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ABSTRACT

Agencies and practitioners have long struggled with the task of comparing
intersection and facility designs in terms of the immediate and long-term costs.
NCHRP Project 03-110: Estimating the Life-Cycle Cost of Intersection Designs
came about to address this issue by developing a tool that provides a consistent
and defensible approach to such comparisons. The Life-Cycle Cost Estimation
Tool (LCCET) is a spreadsheet program written in a Microsoft Excel for
Windows that allows users to compare alternatives based on initial construction
costs, ongoing maintenance and operations costs, operational efficiencies for a
variety of modes, safety effects, and emissions. The results show relative
comparison of alternatives, including benefit-cost ratios compared to a base case.
The tool also displays results visually to facilitate a better understanding of
where costs would be incurred.
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CHAPTER 1 BACKGROUND

This report summarizes the findings of NCHRP Project 03-110, Estimating the
Life-Cycle Cost of Intersection Designs. The intended audience for this report
consists of federal, state, metropolitan planning organization (MPO), and local
engineering and planning staff and consultants; agency planning and
engineering managers; and policy makers who make decisions about intersection
design alternatives. This introductory chapter presents the problem statement
and research objective.

1.1. PROBLEM STATEMENT

The following research problem statement comes from the original project
request for proposal provided by NCHRP.

Roadway infrastructure is costly to build, manage, repair, and replace.
Historically, asset investments have been based on expedient design and lowest
construction cost. State and local transportation agencies are increasingly
considering costs and impacts throughout the life of the project in making
investment decisions.

Intersections are key components of the roadway infrastructure and the
intersection design can significantly impact the maintenance and other costs that
accrue after construction. In many cases, costs during the intersection’s life may
be shared between different transportation agencies. In addition to direct agency
costs, societal costs are significant at intersections—particularly crashes, delays,
and emissions. There can also be economic impacts on nearby businesses.

A life-cycle cost analysis is useful in bringing together factors that can be
monetized, but there are often non-monetary agency or community goals that
also need to be considered in the design of the intersection. These factors may
include a desire to improve the walkability of the network, to preserve the
historical or natural context, or to avoid acquisition of a particular property. An
agency’s budget, and particularly the available capital, may also constrain the
number of feasible designs. Accordingly, the results of a life-cycle cost analysis
should inform, but not dictate, the design decisions related to an intersection.

There are many methods and data sources for estimating the costs associated
with an intersection’s design, and these methods and data sources are
continually being updated and improved. A tool is needed to take the available
information, determine the life-cycle costs in a consistent and transparent
manner, and present the results in a way that facilitates comparison of design
alternatives.

1.2. RESEARCH OBJECTIVE

As stated in the request for proposals (RFP), the objective of NCHRP Project 03-
110 is “...to develop a spreadsheet-based tool that can be used by an engineer to
compare the life-cycle costs of alternative designs for new and existing
intersections. The tool will be applicable to the following types of intersections:

Final Report

Chapter 1-Background Page 1



NCHRP Project 03-110: Estimating the Life-Cycle Cost of Intersection Designs Final Report

stop-controlled, traffic signal, roundabout, and innovative designs.”
This overall project objective was met by accomplishing the following broad
tasks:

e Determine a method for conducting life-cycle cost analyses;

¢ Identify the most appropriate performance measures to be included
within the analysis;

¢ Identify the most appropriate sources of data that practitioners can use
in their life-cycle cost analyses;

e Prepare a life-cycle cost estimation tool (the LCCET) that practitioners
can use and maintain over the long term; and

e Validate the LCCET using a series of test cases with a range of agencies.

Ten distinct tasks were identified to achieve the project objective. These include:

e Task 1: Methodology

e Task 2: Identification of Costs

e Task 3: Data Sources

e Task 4: Mockup of Interface and Outputs

e Task 5: Validation Plan

e Task 6: Interim Report and NCHRP Panel Meeting
e Task 7: Prepare the Tool

e Task 8: Case Studies

e Task 9: Final Report

e Task 10: Webinar

In addition, an initial task to prepare an amplified work plan has been included
at the beginning of the project as “Task 0.”

