 8 2
2510 ® 2
1 26
12 27
13 28
14 29;
15 30

Figure 3.21. Age-Based Model: Inventory Description.

o Input the asset quantity for the sub-group in the Units of Assets field. The units chosen
for this section should be used consistently throughout the worksheet.

o The Project Code is used to specify when the replacement of two or more sub-groups of
assets is to be treated as a single project. Entering the same project code for two or more
sub-groups of assets means they are to be analyzed together. This means that either
all sub-groups with the same project code will be replaced in a given year, or none of the
sub-groups will be replaced. A project can include different types of assets, provided they
have the same project code. Input a project code if multiple asset sub-groups should be
analyzed together. If the asset group should be analyzed on its own, the project code can
be left blank, or can be given a unique value to help identify the asset sub-group when
reviewing prioritization results.

o The Pipeline Year is entered when the replacement of a sub-group of assets has already
been scheduled for a given year. If the project has already been scheduled during the
analysis period, input the year the project is programmed. If the project has not been
scheduled, the pipeline year should be left blank.

7. Define the Asset Replacement Costs (Figure 3.22). These are costs that are not incurred
directly by the transit agency but have other impacts, such as to passengers, the environ-
ment, or other external parties.

e Define the Agency Replacement Cost ($). This is the cost, in dollars, of replacing an

asset.
einiit Override Value Notes
Value
ASSET REPLACEMENT COSTS
Agency Replacement Cost (8) 28,577 ® "
Passenger Delay (hours of delay) 0® CIicII(‘for Main
Other Passenger Costs ($) 00 e
CO2 Emissions (tons) 0Q®
Other External Costs () 00

Figure 3.22. Age-Based Model: Asset Replacement Costs.
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Define the Passenger Delay (hours of delay). This value defines the hours of delay
incurred by passengers due to replacement, measured in hours. No default value is pro-
vided for this value, and it will be excluded from the analysis unless an override value is
provided.

Define the Other Passenger Costs ($). This value quantifies other passenger costs besides
delay due to asset replacement. No default value is provided for this value, and it will be
excluded from the analysis unless an override value is provided.

Define the CO, Emissions (tons). This is the tons of emissions resulting from manufacture
or construction of a new unit of the asset. No default value is provided for this value, and
it will be excluded from the analysis unless an override value is provided.

Define the Other External Costs ($). This value quantifies other external costs due to
replacement besides CO, emissions. This field is measured in dollars. No default value is
provided for this value, and it will be excluded from the analysis unless an override value
is provided.

8. Define the Failure Costs (including replacement) (Figure 3.23). These costs included the
cost of replacing the asset, so that if failure occurs, it is assumed that the asset is replaced
and this replacement is paid for as a part of the failure cost.

Define the Agency Costs ($). This value defines the transit agency cost, measured in
dollars, of a failed asset, including replacement. The default for this value is twice the Asset
Replacement Cost.

Define the Passenger Delay (hours of delay). This value defines the passenger delay caused
by asset failure and replacement. No default is provided for this value, and it will be excluded
from the analysis unless an override value is provided.

Define the Other Passenger Costs ($). This value quantifies the other passenger costs
besides delay, measured in dollars, of asset failure. No default is provided for this value,
and it will be excluded from the analysis unless an override value is provided.

Define the CO, Emissions (tons). This value quantifies the CO, emissions resulting from
asset failure, in tons. No default is provided for this value, and it will be excluded from
the analysis unless an override value is provided.

Define the Other External Costs ($). This value quantifies the other external costs besides
CO, emissions, measured in dollars, of asset failure. No default is provided for this value,
and it will be excluded from the analysis unless an override value is provided.

9. If desired, define the Annual Costs (Figure 3.24). Annual costs describe the costs that are
incurred every year, regardless of asset condition. It does not factor in the additional costs
of replacing or rehabilitating assets in a given year.

Define the Maintenance ($/year). This value defines the average annual maintenance
costs incurred by the transit agency, measured in dollars per year. The default is set as a
percentage of the Replacement Cost.

Define the Energy Costs ($/year). This value defines the annual energy cost, measured
in dollars per year. No default is provided for this value, and it will be excluded from the
analysis unless an override value is provided.

® FAILURE COSTS (INCLUDING REPLACEMENT)
Agency Costs (§) 85731 ®
Passenger Delay (hours of delay) 0 ®
Other Passenger Costs ($) 00
0®
00

CO2 Emissions (tons)
Other External Costs ($)

Figure 3.23. Age-Based Model: Failure Costs.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/22306

Guidance for Developing a Transit Asset Management Plan

10.

Using the Transit Asset Prioritization Tool

ANNUAL COSTS
Maintenance ($/year) 1429 @7
Energy Costs ($) 0@
Passenger Delay (hours of delay per year) [[N6)
Other Passenger Costs ($/year) 0®
CO2 Emissions (tons per year) 0®
Other External Costs ($/year) 0®

Figure 3.24. Age-Based Model: Annual Costs.

Define the Passenger Delay (hours of delay per year). This value defines the average
annual passenger delay, measured in hours of delay per year. No default is provided for
this value, and it will be excluded from the analysis unless an override value is provided.
Define the Other Passenger Costs (dollars per year). This value quantifies the average
annual other passenger costs besides delay, measured in dollars per year. No default is
provided for this value, and it will be excluded from the analysis unless an override value
is provided.

Define the CO, Emissions (tons per year). This value quantifies the annual CO, emissions,
measured in tons per year. No default is provided for this value, and it will be excluded
from the analysis unless an override value is provided.

Define the Other External Costs. This value quantifies the average annual other exter-
nal costs besides CO, emissions, measured in dollars per year. No default is provided
for this value, and it will be excluded from the analysis unless an override value is
provided.

If desired, define the cost Increases with Asset Age (% per year) (Figure 3.25). These inputs
reflect the effects of asset age on maintenance costs, passenger delay, and other costs. The
inputs will define the percentage increase per year for each cost type. By default these are
set to be double the corresponding replacement cost to account for the increased cost of
emergency replacement of an asset.

Define the increase in Maintenance Cost. This value will determine the annual growth
rate for the Annual Maintenance Cost.

Define the increase in Energy Costs. This value will determine the annual growth rate for
the Annual Energy Cost.

Define the increase in Passenger Delay. This value will determine the annual growth rate
for the Annual Passenger Delay.

Define the increase in Other Passenger Costs. This value will determine the annual
growth rate for the Annual Other Passenger Costs.

Define the increase in CO, Emissions. This value will determine the annual growth rate
for the Annual CO, Emissions.

® INCREASES IN ANNUAL COSTS

WITH ASSET AGE (% PER YEAR)
Maintenance Cost 20% ®
Energy Cost 20% ©
Passenger Delay 20% ®
Other Passenger Costs 2.0% ©®
CO2 Emissions 2.0% ©
Other External Costs 20% ©

Figure 3.25. Age-Based Model: Increases in Annual Costs
with Asset Age.

Copyright National Academy of Sciences. All rights reserved.
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11.

12.

ASSET DETERIORATION
TERM Decay Curve: Constant 6.0000 ®
TERM Decay Curve: Age Coefficient -0.0887 @
Expected survival age with 50% confidence 734 ®
Expected survival age with 25% confidence 896 @

Figure 3.26. Age-Based Model: Asset Deterioration.

Define the increase in Other External Costs. This value will determine the annual growth
rate for the Annual Other External Costs.

If desired specify the parameters for Asset Deterioration (Figure 3.26). These parameters
are populated by default based on asset type.

Define the TERM Decay Curve: Constant.

Define the TERM Decay Curve: Age Coefficient.

Define the Expected Survival Age with 50% confidence. This value defines the number
of years this type of asset is expected to continue performing its function without expe-
riencing a failure that requires replacement (assuming that the transit agency does not
choose to replace the asset before it fails). This means that there is a 50% chance the asset
will fail before reaching the input age. The default for this value is based on the defined
asset type. The default is recalculated if the decay curve is changed.

Define the Expected Survival Age with 25% confidence. This value defines the number of
years this type of asset is expected to continue performing its function without experiencing
a failure that requires replacement (assuming that the transit agency does not choose to
replace the asset before it fails). This means that there is a 75% chance the asset will fail
before reaching the input age. The default for this value is based on the defined asset type.
The default is recalculated if the decay curve is changed.

Use the following inputs to determine the Other Parameters (Figure 3.27) for the analysis.

Define the Average Age of Assets. This field is calculated based on the inventory data by
default.

Define the Supplemental Replacement Benefit (% of replacement cost). This parameter
is used to specify the additional benefit of replacement, besides that quantified using the
types of benefits captured in the model. Entering a value here has the effect of increasing
the PI for each replacement, and changing the priority of replacement for the asset group.
The default for all asset types is set to 0.00.

Define if the prioritization model should Include in Asset Prioritization Run. This
value should be expressed as “TRUE” or “FALSE” and determines if the assets group
defined in this model should be included in the prioritization model. Setting this
variable to “FALSE” will exclude the asset group from prioritization runs and exclude
the results for the asset group from summary output tables and charts. The default for

OTHER PARAMETERS
Average Asset Age 10.0 ® default calculated based on data above (if populated)

Supplemental Replacement Benefit (% of repl. cost) 0.0% ®
Include in Asset Prioritization Run TRUE®

Figure 3.27. Age-Based Model: Other Parameters.
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Average Annual Cost (dollars) 371876 @ Click for Main
Cost-Minimizing Replacement Age (years) 48 @ iz

Figure 3.28. Age-Based Model: Summary Results.

all asset types is “TRUE,” meaning the assets will be included if a prioritization model
is run.
13. Review the Summary Statistics (Figure 3.28).
o The Average Annual Cost (dollars) is the average cost per year of an asset, including the
purchase/construction cost of the asset and all transit agency, user, and external costs.
o The Cost-Minimizing Replacement Age is the age at which the asset should be replaced
to minimize the average annual cost and lifecycle cost.
14. Use the Click for Main Menu button to navigate back to the Start Screen. From this menu
it is possible to add additional assets or begin the analysis.

Creating an Asset Group: Condition-Based Assets

The condition-based model is used for non-vehicle assets for which accurate condition
data is available. For additional information on the model defaults refer to the accompanying
research report, go to http://www.trb.org/Main/Blurbs/171285.aspx. To create a model, follow
these steps:

1. From the Start Screen, click on the Create Asset Group button.

2. On this screen, define an Asset Group ID Code for the asset group.

Note: It is mandatory to define an asset group ID code and codes cannot be repeated.
It is recommended that the ID code contain a basic description of the asset being modeled,
as the code will appear throughout the results.

3. Select the Asset Group Model Type as Condition-Based Model to create an asset group for
assets using condition data.

4. Click the Create New Group button to create a new sheet and input data for the asset
group.

5. Use the drop down menu to select the Asset Type (Figure 3.29). Default values used in the
model are automatically populated based on the asset type that is chosen.

6. Use the Asset Description field to input a detailed text description of the assets included in
the worksheet. This description will be used later in the tool to describe projects that appear
in the Program List.

7. Enter the Asset Units of Measure. This field is used for documentation purposes.

Transit Cooperative Research Program - Transit Asset Prioritization Tool

Condition-Based Model: Asset Group 1

@™ Asset Type Facilities-Access and Parking
@" Asset Description
@™ Assat Units of Measure

Figure 3.29. Condition-Based Model.
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Unit Agency Replacement Cost ($) @‘
Unit Agency Rehabilitation Cost ($) o

Figure 3.30. Condition-Based Model: Default Replacement and Rehabilitation Costs.

8. Input the Default Replacement and Rehabilitation Costs (Figure 3.30).

o This value is required. Define the Unit Agency Replacement Cost ($). This is the value,
in dollars, of a scheduled replacement.

o Define the Unit Agency Rehabilitation Cost ($). This is the value, in dollars, of rehabilitating
an asset. If rehabilitation is infeasible, set the rehabilitation cost greater than the replacement
cost. No default value is provided.

9. Input Inventory Description data (Figure 3.31). For this section one may list assets individually
or group by condition.

o The Asset Condition is the current average condition of the asset group, based on a
TERM Lite 1-5 scale. For each asset sub-group, input the condition.

e Input the asset quantity for the sub-group in the Units of Assets field. The units chosen
for this section should be used consistently throughout the worksheet.

o The Project Code is used to specify when the replacement of two or more sub-groups of
assets is to be treated as a single project. Entering the same project code for two or more
sub-groups of assets means they are to be analyzed together. This means that either
all sub-groups with the same project code will be replaced in a given year, or none of the
sub-groups will be replaced. A project can include different types of assets, provided they
have the same project code. Input a project code if multiple asset sub-groups should be
analyzed together. If the asset sub-group should be analyzed on its own, the project code
should be left blank, or can be given a unique value to help identify the asset sub-group
when reviewing prioritization results.

o The Pipeline Year is entered when the replacement of a sub-group of assets has already
been scheduled for a given year. If the project has already been scheduled during the
analysis period, input the year the project is programmed. If the project has not been
scheduled, the pipeline year should be left blank.

@ Asset @' Units of @ Project @® Pipeline @ Asset @ Units of ® ' Project @' Pipeline
Condition Assets Code Year Condition Assets Code Year
16
7
18
19
20
21

23
24

Sub-Group
Sub-Group

-
O W~ OO WN =

26
27
28
29
30

-
=y

-
N

-
w

-
=

-
o

Figure 3.31. Condition-Based Model: Inventory Description.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/22306

Guidance for Developing a Transit Asset Management Plan

Using the Transit Asset Prioritization Tool 53

Stato netion 5.Excellent 4.Good 3-Adequat 2-Marginal 1-Poor 0-Failed ®
Default | Override| Default | Override| Default | Override |Default | Override| Default  Override| Default

Do Minimum 98.1% 1.9% 0.0% 0.0% 0.0% 0.0%]

5-Excellent |Rehab 0.0% 100.0% 0.0% 0.0% 0.0% 0.0%)
Replace 100.0% 0.0% 0.0% 0.0% 0.0% 0.0%)

Do Minimum 0.0% 95.9% 41% 0.0% 0.0% 0.0%]

4-Good  |Rehab 0.0% 100.0% 0.0% 0.0% 0.0% 0.0%|
Replace 100.0% 0.0% 0.0% 0.0% 0.0% 0.0%|

Do Minimum 0.0% 0.0% 92.9% 71% 0.0% 0.0%|

3-Adequate |Rehab 0.0% 100.0% 0.0% 0.0% 0.0% 0.0%)
Replace 100.0% 0.0% 0.0% 0.0% 0.0% 0.0%)

Do Minimum 0.0% 0.0% 0.0% 88.5% 5.8% 5.8%)

2-Marginal |Rehab 0.0% 100.0% 0.0% 0.0% 0.0% 0.0%|
Replace 100.0% 0.0% 0.0% 0.0% 0.0% 0.0%)

Do Minimum 0.0% 0.0% 0.0% 0.0% 88.5% 11.5%)|

1-Poor  [Rehab 0.0% 100.0% 0.0% 0.0% 0.0% 0.0%|
Replace 100.0% 0.0% 0.0% 0.0% 0.0% 0.0%)

0-Failed [Replace 100.0% 0.0% 0.0% 0.0% 0.0% 0.0%)

Figure 3.32. Condition-Based Model: Transition Probabilities.

10.

11.

12.

If desired, define the Probability of Transitioning to State (Figure 3.32). The table defines
the probability of transitioning between condition states given a specified action is taken.
For each condition, three actions are defined: Do Minimum, Rehab, or Replace. These prob-
abilities are populated with default values based on the Asset Type.

Note: When populating the transition probability fields, each of the rows should add up
to 100%. If the rows do not add up to 100%, the remainder will automatically be added to
the Failed column.

If desired, define the Unit Costs, Delay, and CO, Emissions (Figure 3.33). The table defines the

cost of performing actions in each condition state. These values that are input in this table are

Agency Costs ($), Energy Cost ($), Delay (hours), Other Passenger Costs ($), CO, (tons), and

Other External Costs ($). These values are defined for each of three actions: Do Minimum,

Rehab, and Replace when the asset is in any of five condition states: 5-Excellent, 4-Good,

3-Adequate, 2-Marginal, 1-Poor, or has failed.

Define the Other Model Parameters (Figure 3.34).

e Define the Supplemental Replacement Benefit (% of replacement cost). This parameter
is used to specify the additional benefit of replacement, besides that quantified through the
types of benefits captured in the model. Entering a value here has the effect of increasing

Click for Main
Menu

State Action ® Agency Cost |® Energy Cost |® Delay (hours) [® Other Pass. Cos{® CO2 (tons) |®' Other Ext. Cost
Default | Override| Default : Override| Default | Override| Default : Override| Default : Override| Default | Override
Do Minimum 0 0 0 0 0 0
5-Excellent Rehab 28,577 0 0 0 0 0
Replace 28,577 0 0 0 0 0
Do Minimum 0 0 0 [i} 0 0
4-Good Rehab 28,577 0 0 0 0 0
Replace 28,577 0 0 0 0 0
Do Minimum 0 0 0 0 0 0
3-Adequate Rehab 28,577 0 0 0 0 0
Replace 28,577 0 0 ) 0 0
Do Minimum 1.429 0 0 0 0 0
2-Marginal Rehab 28,577 0 0 0 0 0
Replace 28,577 0 0 0 0 0
Do Minimum 2,858 0 0 0 0 0
1-Poor Rehab 28,577 0 0 0 0 0
Replace 28,577 0 0 0 0 0
0-Failed Replace 85,731 0 0 0 0 0

Figure 3.33. Condition-Based Model: Unit Costs, Delay, and CO, Emissions.

Copyright National Academy of Sciences. All rights reserved.
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Supplemental Replacement Benefit (% of repl. cost)
Include in Asset Prioritization Run

Default Override Value Notes

Figure 3.34. Condition-Based Model: Other Model Parameters.

the PI for each replacement, and changing the priority of replacement for the asset group.
The default for all asset types is set to 0.00.

e Define if the prioritization model should Include in Asset Prioritization Run. This value
should be expressed as “TRUE” or “FALSE” and determines if the asset group defined
in this model should be included in the prioritization model. Setting this variable to
“FALSE” will exclude the asset group from prioritization runs and exclude the results for
the asset group from summary output tables and charts. The default for all asset types is
“TRUE,” meaning the assets will be included if a prioritization model is run.

13. Review the Summary Statistics (Figure 3.35).

o The Average Annual Cost (dollars) is the average cost of the asset per year, including the
purchase/construction cost of the asset and all transit agency and external costs.

o Also shown is the optimal (cost-minimizing) action to perform in each condition state,
and the PI corresponding to the action. The possible actions are Do Nothing, Rehab, or
Replace. Projects are prioritized in decreasing order of PTin TAPT.

14. Use the Click for Main Menu button to navigate back to the Start Screen. From this menu
it is possible to add additional assets or begin the analysis.

Editing an Asset Group

1. From the start screen, click on the Edit Asset Group button (Figure 3.36).
2. Select the Asset Group to Edit (Figure 3.37).
3. Click on the Edit Selected Asset Group button.
Note: If no asset group has been selected, an error message will appear.
4. Edit data using the model inputs.
5. When finished, use the Click for Main Menu button to navigate back to the Start Screen.

Deleting an Asset Group

1. From the start screen, click on the Delete Asset Group button (Figure 3.38).
2. Select the Asset Group to Delete (Figure 3.39).

Average Annual Cost ($)

$31254 @ ° - ;
Click for Main
Recommended Action @®" Prioritization Index Menu
Do Minimum N/A

Figure 3.35.

State

5

- N W

Do Minimum N/A
Do Minimum N/A
Replace 0.09
Replace 0.25

Condition-Based Model: Summary Results.
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ASSET GROUP ADMINISTRATION ASSET GROUPS
Opens worksheet to enter or edit information Vehicles 0
for a new asset group. You will be asked for Create Asset Group Non-Vehicle 0
an Asset Group ID Code and model type Total 0
(vehicle, age-based, or condition-based). :
Edit Asset Group INITIAL CONDITIONS
Replacement Value ($ 000)
Initial Needs ($ 000)
Delete Asset Group Avg. Age (vears)
Mean Distance Between Failures (miles)
BIIDGETS AND PARANETERS INPIIT A ~
Figure 3.36. Start Screen Asset Group Administration.
for a new asset group. You will be asked for Create Asset Group t Non-Vehicle - 0
an Asset Group ID Code and model type B Edit Asset Group x|
vehicle, age-based, or condition-based). .
{ 9 ) Select the Asset Group to Edit
b Age i
Condition Edit Selected Group
Vehicle
BUDGETS AND PARAMETERS INPUT
Opens worksheet to input budget amounts for Cancel
each year and review (and, if desired, override)
default economic analysis parameters. —_
PRIORITIZATION MODEL ADMINISTRATI!
Runs the prioritization model using current ] T—
Figure 3.37. Edit Asset Group.
ASSET GROUP ADMINISTRATION ASSET GROUPS
Opens worksheet to enter or edit information Vehicles 0
for a new asset group. You will be asked for Create Asset Group Non-Vehicle 0
an Asset Group ID Code and model type Total 0

(vehicle, age-based, or condition-based).
Edit Asset Group INITIAL CONDITIONS
Replacement Value ($ 000)

Initial Needs ($ 000)
Delete Asset Group Avg. Age (years)

BUDGETS AND PARAMETERS INPUT

Figure 3.38. Asset Group Administration.

Copyright National Academy of Sciences. All rights reserved.
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kedit Asset Group | INITIAL CONDITIONS
x|
Select the Asset Group to Delete
‘ AssetGroup1 Jles)
BUDGETS AND PARAMETI AssetGroup2 Delete Group
Opens worksheet to input budg AssetGroup3
each year and review (and, if de
default economic analysis parai Initial Needs
Cancel
Non-
Vehicle
0%
PRIORITIZATION MODEL .
Runs the prioritization model us
budgets, parameters, and assel
will be asked to specify a Run lb—oowe Vehicle

1 N9y

Figure 3.39. Delete Asset Group.

3. Click on the Delete Selected Asset Group button.
Note: If no asset group has been selected, an error message will appear.
4. A menu item will appear prompting the user: “The selected sheet(s) will be permanently
deleted. To delete the selected sheet, click OK. To cancel the deletion, click Cancel.” Click
OK to continue.

Prioritization Model

Once a set of asset models have been defined, you can use the prioritization model to predict
future conditions and recommend priorities for asset rehabilitation and replacement. Use of the
model is described here.

Review the Summary Data

Before running the prioritization model, review the summary statistics to ensure that all of
the assets have been accurately added to the model (Figure 3.40). The summary statistics section
includes assets currently in the model that have not been specifically excluded from the analysis
on the model worksheet.

Summary statistics will provide the following information:

o Asset Groups: The number of asset groups modeled in the most recent prioritization run, for
Vehicles, Non-Vehicle, and Total.
o Initial Conditions:
— Replacement Value: The cost of replacing all assets, in thousands of dollars.
— Initial Needs: The amount of money needed to replace all assets with a prioritization score
more than the PI Threshold for Replacement defined in the Budgets and Parameters.
— Average Age: The average age, measured in years, of all assets.
— Mean Distance Between Failures (miles): The average miles between failures/road calls
for all vehicle assets.
— Average Condition (non-vehicle): The average condition of all non-vehicle assets.
— CO, Emissions (tons): Tons of emissions for all assets in the analysis.

Copyright National Academy of Sciences. All rights reserved.
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ASSET GROUPS
Vehicles 0
Non-Vehicle
Total

oo

INITIAL CONDITIONS
Replacement Value ($ 000)
Initial Needs ($ 000)
Avg. Age (years)
Mean Distance Between Failures (miles)
Avg. Condition (non-vehicle)
CO2 Emissions (tons)

Replacement Value Initial Needs
Non- Non-
Vi Vehicle

0%

Vehicle
100%

~rHEARTS

Figure 3.40. Summary Statistics.

o Replacement Value Graph: A breakdown showing the percent of vehicle and non-vehicle
assets replacement values.

o Initial Needs Graph: A breakdown showing the percent of vehicle and non-vehicle assets
initial needs.

Running the Prioritization Model

1. From the Start Screen, click on the Run Prioritization Model button to launch an Excel
form (Figure 3.41).
2. Enter an ID code for the run (Figure 3.42).
3. Click OK when finished.
Note: If an ID code has not been entered, an error message will appear.

Non- Non-

PRIORITIZATION MODEL ADMINISTRATION

Runs the prioritization model using current

budgets, parameters, and asset groups. You Run Prioritization Model
will be asked to specify a Run ID Code.

100%
Delete Previous Run

DDIADITIZATIAM BANTI DECI T

Figure 3.41. Prioritization Model Administration.
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UCICLC ASSCL BIOUD ‘ Avg. Age (years)

— [T I x]{tveen Faiures (mies)
BUDGETS AND PARAMETERS INPUT

Opens worksheet to input budget amounts for Enter an ID code for thisrun
each year and review (and, if desired, override)
= Cancel | Initial Needs

default economic analysis parameters.

PRIORITIZATION MODEL ADMINISTRATIG

n-vehicle)
bns)

Non-

Vehicle
0-

Figure 3.42. Run Prioritization Model.

4. Review the results of the prioritization run in the Program List (Figure 3.43). The projects
are listed in the order they are programmed to occur.

The Program Year is the year a project is programmed to occur.

The Asset ID Code is the code that defines the asset group worksheet.

The Description is the detailed description from the asset group worksheet.

The Number of Assets is the quantity of assets in the asset group.

The Replacement Costs is the total cost of replacing all assets in the asset group.

The Project Rank is the project rank based on the prioritization index.

The P1is the prioritization index, used for prioritizing replacement. Projects are prioritized
in decreasing order of PI.

The field Pipelined? indicates whether the project was pipelined.

The Project Code is used to indicate cases where multiple assets have been grouped into
a single project.

5. When finished, use the Click for Main Menu button to navigate back to the Start Screen.

Deleting a Prioritization Run

1. From the start screen, click on the Delete Previous Run button (Figure 3.44).
2. Select the RUN ID for the run to be deleted (Figure 3.45).
3. Click on the Delete button.

Note: If no asset group has been selected, an error message will appear on the screen.

Transit Cooperative Research Program - Transit Asset Prioritization Tool
Program List

Click forMain
Menu

Figure 3.43. Prioritization Model Program List.
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PRIORITIZATION MODEL ADMINISTRATION
Runs the prioritization model using current
budgets, parameters, and asset groups. You
will be asked to specify a Run ID Code.

Run Prioritization Model

Delete Previous Run

Figure 3.44. Prioritization Model Administration.

S Fdit Assef Groun l
Delete Previous Run

Select Run ID for the Run to be Deleted

INITIAI CONDITIONS

Run3
BUDGETS AND PARAMETI Run2 Delete
Opens worksheet to input budgs Run1
each year and review (and, if de
default economic analysis parar Cancel

PRIORITIZATION MODEL )
Runs the prioritization model us
budgets, parameters, and assel
will be asked to specify a Run Il

59

les)

Initial Needs
Non-
Vehicle

0%

Vehicle

Figure 3.45. Delete Previous Run.

4. A menu item will appear prompting the user: “The selected sheet(s) will be permanently
deleted. To delete the selected sheet, click OK. To cancel the deletion, click Cancel.” Click OK

to continue.

Results
Prioritization Model Results Summary Table

1. From the start screen, click on the Display Summary Table button (Figure 3.46).
2. Select the Run ID Code for the Summary Table to be displayed (Figure 3.47).

PRIORITIZATION MODEL RESULTS
Displays a summary table showing
prioritization model results by year for a
selected run. You will be asked to select a
Run ID Code.

ASSET REPLACEMENT PROGRAM

Display Summary Table

Figure 3.46. Prioritization Model Results.

ONE AND TWO RUN CHARTS

Displays a chart showing prioritization model
results by year for one model run or two. You
will be asked to select a Run ID Code(s) and
the output variable to be charted.

Copyright National Academy of Sciences. All rights reserved.
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\venicle, age-based, or condition-based) |

orpiay summary Table x

BUDGETS AND PARAMETI

Opens worksheet to input budge
each year and review (and, if de
default economic analysis parar

PRIORITIZATION MODEL
Runs the prioritization model us
budgets, parameters, and assel
will be asked to specify a Run I

Select Run ID Code of Summary Table to be
Displayed
Run3 Jles)

Run2 Display Summary Table
Run1

Initial Needs

Non-
Vehicle
0%

Cancel

Vehicle
100%

Figure 3.47. Display Summary Table.

. Click on the Display Summary Table button.

Note: If no asset group has been selected, an error message will appear.

. Review the Summary Table (Figure 3.48).

Note: All dollar amounts are expressed in constant dollars.

o The Year is the analysis year.

o The Needs Amount ($) is the cost of meeting all asset needs that are economically justified
(have a PI value greater than the specified threshold).

o The Needs Percent is the needs divided by asset replacement value.

o The Asset Net Present Value (NPV) is the sum of lifecycle costs of assets replaced
in the year.

e The Budget ($) is the total available budget for asset rehabilitation and replacement,
including any carryover from the previous year.

o The Expenditures from Budget ($) are the capital funds expended in the period.

o The Remaining Backlog ($) is the needs left unmet at the end of the year, calculated by
subtracting Expenditures from Budget ($) from Needs Amount ($).

o The Energy Costs ($) are the total energy costs in the program year. This value includes
transit agency costs for gallons of fuel and kilowatt hours of energy for vehicles, as well as
any energy costs modeled for non-vehicle assets.

Transit Cooperative Research Program - Transit Asset Prioritization Tool
Summary

Click for Main
Menu

Figure 3.48. Summary Table.
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o The Other Agency Costs ($) are the total transit agency costs in the program year, excluding
replacement costs and energy costs.

o The Cost of Passenger Delay ($) is the number of hours of delay multiplied by the delay
cost per hour.

o The Other Passenger Costs ($) are other passenger costs besides delay, which may be
optionally specified.

o The Cost of CO, Emissions ($) is the tons of emissions multiplied by the cost per ton.

o The Other External Costs ($) are the total cost of other external factors besides CO, emissions
in the program year.

o The Total Agency, Passenger, and External Costs ($) is the sum of all costs incurred during
the period, including capital costs, maintenance costs, user costs, and emissions costs.

o The Passenger Delay (hours) is the total delay for the assets modeled.

e The CO, Emissions (tons) are total emissions.

o The Average Condition (non-vehicle assets) is the average TERM Lite condition rating.

o The Mean Distance Between Failures or MDBF (miles) is the average MDBF for all vehicles.

5. When finished, use the Click for Main Menu button to navigate back to the Start Screen.

Asset Replacement Program List

1. From the start screen, click on the Display Program List button (Figure 3.49).
2. Select the Run ID Code for the Summary Table to be displayed (Figure 3.50).

PRIORITIZATION MODEL ADMINISTRATION

Runs the prioritization model using current

budgets, parameters, and asset groups. You Run Prioritization Model
will be asked to specify a Run ID Code.

Delete Previous Run

Figure 3.49. Prioritization Model Administration.

(vehicle, age-based, or condition-based) |

— . L~

Display Program List
Select the Run ID Code of the Program List to

be Displayed
Run3
BUDGETS AND PARAMETI Run2 Display Program List
Opens worksheet to input budg: Runi

each year and review (and, if de
default economic analysis parat

PRIORITIZATION MODEL
Runs the prioritization model us
budgets, parameters, and assel
will be asked to specify a Run I

Cancel

les)

Initial Needs

Non-
Vehicle
0%

Vehicle
100%

Figure 3.50. Display Program List.
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Transit Cooperative Research Program - Transit Asset Prioritization Tool
Program List

Figure 3.51. Program List.

Click for Main
Menu

Click on the Display Program List button.

Note: If no asset group has been selected, an error message will appear on the screen

prompting the user: “Select the ID Code of the Run to Display.”

Review the Program List (Figure 3.51). A list of the data items on the Program List is pro-
vided in the “Running the Prioritization Model” section.

When finished, use the Click for Main Menu button to navigate back to the Start Screen.

Display Charts

PRIORITIZATION MODEL RESULTS
Displays a summary table showing
prioritization model results by year for a
selected run. You will be asked to select a
Run ID Code.

ASSET REPLACEMENT PROGRAM

Displays a listing of the asset replacement

Figure 3.52. Charts.

the following:

Needs ($)

To create a graph using data from a single prioritization run, complete the following steps:

. From the start screen, click on the Display Chart—One Run button (Figure 3.52).
. Select the prioritization model output variable to be charted (Figure 3.53). Options include

Needs as % of Total Asset Replacement Cost
Net Present Value of Asset Replacement Projects

Budget

Expenditures from Capital Budget

Remaining Backlog
Energy Costs

Other Non-Capital Agency Costs

Delay Costs

Delete Previous Run

Display Summary Table

100%

ONE AND TWO RUN CHARTS

Displays a chart showing prioritization model

results by year for one model run or two. You  Display Chart - One Run
will be asked to select a Run ID Code(s) and
the output variable to be charted.

Display Chart - Two Runs
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Using the Transit Asset Prioritization Tool
Transit Cooperative Research Program - Transit Asset Prioritization Tool Version 1.00
Start Screen
8 .00 Display Chart - One Run

ASSET GROUP ADMINISTRATIC Select the prioritization model output variable to :

Opens worksheel to enter or edit informalia m] 1

new assal group. You will be asked for an A “Needs as i of Total Assat Repiacement Cost Display Chart a

Group ID Code and model type (vehicle, ag MNet Present Value of Asset Replacement Projects 1

based, or condition-based). Budget

Expenditures from Capital Budget

Remaining Backog
Energy Costs Cancel 486
Other Non-Capital Agency Costs a
Delay Costs 1.0
Other Passenger Costs (excluding delay) 5,928
BUDGETS AND PARAMETERS | CO2 Emissions Gasta .
Opens worksheel 1o input budget amounts ?::.';:Ir E*:Bnrga' ggxﬁa’:": “:ASQECJ;E'_E'EI Coste 110
year and review (and, if desired, cverride) Fburs’:?wg; ger.
econamic analysis parameters. Tons of CO2 Initial Meeds
Average Condition Rating
Mean Distance Between Failures (miles) I

PRIORITIZATION MODEL ADMI Select the run to chart

Runs the pricritization model using current
budgets, parameters, and assel groups.
asked to specify a Run 1D Code.

PRIORITIZATION MODEL RESULT
Displays a summary table showing prioritiza
model resulls by year for a selected run. ¥t
be asked to selecta  Run ID Code.

ASSET REPLACEMENT PROGR. Display Chart - Two Runs

Displays a listing of the asset replacement program
from a prioritization model run. You will be asked to Display Program List
select the Run |D Code.

Figure 3.53. Display Chart—One Run.

Other Passenger Costs (excluding delay)
CO, Emissions Costs

Other External Costs (excluding CO,)

Total Agency, Passenger, and External Costs
Hours of Delay

Tons of CO,

Average Condition Rating

Mean Distance Between Failures (miles)

3. Select the Prioritization model run to be charted.
4. Click on the Display Chart button.

Note: If no output variable has been selected, an error message will appear on the screen

prompting the user: “Select the output variable to chart.” If no run has been selected, an error

message will appear on the screen prompting the user: “Select the ID Code of the run to chart’

>

5. When finished, use the Click for Main Menu button to navigate back to the Start Screen.

To launch a chart with data from two runs, perform the following steps:

1. From the start screen, click on the Display Chart—Two Run button.

2. Select the prioritization model output variable to be charted (Figure 3.54). The output vari-
ables that can be charted are listed in the directions in the “Display One Run Chart” section.

3. Select two Prioritization model runs to be charted.

4. Click on the Display Chart button.

Note: If no output variable has been selected, an error message will appear on the screen.
When finished, use the Click for Main Menu button to navigate back to the Start Screen.
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Transit Cooperative Research Program - Transit Asset Prioritization Tool
Start Screen

Opens worksheet to enter or edit information for a
new asset group. You will be asked for an Asset Create Asset Group
Group |D Code and model type (vehicle, age-
based, or condition-based ).
| Edit Asset Group
| Delete Asset Group

BUDGETS AND PARAMETERS INPUT
Opens worksheet to input budget amounts for each
year and review (and, if desired, override) default

| Budgets & Parameters
economic analysis parameters.

PRIORITIZATION MODEL ADMINISTRATION
Runs the priceitization model using current

budgets, parameters, and assel groups. You will be
asked o specify a Run 1D Code.

Run Prioritization Model

| Delete Previous Run

PRIORITIZATION MODEL RESULTS
Displays a summary table showing prioritization
model resulls by year for a selected run. You wil
be asked to selecta  Run ID Code.

ASSET REPLACEMENT PROGRAM

Displays a listing of the assel replacement program
from a priorilization model run. You will be asked to
salect the Run ID Code.

Display Program List

Figure 3.54. Display Chart—Two Runs.

8 00 Display Chart - Two Runs

| Display Summary Table

Select the prioritization model output variable to
hart

Meeds as % of Total Asset Replacement Cost
Met Present Value of Asset Replacement Projects
Budget

Expenditures from Capital Budget
Remaining Backog

Energy Costs

Other Mon-Capital Agency Costs

Dalay Costs

Other Passanger Costs (excluding delay)
CO2 Emissions Costs

Other External Costs (excluding CO2)

Total Agency, Passenger, and External Costs
Hours of Delay

Tonsof CO2

Average Condition Rating

Mean Distance Between Failures {miles)

Select the two runs to chart
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CHAPTER 4
TAPT Tutorials

Introduction

The following chapter includes two, step-by-step tutorials illustrating the use of TAPT using
two fictitious transit agencies as examples. They provide users with applications of the tool, and
will help transit agency staff see how to apply the tool to their assets.

The first tutorial, Main Street Transit (MST), is a small transit agency with a fleet of 39 buses.
The agency is in the process of developing a TAMP and the tutorial will show how the agency
uses TAPT as a tool for determining their funding needs and developing a prioritized program
to incorporate into their TAMP.

The second tutorial, Springfield Transit Authority (STA), is a mid-sized agency responsible
for managing a variety of assets, including buses, light rail vehicles, track, guideway, admin-
istrative and maintenance facilities, and major systems for their building facilities, including
roof and heating, ventilation, and cooling (HVAC). STA, as a relatively new agency, has histori-
cally had relatively modest rehabilitation and replacement needs, and has handled these on an
as-needed basis. As the average age of their assets increases, the agency is looking for long-term
solutions to maintain a SGR and is using TAPT to determine ways of prioritizing their funding
to maintain SGR.

Main Street Transit

MST was established in 1996 as a transit agency providing bus service to a small urban
area. The transit agency maintains five major bus routes, connecting the local downtown to
the rest of the region, and a demand response fleet. The MST bus fleet is made up of three
vehicle types:

o HB Buses—10 hybrid buses, maintained in three subfleets;
e DB Buses—24 diesel buses, maintained in six subfleets; and
e DR Buses—b5 vans for demand response service, maintained individually.

MST is embarking on creating their first TAMP, to be completed in 2015. As the staff member
responsible for compiling the TAMP, you have been in touch with peer agencies, which have
suggested TAPT as an easy and straightforward tool that can simplify the process of creating a
TAMP. For the final document, you have decided to provide a 10-year program for replacing
vehicle assets that would maintain the fleet in a SGR. To help compile your TAMP, read Chap-
ter 2: Steps in Developing a Transit Asset Management Plan, and decide to follow the TAMP
Development process outlined in this chapter.
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Before entering data, first review the software guidance. Based on the information pro-
vided, develop a list of the data that will be required to effectively use the tool. To complete
the required NTD inputs for the vehicle model, work with MST staff to compile the following
forms:

e Service form S-10

e Identification form B-10

e Operating Expense form F-30

o Federal Funding Allocation Statistics form FFA-10
o Source of Funds form F-10

e Maintenance Performance form R-20

o Energy Consumption form R-30

e Uses of Capital form F-20

o Employees form R-10

At the same time, also make note of other input fields that are relevant to the agency and con-
tact MST staff members to provide any necessary historical or agency-specific data.

Step 1: Create Vehicle Models and Define Parameters

The first step in the TAMP development process is to Inventory Assets and Data. In the pro-
cess of collecting data inputs for TAPT, you will begin to compile some of the inventory data
needed to develop a capital asset inventory for all vehicle assets.

Budgets and Parameters

1. From the start screen, click Budgets & Parameters (Figure 4.1).
2. Using Table 4.1, adjust the following parameters (Figure 4.2):
o The First Budget Year is adjusted to reflect the first budget year that will be included
in the TAMP.
o The Discount Rate is changed to reflect MST policy.
o The Agency Cost per Gallon of Fuel is adjusted to account for MST historical fuel costs,
which have typically been higher than the default.
3. Select Click for Main Menu to return to the start screen.

Hybrid Buses

Before developing the TAMP for MST, you spoke with leadership in the agency and deter-
mined that the document will focus on the current state of vehicle assets. For this reason, you
chose to use only the vehicle model in TAPT. Using the tool, you will model each of the three
bus fleets separately, starting with hybrid buses.

4. From the start screen, click Create Asset Group (Figure 4.3).
5. Name the Asset Group ID Code “Hybrid” and specify that the asset group will be using the
“Vehicle Model,” before selecting Create New Group.

In the Hybrid vehicle model, perform the following steps (Figure 4.4):

6. Set the Vehicle Type to “Bus.”
7. In the Asset Description text field, name the assets “Hybrid.”
8. Use Table 4.2 to input the Inventory Description data for the hybrid bus fleet.
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Transit Cooperative Research Program - Transit Asset Prioritization Tool

Start Screen

ASSET GROUP ADMINISTRATION

Opens worksheet to enter or edit information for a
new asset group. You will be asked for an Asset
Group |D Code and model type (vehicle, age-

ASSET GROUPS
Viehicle
Non-Vehicle

Create Asset Group ‘
Total

based, or condition-based ). |

Edit Asset Group | INITIAL CONDITIONS

Replacement Value (S 000)
Initial Needs ($ 000)

Delete Asset Group ‘ Avg. Age (years)

BUDGETS AND PARAMETERS INPUT

Opens worksheet ta input budget amounts for each
year and review (and, if desired, override) default |
economic analysis parameters.

Mean Distance Between Failures (miles)
Avg. Condition (non-vehicle)

CO2 Emissions (tons)
Budgets & Parameters ‘

PRIORITIZATION MODEL ADMINISTRATION
Runs the priositization moedel using current
budgets, parameters, and asset groups. You will be
asked to specify a Run 1D Code.

Vehicle
100%

Replacement Value

Non

Run Prioritization Model ‘

Delete Previous Run ‘

PRIORITIZATION MODEL RESULTS
Displays a summary table shewing prioritization
model results by year for a selected run. You will |
be asked to selecta  Run ID Code.

ONE AND TWO RUN CHARTS
Displays a charl showing prioritization model

ASSET REPLACEMENT PROGRAM

Displays a listing of the asset replacement program
fram a prioritization model run. You will be asked to
salect the Run ID Code.

Figure 4.1. TAPT Start Screen.

Display Summary Table ‘ resulls by year for one model run or two. You will
be asked 1o select a Run D Code(s) and the
autput variable 1o be charted.