Page 2 Chapter 1-Background
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CHAPTER 2 RESEARCH APPROACH

The research approach outlines the methodology for the life-cycle cost tool
development, provides a summary of cost parameters used in the tool, and
includes descriptions for the use cases that provided a framework for the scope
of the tool. The methodology section outlines the tool’s approach to addressing
varying lifespans of alternatives, varying spatial scopes, and new types of
intersections. The costs information includes descriptions for the three types of
costs outlined in the tool, which include agency costs, user costs and non-user
costs. The use case descriptions provide an outline for seven different scenarios
to which a user may apply the tool and summarizes the agency input that was
received during the initial tool development.

2.1. METHODOLOGY

The methodology developed for the LCCET is the basis for creating the tool,
validating the tool’s effectiveness and providing the user with an understanding
of how to apply the tool to specific projects. The intent is not to replace existing
analytic tools; rather, the LCCET is an adjunct to existing software tools and
programs. The LCCET uses a benefit-cost analysis approach and provides
estimates of net present values of benefits and costs of intersection treatment
alternatives. From these, a benefit-cost ratio is calculated.

Within this approach, specific methods have been developed to address the
following situations:

o Addressing different lifespans. When comparing intersection design
alternatives, each alternative may have a different useful life and
analysis period. In addition, some intersection elements may be valuable
beyond the analysis period or useful life. A methodology has been
developed to address intersections with different lifespans by applying
a net present value equation and discount rate, and by accounting for
the salvage and terminal value of the intersection.

e Addressing varying spatial scopes. The analysis of alternative designs
when spatial scopes vary depends upon how the parts that comprise the
project interact. The methodology for addressing alternatives with
varying spatial scopes includes identifying the influence limits of an
intersection, establishing a cordon line, and comparing the performance
measures at or within the cordon boundary using a consistent analysis
program.

e Addressing new types of intersections. New intersection types are
addressed with the same methodology as for alternatives with varying
spatial scopes. The key elements of this process are to define the
intersection influence limits and to compare the performance measures
for each alternative with a common analysis method.

Final Report
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2.1.1. ADDRESSING DIFFERENT LIFESPANS

Comparison of design alternatives can be complicated by differences in the
useful lives of intersection components. The life cycle over which the alternatives
are evaluated can be defined as the time that an overall design or its components
will be “structurally” adequate. For the purposes of this discussion, “structural”
relates to the physical usefulness of the item in question before it deteriorates to
the point of needing to be replaced. Examples of these include pavement life,
bridge structure life, and electrical equipment life. Alternatively, lifespan can be
defined based on functional adequacy—that is, to a period beyond which the
design will be obsolete to serve demands. This could apply to cases in which
changes in land-use patterns or traffic volumes would make a design obsolete
before the end of its structural life.

The LCCET has the ability to compare and analyze intersection design
alternatives that have different lifespans. In addition, components of an
alternative may have lifespans longer or shorter than the overall useful life of the
alternative. The benefit-cost analysis applies a discount rate to convert future
benefits and costs into current values for direct comparison. Hence, benefit-cost
analysis is readily scalable over different life cycles for different designs. The key
is to properly account for the portions of useful lives of components of
alternatives that extend beyond the end of the analysis period. An overview of
this approach is outlined below; each element is described in more detail in the
following sections.

To address intersection alternatives with different life cycles:

1. Identify the intersection design alternatives and the useful lifespans of
their components. The useful lifespan of a component ends when it
becomes either physically or functionally obsolete.

2. Identify the analysis period, which may be an agency planning horizon
or the useful lifespan of one or more alternatives.

3. Calculate the costs and benefits for each alternative in each year through
the analysis period. Costs include initial capital and ongoing
maintenance expenses, as well as replacement costs for components
with useful lives less than the analysis period. Life-cycle benefits will
also be calculated and monetized, and will account for factors such as
collision reduction, time savings, pollution, and other distinguishing
factors between alternatives.