Display Program List ‘

Table 4.1. Budgets and Parameters.
Parameters Value
First Budget Year 2016
Discount Rate 5.0%
Agency Cost per Gallon of Fuel (3$) 3.10

Transit Cooperative Research Program - Transit Asset Prioritization Tool

Budgets and Parameters

TAPT Tutorials 67

Version 1.00

Initial Neads

Mo
iohicle
w .
Vehicla
100%

‘ Display Chart - One Run ‘

‘ Display Chart - Two Runs ‘

First Budget Year
Allow budget to carry over?
Pl Threshold for Asset Replacement

Discount Rate

Cost per Passenger Hour of Delay ($)
External Cost per Ton of CO2 (8)
Tons of CO2 per Gallon

Tons of CO2 per Kilowatt Hour
Agency Cost per Gallon of Fuel ($)
Agency Cost per Kilowatt Hour (§)

Weight on Other Passenger Costs
Weight on Other External Costs

Figure 4.2.

Default Override Value Notes

2015 ® 2016
TRUE ®
0.00 ®

7.0% ® 5.0%
4840 ®
2400 ®
0.0111 ®
0.0010 ®

300 ® 3.10

015 ®

1.00 ®
100 ®

Budgets and Parameters.
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Transit Cooperative Research Program - Transit Asset

Start Screen

Prioritization Tool

Version 0.90

ASSET GROUP ADMINISTRATION
Opens worksheet to enter or edit information
for a new asset group. You will be asked for
an Asset Group ID Code and model type
(vehicle, age-based, or condition-based).

Create

BUDGETS AND PARAMETERS INPUT
Opens worksheet to input budget amounts for
each year and review (and, if desired, override) E
default economic analysis parameters. -

PRIORITIZATION MODEL ADMINISTRATI(

Asset Groun I

P Create Asset Group

Asset Group ID Code

ASSET GROUPS
Vehicle 0
Nan\/shirla n
X|

| Hybrid

Select the model type

" Age-Based Model

" Condition-Based Model

Create New Group

Cancel

Runs the prioritization model using current
budgets, parameters, and asset groups. You

Run Prioritization Model

will be asked to specify a Run ID Code.
Delete

Previous Run

PRIORITIZATION MODEL RESULTS
Displays a summary table showing
prioritization model results by year for a

Display Summary Table

selected run. You will be asked to select a
Run ID Code.

ASSET REPLACEMENT PROGRAM
Displays a listing of the asset replacement
program from a prioritization model run. You

Display Program List

will be asked to select the Run ID Code.

Figure 4.3. Create an Asset Group.

Transit Cooperative Research Program - Transit Asset Prioritization Tool

d

‘hide

100% Vehicle

100%

ONE AND TWO RUN CHARTS

Displays a chart showing prioritization model
results by year for one model run or two. You
will be asked to select a Run ID Code(s) and
the output variable to be charted.

Display Chart - One Run I

Display Chart - Two Runs{

Vehicle Model: Asset Group Hybri
® Vehicle Type Bus
@® Asset Description Hybrid

@A lated @ Number of ® Project @® Pipeline ® A lated @ Number of ® Project ® Pipeline
Mileage Vehicles Code Year Mileage Vehicles Code Year
1 72,400 2{HB01-2012
2 139,600 1{HB02-2011
3 320,300 5{HB03-2006
4 504,000 2/HB04-2002
5
6
o o
g 7 2
Q 8 (3
=) E
@ @
10
1
12
13
14
15

Figure 4.4. Hybrid Bus Vehicle Model.
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Table 4.2. Hybrid Bus Inventory Description.

Average Accumulated Mileage [Number of Vehicles |Project Code
72,400 2 HBO01-2012
139,600 1 HB02-2011
320,300 5 HB03-2006
504,000 2 HB04-2002

The next steps require entering NTD data for Hybrid buses. The data that MST currently
reports to NTD combines statistics for hybrid and diesel buses; therefore, you must disaggregate
the data for the two fleets before continuing. The data in Table 4.3 reflects the disaggregated
figures calculated for Hybrid buses.

9. Use Table 4.3 to input the Vehicle Data from the National Transit Database for the hybrid
bus fleet (Figure 4.5).

After completing the NTD data, you review the TAPT inputs to determine other factors
that are relevant to the agency and might improve the results of the analysis. A complete
list of the data inputs for the vehicle model can be found in Appendix A of the draft final
report. Since MST has limited historical data, you decide to use the defaults for the remaining
inputs. This decision includes using the default for the New Vehicle Cost, $495,951. Before
moving on:

10. Review the Summary Results, shown in Figure 4.6. Note that the calculated Cost-Minimizing
Replacement Age for hybrid buses is determined to be 14 years (or 588,000 miles) with an
Annual Cost of $184,326.

11. Select Click for Main Menu when complete.

Table 4.3. Hybrid Bus Model Parameters.

Model Parameters Value
Passenger Miles (000) 2,400
Unlinked Trips (000) 700
Vehicle Miles (000) 420
Revenue Vehicle Miles (000) 325
Revenue Vehicle Hours (000) 25
Number of Road Calls 70
Gallons of Fuel for Vehicle Operations (000) 110
Vehicle Maintenance Cost (000) 640

Value Notes

Click for Main
Menu

(])‘ VEHICLE DATA FROM THE NATIONAL
TRANSIT DATABASE

Passenger Miles (000)
Unlinked Trips (000)
Vehicle Miles (000)
Revenue Vehicle Miles (000)
Revenue Vehicle Hours (000)
Number of Road Calls (buses) or Failures (rail)
Gallons of Fuel for Vehicle Operations (000)
Kilowatt Hours for Vehicle Operations (000)
Vehicle Maintenance Cost (000)

2,400
700
420
325

25
70
110

0.6066666686

640

Figure 4.5. Hybrid Bus Vehicle Model Parameters.
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Average Annual Cost (dollars) 184,326 @ Click for Main
Cost-Minimizing Replacement Mileage (miles) 588,000 ®" Menu
Cost-Minimizing Replacement Age (years) 1“0

Figure 4.6. Hybrid Bus Vehicle Summary Results.

Diesel Buses
The next step is to enter the data for the diesel bus fleet by creating a second Vehicle Model.

12. Create a new asset category for diesel buses uses the following information (Figure 4.7):
o Asset Group ID Code: Diesel
o Model Type: Vehicle Model
13. Input the following information into the diesel vehicle model:
o Vehicle Type: Bus
o Asset Description: Diesel
o Inventory Description: Use the inputs from Table 4.4
¢ Vehicle Data from the National Transit Database (Figure 4.8): Use the inputs from
Table 4.5

Transit Cooperative Research Program - Transit Asset Prioritization Tool

Vehicle Model: Asset Group Diesel

@ Vebhicle Type Bus
@ Asset Description Diesel

@ A lated @ Number of ® Project @® Pipeline @A lated @ Number of @ Project @ Pipeline
Mileage Vehicles Code Year Mileage Vehicles Code Year
1 203,700 3:D0B01-2010 16
2 475,500 5:DB02-2005 17
3 519,000 2:DB03-2002 18
4 625,400 4:DB04-1999 19
5 650,800 6:DB05-1998 20
=, 6 701,200 4:DB06-1996 =, 21
= U 022
g‘; 8 g 23
H b 2
10 25
1 26
12 27
13 28
14 29
15 30

Figure 4.7. Diesel Bus Vehicle Model.

Table 4.4. Diesel Bus Inventory Description.

Average Accumulated Mileage | Number of Vehicles | Project Code
203,700 3 DB01-2010
475,500 5 DB02-2005
519,000 2 DB03-2002
625,400 4 DB04-1999
650,800 6 DB05-1998
701,200 4 DB06-1996
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Value Notes Click for Mai
® VEHICLE DATA FROM THE NATIONAL 'CM:;U 4
TRANSIT DATABASE

Passenger Miles (000) ® 4,200

Unlinked Trips (000) ® 1,540

Vehicle Miles (000) [0} 1,110

Revenue Vehicle Miles (000) [6) 980

Revenue Vehicle Hours (000) ® 60

Number of Road Calls (buses) or Failures (rail) ® 225

Gallons of Fuel for Vehicle Operations (000) ® 340

Kilowatt Hours for Vehicle Operations (000) ®

Vehicle Maintenance Cost (000) ® 1,380

Default Override Value Notes
® ADDITIONAL VEHICLE DATA

New Vehicle Cost ($ per vehicle) 495951 @ 446,400

Total Fleet (number of vehicles) 24 @ default calculated based on data above (if populated)
Annual Miles per Vehicle 46,250 ® default calculated based on data above (if populated)
Average Accumulated Lifetime Mileage per Vehicle 551,575 ® default calculated based on data above (if populated)
Maintenance Cost per Vehicle Mile ($) 124 ® default calculated based on data above (if populated)
Gallons per Vehicle Mile 031 ® default calculated based on data above (if populated)
Kilowatt Hours per Vehicle Mile 0.00 ® default calculated based on data above (if populated)
Roadcalls/Failures per Vehicle Mile 0.000203 ® default calculated based on data above (if populated)
Other Passenger Cost per Vehicle Mile ($) 0.00 ®

Other External Cost per Vehicle Mile ($) 0.00 ®

Figure 4.8. Diesel Bus Vehicle Model Parameters.

Table 4.5. Diesel Bus Model Parameters.

Model Parameters Value
Passenger Miles (000) 4,200
Unlinked Trips (000) 1,540
Vehicle Miles (000) 1,110
Revenue Vehicle Miles (000) 980
Revenue Vehicle Hours (000) 60
Number of Road Calls 225
Gallons of Fuel for Vehicle Operations (000) | 340
Vehicle Maintenance Cost (000) 1,380

After reviewing the remaining inputs for the vehicle model, you also choose to modify the
New Vehicle Cost for diesel buses. After speaking with MST staff, you determine diesel buses
typically cost less than hybrid buses.

14. Override the New Vehicle Cost ($) for diesel buses by inputting “446,400.”

15. Review the Summary Results, shown at the bottom of Figure 4.9. Note that the calcu-
lated Cost-Minimizing Replacement Age for diesel buses is determined to be 14 years
(or 647,500 miles) with an Annual Cost of $160,589. Select Click for Main Menu when

complete.
Average Annual Cost (dollars) 160,589 @' Click for Main
Cost-Minimizing Replacement Mileage (miles) 647,500 @' Menu
Cost-Minimizing Replacement Age (years) 1% ®

Figure 4.9. Diesel Bus Vehicle Model Summary Results.
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Transit Cooperative Research Program - Transit Asset Prioritization Tool

Vehicle Model: Asset Group DR

® Vehicle Type Van

@® Asset Description Demand Response

® A lated @ Number of ® Project ® Pipeline @A lated @ Number of ® Project @® Pipeline
Mileage Vehicl Code Year Mileage Vehicles Code Year
1 39,200 1{DR01-2008 16
2 60,100 1iDR02-2006 17
3 84,400 1:DR03-2004 18
4 100,300 1iDR04-2001 19
5 132,900 1iDR05-1997 20
6 21
g7 S
g' 8 f 23
H £ =
10 25
1 26
12 27
13 28
14 29
15 30

Figure 4.10. Demand Response Van Vehicle Model.

Table 4.6. DR Van Inventory Description.

Average Accumulated Mileage | Number of Vehicles | Project Code
39,200 1 DR01-2008
60,100 1 DR02-2006
84,400 1 DR03-2004
100,300 1 DR04-2001
132,900 1 DRO05-1997

Demand Response Vans

The last model that you create is a Vehicle Model for the Demand Response fleet.

16.

17.

18.

Create a new asset category for diesel buses using the following information:

o Asset Group ID Code: DR

e Model Type: Vehicle Model

Input the following information into the demand response vehicle model (Figure 4.10):

e Vehicle Type: Van

o Asset Description: Demand Response

o Inventory Description: Use the inputs from Table 4.6

o Vehicle Data from the National Transit Database (Figure 4.11): Use the inputs from
Table 4.7

Review the Summary Results, shown in Figure 4.12. Note that the calculated Cost-

Minimizing Replacement Age for demand response vans is determined to be 13 years (or

104,000 miles) with an Annual Cost of $10,250. Select Click for Main Menu when complete.

Step 2: Run the Prioritization Model

Before running a scenario with the agency budget, it is important to understand how the

agency’s assets are deteriorating or improving over time. Running the prioritization model
with an unconstrained budget allows the agency to gain a better understanding of the model’s
recommendations.
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Value Notes

Click for Main

0‘ VEHICLE DATA FROM THE NATIONAL Ment

TRANSIT DATABASE
Passenger Miles (000)
Unlinked Trips (000)
Vehicle Miles (000)
Revenue Vehicle Miles (000)
Revenue Vehicle Hours (000)
Number of Road Calls (buses) or Failures (rail)
Gallons of Fuel for Vehicle Operations (000)
Kilowatt Hours for Vehicle Operations (000)
Vehicle Maintenance Cost (000)

25

40
35

20

960600600600
o

20

Figure 4.11. Demand Response Van Vehicle Model Parameters.

Table 4.7. DR Van Model Parameters.

Model Parameters Value
Passenger Miles (000) 25
Unlinked Trips (000) 5
Vehicle Miles (000) 40
Revenue Vehicle Miles (000) 35
Revenue Vehicle Hours (000) 5
Number of Road Calls 20
Gallons of Fuel for Vehicle Operations (000) | 5
Vehicle Maintenance Cost (000) 20

Average Annual Cost (dollars) 10,250 @ Click for Main
Cost-Minimizing Replacement Mileage (miles) 104,000 @' Menu
Cost-Minimizing Replacement Age (years) 13 @

Figure 4.12. Demand Response Van Summary Results.

Unconstrained Scenario

After all of the vehicle data has been entered, you are ready to begin running the model to
determine the program for MST. The first step is to run an unconstrained program.

1. From the start screen, click Budgets & Parameters (Figure 4.13).

2. Set the Budget for Asset Replacement and Rehabilitation ($) to “999,999,999” for years
2016 through 2025 to cover the span of the 10-year plan in the TAMP.

3. Select Click for Main Menu to return to the start screen.

The next step is to run the model using the unconstrained budget.
4. Select Run Prioritization Model and define the ID Code as “Unconstrained” to describe the
run. Then click OK to run the model (Figure 4.14).
When the analysis has been completed, the model will open a Program List for the Uncon-

strained run, shown in Figure 4.15.

5. Review the Program List and select Click for Main Menu when you have finished. Note that
with an unconstrained budget the following assets would be replaced between 2016 and 2025:
e 7 hybrid buses
e 24 diesel buses
e 5 demand response buses
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Budgets and Parameters

Default Override Value Notes

First Budget Year 2015 @ 2016

Allow budget to carry over? TRUE ® Click for
Pl Threshold for Asset Replacement 0.00 ® Main Men
Discount Rate 7.0% ® 5.0%

Cost per Passenger Hour of Delay ($) 4840 @

External Cost per Ton of CO2 (8) 2400 ®

Tons of CO2 per Gallon 0.0111 @

Tons of CO2 per Kilowatt Hour 0.0010 @

Agency Cost per Gallon of Fuel ($) 300 ® 3.10

Agency Cost per Kilowatt Hour ($) 015 ®

Weight on Other Passenger Costs 1.00 ®

Weight on Other External Costs 100 ®

Figure 4.13.

Year Amount ($) Notes Year Amount ($) Notes
2016 { 999,999,999 2026
2017 | 999,999,999 2027
2018 | 999,999,999 2028
2019 { 999,999,999 2029
2020 | 999,999,999 2030
2021 § 999,999,999 2031
2022 { 999,999,999 2032
2023 | 999,999,999 2033
2024 { 999,999,999 2034
2025 | 999,999,999 2035

Budgets and Parameters for an Unconstrained Scenario.

Click Display Summary Table and select the “Unconstrained” run before clicking Display

Summary Table (Figure 4.16).

The unconstrained budget is used to show MST all of the economically feasible tasks that

would be eligible for programming during the analysis period. On the Summary Table page,
shown in Figure 4.17, you note with an unconstrained budget the mean distance between fail-
ures would increase, improving service and the overall condition of the fleet. With an uncon-
strained budget, MST would spend $14,379,040 over the 10-year span in the TAMP. Table 4.8
shows a summary of the initial needs and condition of assets, compared to the value in 2025 if
the agency had unconstrained funding over 10 years.

6.
7.
8.

Review the Summary Table and select Click for Main Menu when you have finished.
From the start screen, select Display Chart—One Run (Figure 4.18).

Select “Needs ($)” as the Prioritization Model Output Variable to chart, then select
“Unconstrained” as the Run to chart before clicking Display Chart.

Review the Needs ($) chart, shown in Figure 4.19, and select Click for Main Menu when you
have finished.

. Create a second chart using “Mean Distance Between Failures (miles)” as the Prioritization

Model Output Variable to chart. This graph is shown in Figure 4.20. After reviewing the
graph, select Click for Main Menu to return to the start screen.

Figures 4.19 and 4.20 show the distribution of Needs ($) and the Mean Distance Between

Failures (miles) between 2016 and 2025 in an unconstrained scenario. These figures will serve

as

C

a point of comparison to the final prioritization run using the agency budget.
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Transit Cooperative Research Program - Transit Asset Prioritization Tool Version 0.90

Start Screen

=
ASSET GROUP ADMINISTRATION B an ID code fr thisrn
_Conce |

Opens worksheet to enter or edit information 0
for a new asset group. You will be asked for Create Asset G 0
an Asset Group ID Code and model type B 0
(vehicle, age-based, or condition-based).
Edit Asset Gre [Unconstrained
Initial Needs ($ 000
Delete Asset Group Avg. Age (yeSs) )

Mean Distance Between Failures (miles)
BUDGETS AND PARAMETERS INPUT Avg. Condition (non-vehicle)
Opens worksheet to input budget amounts for CO2 Emissions (tons)
each year and review (and, if desired, override) Budgets & Parameters
default economic analysis parameters. Replacement Value Initial Needs

Non- Non-

0%‘ w‘
Vehicle
100%

PRIORITIZATION MODEL ADMINISTRATION

Runs the prioritization model using current

budgets, parameters, and asset groups. You Run Prioritization Model
will be asked to specify a Run ID Code.

—
e
‘ehicle
100%

Delete Previous Run
PRIORITIZATION MODEL RESULTS ONE AND TWO RUN CHARTS
Displays a summary table showing Displays a chart showing prioritization model
prioritization model results by year for a Display Summary Table results by year for one model run or two. You Display Chart - One Run
selected run. You will be asked to select a will be asked to select a Run ID Code(s) and
Run ID Code. the output variable to be charted.

ASSET REPLACEMENT PROGRAM

Displays a listing of the asset replacement
program from a prioritization model run. You Display Program List
will be asked to select the Run ID Code.

Display Chart - Two Runsl

Figure 4.14. Run Prioritization Model.

Transit Cooperative Research Program - Transit Asset Prioritization Tool
Program List: Prioritization Run Unconstrained

2016 DR4 Demand Response 1 38,756 2 0.0398 DR04-2001
2016 DRSS Demand Response 1 38,756 1 0.2084 DR05-1997
2016 Diesel 4 Diesel 4 1,785,600 4 0.0198 DB04-1999
2016 Diesel 5 Diesel 6 2,678,400 4 0.0198 DB05-1998
2016 Diesel 6 Diesel 4 1,785,600 3 0.0370 DB06-1996
2017 DR3 Demand Response 1 38,756 1 0.0106 DR03-2004
2017 [Hybrid 4 Hybrid 2 991,903 2 0.0049 HB04-2002
2018 |Diesel 3 Diesel 2 892,800 1 0.0015 DB03-2002
2019 Diesel 2 Diesel 5 2,232,000 1 0.0015 DB02-2005
2020 DR2 Demand Response 1 38,756 1 0.0106 DR02-2006
2021 iHybrid 3 Hybrid 5 2,479,757 1 0.0049 HB03-2006
2023 DR1 Demand Response 1 38,756 1 0.0106 DR01-2008
2025 |Diesel 1 Diesel 3 1,339,200 1 0.0015 DB01-2010

Figure 4.15. Unconstrained Scenario Program List.
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Transit Cooperative Research Program - Transit Asset Prioritization Tool Version 0.90

Start Screen

ASSET GROUP ADMINISTRATION ASSET GROUPS

Opens worksheet to enter or edit information | Vehicle 3
el b oo x
an Asset Group ID Code and model type — e e /T
(vehicle, age-based, or condition-based). Select the Run ID Code of the summary table
to display
Unconstrained
Display Summary Table
BUDGETS AND PARAMETERS INPUT
Opens worksheet to input budget amounts for Cancel
each year and review (and, if desired, override) E
default economic analysis parameters. — 5
PRIORITIZATION MODEL ADMINISTRATI(
Runs the prioritization model using current —
budgets, parameters, and asset groups. You Run Prioritization Model | ' )
will be asked to specify a Run ID Code. 1%%:2" Vehicle
100%
Delete Previous Run
PRIORITIZATION MODEL RESULTS ONE AND TWO RUN CHARTS
Displays a summary table showing . Displays a chart showing prioritization model )
prioritization model results by year for a Display Summary Table results by year for one model run or two. You Display Chart - One Run
selected run. You will be asked to select a will be asked to select a Run ID Code(s) and
Run ID Code. the output variable to be charted. i
ASSET REPLACEMENT PROGRAM Display Chart - Two Run
Displays a listing of the asset replacement i i
program from a prioritization model run. You Display Program List

will be asked to select the Run ID Code.

Figure 4.16. Display Summary Table.

Transit Cooperative Research Program - Transit Asset Prioritization Tool

Summary: Prioritization Run Unconstrained

2016 6,327,112 39.9% 163,882 999,999,999 6,327,112 - 1,453,459 3,208,014 256,665 - 149,644 - 11,394,894 5303 6235 - 4,300
2017 1,030,659 6.5%. 5,283 1,993,672,886 1,030,659 - 1,244 576 2,490,719 172219 - 111,085 - 5,049,228 3.558 4827 - 6,705
2018 892,800 5.6%. 1334 2,992,642,226 892,800 - 1,253,669 2,550,660 171,459 = 111,358 - 4,979,947 3543 4,640 - 6,765
2019 2232000 14.1% 3334 3.991,749.425 2,232,000 - 1,267,273 2,604,023 174,341 - 116,709 - 6,384,346 3.602 4,863 - 6,644
2020 38,756 0.2%. 411 4,989,517.424 38,756 <) 1.212,89% 2,485,909 157,936 C 104,977 e 4,000473 3.263 43714 2 7.33%
2021 2479767 15.6% 12,181 §,989,478.667 2479757 - 1,247,087 2,622,642 171,973 = 115,836 = 6,637,296 3553 4827 = 6.858
2022 - 0.0%. - 6,986,998,909 = < 1,217,370 2420445 147,282 8 104,884 - 3,889,980 3.043 4370 - 721
2023 38.756 0.2%. an 7.986,998.908 38,756 = 1,262,018 2559618 161,000 2 108.343 - 4119735 3326 4514 - 7.040
2024 & 0.0%. = 8,986.960.151 » % 1.287.661 2,674,100 175,534 = 110,910 - 4,248.205 3621 4621 - 6.569
2025 1,339,200 84% 2,000 9,986,960,150 1,339,200 - 1,324,327 2,789,694 191,870 - 119,102 . 5,764,194 3964 4,963 - 5,995

Click for Main|
Menu

Figure 4.17. Unconstrained Scenario Summary Results.
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Table 4.8. Unconstrained Summary Results.

Scenarios Initial Value Value in 2025
Unconstrained
Remaining Backlog |$ 6,327,112 $0
Cumulative Spent - $ 14,379,040
MDBF (miles) 4,300 5,995
Passenger Delay {5,303 3,964
(hours)
CO2 Emissions 5,215 4,963
(tons)
Other Agency $ 3,208,014 $ 2,789,694
Costs
Total Agency, User |$ 5,043,302 $ 5,764,194
and External Costs
Excluding Budget
Expenditures

Version 0.90

Transit Cooperative Research Program - Transit Asset Prioritization Tool

Display Chart - One Run B

Select the prioritization model output variable to chart

Start Screen

Needs ($) -
- .
ASSET GROUP ADMINISTRATION Needs as % of Total Asset Replacement Cos@ Display Chart
e - Net Present Value of Asset Replacement Projects
Opens worksheet to enter or edit informatior Budget
for a new asset group. You will be asked for Expenditures from Capital Budget
an Asset Group ID Code and model type Remaining Backlog
(vehicle, age-based, or condition-based). Energy Costs Cancel
Other Non-Capital Agency Costs
Delay Costs

BUDGETS AND PARAMETERS INPUT
Opens worksheet to input budget amounts f
each year and review (and, if desired, overric
default economic analysis parameters.

PRIORITIZATION MODEL ADMINISTI
Runs the prioritization model using current
budgets, parameters, and asset groups. Yoi
will be asked to specify a Run ID Code.

PRIORITIZATION MODEL RESULTS
Displays a summary table showing
prioritization model results by year for a
selected run. You will be asked to select a
Run ID Code.

ASSET REPLACEMENT PROGRAM
Displays a listing of the asset replacement
program from a prioritization model run. You
will be asked to select the Run ID Code.

Other Passenger Costs (excluding delay)
CO2 Emissions Costs

Other External Costs (excluding CO2)

Total Agency, Passenger, and External Costs
Hours of Delay

Tons of CO2

Display Program List

Figure 4.18. Display Chart—One Run.

Average Condition Rating =l
Select the run to chart

will be asked to select a Run ID Code(s) and
the output variable to be charted.

Copyright National Academy of Sciences. All rights reserved.

icle
D%

L One Run

Display Chart - Two Runsl



http://www.nap.edu/22306

Guidance for Developing a Transit Asset Management Plan

78  Guidance for Developing a Transit Asset Management Plan

Needs ($)
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Figure 4.19. MST Needs ($) Unconstrained Scenario.

Do Nothing Scenario

Next, create a scenario for MST with no budget to understand how assets would deteriorate
if no funding was available.

11. Adjust the following on the Budgets and Parameters page:

o Budget for Asset Replacement and Rehabilitation (Years 2016-2025): 0
12. Run a prioritization model with the ID Code “Do Nothing.”
13. Review the Program List and the Summary Table, shown in Figure 4.21.

Table 4.9 summarizes the results of the do nothing scenario. The table shows a significant
decrease in mean distance between failures (see Figure 4.22), an increase in passenger hours of
delay, and the large costs that would be incurred if the system were allowed to deteriorate.

Mean Distance Between Failures (miles)
9000
8000
7000

6000
5000
4000
3000
2000
1000

0

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Miles

Figure 4.20. MST Mean Distance Between Failures (miles)
Unconstrained Scenario.
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Transit Cooperative S h Program - Transit Asset Prioritization Tool

on Run Do Nothing

5,327‘112 - - - 6.327.112 1453459 3208014 256,665 - 125,164 E 5,043,302

7.357.171 ~ ~ - 7357, 1,494,949 3.369.432 280,784 - 128,731 = 5273896

8,250,571 = - = 8,250,571 1,637,633 3532288 307.184 = 132,400 - 5,509,505 -
2019 10,482,571 - - - 10,482,571 1,681,545 3.697.649 336,080 - 136,175 - 5751448 6,944 5674 - 3242
2020 10,521,327 - | - 10,521,327 1,626,719 3,871,083 367.711 - 140,059 - 6,005,572 7.597 5836 | 2949
2021 13,001,084 - - - 13,001,084 1,673,194 4,053,370 402,338 - 144,054 - 6,272,955 8313 6,002 - 2,682
2022 13,001,084 - - - 13,001,084 1,721,005 4245371 440,247 - 148,164 - 6,554,787 9,09 6,173 - 2439
2023 13,039,840 - - - 13,039,840 1,770,192 4,446 467 481,752 - 152,392 - 6,850,804 9,954 6,350 - 2216
2024 13,039,840 822% - - - 13,039,840 1,820,795 4,657,520 527,198 - 156,742 - 7,162,255 10,893 6,531 - 2014

2025 14,379,040 90.6% - - - 14,379,040 1,872,854 4,878,120 576,963 - 161,217 - 7.489,154 1,921 6,717 - 1,830

Click for Main)
Menu

Figure 4.21. Do Nothing Scenario Summary Results.

Table 4.9. Do Nothing Summary Results.

Scenarios Initial Value Value in 2025
Unconstrained Do Nothing

Remaining Backlog |$ 6,327,112 $0 $ 14,379,040
Cumulative Spent - $ 14,379,040 -
MDBF (miles) 4,300 5,995 1,830
Passenger Delay 5,303 3,964 11,921
(hours)
CO2 Emissions 5,215 4,963 6,717
(tons)
Other Agency $ 3,208,014 $ 2,789,694 $ 4,878,120
Costs
Total Agency, User |$ 5,043,302 $ 4,475,883 $ 7,489,154
and External Costs
Excluding Budget
Expenditures

Mean Distance Between Failures (miles)
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Figure 4.22. MST Mean Distance Between Failures (miles)
Do Nothing Scenario.
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Needs ($)
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Figure 4.23. MST Needs ($) Do Nothing Scenario.

14. Input the following information to create two charts, showing conditions between 2016 and
2025 in a “Do Nothing” scenario:
o Chart One, shown in Figure 4.23, with the Prioritization Model Output Variable
selected as “Needs ($)” the Run “Do Nothing.”
e Chart Two, shown in Figure 2.22, with the Prioritization Model Output Variable
selected as “Mean Distance Between Failures (miles)” and the Run “Do Nothing.”

Step 3: Incorporate the Constrained Budget

The third step of the TAMP Development Process, Define Investment Scenarios, involves
applying a constrained budget and prioritizing project selection. In this section, you will input
MST’s annual budget and run a scenario to determine a prioritized program in TAPT.

Annual Budget Scenario
For the last run, you input the MST budget into the model.

1. Adjust the following on the Budgets and Parameters page:

o Budget for Asset Replacement and Rehabilitation (Years 2016-2025): 825,000
2. Run a prioritization model with the ID Code “Annual Budget.”
3. Review the Program List and the Summary Table, shown in Figure 4.24.

First you review the proposed program with MST leadership and staff. In total, the suggested
program, using the annual budget, replaces:

e 2 hybrid buses;
o 14 diesel buses; and
¢ 4 demand response vehicles.

The program list suggests the following replacement actions between 2016 and 2025:

e Demand response vehicle 4 is replaced in 2016
o Demand response vehicle 5 is replaced in 2016
o Diesel bus fleet 6, containing 4 vehicles, is replaced in 2018
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Transit Cooperative Research Program - Transit Asset Prioritization Tool
Program List: Prioritization Run Annual Budget

2016
2016

2018

2019

2023
2023

2024
2024

DR 4
DR 5

Diesel 6
DR3

Diesel 4
Diesel 5

DR2
Hybrid 4

Demand Response
Demand Response

Diesel
Demand Response

Diesel
Diesel

Demand Response
Hybrid

1 38,756
1 38,756
4 1,785,600
1 38,756
4 1,785,600
6 2,678,400
1 38,756
2 991,903

Figure 4.24. Annual Budget Scenario Program List.

o Demand response vehicle 3 is replaced in 2019
o Diesel bus fleet 4, containing 4 vehicles, is replaced in 2023
e Diesel bus fleet 5, containing 6 vehicles, is replaced in 2023
e Demand response vehicle 2 is replaced in 2024
o Hybrid bus fleet 4, containing 2 vehicles, is replaced in 2024

2 0.0398
1 0.2084
1 0.0732
1 0.0735
1 0.1533
1 0.1533
1 0.1569
2 0.1400

DR04-2001
DR05-1997

DB06-1996

DRO03-2004

DB04-1999
DB05-1998

DR02-2006
HB04-2002

Summary Results for this scenario, as compared to previous scenarios, are shown in Table 4.10.
In addition to reviewing the summary results, you also create a series of graphs to show the
effects of the program over time.

4. Input the following information to create two charts:

o Chart One, shown in Figure 4.25, with the Prioritization Model Output Variable selected
as “Needs ($)” the Run “Annual Budget.”
o Chart Two, shown in Figure 4.26, with the Prioritization Model Output Variable selected
as “Mean Distance Between Failures (miles)” and the Run “Annual Budget.”

The annual budget prioritization run and the results showed that over a 10-year period, Main
Street Transit was able to maintain their vehicle assets without significantly increasing their needs
(see Figure 4.25), only increasing the overall agency needs by $655,401. Meanwhile there was a

Table 4.10. Annual Budget Results.

Scenarios Initial Value Value in 2025
Unconstrained | Annual Budget| Do Nothing
Scenario
Remaining $ 6,327,112 - $ 6,982,513 $ 14,379,040
Backlog
Cumulative Spent - $ 14,379,040 $ 7,396,527 -
MDBF (miles) 4,300 5,995 4,088 1,830
Passenger Delay 5,303 3,964 5,874 11,921
(hours)
CO; Emissions 5,215 4,963 5,133 6,717
(tons)
Other Agency $ 3,208,014 $ 2,789,694 $ 3,238,596 $ 4,878,120
Costs
Total Agency, $ 5,043,302 $ 4,475,883 $ 5,076,463 $ 7,489,154
User and External
Costs Excluding
Budget
Expenditures
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Needs ($)
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Figure 4.25. Needs ($) Annual Budget Scenario.
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Figure 4.26. Mean Distance Between Failures (miles)
Annual Budget Scenario.

not a noticeable decrease in the MDBFs (see Figure 4.26), as the average MDBF only decreased
by approximately 200 miles.

Upon reviewing the results with MST staff, you determine that the program is not consistent
with agency priorities. In the process of developing the agency TAMP, MST had determined
that replacing diesel buses was a priority because (1) they are required for maintaining regular
service, (2) they have more mileage than other vehicles owned by the agency, and (3) MST is
committed to purchasing hybrid buses in the future for environmental reasons. With these
considerations in mind, you return to the model to make adjustments.

Step 4: Refine the Prioritization Approach

The fourth step in the TAMP development process is to Finalize Investment Scenarios.
Developing a program list is an iterative process that involves adjusting the parameters of the
analysis until the agency arrives at a program that best reflects their needs. In this section,
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you will be responsible for adjusting the investment scenarios to arrive at an optimized plan
for MST.

Adjusted Program Scenario

After determining that replacing diesel buses is an agency priority, you return to the vehicle

model for diesel buses.

1.
2.

From the start screen, click Edit Asset Group and select “Diesel.”

Using Table 4.11, adjust the following Other Parameters (Figure 4.27):

o The Energy Savings for a New Vehicle quantifies the increased energy efficiency of the
hybrid vehicles that will replace the diesel fleet.

o The Supplemental Replacement Benefit approximates the additional benefits of a shift
to hybrid technology not reflected in the TAPT models.

Delete the New Vehicle Cost to use the default for this value (Figure 4.28). Because diesel

buses will be replaced with hybrid buses, the New Vehicle Cost should be the cost of pur-

chasing a new hybrid vehicle.

Review the Summary Results. Note that the calculated Cost-Minimizing Replacement

Age for diesel buses has increased to 15 years (or 693,750 miles) with a decreased Annual

Cost of $157,854.

Return to the start screen and select Run Prioritization Model, defining the ID Code as

“Adjusted Program” to describe the run. The annual budget should not be adjusted for this

scenario.

Table 4.11. Adjustments to Other Parameters.

Model Parameters Value
Energy Saving for a New Vehicle (%) 25.0%
Supplemental Replacement Benefit (% of repl. cost) | 5.0%

TAPT Tutorials
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if populated)

OTHER PARAMETERS

Energy Savings for a New Vehicle (%) 0.0% ® 25.0%

CO2 Emissions for a New Vehicle (tons) 70.00 ®

Tons of CO2 per Gallon 0.0111 @

Agency Cost per Gallon of Fuel ($) 310 @

Supplemental Replacement Benefit (% of repl. cost) 0.0% ® 5.0%

Include in Asset Prioritization Run TRUE ®

Figure 4.27. Adjustments to Other Parameters.
Default Override Value Notes
d ADDITIONAL VEHICLE DATA

New Vehicle Cost ($ per vehicle) 495951 @
Total Fleet (number of vehicles) 24 ® default calculated based on data above (if populated)
Annual Miles per Vehicle 46,250 ® default calculated based on data above (if populated)
Average Accumulated Lifetime Mileage per Vehicle 551,575 @ default calculated based on data above (if populated)
Maintenance Cost per Vehicle Mile (3) 124 @ default calculated based on data above
Gallons per Vehicle Mile 031 @ default calculated based on data above (if populated)
Kilowatt Hours per Vehicle Mile 0.00 @ default calculated based on data above (if populated)
Roadcalls/Failures per Vehicle Mile 0.000203 @ default calculated based on data above (if populated)
Other Passenger Cost per Vehicle Mile (S) 0.00 @
Other External Cost per Vehicle Mile ($) 0.00 ®

Figure 4.28. Adjustments to the Additional Vehicle Data.
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Table 4.12. Annual Budget and Adjusted Program

Results.
Scenarios Initial Value Value in 2025
Annual Budget | Adjusted Program
Scenario Scenario
Remaining Backlog |$ 6,327,112 $ 6,982,513 $ 7,478,028
Cumulative Spent - $ 7,396,527 $ 8,090,247
MDBF (miles) 4,300 4,088 3,597
Passenger Delay (5,303 5,874 6,650
(hours)
CO, Emissions 5,215 5,133 5,034
(tons)
Other Agency $ 3,208,014 $ 3,238,596 $ 3,547,419
Costs
Total Agency, User |$ 5,043,302 $ 5,076,463 $ 5,348,089
and External Costs
Excluding Budget
Expenditures

Table 4.12 shows the results of the adjusted program scenario compared to the annual budget
scenario.

6. Review the Program List and select Click for Main Menu when you have finished. Note that
with the adjusted program scenario the following assets would be replaced between 2016
and 2025 (Figure 4.29):

o 16 diesel buses
e 4 demand response vehicles

Before choosing the adjusted program scenario, you decide to compare the summary results
to the annual budget scenario.

7. From the start screen, select Display Chart—Two Runs.

8. Select “Needs ($)” as the Prioritization Model Output Variable to chart, then select “Annual
Budget” and “Adjusted Program” as the Runs to chart before clicking Display Chart.

9. Review the Needs ($) chart, shown in Figure 4.30, and select Click for Main Menu when
you have finished.

Transit Cooperative Research Program - Transit Asset Prioritization Tool
Program List: Prioritization Run Adjusted Program

2016 DRS Demand Response 1 38,756 1 0.2084 DR05-1997
2018 Diesel 6 Diesel 4 1,983,806 1 0.1292 DB06-1996
2019 DR4 Demand Response 1 38,756 1 0.1569 DR04-2001
2020 Diesel 4 Diesel 4 1,983,806 1 0.1457 DB04-1999
2022 DR3 Demand Response 1 38,756 1 0.2084 DR03-2004
2024 Diesel 5 Diesel 6 2,975,709 1 0.2221 DB05-1998
2025 DR2 Demand Response 1 38,756 1 0.2084 DR02-2006
2025 [Diesel 3 Diesel 2 991,903 2 0.1817 DB03-2002

Figure 4.29. Adjusted Program Scenario Program List.
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Needs ($)
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Figure 4.30. Comparing Needs ($) between the Annual Budget Scenario
(gray) and Adjusted Program Scenario (black).

10. Input the following information to create two additional charts:

e Chart One, shown in Figure 4.31, with the Prioritization Model Output Variable
selected as “Mean Distance Between Failures (miles)” the Runs “Annual Budget” and
“Adjusted Program.”

e Chart Two, shown in Figure 4.32, with the Prioritization Model Output Variable
selected as “Tons of CO,” and the Runs “Annual Budget” and “Adjusted Program.”

These graphs show that using the Adjusted Program scenario, MST can reduce the tons of
CO, used by the fleet. In the 10-year period, the CO, will decrease by 19%, almost 2% more
than if the Annual Budget scenario was used. Although this scenario also increases the agency
needs by almost $1.5 million, and will cause a slight decrease in the MDBFs, the agency

Mean Distance Between Failures
(miles)
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2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Figure 4.31. Comparing Mean Distance between Failures (miles)
between the Annual Budget Scenario (gray) and Adjusted Program
Scenario (black).
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Figure 4.32. Comparing Tons of CO, between the Annual Budget
Scenario (gray) and Adjusted Program Scenario (black).

believes that maintaining a hybrid fleet will have long-term benefits, both to the agency and
to the environment.

When the analysis has been completed, you bring the results to the agency executives, who
approve the Adjusted Program scenario for the TAMP.

Step 5: Prepare Data for the Asset Management Plan

Now that you have the results of the TAPT analysis, you are ready to incorporate the data into
the MST TAMP. After returning to Chapter 2 to review the TAMP development process, you
develop a plan documenting the current conditions of the MST fleet, and recommended priori-
ties for the future, as reflected in Table 4.12 and Figures 4.30 to 4.32.

The final program list suggests the following replacement actions between 2016 and 2025:

o Demand response vehicle 5 is replaced in 2016
e Diesel bus fleet 6, containing 4 vehicles, is replaced in 2018
e Demand response vehicle 4 is replaced in 2019
o Diesel bus fleet 4, containing 4 vehicles, is replaced in 2020
o Demand response vehicle 3 is replaced in 2022
o Diesel bus fleet 5, containing 6 vehicles, is replaced in 2024
e Demand response vehicle 2 is replaced in 2025
e Diesel bus fleet 3, containing 2 vehicles, is replaced in 2025

Springfield Transit Authority

Springfield Transit Authority (STA) provides transit service to the City of Springfield,
USA. The agency was established in 1977. Initially STA provided bus service exclusively. In
1993, STA opened its first light rail line, the Central Line (CL), to meet the area’s growing
transit needs. Since then, three more light rail lines have been built: the North Line (NL) com-
pleted in 1999, the Airport Link (AL) completed in 2005, and the West Line (WL) completed
in 2012.
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At present STA has a fleet of 270 buses. The majority of the fleet was purchased in 2000 with
a federal grant, but the agency recognizes that these buses will soon need to be replaced. Also,
the agency has a fleet of 96 light rail vehicles. The light rail system includes 475,233 linear feet of
track and 241,163 linear feet of guideway (much of which is double-tracked). The agency also
maintains 30 buildings, including maintenance and administrative facilities. These buildings are
split into three complexes: the West Corridor, Southeast Corridor, and North Corridor. With
the growing transit needs and the opening of the West Line, improvements are being planned
for the North Corridor Maintenance Facilities, including a Safety and Training Facility, which
was completed in the previous year, and a complete overhaul of the Fuel and Wash Building,
planned for 2018.

2013 marked the 20th anniversary of the opening of the Central Line and STA recognizes that
the light rail infrastructure will soon need to be updated. Also, the majority of the bus fleet is also
nearing the end of its useful life. Faced with an aging system and a number of important projects
that will need to occur during a short time frame, STA downloaded TAPT to help them better
understand their upcoming needs and determine an optimized program.