4. For those components with remaining useful life at the end of the
analysis period, estimate their terminal value or salvage value to
incorporate benefits beyond the lifespan of the intersection.

5. Calculate the present value of costs and benefits.

6. Inform decision makers with a direct comparison of monetized benefits
and costs among alternatives.

Chapter 2 — Research Approach Page 4
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2.1.1.1. Defining the Analysis Period

The initial step in addressing intersection alternatives with different useful lives
is identifying the analysis period over which costs and benefits will be
quantified. The analysis period should ultimately be defined by the user and is
treated as a variable to allow users to match their agency's planning horizon.
However, the LCCET provides guidance on the advantages and disadvantages of
longer and shorter analysis periods.

Defining the analysis period could be as simple as using the agency’s usual
planning horizon. Alternatively, the analysis period could be specified as the
least-common multiple of the useful lives of the components of the alternative
designs being considered. The functional life of an intersection ends when it no
longer meets performance requirements, such as accommodating expected traffic
volumes, meeting safety targets, or providing access for non-motorized modes.
The analysis periods used in intersection life-cycle analyses may vary among
agencies depending on their policies and processes for evaluating intersections
and may vary among projects for a given agency, depending on the
circumstances of the project. The LCCET provides guidance on best practices in a
way that enables the user to make informed decisions based on the specific
context of the intersection environment.

To identify an appropriate analysis period for evaluating intersection
alternatives, one of the primary considerations is the growth environment. In
some environments the analysis period may be dictated by the capacity of the
intersection for the modes under consideration. In other environments, the
analysis period of the intersection may be solely dictated by the expected useful
life of the intersection components. For example, in areas with moderate to high
growth, a traditional 30-year analysis period may not be reasonable because any
alternative would likely need major reconstruction due to insufficient capacity
before the useful life of the intersection components had expired, and before 30
years has passed. In rural or built-out urban areas that experience very little or
no growth, a longer life cycle such as 40 years may be reasonable. In these cases,
it is the useful lives of the components of the intersection and the agency's
planning horizon that become the most significant factors.

While the user may have the ability to specify any analysis period, an analysis
period of between 20 and 40 years is recommended, based on the environmental
context of the intersection and the useful lives of components of the alternative
designs. In cases in which the differences between intersection treatments do not
involve different major physical assets—but, rather, differences in policies that
are implemented with low cost treatments (e.g., signs, pavement markings, or
operational strategies)—a shorter analysis period is usually appropriate, as
policies can easily and inexpensively be changed.

An analysis period of more than 40 years is not likely to add useful information
from an economic perspective. Beyond 40 years, there is too much uncertainty
about traffic conditions, available technologies, and relative costs. Discounting
will greatly diminish whatever effects are estimated, meaning things that happen
that far out will have little effect on the bottom line. On the other hand, a life

Final Report
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cycle of less than 20 years may make it difficult to accurately capture the effects
of important life-cycle differences. When the analysis period is short, the accurate
estimation of terminal or salvage values becomes critical. These concepts are
described in more detail in the next section. An exception occurs when the
functional life of the intersection is expected to end soon for reasons unrelated to
the physical lifetimes of the intersection components. For example, an
intersection might need to serve heavy traffic for 15 years until a freeway is
extended, and then will be demolished. In that case, the analysis period would be
through the end of the functional life and the terminal and salvage values would
both be zero.

2.1.1.2. Calculating the Terminal Value and Salvage Value

If the analysis period is shorter than the useful and functional lives of the
intersections being evaluated, the unaccounted-for differences may be included
in any one of three ways:

e If no further expenditures will be required beyond the end of the
analysis period, a terminal value equal to the present value of the stream
of benefits from the end of the analysis period to the end of the
intersection life may be added to the benefits accruing during the
analysis period.

o If the useful lives of some components of the intersections being
evaluated extend beyond the end of the analysis period, but not beyond
the life of the intersection, the portion of their cost not consumed as of
the end of the analysis period may be captured as a negative cost, or
salvage value, as of the end of the analysis period. In this type of
analysis, salvage value is not what the asset might be sold for, but the
value of the remaining useful life in its current use (as of the end of the
analysis period). When salvage value is used, the stream of costs ends at
the end of the analysis period, so benefits beyond the end of the analysis
period are not included.

e Alternatively, the costs of each intersection component or maintenance
activity may be amortized (capital costs are converted to equal annual
payments over the component lifespan) over their useful lives and only
the amortized costs counted in each year of the analysis period. This is
equivalent to using a salvage value, because the stream of costs ends at
the end of the analysis period, so benefits beyond the end of the analysis
period are not included.

The examples at the end of this section demonstrate the application of these

concepts in conjunction with discounting future costs and benefits to present
value.

2.1.1.3. Calculating Net Present Value

To compare the benefits and costs over time of intersection design alternatives,
the future year benefits and costs need to be converted to current year values
using an appropriate discount rate. To convert to current year values, the Net

Chapter 2 — Research Approach Page 6
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Present Value (NPV) Equations are applied, as shown in Equations 2-1 through
2-4.

Equation 2-1: Net Present Value Equation

NPV = PVg — PVc + PVs

where

NPV = net present value;
PVs = present value of benefits;
PVc= present value of costs; and

PVs= present value of salvage at the end of the project lifetime.

The present value of benefits, costs, and salvage at the end of the project lifetime
is calculated as follows:

Equation 2-2: Net Present Value of Benefits Equation
v B

PV, =
= ()

Equation 2-3: Net Present Value of Costs Equation
d C
— t
PVe =D, ——
=n (1+71)

Equation 2-4: Net Present Value of Salvage Equation

PV, = — >

@+r)

where
m = number of years before the opening of the project;
Bi=the benefits in year t;

Ct= the costs in year t;

Su=the salvage value at the end of the analysis period;

Page 7 Chapter 2 — Research Approach
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n=the end of the analysis period; and
r= the discount rate being used.

If a terminal value is used instead of a salvage value, the same formula is used to
bring it to present value.

The variable “r” represents the discount rate being used. As described in the
American Association of State Highway and Transportation Officials (AASHTO)
User and Non-User Benefit Analysis for Highways (Redbook)(1), “The purpose of the
discount rate is to characterize the opportunity cost or time value of the invested
funds or the lost benefits that would be associated with the project over time.”
Risk and uncertainty associated with the project may be taken into account
through this discount rate. The examples in the following section demonstrate
the use of the discount rate.

There are two different types of discount rates discussed below: nominal and
real. The nominal rate includes the effect of inflation. Market rates are nominal
rates. Real rates have been adjusted to remove the effect of inflation and are,
therefore, lower than nominal rates. The use of a real discount rate allows the
inclusion of future costs and benefits valued in today's dollars. If a nominal
discount rate is used, all future costs and benefits must be adjusted to include
expected future inflation.

The AASHTO Redbook (1) provides guidance on selecting a discount rate that is
appropriate for a particular analysis. Some funding sources will specify discount
rates that must be used in analyses that are conducted to support application for
those funds. For example, several Federal Highway Administration funding
programs require the rates specified in the Office of Management and Budget
Circular A-4 (2).

2.1.1.4. Project Examples

To demonstrate the principles outlined above, four project examples have been
developed for comparing two simple intersection alternatives. The project
examples compare the base case of an existing intersection (Alternative 0) with
an alternative proposed case (Alternative 1). The following comparisons are
demonstrated in the examples:

1. Comparing the costs of two simplified intersection treatments with
salvage value.

2. Comparing the costs of two simplified intersection treatments with
amortized costs.

3. Calculating the present value of benefits.

4. Comparing costs and benefits.

For all of the examples, project assumptions have been identified, which include
a real discount rate, analysis period, and specific dates required for analysis. The
base year for the analysis and constructed year are assumed to be the same for
the examples. The opening year for the proposed alternative intersection
(Alternative 1) is assumed to be 1 year after the base year. The construction year
for the existing base case (Alternative 0) was assumed to have occurred 12 years

Chapter 2 — Research Approach Page 8
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prior to the base year of analysis (i.e., the existing intersection was installed 12
years ago). Prior expenditures on the base case intersection are not included in
the analysis because those are sunk costs and are not relevant to deciding
whether to invest in the alternative proposed case.