As the Asset Manager for Springfield Transit, you have been tasked with using TAPT to ana-
lyze capital rehabilitation and replacement needs. After reviewing the guidance and collecting
the necessary data for the tool inputs, you begin by grouping assets to determine the best method
for modeling in a multi-asset analysis. This means grouping like assets that can 1) be used in the
same model type, and therefore have the same basic data available, and 2) have similar deteriora-
tion rates and therefore can be defined as the same asset type. To analyze the assets, you choose
to create separate models for the following assets:

e Buses
o Light Rail Vehicles
e Track
— Grade Crossing and Embedded (XC/Embedded)
— Tangent Ballasted
— Curved Ballasted
— Special
e Guideway
— XC/Embedded
— Ballasted
o Facilities
— Maintenance Facilities
— Administrative Facilities
— Roof
— HVAC

Budgets and Parameters

1. From the start screen, click Budgets & Parameters (Figure 4.33).
2. Using Table 4.13, adjust the following parameters:
o The First Budget Year is adjusted to 2013, since the most recent agency inspections were
performed in 2012.
o The Discount Rate is adjusted to reflect STA policy.
o The Agency Cost per Gallon of Fuel and Agency Cost per Kilowatt Hour are adjusted
based on Springfield Transit historical data, modified to account for inflation. These costs
tend to be slightly lower than the default values.
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Transit Cooperative Research Program - Transit Asset Prioritization Tool
Budgets and Parameters

Default Override Value Notes

First Budget Year
Allow budget to carry over?
PI Threshold for Asset Replacement

Discount Rate

Cost per Passenger Hour of Delay ($)
External Cost per Ton of CO2 ($)
Tons of CO2 per Gallon

Tons of CO2 per Kilowatt Hour
Agency Cost per Gallon of Fuel ($)
Agency Cost per Kilowatt Hour ($)

Weight on Other Passenger Costs

2014 ® 2013
TRUE @

0.00 ®

70% ® 5.0%
4840 ©
2400 ®
0.0111 ®
0.0010 ®
300 ®

015 ®

275
0.15

1.00 ®

Click for Main
Menu

Weight on Other External Costs

1.00 ®

Figure 4.33.

Year Amount ($)

Year Amount ($)

2013 2023

2014 2024

2015 2025

2016 2026

2017 2027

2018 2028

2019 2029

2020 2030

2021 2031

2022 2032

Budget and Parameters.
Table 4.13. Budgets and Parameters.
Parameters Value
First Budget Year 2013
Discount Rate 5.0%
Agency Cost per Gallon of Fuel (§) [2.75
Agency Cost per Kilowatt Hour (§)  [0.15

Bus

For buses, you consult STA staff and together choose to use the defaults for the majority
of inputs. Beyond NTD data and cost histories, the agency has limited historical data that

coul

d be used to override the model defaults. STA has collected detailed cost data for recently

purchased assets, therefore you update the New Vehicle Cost using an estimate based on this
information.

3.
4.

On the Start Screen, select Create Asset Group (Figure 4.34).

Name the Asset Group ID Code “Bus” and for the model type select “Vehicle Model,” before
selecting Create New Group.

Select the Vehicle Type to “Bus.”

In the Asset Description text field, name the assets “Bus” (Figure 4.35).

Using the data from Table 4.14, input the Inventory Description data (Figure 4.36).
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Transit Cooperative Research Program - Transit Asset Prioritization Tool Version 0.90
Start Screen

ASSET GROUP ADMINISTRATION ASSET GROUPS
Opens worksheet to enter or edit information | Vehicle 2
for a new asset group. You will be asked for Create Asset Groun Naon.\/ohicla _ in
an Asset Group ID Code and model type —, x|
(vehicle, age-based, or condition-based). Asset Group ID Code
- I Bus|
Create New Group

BUDGETS AND PARAMETERS INPUT

Select the model type

Opens worksheet to input budget amounts for Cancel
each year and review (and, if desired, override) E & Vehicle Model
default economic analysis parameters. — 5
" Age-Based Model Ve(;;cle
" Condition-Based Model
PRIORITIZATION MODEL ADMINISTRATI(
Runs the prioritization model using current
budgets, parameters, and asset groups. You Run Prioritization Model | _'
will be asked to specify a Run ID Code. vb::?:?&e v’:::;e
70% 100%

Delete Previous Run

PRIORITIZATION MODEL RESULTS ONE AND TWO RUN CHARTS

Displays a summary table showing Displays a chart showing prioritization model

prioritization model results by year for a Display Summary Table results by year for one model run or two. You Display Chart - One Run
selected run. You will be asked to select a will be asked to select a Run ID Code(s) and

Run ID Code. the output variable to be charted.

ASSET REPLACEMENT PROGRAM Display Chart - Two Runs|

Displays a listing of the asset replacement _ )
program from a prioritization model run. You Display Program List
will be asked to select the Run ID Code.

Figure 4.34. Create Asset Group.

Transit Cooperative Research Program - Transit Asset Prioritization Tool

Vehicle Model: Asset Group Bus

® Vehicle Type Bus
@ Asset Description Bus

Figure 4.35. Bus Vehicle Model.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/22306

Guidance for Developing a Transit Asset Management Plan

90 Guidance for Developing a Transit Asset Management Plan

Table 4.14. Bus Inventory Data.

Accumulated Mileage|Number of Vehicles|Project Code
494,700 100 Bus01
473,900 100 Bus02
295,400 42 Bus03
171,100 4 Bus04
249,600 7 Bus05
170,200 6 Bus06
115,500 5 Bus07
84,000 6 Bus08
® A lated @ Number of ® Project ® Pipeline ® A lated @ Number of ® Project ® Pipeline
Mileage Vehicles Code Year Mileage Vehicles Code Year
1 494,700 100/Bus01 16
2 473,900 100/Bus02 17
3 295,400 42/Bus03 18
4 171,100 4/Bus04 19
5 249 600 7/Bus05 20
=~ G 170,200 6/Bus06 - 2!
37 115,500 5/Bus07 32
2'; 8 84,000 6 Bus08 f 23
Z 9 2
10 25
1 26
13 28
14 29

Figure 4.36. Bus Vehicle Model Inventory Description.

8. Using the data from Table 4.15, input the Vehicle Data from the National Transit Database
and Additional Vehicle Data (Figure 4.37).

9. Review the Summary Results and note that the Average Annual Cost is $142,785 and the
Cost-Minimizing Replacement Mileage is 663,704 (or 14 years). Select Click for Main
Menu when complete (Figure 4.38).

Light Rail

To develop the light rail, you use the vehicle model and recent NTD data. The override value
provided for the New Vehicle Cost is based on the most recent light rail vehicle purchase. You
also make additional adjustments to the model to account for the new West Line. This includes
increasing the Annual Miles per Vehicle, the default for which is based on the accumulated
mileage for the current fleet but does not account for the additional mileage required for the new
line. You also increase the Typical Failure Recovery Time to account for the additional delay to
subsequent operations when a light rail vehicle is disabled.

10. Create a new asset category for light rail:
o Asset Group ID Code: Light Rail
e Model Type: Vehicle Model
11. Input the following information into the model:
o Asset Type: Light Rail
o Asset Description: Light Rail
o Inventory Description: Use the inputs from Table 4.16 (Figure 4.39)
o Vehicle Data from the National Transit Database: Use the inputs from Table 4.17
(Figure 4.40)
Additional Parameters: Use the inputs from Table 4.18 (Figure 4.41)
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Table 4.15. Bus Model Parameters.

Vehicle Data from the National Transit Database |Value

Passenger Miles 116,800

Unlinked Trips 18,900

Vehicle Miles 12,800

Revenue Vehicle Miles 9,900

Revenue Vehicle Hours 850

Number of Road Calls 320

Gallons of Fuel for Vehicle Operations 2,600

Vehicle Maintenance Cost 15,700

Additional Vehicle Data Value

New Vehicle Cost ($) 384,000

Value Notes 2
0‘ VEHICLE DATA FROM THE NATIONAL Cﬁcl:‘f;ll':d 20
TRANSIT DATABASE
Passenger Miles (000) ® 116,800
Unlinked Trips (000) [6) 18,900
Vehicle Miles (000) (6) 12,800
Revenue Vehicle Miles (000) [0) 9,900
Revenue Vehicle Hours (000) (6) 850
Number of Road Calls (buses) or Failures (rail) (6) 320
Gallons of Fuel for Vehicle Operations (000) ® 2,600
Kilowatt Hours for Vehicle Operations (000) @
Vehicle Maintenance Cost (000) 0) 15,700
Default Override Value Notes
® ADDITIONAL VEHICLE DATA

New Vehicle Cost ($ per vehicle) 495,951 ® 384,000
Total Fleet (number of vehicles) 270 ® default calculated based on data above (if populated)
Annual Miles per Vehicle 47407 ® default calculated based on data above (if populated)
Average Accumulated Lifetime Mileage per Vehicle 421,486 ® default calculated based on data above (if populated)
Maintenance Cost per Vehicle Mile (§) 123 @ default calculated based on data above (if populated)
Gallons per Vehicle Mile 020 ® default calculated based on data above (if populated)
Kilowatt Hours per Vehicle Mile 0.00 ® default calculated based on data above (if populated)
Roadcalls/Failures per Vehicle Mile 0.000025 ® default calculated based on data above (if populated)
Other Passenger Cost per Vehicle Mile ($) 0.00 ®
Other External Cost per Vehicle Mile ($) 0.00 ®

Figure 4.37. Bus Vehicle Model Parameters.

Average Annual Cost (dollars) 142,785 ©'
Cost-Minimizing Replacement Mileage (miles) 663,704 ©"
Cost-Minimizing Replacement Age (years) 17

Click for Main
Menu

Figure 4.38. Bus Vehicle Model Summary Results.
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Table 4.16. Light Rail Inventory Inputs.

Accumulated Mileage [Number of Vehicles |Project Code
1,143,000 6 LightRail01
992,800 8 LightRail02
768,900 7 LightRail03
439,400 15 LightRail04
414,200 10 LightRail05
289,200 12 LightRail06
117,600 20 LightRail07
24,800 18 LightRail08

Transit Cooperative Research Program - Transit Asset Prioritization Tool

Vehicle Model: Asset Group Light Rail

@® Vebhicle Type [Light Rail
@® Asset Description  Light Rail

@ A lated @ Number of ® Project ® Pipeline @A lated @ Number of @® Project ® Pipeline
Mileage Vehicles Code Year Mileage Vehicles Code Year
1 1,143,000 6/LightRail01 16
2 992,800 8 LightRail02 17
3 768,900 7 LightRail03 18
4 439,400 15 LightRail04 19
5 414,200 10 LightRail05 20
o 6 289,200 12/ LightRail06 - %
z 7 117,600 20/LightRail07 2 2
@ 3 24,800 18 LightRail08 S 23
S 9 S u
7] w
10 25
= o
12 27
13 28
14 29
15 0

Figure 4.39. Light Rail Vehicle Model Inventory Inputs.

Table 4.17. Light Rail Model

Parameters.

Model Parameters Value
Passenger Miles 329,000
Unlinked Trips 41,300
Vehicle Miles 6,700
Revenue Vehicle Miles 4,800
Revenue Vehicle Hours 250
Number of Road Calls 210
Kilowatt Hours for Vehicle Operations |100,400
Vehicle Maintenance Cost 22,200

Value Notes

d VEHICLE DATA FROM THE NATIONAL Cllcll(‘?'::d &
TRANSIT DATABASE

Passenger Miles (000) @ 329,000
Unlinked Trips (000) 6) 41,300
Vehicle Miles (000) ® 6,700
Revenue Vehicle Miles (000) ® 4,800
Revenue Vehicle Hours (000) ® 250
Number of Road Calls (buses) or Failures (rail) ® 210
Gallons of Fuel for Vehicle Operations (000) ®

Kilowatt Hours for Vehicle Operations (000) ® 100,400
Vehicle Maintenance Cost (000) (6) 22,200

Figure 4.40. Light Rail Vehicle Model Parameters.
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Table 4.18.
Parameter Inputs.

Light Rail Additional Model

Additional Vehicle Data Value
New Vehicle Cost ($ per vehicle) 4,500,000
Annual Miles per Vehicle 73,000
Inputs for the Delay Calculation Value
Typical Roadcall/Failure Recovery Time (minutes) [120

Default Override Value Notes

® ADDITIONAL VEHICLE DATA
New Vehicle Cost ($ per vehicle) 3,699,300 ® 4,500,000
Total Fleet (number of vehicles) 9% @ default calculated based on data above (if populated)
Annual Miles per Vehicle 69,792 ® 73,000 default calculated based on data above (if populated)
Average Accumulated Lifetime Mileage per Vehicle 387,339 ® default calculated based on data above (if populated)
Maintenance Cost per Vehicle Mile ($) 331 ® default calculated based on data above (if populated)
Gallons per Vehicle Mile 0.00 ® default calculated based on data above (if populated)
Kilowatt Hours per Vehicle Mile 1499 ® default calculated based on data above (if populated)
Roadcalls/Failures per Vehicle Mile 0.000031 @ default calculated based on data above (if populated)
Other Passenger Cost per Vehicle Mile ($) 0.00 ®
Other External Cost per Vehicle Mile ($) 0.00 ®

®‘ INPUTS FOR THE DELAY CALCULATION
Passenger Miles per Revenue Vehicle Mile 6854 ®Y | default calculated based on data above (if populated)
P. ger Boardings per R Vehicle Hour 16520 ® default calculated based on data above (if populated)
Typical Schedule Headway (minutes) 30 @
Typical Roadcall/Failure Recovery Time (minutes) 60 ® 120
Vehicles per Consist 20
Passenger Hours of Delay per Roadcall/Failure 364.67 ® default calculated based on data above (if populated)

Figure 4.41.

Light Rail Vehicle Model Additional Parameter Inputs.

To increase the expected lifecycle of light rail assets, STA has decided to perform midlife over-
hauls on the cars. To incorporate rehabilitation into the model, you set the cost of rehabilitating

a vehicle to reflect what the agency is currently paying for rehab actions.

12.

Input Periodic Rehabilitation Costs based on the values in Table 4.19 (Figure 4.42).

o The Percent of Vehicle Replacement Cost is based on past vehicle rehab actions that have

cost the agency $400,000. The input is based on the percent of the current replacement cost.
o The Rehab Interval defines the number of miles traveled before a rehab action is performed.
o Convert to per Mile Rehabilitation Cost is set to allow the agency to pay the cost of rehab

actions over time, rather than as a lump sum.

Table 4.19.
Costs.

Light Rail Rehabilitation

Rehabilitation Costs

Value

Percent of Vehicle Replacement Cost [8.9%

Rehab Interval (miles)

1,000,000

Convert to per Mile Rehabilitation Cost|TRUE

TAPT Tutorials

93

Default Value  Override Value Notes
® PERIODIC REHABILITATION COSTS
Percent of Vehicle Replacement Cost 50.0% ® 8.9%
Rehab Interval (miles) 350,000 ® 1,000,000
Convert to Per Mile Rehabilitation Cost FALSE ® TRUE

Figure 4.42. Light Rail Rehabilitation Cost Inputs.
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Average Annual Cost (dollars)
Cost-Minimizing Replacement Mileage (miles)
Cost-Minimizing Replacement Age (years) 2 0

921,034 @'
1,606,000 @

Click for Main
Menu

Figure 4.43. Light Rail Summary Results.

13. Review the Summary Results and note that the Average Annual Cost is $921,034 and the
Cost-Minimizing Replacement Mileage is 1,606,000 (or 22 years). Select Click for Main
Menu when complete (Figure 4.43).

Track

Since STA does not collect condition data for all track assets, you choose to model track using
the age-based model. STA currently has a maintenance contract for track that has historically
resulted in lower costs for maintenance and replacement activities. In developing the track mod-
els, you assume that the Agency Failure Costs and Other Passenger Failure Costs are both set
to 150% of the Agency Replacement Cost. Meanwhile, the Annual Maintenance Cost is set to
1% of Agency Replacement Cost. Since the majority of the track is relatively new, you decide
that there is not enough replacement cost data to determine an override value for the Agency
Replacement Cost defaults. Four types of track are modeled separately: tangent ballasted, tan-
gent curved, special track, and embedded and grade crossing.

Tangent Ballasted Track
To create the Tangent Ballasted Track model, perform the following steps:

14. On the Start Screen, select Create Asset Group.
15. Name the Asset Group ID Code “Track (Tangent Ballasted)” and specify that the asset group
will use the Age-Based Model. Then select Create New Group.
16. In the Tangent Ballasted Track model, define the Asset Type as “Guideway-Tangent Bal-
lasted Track” using the dropdown menu.
17. Write in “Track (Tangent Ballasted)” for the Asset Description.
18. Enter “lineal feet” for Asset Units of Measure.
19. Use Table 4.20 to input the Inventory Description and Additional Parameters data for
tangent ballasted track.
20. Review the Summary Results, shown at the bottom of Figure 4.44, to ensure that the
Average Annual Cost is $54.99 and the Cost-Minimizing Replacement Age is 33 years.
Select Click for Main Menu when complete.

Table 4.20. Track (Tangent Ballasted)

Model Inputs.
Inventory Description
Age of Assets |Units of Assets |Project Code
20 11,000 TrackBLO1
14 128,200 TrackBL02
8 69,100 TrackBLO3
1 68,250 TrackBLO4
Failure Costs
Input Field Value
Agency Costs ($) 959
Other Passenger Costs (3$) 959
Annual Costs
Input Field Value
Maintenance Cost ($/year) 6.39
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Transit Cooperative Research Program - Transit Asset Prioritization Tool

Age-Based Model: Asset Group Track (Tangent Ballasted)

@" Asset Type Tangent B: Track
@" Asset Track (Tangent
@" Asset Units of Measure | lineal feel
@ Age of @ Units of @ Pipeline @" Age of @ Units of @" Project @ Pipeline
Assets Assets Year Assots Assets Code Year
1 20 16
2 14 1 17
3 ] 18
4 1 TrackBLO4 19
5 20
a & a 21
3 7 g 2
Q &8 9 23
g 9 g 24
“ 10 S
1 26
12 27
13 28
14 29
15 30
Default Value Override Value Notes
ASSET REPLACEMENT COSTS
Agency Replacement Cost () i i
Passenger Delay (hours of delay) [] Clld'i‘lg;ram
Other Passenger Costs ($) 0@
CO2 Emigsions (tons) 0 @
Other External Costs ($) 0 @%
@' FAILURE COSTS (INCLUDING REPLACEMENT)
Agency Costs () 1,917
Passenger Delay (hours of delay) 0
Other Passenger Costs (3) 1]
CO2Z Emissions (tons) 0
Other External Costs ($) ]
ANNUAL COSTS
Maintenance (/year) 32
Energy Costs ($) ]
Passenger Delay (hours of delay per year) []
Other Passenger Costs ($/year) 0@
CO2 Emissions (tons per year) 0 @
Other External Costs ($iyear) 0 @%
@' INCREASES IN ANNUAL COSTS
WITH ASSET AGE (% PER YEAR)
Maintenance Cost 20% @Y
Energy Cost 20% @
Passenger Delay 20% @
Other Passenger Cosls 20% @
CO2 Emissions 20% @
Other External Costs 20% @
ASSET DETERIORATION
TERM Decay Curve: Constant 64213 @
TERM Decay Curve: Age Coefficient 01716 @
Expected survival age with 50% confidence 404 @ default based on the TERM decay curve
Expected survival age with 25% confidence 488 @ default based on the TERM decay curve
OTHER PARAMETERS
Average Asset Age 95 @ default based on data above (if populated)
Supplemental Reptacement Benefit (% of repl. cost) 0.0% @
Include in Asset Prioritization Run TRUE @
Average Annual Cost (dollars) 5499 @" ) .
Cost-Minimizing Reptacement Age (years) 3 Q" Gllcl:ui;r‘ram

Figure 4.44. Track (Tangent Ballasted) Age-Based Model.

Curved Track

21. Create a new asset category for tangent curved track:
o Asset Group ID Code: Track (Curved)
o Model Type: Age-Based Model
22. Input the following information into the model:
Asset Type: Guideway-Curved Ballasted Track
Asset Description: Track (Curved)
Asset Units of Measure: lineal feet
Inventory Description and Additional Parameters: Use the inputs from Table 4.21
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Table 4.21. Track (Curved)

Model Inputs.
Inventory Description

Age of Assets |Units of Assets |Project Code
20 15,000 TrackCRO1
14 24,800 TrackCR02
8 73,050 TrackCRO03
1 35,400 TrackCR04

Failure Costs
Input Field Value
Agency Costs ($) 1,386
Other Passenger Costs ($) 1,386

Annual Costs

Input Field Value

Maintenance Cost ($/year) 9.24

23. Review the Summary Results to ensure that the Average Annual Cost is $89.11 and the
Cost-Minimizing Replacement Age is 27 years. Select Click for Main Menu when complete.

Special Track

24. Create a new asset category for special track:
o Asset Group ID Code: Track (Special)
e Model Type: Age-Based Model
25. Input the following information into the model:
Asset Type: Guideway-Special Trackwork
o Asset Description: Track (Special)
o Asset Units of Measure: lineal feet
o Inventory Description and Additional Parameters: Use the inputs from Table 4.22
26. Review the Summary Results to ensure that the Average Annual Cost is $361.07 and the
Cost-Minimizing Replacement Age is 28 years. Select Click for Main Menu when complete.

Embedded and Grade Crossing Track

27. Create a new asset category for embedded and grade crossing track:
o Asset Group ID Code: Track (Embedded and XC)
e Model Type: Age-Based Model
28. Input the following information into the model:
o Asset Type: Guideway-Curved Embedded Track
o Asset Description: Track (Embedded and XC)

Table 4.22. Track (Special)

Model Inputs.
Inventory Description

Age of Assets |Units of Assets |Project Code
20 2,100 TrackSPO1
14 2,750 TrackSP02
8 950 TrackSP03
1 2,100 TrackSP04

Failure Costs
Input Field Value
Agency Costs ($) 5,664
Other Passenger Costs ($) 5,664

Annual Costs

Input Field Value

Maintenance Cost ($/year) 37.76
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Table 4.23. Track (Embedded and XC)
Inventory Inputs.

Inventory Description

Age of Assets |Units of Assets [Project Code

20 24,250 TrackXCO01

14 1,700 TrackXC02

8 1,500 TrackXC03

1 4,900 TrackXC04
Asset Replacement Costs

Input Field Value

Agency Replacement Cost ($) 820
Failure Costs

Input Field Value

Agency Costs ($) 1,230

Other Passenger Costs ($) 1,230
Annual Costs

Input Field Value

Maintenance Cost ($/year) 8.20

o Asset Units of Measure: lineal feet
o Inventory Description and Additional Parameters: Use the inputs from Table 4.23

29. Review the Summary Results to ensure that the Average Annual Cost is $88.35 and the
Cost-Minimizing Replacement Age is 23 years. Select Click for Main Menu when complete.

Guideway

For guideway assets (in this case all of the assets in the guideway except track), you decide
to use a similar method to track assets, concentrating on providing override values for Agency
Costs ($), Other Passenger Costs ($), and Maintenance ($/year). Some of the replacement costs
were also updated to better reflect asset types. The model parameters are listed below.

Embedded and Grade Crossing Guideway

30. Create a new asset category for embedded and grade crossing guideway:
o Asset Group ID Code: Guideway (Embedded and XC)
e Model Type: Age-Based Model
31. Input the following information into the model:
Asset Type: Guideway-Grade Crossing
Asset Description: Guideway (Embedded and XC)
Asset Units of Measure: lineal feet
Inventory Description and Additional Parameters: Use the inputs from Table 4.24

Table 4.24. Guideway (Embedded
and XC) Inventory Inputs.

Inventory Description
Age of Assets |Units of Assets |Project Code
20 12,100 GuideXCO01
14 1,000 GuideXC02
8 750 GuideXC03
1 2,500 GuideXC04
Failure Costs
Input Field Value
Agency Costs ($) 4,721
Other Passenger Costs ($) 4,721
Annual Costs
Input Field Value
Maintenance Cost ($/year) 31.41
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TAPT Tutorials

97


http://www.nap.edu/22306

Guidance for Developing a Transit Asset Management Plan

98 Guidance for Developing a Transit Asset Management Plan

32.

Review the Summary Results to ensure that the Average Annual Cost is $447.58 and the
Cost-Minimizing Replacement Age is 14 years. Select Click for Main Menu when complete.

Ballasted Guideway

33.

34.

35.

Create a new asset category for ballasted guideway:

o Asset Group ID Code: Guideway (Ballasted)

o Model Type: Age-Based Model

Input the following information into the model:

o Asset Type: Guideway-At Grade Ballasted or Expressway

o Asset Description: Guideway (Ballasted)

o Asset Units of Measure: lineal feet

o Inventory Description and Additional Parameters: Use the inputs from Table 4.25
Review the Summary Results to ensure that the Average Annual Cost is $175.41 and the
Cost-Minimizing Replacement Age is 72 years. Select Click for Main Menu when complete.

Facilities

STA maintains two facility types: maintenance facilities and administrative facilities. To reflect

the varying cost of replacing these two building types, you create a separate model for each of
these asset types, both using the Age-Based Model. For both facility types, square feet of floor
area are used as the unit of measurement.

Maintenance Facilities

36.
37.

38.
39.
40.
41.

On the Start Screen, select Create Asset Group.

Name the Asset Group ID Code “Maint Facilities” and for the model type select Age-Based
Model, before selecting Create New Group.

Select the Asset Type to “Facilities-Maintenance Building.”

In the Asset Description text field, name the assets “Maintenance Facilities.”

In the Asset Units of Measure text field enter “square feet.”

Using the data from Table 4.26, input the Inventory Description data.

When reviewing the model inputs, you choose to adjust the following parameters:

42.

Using the data from Table 4.27, input the Additional Parameters.
o The default value for Agency Replacement Cost in the model is set to reflect the cost
of replacing an entire building. To account for the units you chose to use for buildings,

Table 4.25. Guideway (Ballasted)
Inventory Inputs.

Inventory Description

Age of Assets |Units of Assets |Project Code

20 14,200 GuideBLO1

14 83,000 GuideBL02

8 72,700 GuideBL03

1 54,800 GuideBL04
Agency Replacement Costs

Input Field Value

Agency Replacement Cost ($) 2,500
Failure Costs

Input Field Value

Agency Costs ($) 3,750

Other Passenger Costs ($) 3,750
Annual Costs

Input Field Value

Maintenance Cost ($/year) 25.00
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43.

Table 4.26. Maintenance Facilities
Inventory Data.

Age [Units (sq ft) |Description |Pipeline Year
22 3,600 Maint01

23 3,750 Maint02

23 33,200 Maint03

27 5,300 Maint04

24 18,500 Maint05

27 4,800 Maint06

27 41,400 Maint07

5 6,200 Maint08

30 150 Maint09

16 45,200 Maint10

34 9,700 Project01 2018

Table 4.27. Maintenance Facilities
Model Parameters.

Input Field Value
Agency Replacement Cost ($) 1,250
Maintenance ($/year) 25.00

square feet, you adjust the replacement costs to reflect the cost of replacing a square foot
of building.
* You adjust the Maintenance Annual Costs to reflect the units used in the model and his-
torical maintenance costs. The value was calculated as 2% of the agency replacement cost.
Review the Summary Results (Figure 4.45) and note that the Average Annual Cost is $110.91
and the Cost-Minimizing Replacement Age is 41 years. Select Click for Main Menu when
complete.

Administrative Facilities

44.

45.

46.

Create a new asset category for administrative facilities:

o Asset Group ID Code: Admin Facilities

e Model Type: Age-Based Model

Input the following information into the model:

o Asset Type: Facilities-Administrative Building

o Asset Description: Administrative Facilities

o Asset Units of Measure: square feet

 Inventory Description and Additional Parameters: Use the inputs from Table 4.28
Review the Summary Results and note that the Average Annual Cost is $38.46 and the
Cost-Minimizing Replacement Age is 68 years (Figure 4.46). Select Click for Main
Menu when complete.

HVAC

You also decide to use the age-based model for HVAC assets, since the age of installation

is readily available and not all units have been inspected. In order to standardize the units of
HVAC, you decide to use the square footage of floor area of the building that the HVAC services
as the unit of measure. Therefore, you scale the default value for agency replacement cost to
reflect the cost of replacing a square foot of HVAC.

47.

Create a new asset category for HVAC:
o Asset Group ID Code: HVAC
o Model Type: Age-Based Model

Copyright National Academy of Sciences. All rights reserved.
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Transit Cooperative Research Program - Transit Asset Prioritization Tool

Age-Based Model: Asset Group Maint Facilities

Bliiding

@" Asset Type Faciities Mainienar
Facilibes

@ Asset [ i hiai
@ Asset Units of Measure [ square feel

@" Units of @" Project @" Fipeline
Assets Code Year

@ Age of
Assots

@" Units of @" Project @ Pipeline

Assets Code Year
Maini1 16
Maint02 17
Mainto3 18
MainiD4

@ Age of
Assets

0@~ b R
£

Sub-Group
Sub-Group
n
©

2018 26

Default Value Override Value Notes

ASSET REPLACEMENT COSTS
Agency Replacement Cost (§)
Passenger Delay (hours af delay)
Othar Pacesngor Coets (§)

CO2 Emissions (lons)
Other Extenal Costs ($)

Click for Main
Menu

@" FAILURE COSTS (INCLUDING REPLACEMENT)
Agency Ceels (3) 3,750
Passenger Delay (hours af delay) L]
Other Passanger Costs ($) 1]
CO2 Emissions (tons) 0
Other External Costs ($) 0

ANNUAL COSTS
Maintenance ($lyear)
Energy Costs ($)
Passenger Delay (hours of delay per year)
Other Passenger Costs ($lyear)
CO2 Emissions (lons per year)
Other Extenal Costs (Siyear)

o

cooo o

@' INCREASES IN ANNUAL COSTS
WITH ASSET AGE (% PER YEAR)
Maintenance Cost 20%
Energy Cost 2.0%
Passenger Delay 20%
Other Passenger Cosls 2.0%
CO2 Emissions 2.0%
Other External Costs 2.0%

ASSET DETERIORATION
TERM Decay Curve: Constant 48000 @
TERM Decay Curve: Age Coefficient -0.1100 @
Expected survival age with 50% confidence 483 @
Expected survival age with 25% confidence 613 @

default calculated based on the TERM decay curve
default calculated based on the TERM decay curve

OTHER PARAMETERS
Average Assel Age 224 @
Supplemental Replacement Benefit (% of repl. cost) 00% @
Include in Asset Prioritization Run TRUE @

default caleulated based on data above (if populated)

1081 q@°

Average Annual Cost (dollars)
41 @

Cest-Minimizing Replacement Age (years)

Click for Main
Menu
Figure 4.45. Maintenance Facilities Model.

Table 4.28. Administrative Facilities
Inventory and Additional
Parameters Inputs.

Copyright National Academy of Sciences. All rights reserved.

Age Units (sq ft) Description
8 6,100 Admin01

24 16,400 Admin02
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Age-Based Model: Asset Group Admin Facilities

TAPT Tutorials 101

@ Asset Type Building
@" Asset i i Faciilies
@ Asset Units of Measure | square feat
@" Age of @" Units of @" Project @" Pipeline @" Age of @" Units of @ Project (" Pipeline
Assets Assets Code Year Assets Assots Code Year
1 ] 6,100 : Admin01 16
2 24 16,400 : Admin(2 17
3 34 5100 Adminga 18
4 1 3,400 :AdminD4 19
5 20
2 § e 21
g 7 5 2
Q & 9 23
g 9 g 24
w10 w 26
1 26
12 27
13 28
14 29
15 30
Default Value Override Value Notes
ASSET REPLACEMENT COSTS
Agency Replacement Cost ($) 7,066,312 @ 500 " o
Passenger Delay (hours of delay) o Clld;:;":hn
Other Passenger Costs ($) o
CO2 Emissions (lons) 0
Other External Costs ($) L S
@' FAILURE COSTS (INCLUDING REPLACEMENT)
Agency Cosls (5) 1.500 @
Passenger Delay (hours of delay) 0@
Other Passenger Costs ($) [)
CO2 Emissions (tons) o
Other External Costs ($) 0@
ANNUAL COSTS
Maintenance ($/year) 25 @ 10
Energy Costs (3) 0@
Passenger Delay (hours of delay per year) 0@
Other Passenger Costs ($lyear) 0@
CO2 Emissions (lons per year) [ 1)
Other External Costs ($/year) 0@
@" INCREASES IN ANNUAL COSTS
WITH ASSET AGE (% PER YEAR)
Maintenance Cost 2.0%
Energy Cost 20%
Passenger Delay 2.0%
Other Passenger Cosls 2.0%
CO2 Emissions 2.0%
Other External Costs 2.0%
m“ mm .....................................................
TERM Decay Gurve: Constant 40284 @Y
TERM Decay Curve: Age Coefficient -0.0508 @
Expected survival age with 50% confidence 892 @ default based on the TERM decay curve
Expected survival age with 25% confidence 174 @ default based on the TERM decay cunve
OTHER PARAMETERS
Average Assel Age 216 @ default based on data above (if populated)
Supplemental Replacement Benefit (3% of repl. cost) 0.0% @
Include in Assett Prioritization Run TRUE @
Average Annual Cost (dollars) 346 @ ) .
Cest-Minimizing Replacement Age (veare) 68 @ Gllcm:r‘:ﬁan

Figure 4.46. Administrative Facility Model.

48. Input the following information into the model
Asset Type: Facilities-Building Utilities
Asset Description: HVAC

Asset Units of Measure: square feet

49.

Inventory Description and Additional Parameters: Use the inputs from Table 4.29
Review the Summary Results and note that the Average Annual Cost is $25.03 and the

Cost-Minimizing Replacement Age is 35 years (Figure 4.47). Select Click for Main

Menu when complete.

Copyright National Academy of Sciences. All rights reserved.
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Table 4.29. HVAC Inventory Data.

Age |Units (sq ft) |[Description Pipeline Year
1 3,600 HVAC-Maint01
23 3,750 HVAC-Maint02
1 33,200 HVAC-Maint03
27 5,300 HVAC-Maint04
24 18,500 HVAC-Maint05
27 4,800 HVAC-Maint06
27 41,400 HVAC-Maint07
5 6,200 HVAC-Maint08
1 150 HVAC-Maint09
16 45,200 HVAC-Maint10
34 9,700 Project01 2018
8 6,100 HVAC-Admin01
2 16,400 HVAC-Admin02
34 9,100 HVAC-Admin03
1 3,400 HVAC-Admin04
Asset Replacement Costs Value
Agency Replacement Cost ($) 200
Transit Cooperative Research Program - Transit Asset Prioritization Tool

@" Asset Type
@ Asset Description
@ Asset Units of Measure  square feel

@" Age of @" Units of @ Project @" Pipeline @" Age of @" Units of @ Project @" Pipeline
Assets Assets Code Year Assets Assets Code Year
1 i 3,600 HVAC-Mainio 1 18
2 23 17
3 1 18
4 27 19
= 4 20
2 & 7 =i |
3 7 i 3 =
9 8 o 9 2z
R b £ 24
% 10 i6 w56
1" 34 2018 26
12 g
13 : 28
14 34 29
15 30
Default Value Override Value Notes
ASSET REPLACEMENT COSTS
Agency Replacement Cost (3] 1,144,400 @ 200 . -
Passenger Defay (hours of delay) 0@ Clld;‘i::‘ram
Other Passenger Cosls (5) L]
CO2 Emissions (tons) 0@
Other External Costs (3) 0 @

@ FAILURE COSTS (INCLUDING REPLACEMENT)
Agency Costs (S) [
Passenger Defay (hours of delay)
Other Passenger Costs (5)
CO2 Emissions (tons)
Other External Costs (3)

coosd
aaaaa

ANNUAL COSTS
Maintenance ($fyear)
Energy Costs ()
Passenger Delay (hours of delay per year)
Other Passenger Costs (Slyear)
CO2 Emissions (lons per year)
Other External Costs (3/year)

cooooo
saaa8aa

@" INCREASES IN ANNUAL COSTS
WITH ASSET AGE (% PER YEAR)

A

Maintenance Cost 20% @

Energy Cost 20% @

Passenger Delay 20% @

Other Passenger Cosls 20% @

CO2 Emissions 20% @

Other External Costs 20% @
ASSET DETERIORATION

TERM Decay Curve: Constant 38084 @

TERM Decay Curve: Age Coefficient -0.0996 @

Expected survival age with 50% confidence 443 @ default calculated based on the TERM decay curve

Expected survival age with 25% confidence 58.7 @Y default calculated based on the TERM decay curve
OTHER PARAMETERS

Average Assel Age 166 @ default caleulated based on data above (if populated)

Supplemental Replacement Benefit (% of repl. cost) 0.0%

Include in Asset Prioritization Run TRUE

Average Annual Cost (dollars) 2503 @ ) .
Cost-Minimizing Replacement Age (years) 35 @ Click for Main
Menu
Figure 4.47. HVAC Model.
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Roof

STA maintains condition data for roof assets maintained by the Authority. The condi-
tion data is collected based on a five-point scale used by TERM Lite. Therefore, you decide
to use the condition-based model for roof assets. The units are measured in square feet of
roof area.

50. On the Start Screen, select Create Asset Group.

51. Name the Asset Group ID Code “Roof” and for the model type select Condition-Based
Model, before selecting Create New Group.

52. Select the Asset Type “Facilities-Maintenance Building.”

53. In the Asset Description text field name the asset “Roof.”

54. In the Asset Units of Measure text field enter “square feet.”

55. Using the data from Table 4.30, input the Replacement and Rehabilitation cost data.

56. Using the data from Table 4.31, input the Inventory Description data.

You also determined that the deterioration rate of roofs is higher than the default assets
populated in the model. You are able to discern this based on your history of condition
data. (More detail on roofs and condition data is available in the King County Pilot Memo,
included in the Final Research Report at http://www.trb.org/Main/Blurbs/171285.aspx.)
Therefore, you increase the chance that roof condition would decrease if the agency did the
minimum.

57. Using the data from Table 4.32, input the Transition Probabilities data.

Review the Summary Results and note that the model suggests that the Recommended Action
for assets in State 5, 4, and 3 is Do Minimum (Figure 4.48). When the asset is in State 2 or 1,
the recommended action is Replace (with a Prioritization Index of 0.40 and 0.92, respectively).
The Average Annual Cost for roof is $1.46 per square foot. Select Click for Main Menu when
complete.

Table 4.30. Roof Inventory Data.

Unit Agency Replacement Cost ($) | $20.75
Unit Agency Rehabilitation Cost ($) | $20.75

Table 4.31. Roof Inventory Data.

Condition Units (Sq Ft) | Description

2-Marginal 3,600 Roof-Maint01
3-Adequate 3,750 Roof-Maint02
2-Marginal 33,200 Roof-Maint03

Pipeline Year

4-Good 5,300 Roof-Maint04
2-Marginal 9,250 Roof-Maint05
1-Poor 4,800 Roof-Maint06
3-Adequate 41,400 Roof-Maint07
4-Good 6,200 Roof-Maint08
1-Poor 150 Roof-Maint09
3-Adequate 45,200 Roof-Maint10
3-Adequate 9,700 Project01 2018
4-Good 6,100 Roof-Admin01

2-Marginal 4,100
5-Excellent 9,100
5-Excellent 1,700

Roof-Admin02
Roof-Admin03
Roof-Admin04

Copyright National Academy of Sciences. All rights reserved.
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Table 4.32. Transition Probabilities Data.

State Action g 4 : 2 1
Excellent | Good | Adequate | Marginal | Poor
Do Minimum | 85.0% 15.0%
5
Rehab
Excellent
Replace
Do Minimum 75.0% | 25.0%
4
Rehab
Good
Replace
Do Minimum 60.0% 40.0%
3
Adequate el
q Replace
Do Minimum 50.0% 25.0%
2
Marginal Rehah
9 Replace
1 Do Minimum 50.0%
Rehab
Poor
Replace

Results: Springfield Transit Authority
Unconstrained Scenario

When all of the data inputs had been specified, you return to the Budgets and Parameters
worksheet. The agency first wanted to run the prioritization model with an unconstrained bud-
get to better understand the full extent of the agency’s needs and to understand how the model
would prioritize replacement projects if funding was not a factor.

1. From the start screen, click Budgets & Parameters.

2. Set the Budget for Asset Replacement and Rehabilitation ($) to “999,999,999” for years
2013 to 2032

3. Select Click for Main Menu to return to the start screen.

The next step is to run to model using the defined budget.

4. Select Run Prioritization Model and define the ID Code as “Unconstrained” to describe the
run. Then click OK to run the model.

When the analysis has been completed, the model will open a Program List for the Uncon-
strained run.

5. Review the Program List and select Click for Main Menu when you have finished. Note
that with an unconstrained budget the following assets would be replaced between 2013 and
2032:

e 470 buses replaced

o 78 light rail cars replaced

e 258,300 miles of track replaced

e 30,200 miles of guideway replaced

o 10 maintenance facilities replaced, totaling 130,100 square feet
e 9 HVAC systems replaced, totaling 147,450 square feet

e 28 roof replacement projects, totaling 356,300 square feet

6. Click Display Summary Table and select the “Unconstrained” run before selecting Display
Summary Table. Figure 4.49 shows the summary table for the unconstrained run.

o Average condition for non-vehicle assets is projected to remain the same with an uncon-
strained budget.

Copyright National Academy of Sciences. All rights reserved.
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Condition-Based Model: Asset Group Roof

@" Asset Type Faciities-Mai Building

Unit Agency Replacement Cost (§) )] 20.75:
Unit Agency Rehabilitation Cost ($) [0 2075
@ Units of @" Asset @ Units of @" Project @" Pipeline
Assets Code Year
1
2
3
4
I
g & g2
T
z% 8 3 23
2 9 2 2
“ 10 w25
1 2018 26
12 27
13 28
14 i 29
15 i a0
— Fere 3-Adequate 2-Marginal 1-Poor O-Failed
Default ;| Override |Default Override | Default ;| Override Default Click for Main
Do Minimum 0.0% 0.0% 0.0% 0.0%| Menu
5-Excellent Rehab 0.0% 0.0% 0.0%]|
Replace ] 0% 0.0% 00% 0.0%
Do Minimurm 0.0% 93.7% 75.0% 0.0% 0.0%]|
4-Good Rehab 0.0% 100.0% .| 0.0% 0.0%]|
Replace 100.0% 0.0% 0.0% 00% 0.0%)
Do Minimurm 0.0% 0.0% B89.9% 60.0% 10.1% 40.0% 0.0%]|
3-Adequate |Rehab 0.0% 100.0% 0.0% 0.0% 0.0%]|
Replace 100.0% 0.0% 0.0% 0.0% 0.0%]
Do Minimurm 0.0% 0.0% 0.0% B84.1% 50.0% 25.0%
2-Marginal  (Rehab 0.0% 100.0% 0.0% 0.0% 0.0%]|
Replace 100.0% 0.0% 0.0% 0.0% 0.0%
Do Minimurm 0.0% 0.0% 0.0% 0.0% 50.0%
1-Poor Rehab 0.0% 100.0% 0.0% 0.0% 0.0%]|
Replace 100.0% 0.0% 0.0% 0.0% 0.0%
0-Failed Replace 100.0% 0.0% 10.0% 0.0% 0.0%]
Notes

Siate Rt @Y AgencyCost |@" EnergyCost |@" Delay (hours) |[@" Other Pass. Cost[@" COZ(tons) |[@" Other Ext Cost ) .
Default | Override | Default | Override | Default : Override | Default | Owerride | Default : Override | Default | Override Click for Main

Do Minimum 0 [} [} Q [i] 0 Menu
5-Excallent Rehab 2 1] a a a a
Replace 2 ] ] a a a
Do Minimurm [i] [i] [i] 0 [3] 0
4-Good Rehab 2 1] a a a a
Replace 2 1] ] a a a
Do Minimurm 0 0 0 [i] [i] i)
3-Adequate Rehab il 0 0 ] a 0
Replace 2 1] a a a a
Do Minimum 1 0 0 [i] [i] [i]
2-Marginal Rehab o 0 0 ] a 0
Replace 2 1] ] a a a
Do Minimum 2 [i] [i] [] [1] [i]
1-Poor Rehab Fal 0 L1} [} a 0
Replace 2 1] 1] a a a
0-Failed Replace 62 Q Q Q [ a

Notes

Supplemental Replacement Benefit (% of repl. cost)
Include in Asset Prioritization Run

Average Annual Cost ($) 5146 @ °
State Recommended Action @Y Prioritization Index
5 Do Minimum
4 Do Minimum NA Click for Main
3 Do Minimum NIA Menu
2 Replace 0.40
1 Replace 0.92

Figure 4.48. Roof Condition Model.
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45,985, X £ & 23,799 87,251, 805, X : 178,569,832 » 139,353 |

2014 . - - 24,508,389 81,058,903 5,176,214 - 118,768,197 106,947 143.498

2015 19,885,000 1.1%) 91,672 2,954,014.810 19,885,000 = 25,238,670 85,146,569 5,575,448 5,295,667 3,546,389 | LS 144,687,743 115,1% 147.766 477 | 27453
2016 91,066,275 5.1%. 1,238,986 3,934,129.809 91,066,275 - 25,990,712 87,695,333 6,005,629 4,610,753 3,987.878 - 219,356,581 124,08 166,162 477 25,207
2017 365,200 0.0%. 46,391 4,843,063,533 365,200 - 24,603,218 78,264,720 6,215,846 5.408.481 3561071 2 118,408,536 128,427 147,961 4mn 36,122
2018 43,622,025 24% (1.005,622) §,842,698.332 43,622,025 - 25335522 83,115,911 6,690 420 6,325,858 3.679.651 - 168,769,386 1382 163319 474 33316
2019 | 13,860,000 0.8%. 22,023 6,799,076,306 13,860,000 < 25,307,345 85,940,499 6,496,550 7,119,961 3,640,122 - 142,364,477 134,256 161,672 472 32752
2020 7,357,600 3.9%. 612,865 7.785,216,305 70,357,600 - 26,060,715 90,003,762 6,993,176 7.390.315 3,849,600 ) 204,655,167 144 487 160,400 470 30.185
2021 4,082,000 0.2% 47,567 8,714,858.704 4,082,000 = 25,339,466 87,776,073 6,534,987 8.070.295 3,660,627 o 135,463,448 135,00 152,526 470 33332
2022 | 3,840,000 02% 58,772 9,710.776.703 3,840,000 - 26,018,088 92,206,894 7,025,408 9,264,331 3,766,791 - 142,121,511 145,153 156,950 467 31.251
2023 3,611,600 20%, 280,312 10.706,936,702 35,611,600 - 26,684,453 96,385,726 7549401 10,699,514 3.877.855 L] 180,808,549 155,979 161,577 463 29473
2024 7,992,088 04% 315,580 11,671,325,101 7,992,088 - 26,566,050 99443178 7,303,687 12,284,119 3,837,883 - 157 427,004 150,903 159,912 459 29,036
2025 37,796,700 21% 146,721 12,663,333,012 37,796,700 # 27,237,997 103,643,221 7,848,125 14,021,865 3921413 - 194,469,321 | 162,151 163,392 456 27385
2026 74,759,000 42% 205,509 13,625,536,311 74,759,000 - 28,048,809 106,639,146 8,447,929 13,252,578 4.037.968 - 235,185,429 174 54 168,249 455 25242
2027 | 42377100 24% 389,316 |  14,550,777,310 42,377,100 28,883,758 104,231,542 9,093,693 14,329,016 4,157,988 | 203,073,096 187,88 173,249 460 23.264
2028 112,865,200 6.3% 921,340 15,508,400.209 112,865,200 - 29,743,563 104,996,824 9,788,952 11.709.506 4377575 | - 273,481,620 202,251 182,399 460 21439
2029 23,125,000 13% 51372 16,395,535,008 23,125,000 - 27.369.472 102,721,279 7,601,004 12,964,704 3,887,317 - 177668777 157,046 161,972 456 23685
2030 175,987,500 9.9% 1,705,846 17,372,410,007 176,987.500 - 28,184,651 105,094,791 8,184,581 14,334 586 4,384,988 - 337,171,098 169,103 182,708 455 21784
2031 162,958,000 9.1% 578,610 18,195,422,506 162,958,000 - 25,297,609 89,468,229 7,150,287 15,829,214 3,662,174 - 304,365,513 177138 152,591 457 32,942
2032 95.942 950 53% 756.570 19,032,464 505 95,942,950 - 26.050 488 33,632,026 7.695 627 8.626.045 3.847.805 L 225.794.940 159.001 160.325 472 30,403

Click for Main|
Menu

Figure 4.49. STA Unconstrained Program Summary Results.

o Even with an unconstrained budget, passenger delay will increase somewhat over time,
and MDBF will decrease. This is largely a result of the projected increase in age of light
rail vehicles (many of which are now relatively new).

o The model shows there are unmet needs at the beginning of 2023, but with an uncon-
strained budget these are actually addressed by the end of the year in the simulation.

Table 4.33 shows the summary results calculated using the unconstrained program and com-
pared to the initial values.

7. Review the Summary Table and select Click for Main Menu when you have finished.
8. From the start screen, select Display Chart-One Run.
9. Select “Needs ($)” as the Prioritization Model Output Variable to chart, then select
“Unconstrained” as the Run to chart before clicking Display Chart.
10. Review the Needs ($) chart, shown in Figure 4.50, and select Click for Main Menu when
you have finished.
11. Input the following information to create two additional charts:
e Chart One, shown in Figure 4.51, with the Prioritization Model Output Variable
selected as “Mean Distance Between Failures (miles)” the Run “Unconstrained.”

Table 4.33. Summary Results
Unconstrained Scenario.

Scenarios Initial Value Value in 2032
Unconstrained
Remaining Backlog |$ 45,985,188 $0
Cumulative Spent - $1,063,478,425
MDBF (miles) 32,553 30,403
Average TERM 4.71 4.72

Condition (non-
vehicle Assets)

Passenger Delay [99,291 159,001
(hours)

CO, Emissions 139,353 160,325
(tons)

Other Agency $ 87,251,440 $ 83,632,026
Costs

Total Agency, User |$ 132,574,644  |$ 129,851,990
and External Costs
Excluding Budget
Expenditures
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Figure 4.50. STA Needs ($) Unconstrained Scenario.
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o Chart Two, shown in Figure 4.52, with the Prioritization Model Output Variable
selected as “Average Condition Rating” and the Run “Unconstrained.”

Do Nothing Scenario

Next, you run a scenario where no work is performed, to determine the worst-case scenario
if all assets were allowed to deteriorate over a 20-year period. This will provide a comparison to
the unconstrained program and also illustrates the effects of asset deterioration.

12. Adjust the following on the Budgets and Parameters page:

o Budget for Asset Replacement and Rehabilitation (Years 2013-2032): 0
13. Run a prioritization model with the ID Code “Do Nothing.”
14. Review the Program List and the Summary Table, shown in Figure 4.53.
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2013
2014
2015
2016
2017
2018
2019 |
2020
2021
2022
2023 |
2024
2025 |
2026
2021
2028
2029
2030
2031
2032

45,985,188

26%

Transit Cooperative Research Program - Transit Asset Prioritization Tool

Summary: Prioritization Run Do Nothing

45,985,188 26% 45,985,188 24,508,389 92,118,579 5,176,214 15,090,632 3443947 - 140,337,762 106,947 143,498 468 29,8%
65,870,188 3.7% 65,870,188 25,238 670 97,383,735 5,575,448 16,933,079 3,546,389 - 148,677,321 115,195 147,766 465 27453
156,936,463 87% 156,936,463 25,990,712 102,705,850 6,005,629 18,901,531 3651878 - 157,255,600 124,083 152,162 462 25207
157,301,663 8.8%. - - 157,301,663 26,765,165 108,440,940 6,469,170 20,995,676 3,760,505 - 166,431,455 133,661 156,688 459 23142
186,657.413 10.4% 191,401 | 14,266,275 172,391,138 27,562,695 114,326,085 6,968,674 23,214,606 3,872,363 190,210,698 143,981 161,348 456 21244
186,251,138 |  104% - | (14.266,275) = 186,251,138 28,383,992 119,027,727 7.506,950 25,556,882 3,987,549 - 184,463,100 155,102 166,148 4585 19,500
256,608,738 14.3% (14,266.275) 256,608,738 29,229,763 126,067.884 8,087,027 28,020,593 4,106,161 - 195,511,429 167,087 171,090 452 17,897
260,690,738 |  14.5% (14.266,275)| 260,690,738 30,100,738 132,602,627 8.712,172 30.603.403 4,228,301 . 206,247,242 180,004 176,179 448 16,424
264,530,738 14.7% (14,266,275) 264,530,738 30,997 667 139,757 420 9,385,910 33,302,593 4,354,075 - 217,797,666 193,924 181,420 444 15,071
300,142,338 16.7% (14,266,275) 300,142,338 31,921,325 146,874,926 10,112,045 36,115,104 4,483,591 - 229,506,990 208,927 186,816 440 13,828
305,116,338 17.0% (14,266,275) 305,116,338 32,872,507 154,834,361 10,894,679 39,037,583 4,616,959 - 242,256,089 225,097 192,373 436 12,686
342,913,038 19.1% (14,266, 275)‘ 342,913,038 33,852,035 152,498 582 11,738,240 42,066,420 4,754,294 - 254,909,571 242526 198,096 431 11,637
417,672,038 233% (14,266,275) 417,672,038 34,860,752 170,974,788 12,647,506 45,197,790 4,895,715 - 268,576,550 261312 203,988 426 10,674
418,902,038 |  23.3%, (14,266.275)| 418,902,038 35,899,529 179,236,339 | 13,627,631 48,427,698 5,041,343 - 282,232,538 281,563 210,056 421 9,790
§31,402,038 296% (14,266,275) 531,402,038 36,969,261 187,804,154 14,684 177 51,752,013 5,191,303 . 296,400,908 303,392 216,304 416 8,978
| 654527038 | 30.9% (14,266,275)| 554,527,038 38,070,871 196,689,028 15,823,150 55,166,513 5,345,723 - 311,095,286 326,925 222,738 4.10 8232
654714538 36.4% (14,266,275) 654,714,538 39,205,310 205,902,487 17,051,028 58,666,922 5,504,738 . 326,330,485 352,294 229,364 4.04 7.548
817,672538 | 45.5% (14,266,275) 817,672,538 40,373,565 215,451,928 18,374,806 62,248,946 5,668,483 = 342,117,718 379,645 236,187 3.98 6,920
911.259.738 | 50.7% (14.266.275) 911.269.738 41576614 226,345 444 19.802.031 65.908.312 5.837.099 = 358.469.499 409.133 243212 3.92 6.344
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Figure 4.52. STA Average Condition Rating Unconstrained Scenario.

Table 4.34 shows the summary results of the Do Nothing scenario compared to the Uncon-
strained scenario, showing the condition of the assets in 20 years in a best-case scenario where
all assets are replaced as needed and the worst-case scenario where no replacement activity is
programmed. In the Do Nothing program, you note a significant decrease the mean distance
between failures (see Figure 4.54), and in average condition (see Figure 4.55), as well as increases
in passenger hours of delay and associated costs.

15. Input the following information to create three charts, showing conditions between 2016

and 2025 in a “Do Nothing” scenario:

o Chart One, shown in Figure 4.56, with the Prioritization Model Output Variable
selected as “Needs ($)” the Run “Do Nothing.”

e Chart Two, shown in Figure 4.54, with the Prioritization Model Output Variable
selected as “Mean Distance Between Failures (miles)” and the Run “Do Nothing.”

e Chart Three, shown in Figure 4.55, with the Prioritization Model Output Variable
selected as “Average Condition Rating” and the Run “Do Nothing.”

45,985,188 23,799,241 87,251,440 4,805,688 13,373,810 3,344 465 - 132,574,644 99,291 139,353 4n 32,553

Click for Main)

-

Figure 4.53. STA Do Nothing Program Summary Results.
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Table 4.34. Summary Results Do Nothing and
Unconstrained Scenarios.

Scenarios Initial Value Value in 2032
Do Nothing | Unconstrained

Remaining Backlog|$ 45,985,188 |$ 911,259,738 |$0
Cumulative Spent - $ 14,266,275 |$ 1,063,478,425
MDBF (miles) 32,553 6,344 30,403
Average TERM 4.71 3.92 4.72
Condition (non-
vehicle Assets)
Passenger Delay 99,291 409,133 159,001
(hours)
CO; Emissions 139,353 243,212 160,325
(tons)
Other Agency $ 87,251,440 |$ 225,345,444 |$ 83,632,026
Costs
Total Agency, User |$ 132,574,644 |$ 358,469,499 |$ 129,851,990
and External Costs
Excluding Budget
Expenditures
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Figure 4.54. STA Mean Distance Between Failures (miles) Do Nothing
Scenario.
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Figure 4.55. STA Average Condition Rating Do Nothing Scenario.
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Figure 4.56. STA Needs ($) Do Nothing Scenario.

$35M Annual Budget Scenario

After reviewing the previous results, input the agency’s approximate annual capital asset
replacement budget of $35,000,000. Table 4.35 shows the results of this analysis compared to
other scenarios.

16. Adjust the following on the Budgets and Parameters page:

o Budget for Asset Replacement and Rehabilitation (Years 2013-2032): 35,000,000
17. Run a prioritization model with the ID Code “$35M Annual.”
18. Review the Program List and the Summary Table, shown in Figure 4.57.

In reviewing the program list, STA noted the following actions are projected:

e 270 buses replaced
o 58 light rail cars replaced

Table 4.35. Summary Results Do Nothing, $35M Annually,
and Unconstrained Scenarios.

Scenarios Initial Value Value in 2032
Do Nothing $ 35M Annual | Unconstrained
Scenario
Remaining $ 45,985,188 $ 911,259,738 $ 405,013,450 $0
Backlog
Cumulative Spent - $ 14,266,275 $ 644,198,700 |$1,063,478,425
MDBF (miles) 32,553 6,344 21,010 30,403
Average TERM  |4.71 3.92 4.42 4.72

Condition (non-
vehicle Assets)

Passenger Delay |99,291 409,133 162,157 159,001
(hours)

CO, Emissions 139,353 243,212 164,241 160,325
(tons)

Other Agency $ 87,251,440 $ 225,345,444 $ 113,453,518 |$ 83,632,026
Costs

Total Agency, $ 132,574,644 |$ 358,469,499 $ 170,505,793 |$ 129,851,990
User and External
Costs Excluding
Budget
Expenditures
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Prioritization Tool

n Run $35M Annual

45 783,928 ,000, 1,143,325 841, 87,251,440 ¥ 8 . 3,344,465 £ 99, X ¥
2014 44 841863 25%: 10,675,701 68,856,675 44841863 - 2 9 92,017,254 5176214 15,090,632 3,443,947 - 185,078,299 106,947 143498 468 29,89
2015 19,885,000 11%) 91,672 59,014,813 19,885,000 - 25,238,670 85,122,216 5,575,448 5,279,924 3,546,389 - 144,647 647 115,195 147,766 4amn 27453
2016 91,066,275 | 51% - 74129813 - 91,066,275 25,990,712 87,642,715 6,005,629 4,568,777 3,651,878 - 127,859,711 124,083 152,162 4am 25207
2017 91431475 51% 2,642,168 109,129,813 77,165,200 14,266,275 26,765,165 92,021,200 6,469,170 5,332,691 4,096,505 - 211,849,931 133,661 170,688 475 23,142
2018 43,622,025 24% 427270 66,964,613 43,622,025 - 25,209,137 82,935,178 6,681,259 6,210,360 3,667,407 - 168,325,367 138,043 152,809 473 33951
2019 13,860,000 0.8% 22,023 | 58,342,588 13,860,000 = 25,177,148 84,505,817 6,486,488 6,959,846 3,627,510 | L 140,616,808 134,018 151,146 472 33428
2020 70,357,600 3.9% 612,865 79,482,588 70,357,600 - 25,926,589 89,166,077 6,982,123 7,181,392 3,836,607 - 203,450,388 144,259 159,859 an 30,816
2021 4,082,000 0.2% 47,567 | 44,124,988 4,082,000 = 25,201,294 86,907,505 6,522,847 7.808,961 3,647,242 - 134,169,848 134,770 151,968 470 34,180
2022 3,840,000 0.2% 58,772 75,042,988 3,840,000 - 25,875,747 91.241.191 7.012,074 8.947.497 3753002 | - 140,669,510 144,878 156,375 467 32,070
2023 35,611,600 20% 280,312 106,202,988 35,611,600 - 26,537,817 95,359,429 7534754 10,324,571 3,863,650 L 179,231,821 155,677 160,985 463 30,275
2024 6117325 |  0.3% 161,204 105,591,388 6.117.325 - 26,414,990 98.319.617 7.287,598 11,848,911 3,823,250 - 153,811,690 150,570 159,302 460 29,892
2025 39,671.463 2.2%] 301,096 134,474,063 39,671,463 - 27,082,379 102477424 7.830,454 13,524,677 3,906,338 - 194,492,735 161.786 162,764 456 28222
2026 74,759,000 42% 205,509 129,802 600 74,759,000 - 27,888,496 105,304,774 8428518 12,692,132 4022438 - 233,095,357 174143 167.602 456 26,024
2027 1,230,000 0.1% 5670 90,043,600 1,230,000 - 28,718,608 102,774,635 9,072,372 13,704,463 4,141,989 | 159,642,068 187,446 172,583 481 23,994
2028 154,012,300 8.6% 413718 123,813,600 41,512,300 112,500,000 29573431 107,800,380 9,765,532 15,398,056 4,265,094 - 208,314,793 201,767 177,112 457 22120
2029 135,625,000 | 7.6% 1,834 668 117,301,300 112,500,000 23,125,000 30,453,699 108,820,869 10,511,787 12,948,962 4,487,858 | - 279,723,175 217,186 186,994 4.56 20,390
2030 123,312,500 6.9% - 39,801,300 - 123,312,500 27,896,911 106,315,651 8,100,430 14,292,610 3,968,267 - 160,573,929 167,365 165,344 452 2721
2031 363,070,500 |  20.2% 880,641 74,801,300 54,000,000 309,070,500 28,727,747 111,375,884 8,722,035 15,753,424 4,132,340 - 222,711,430 180,207 172,181 447 20,902
2032 | 405.013.450 | 225% - 55.801.300 - 405,013,450 27.920.965 113.453.518 7.848.377 17.341.150 3,941,782 - 170,505,793 162,157 164.241 442 21,010

Click for Main|
Menu

Figure 4.57. STA Annual Budget Scenario Summary Results.

e 83,100 miles of track replaced

e 29,450 miles of guideway replaced

o 5 maintenance facilities replaced, totaling 61,350 square feet

o 7HVAC systems replaced, totaling 92,550 square feet

e 27 roof replacement projects, totaling 346,600 square feet

o Every roof (15 total) replaced at least once during the analysis period

19. Input the following information to create three charts, showing conditions between 2013

and 2032 in a “Do Nothing” scenario:

e Chart One, shown in Figure 4.58, with the Prioritization Model Output Variable
selected as “Needs ($)” and the Run “$35M Annual.”

o Chart Two, shown in Figure 4.59, with the Prioritization Model Output Variable selected
as “Mean Distance Between Failures (miles)” and the Run “$35M Annual.”

o Chart Three, shown in Figure 4.60, with the Prioritization Model Output Variable
selected as “Average Condition Rating” and the Run “$35M Annual.”
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Figure 4.58. STA Needs ($) Annual Budget Scenario.
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Figure 4.59. STA Mean Distance Between Failures (miles) Annual
Budget Scenario.

After assessing the summary data, you review the suggested program. On the program list,
you observe the following:

e Some roof projects are being programmed for replacement twice during the 20-year
analysis-period.

o Multiple instances are occurring where roof, HVAC, and/or building overhauls are being
programmed for the same building in multiple years over a short time period.

STA is worried that performing major replacement and overhaul tasks on the same building,
spread out over multiple years, might have adverse effects for agency operations and disrupt
normal business for longer periods. To address this issue, you decide to combine major replace-
ment and overhaul tasks occurring on the same building into single projects, to be programmed
together in the analysis. STA also noted the cost benefits of grouping tasks and allowing work

Average Condition Rating
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Figure 4.60. STA Average Condition Rating Annual Budget Scenario.
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Table 4.36. Model Adjustments.

Building Code | HVAC Code | Roof Code New Project Code
Maint04 Roof-Maint04 | HVAC-Maint04 | Project-Maint04
Maint06 Roof-Maint06 | HVAC-Maint06 | Project-Maint06
Maint07 Roof-Maint07 | HVAC-Maint07 | Project-Maint07
Maint09 Roof-Maint09 | HVAC-Maint09 | Project-Maint09

to be performed on all systems of the building. You decide only to group projects that have been
programmed in the $35M annual scenario to ensure that the initial results are not changed
significantly. Therefore, you choose to group the following projects:

20. Click Edit Asset Group and select “Maint Facilities.” Then click Edit Selected Group.

21. IntheProject Code column, change the building codes to the new project codes in Table 4.36.
For example, change “Maint04” to “Project-Maint04.” Complete this for all other buildings
indicated in the table, then select Click for Main Menu when finished.

22. Repeat Steps 11-12 for HVAC and Roof assets, changing the appropriate Project Code to
the new project code in Table 4.36. Each model must be updated individually.

$35M Adjusted Program Scenario

After combining replacement activities on various building in the analysis, STA ran the pri-
oritization model a second time to determine an improved program list.

23. Return to the start screen and select Run Prioritization Model, defining the ID Code as
“$35M Adjusted” to describe the run. The annual budget should not be adjusted for this
scenario.

STA compared the two outputs in the Summary Results, shown in Table 4.37, and noted that
despite the grouping of facility work there are only small differences in the Remaining Backlog
and Cumulative Spent in the two scenarios shown in the table.

After comparing the annual budget and adjusted program scenarios, you notice that there are
some small but significant changes in the final program. In the Adjusted Scenario, the cumulative

Table 4.37. Summary Results $35M Annually and

$35M Adjusted.
Scenarios Initial Value Value in 2032
$ 35M Annual $ 35M Adjusted

Scenario Scenario
Remaining Backlog |$ 45,985,188 $ 405,013,450 $ 405,013,450
Cumulative Spent - $ 644,198,700 $ 643,156,963
MDBF (miles) 32,553 21,010 21,010
Average TERM 4.71 4.42 4.42
Condition (non-
vehicle Assets)
Passenger Delay [99,291 162,157 162,157
(hours)
CO, Emissions 139,353 164,241 164,241
(tons)
Other Agency $ 87,251,440 $ 113,453,518 $ 133,742,072
Costs
Total Agency,User |$ 132,574,644 $ 170,505,793 $ 170,794,346
and External Costs
Excluding Budget
Expenditures

Copyright National Academy of Sciences. All rights reserved.
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spent over the 20-year period increased a little over $1M dollars. While there was no change in
the majority of projects programmed, there were 23 roof replacement projects in the Adjusted
Program, as opposed to 27 roof replacements in the Annual Scenario.

A complete program list is provided in Table 4.38. Comparative graphs, showing the needs,
average asset condition, and the mean distance between failures for the annual budget and
adjusted program scenarios are shown in Figures 4.61, 4.62, and 4.63.

24. From the Start Screen, select Display Chart-Two Runs.

25. Select “Needs ($)” as the Prioritization Model Output Variable to chart, then select “$35M
Annual” and “$35M Adjusted” as the Runs to chart before clicking Display Chart.

26. Review the Needs ($) chart, shown in Figure 4.61, and select Click for Main Menu when you
have finished.

Input the following information to create two additional charts:

¢ Chart One, shown in Figure 4.62, with the Prioritization Model Output Variable selected as
“Mean Distance Between Failures (miles)” the Runs “$35M Adjusted” and “$35M Annual.”

e Chart Two, shown in Figure 4.63, with the Prioritization Model Output Variable selected as
“Average Condition Rating” and the Runs “$35M Adjusted” and “$35M Annual.”

Table 4.38. $35M Adjusted Program Scenario Complete Program List.

Program |Asset Project Code Units |Cost Project |PI
Year Description Rank
2013 Roof Roof-Maint05 9,250 |$ 191,938 1 0.6624
2013 Roof Roof-Admin02 4,100 $ 77,813 1 0.6624
2013 Roof Roof-Maint01 3,600 |$ 85,075 3 0.6624
2013 Roof Roof-Maint03 33,200 |$ 688,900 3 0.6624
2014 Roof Roof-Maint02 3,750 |$77,813 1 0.2688
2014 Roof Roof-Maint10 45,200 |$ 937,900 1 0.2688
2014 Guideway GuideXCO01 12,100 |[$ 38,006,100 |3 0.2623
(Embedded
and XC)
2014 Guideway GuideXC02 1,000 |[$3,141,000 |4 0.0607
(Embedded
and XC)
2014 HVAC HVAC-Admin03 9,100 |$ 1,820,000 |5 0.0069
2015 Track TrackXCO1 24,250 |$ 19,885,000 |1 0.0046
(Embedded
and XC)
2017 Roof Roof-Maint08 6,200 |$ 128,650 1 0.1270
2017 Roof Roof-Admin01 6,100 |$ 126,575 1 0.1270
2017 Bus Bus01 100 $ 38,400,000 |3 0.0338
2017 Bus Bus02 100 $ 38,400,000 |3 0.0338
2018 Maintenance |ProjectO1 9,700 |$ 12,125,000 |1 0.0134
Facilities
2018 HVAC Project01 9,700 |$ 1,940,000 |1 0.0134
2018 Roof Project01 9,700 |$ 201,275 1 0.0134
2018 Guideway GuideXC03 750 $2,355,750 |4 0.0093
(Embedded
and XC)
2018 Light Rail LightRail01 6 $ 27,000,000 |5 0.0079
2019 Track (Curved) |TrackCRO1 15,000 |$ 13,860,000 |1 0.0016
2020 Bus Bus03 42 $ 16,128,000 |1 0.0153
2020 Light Rail LightRail02 8 $ 36,000,000 |2 0.0079
2020 Track (Special) |TrackSPO1 2,100 |$7,929,600 |3 0.0060
2021 Bus Bus05 7 $ 2,688,000 |1 0.0153
2021 Track TrackXC02 1,700 [$ 1,394,000 |2 0.0046
(Embedded
and XC)
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Table 4.38. (Continued).
Program |Asset Project Code Units |Cost Project |PI
Year Description Rank
2021 Maintenance |Project-Maint06 4,800 |$6,000,000 (3 0.0023
Facilities
2021 HVAC Project-Maint06 4,800  |$ 960,000 3 0.0023
2021 Roof Project-Maint06 4,800  |$ 99,600 3 0.0023
2022 Bus Bus04 4 $ 1,536,000 |1 0.0153
2022 Bus Bus06 6 $ 2,304,000 |1 0.0153
2022 Maintenance |Project-Maint07 41,400 |$51,700,000 (3 0.0052
Facilities
2022 HVAC Project-Maint07 41,400 |$8,280,000 |3 0.0052
2022 Roof Project-Maint07 41,400 |$ 859,050 3 0.0052
2022 Maintenance |Project-Maint09 150 $ 187,500 6 0.0027
Facilities
2022 HVAC Project-Maint09 150 $ 30,000 6 0.0027
2022 Roof Project-Maint09 150 $ 3,113 6 0.0027
2022 Maintenance |Project-Maint04 5,300 |$6,625,000 |9 0.0020
Facilities
2022 HVAC Project-Maint04 5,300 |$ 1,060,00 9 0.0020
2022 Roof Project-Maint04 5,300 |$ 109,975 9 0.0020
2023 Roof Roof-Admin03 9,100 |$ 188,825 1 0.0823
2023 Roof Roof-Admin04 1,700 [$ 35,275 1 0.0823
2023 Light Rail LightRail03 7 $ 31,500,000 |3 0.0079
2023 HVAC HVAC-Maint05 18,500 |[$ 3,700,000 |4 0.0032
2024 Roof Roof-Maint05 9,250 |$ 191,938 1 0.0823
2024 Roof Roof-Admin02 4,100 |$ 85,075 1 0.0823
2024 Roof Roof-Maint01 3,600 |$ 74,700 1 0.0823
2024 Roof Roof-Maint03 33,200 |$ 688,900 4 0.0823
2024 Bus Bus07 5 $1,920,000 |5 0.0153
2024 Bus Bus08 6 $ 2,304,000 |5 0.0153
2024 HVAC HVAC-Maint02 3,750  |$ 750,000 7 0.0032
2025 Roof Roof-Maint02 3,750 |$77,813 1 0.0823
2025 Roof Roof-Maint10 45,200 |$ 937,900 2 0.0823
2025 Guideway GuideXC04 2,500 |$7,852,500 |3 0.0093
2025 Track (Tangent |TrackBLO1 11,000 [$7,029,000 |4 0.0053
Ballasted)
2025 Track (Tangent [TrackCR02 24,800 |$22,915,200 |5 0.0016
Curved)
2026 Track (Special) |TrackSP02 2,750 |$ 10,384,000 |1 0.0060
2027 Track TrackXC03 1,500 [$ 1,230,000 |1 0.0046
(Embedded
and XC)
2028 Roof Roof-Admin01 6,100 |$ 126,575 1 0.0823
2028 Roof Roof-Maint08 6,200 |$ 128,650 2 0.0823
2028 Guideway GuideXC01 12,100 |[$ 38,006,100 |3 0.0093
(Embedded
and XC)
2028 Guideway GuideXC02 1,000 |[$3,141,000 |3 0.0093
(Embedded
and XC)
2029 Light Rail Light Rail04 15 $ 67,500,000 |1 0.0163
2029 Light Rail Light Rail05 10 $ 45,000,000 |2 0.0163
2031 Light Rail LightRail06 12 $ 54,000,000 |1 0.0163
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Figure 4.61. Comparing STA Needs ($) between the Annual Budget
Scenario (gray) and the Adjusted Program Scenario (black).
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Figure 4.62. Comparing STA Mean Distance Between Failures
(miles) between the Annual Budget Scenario (gray) and the
Adjusted Program Scenario (black).
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Figure 4.63. Comparing STA Average Condition Rating
between the Annual Budget Scenario (gray) and the
Adjusted Program Scenario (black).
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CHAPTER 5

Additional Resources

2012 NTD Annual Reporting Manual. FTA, 2012.

The NTD is the central repository for transit data from transit agencies throughout the
United States. It serves to provide a standardized view of transit agencies serving metropolitan
areas, and it is used by Congress to apportion FTA funds each year. All transit agencies receiving
grant funding from FTA (under the Urbanized Area Formula Program or the Other than Urbanized
Area (Rural) Formula Program) are required to report to the NTD. This manual provides specific
instructions and guidance for reporting agencies. Elements of the NTD reporting guidelines and
definitions are referenced in this guidebook and can assist agencies in developing the TAMP.
For example, the NTD Asset Module Structure can serve as an agency’s Capital Asset Inventory
(see Step 1.1 of Chapter 2 in this guidebook), and some of the metrics required for NTD report-
ing can serve as performance measures in a TAMP (see Step 1.4 of Chapter 2 in this guidebook).
The inventory description data required for the use of TAPT is formatted based on the NDT
requirements (see Chapter 3 of this guidebook).

This document is available at the following URL (accessed June 2014): http://www.ntdprogram.
gov/ntdprogram/pubs/ARM/2012/pdf/2012_annual_Manual_Complete.pdf

Asset Management Guide: Focusing on the Management of Our Transit Investments. FTA, 2012.

This document offers targeted guidance for transit agencies interested in advancing the
practice and implementation of transit asset management. It brings together relevant research
and guidance on transportation asset management and best practices in the transit industry to
create a practical and useful guidance document. The contents of the document include:

e An introduction to transit asset management—defines asset management for the transit
industry, provides guidance for fitting asset management into other agency processes, etc.

o Business process framework—each business process component is outlined and includes a
description of how it fits into the greater asset management framework. The guide indicates
the ways in which the components will work together, and how each one can be improved
independently.

o Information systems—provides an overview of existing information systems that can support
asset management.

e Implementation—offers guidance for implementation of assessment and implementation of
an asset management process.

o Asset management guide supplement—details the fundamental elements for consideration in
lifecycle management by asset class.

The guide includes best practice examples, in the form of case studies, highlighting transit
agencies that have adopted elements of asset management processes and systems.

117
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Appendix A, The Asset Manage Guide Supplement, provides an overview by asset class on the
practices of lifecycle management and industry standards. The document includes a chapter on
each of the following: vehicles; facilities and stations; guideways; systems; and sustainability and
asset management.

This document is available at the following URL (accessed June 2014): http://www.fta.dot.gov/
documents/FTA_Report_No._0027.pdf

Cambridge Systematics, Inc., PB Consult, and Texas Transportation Institute. NCHRP
Report 551: Performance Measures and Targets for Transportation Asset Management.
Transportation Research Board of the National Academies, Washington, DC, 2006.

This report provides a comprehensive review of the use of performance measures for
transportation asset management, focusing primarily on highway asset management. The
report is divided into two volumes. Volume [ is a research report that reviews current practices
in use of performance measures for asset management, recommends criteria for selecting
performance measures, discusses considerations in designing and using performance measures,
and presents a framework for using performance measures to support asset management.
Volume IT is a practical guide for identifying performance measures and setting performance
targets. It presents a step-by-step approach for agencies to follow, encompassing identifica-
tion of measures, integration of performance measures into an organization, and establishing
performance targets.

This document is available at the following URL (accessed June 2014): http://onlinepubs.trb.org/
onlinepubs/nchrp/nchrp_rpt_551.pdf

International Organization for Standardization (ISO) 55000 Series, British Standards
Institution, 2014.

This series of three documents provides an overview of the international standard for asset
management, and the use and implementation of asset management systems within the context of
an organization. The guidance was developed through international cooperation and represents
best practices that can be applied to a broad range of assets, and across a range of contexts and
types of organizations. There are three documents in this series:

o ISO 55000: Asset Management—Overview, Principles and Terminology. This document serves as
the background documentation for the series and discusses asset management, its principles,
definitions and terminology, and the benefits agencies can expect from utilizing the practice.

o ISO 55001: Asset Management—DManagement Systems—Requirements. This document provides
guidance on the organizational structure needed for best implementation of an asset manage-
ment system. Topics include agency leadership, planning, support, operation, performance
evaluation and improvement.

o ISO 55002: Asset Management—Management Systems—Guidelines for the Application of
ISO 55001. The final document in the series supports 55001 by providing guidance on how to
apply an asset management system within your organization.

Particularly relevant to the development of asset management plans are the planning require-
ments in the standard. Specifically, Requirement 6.2.2 requires that organizations develop asset
management plans that document:

e The method and criteria for decision making and prioritizing of the activities and resources
to achieve its asset management plan(s) and asset management objectives;

o The process and methods to be employed in managing its assets over their lifecycles;

o What will be done;
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o What resources will be required;

o Who will be responsible;

o When it will be completed;

e How the results will be evaluated;

o The appropriate time horizon(s) for the asset management plan(s);

e The financial and non-financial implications of the asset management plan(s);

o The review period for the asset management plan(s);

 Actions to address risks and opportunities associated with managing the assets, taking into
account how these risks and opportunities can change with time, by establishing processes for:
— Identification of risks and opportunities;
— Assessment of risks and opportunities;
— Determining the significance of assets in achieving asset management objectives;
— Implementation of the appropriate treatment, and monitoring, of risks and opportunities.

Kittleson & Associates, Urbitran, LKC Consulting, MORPACE International, Queensland
University of Technology, and Nakanishi, Y. TCRP Report 88: A Guidebook for Developing a
Transit Performance—Measurement System. Transportation Research Board of the National
Academies, Washington, DC, 1995.

This report provides guidance for transit system managers in developing a performance-
measurement system that addresses customer and community issues. It presents characteristics of
an effective performance measurement system that reflects different points of view and empha-
sizes customer satisfaction. Twelve case studies provide examples of how transit agencies have
successfully used performance measures. To implement a performance-measurement program, it
proposes that agencies use an eight-step process: define goals and objectives; generate management
support; identify users, stakeholders, and constraints; select performance measures and develop
consensus; test and implement the program; monitor and report performance; integrate results
into agency decision-making; and review and update the program. For each step, the report
provides the tasks involved and examples of how transit agencies have accomplished that step.

The report also contains a library of performance measures and categorizes them based on
their focus. For each measure, it provides the use, mode, scope, applicable system size, audience,
example target values, data requirements, and the factors that influence it. It also discusses data
collection sources and techniques, methods to manage the data, methods to set performance
standards, and reporting performance.

This document is available at the following URL (accessed June 2014): http://onlinepubs.trb.
org/onlinepubs/tcrp/tcrp_report_88/Guidebook.pdf

National Asset Management Steering Group (NAMS). International Infrastructure Manage-
ment Manual (IIMM). Association of Local Government Engineering NZ Inc (INGENIUM)
and the Institute of Public Works Engineering of Australia (IPWEA), 2011.

This manual details principles, processes, and examples of infrastructure asset management.
It introduces asset management concepts and describes how to implement an asset management
approach, including enabling processes for asset management and supporting systems and data.
The enabling processes discussed in the manual include levels of services, demand forecasting,
condition assessment, optimized decision making (including optimizing resource allocation),
maintenance management, and financial planning. Also, the manual includes country-specific
guidance for Australia, New Zealand, South Africa, the UK, and the United States. The manual
can be used for managing any infrastructure asset. Nonetheless, much of the guidance and many
of the examples pertain to managing transportation assets. The manual is notable for its broad
scope, and extensive set of examples and case studies.
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Publicly Available Specification (PAS) 55. BSI, 2008.

This document has been superseded by the ISO 55000 series. PAS 55 is a specification from
the BSI and the International Asset Management Committee designed to provide guidance in
managing physical assets. The standard includes two parts. PAS 55-1 is a standard for “optimized
management of physical assets.” PAS 55-2 is a set of guidelines for implementation. PAS 55 defines
asset management as “the systematic and coordinated activities and practices through which
an organization optimally and sustainably manages its assets and asset systems, their associated
performance, risks and expenditures over their lifecycles for the purpose of achieving its orga-
nizational strategic plan.” The asset management concepts detailed in PAS 55 are conceptually
similar to those in the AASHTO Transportation Asset Management Guide and supplement, and
in the [IMM. Like the IIMM, PAS 55 is intended to apply to a range of infrastructure assets,
including, but not limited to, transportation assets. PAS 55 includes a 28-point requirements
checklist describing mechanisms for establishing whole lifecycle planning, risk management,
and cost/benefit analyses within the day-to-day activities of capital project implementation.
Requirements include identifying and considering the needs of stakeholders over the lifecycle
of the asset, specifying the interventions needed for minimum costs, and optimizing the timing
of work to create the right groups of projects.

Spy Pond Partners, KKO & Associates, H. Cohen and J. Barr. TCRP Report 157: State of Good
Repair: Prioritizing the Rehabilitation and Replacement of Existing Capital Assets and Evaluat-
ing the Implications for Transit. Transportation Research Board of the National Academies,
Washington, DC, 2012.

This document serves as the foundational research for the project resulting in this guidebook.
The work is based on a review of literature and a discussion of current agency practices related to
characterizing the impacts and implications of investments. The report also includes a section out-
lining the related tools and approaches currently available to agencies. TCRP Report 157 resulted
in a framework for transit agencies to use for prioritization of capital asset rehabilitation and
replacement decisions, which was used in the development of TAPT and this guidebook.

This document is available at the following URL (accessed June 2014): http://onlinepubs.trb.
org/onlinepubs/tcrp/tcrp_rpt_157.pdf

TERM Lite Quick Start Guide. FTA, 2013.

This document provides a practical guide for the use of FT'A’s Transit Economic Requirements
Model Lite (“TERM Lite”). TERM Lite is an electronic tool designed to help agencies estimate
their transit capital investment needs over a specified future time period. The guide provides
information on what is needed for use, how to input asset inventory data, and how to utilize the
TERM Lite model. This model can be a helpful analysis tool for use in development of the Transit
Asset Management Plan (TAMP) (e.g., to develop deterioration models—Step 2.2 in Chapter 2
of this guidebook). The Quick Start Guide also includes an Asset Classification list, which can
serve as a framework for agencies building a capital asset inventory (Step 1.1 of the TAMP, see
Chapter 2 of this guidebook for more detail).

This document is available at the following URL (accessed June 2014): http://www.fta.dot.
gov/documents/TERM-Lite_v2.0_Quick_Start_Guide.pdf
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A4A
AAAE
AASHO
AASHTO
ACI-NA
ACRP
ADA
APTA
ASCE
ASME
ASTM
ATA
CTAA
CTBSSP
DHS
DOE
EPA
FAA
FHWA
FMCSA
FRA
FTA
HMCRP
IEEE
ISTEA
ITE
MAP-21
NASA
NASAO
NCEFRP
NCHRP
NHTSA
NTSB
PHMSA
RITA
SAE
SAFETEA-LU

TCRP
TEA-21
TRB
TSA
US.DOT

Abbreviations and acronyms used without definitions in TRB publications:

Airlines for America

American Association of Airport Executives

American Association of State Highway Officials
American Association of State Highway and Transportation Officials
Airports Council International-North America

Airport Cooperative Research Program

Americans with Disabilities Act

American Public Transportation Association

American Society of Civil Engineers

American Society of Mechanical Engineers

American Society for Testing and Materials

American Trucking Associations

Community Transportation Association of America
Commercial Truck and Bus Safety Synthesis Program
Department of Homeland Security

Department of Energy

Environmental Protection Agency

Federal Aviation Administration

Federal Highway Administration

Federal Motor Carrier Safety Administration

Federal Railroad Administration

Federal Transit Administration

Hazardous Materials Cooperative Research Program
Institute of Electrical and Electronics Engineers
Intermodal Surface Transportation Efficiency Act of 1991
Institute of Transportation Engineers

Moving Ahead for Progress in the 21st Century Act (2012)
National Aeronautics and Space Administration
National Association of State Aviation Officials

National Cooperative Freight Research Program
National Cooperative Highway Research Program
National Highway Traffic Safety Administration
National Transportation Safety Board

Pipeline and Hazardous Materials Safety Administration
Research and Innovative Technology Administration
Society of Automotive Engineers

Safe, Accountable, Flexible, Efficient Transportation Equity Act:
A Legacy for Users (2005)

Transit Cooperative Research Program

Transportation Equity Act for the 21st Century (1998)
Transportation Research Board

Transportation Security Administration

United States Department of Transportation
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