Table 2-1 provides an example scenario for comparing the costs of Alternative 0
Base Case intersection and Alternative 1 Proposed Case intersection with salvage
value.

Note that all values presented in this example and the others in this section are arbitrary
and are intended solely to illustrate the calculation process.

Table 2-1: Project Example #1 — Comparing the Cost with Salvage
Value

Project Example #1 - Intersection Comparison with Salvage Value

1.) Idenfity Project Comparison Assumptions

Real Discount Rate (r) 4% Opening Year 2015
Base Year 2014 Base Case Constructed 2002
Construction Year 2014 Analysis Period (n) 30

2.) Identify Intersection Components for Each Alternative

Remaining Useful Share of Useful Life
Life at End of Remaining (for

Component Cost Useful Life Analysis Period salvage value)
Alternative 0 - Base Case
Component #1 $5,000 10 8 0.80
Component #2 $150,000 15 3 0.20
Component #3 $15,000 20 18 0.90
Component #4 $12,000 10 8 0.80
Component #5 $40,000 20 18 0.90
Component #6 $80,000 50 8 0.16
Alternative 1 - Proposed Case
Component #1 $200,000 100 70 0.70
Component #2 $500,000 50 20 0.40
Component #3 $5,000 10 10 1.00
Component #4 $175,000 15 15 1.00
Component #5 $20,000 20 10 0.50
3.) Calculate the Salvage Value
Salvage Value (S,) = Sum of the (Costs x Share of Useful Life Remaining)
PV, =
Present Value of Salvage (PV;) = N
L+r)
Alternative 0 - Base Case Alternative 1 - Proposed Case
Salvage Value (S,) -$105,900 Salvage Value (S,) -$530,000
Present Value Salvage (PVy) -$32,650 Present Value Salvage (PVy) -$163,408

Final Report
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Table 2-1: Continued: Project Example #1 — Comparing the Cost with
Salvage Value

4. Calculate Present Value of Costs including Salvage Value

Net Present Value = Present Value of Cost (PV,) + Present Value of Salvage (PVs)

PV of Alt 0
Year Alt 0 Costs Costs Alt 1 Costs PV of Alt 1 Costs
2014 $0 $0 $900,000 $900,000
2015 $0 $0 $0 $0
2016 $0 $0 $0 $0
2017 $150,000  $133,349 $0 $0
2018 $0 $0 $0 $0
2019 $0 $0 $0 $0
2020 $0 $0 $0 $0
2021 $0 $0 $0 $0
2022 $72,000 $52,610 $0 $0
2023 $0 $0 $0 $0
2024 $0 $0 $5,000 $3,378
2025 $0 $0 $0 $0
2026 $0 $0 $0 $0
2027 $0 $0 $0 $0
2028 $0 $0 $0 $0
2029 $0 $0 $175,000 $97,171
2030 $0 $0 $0 $0
2031 $0 $0 $0 $0
2032 $167,000  $82,436 $0 $0
2033 $0 $0 $0 $0
2034 $0 $0 $25,000 $11,410
2035 $0 $0 $0 $0
2036 $0 $0 $0 $0
2037 $0 $0 $0 $0
2038 $0 so $0 $0
2039 $0 so $0 $0
2040 $0 $0 [ $0 $0
2041 $0 $0 [ $0 $0
2042 $72,000 $24,010 $0 $0
2043 $0 so " $0 $0
Total $461,000  $292,405 $1,105,000 $1,011,959

Alternative 0 - Base Case

Alternative 1 - Proposed Case

Net Present Value =

Net Present Value = $292,405 - $32,650

$259,755

Net Present Value = $1,011,959 - $163,408

Net Present Value =

$848,551

within each agency.

As shown in Table 2-1, after the assumptions are outlined (Step 1), Step 2 in the
process is to identify the intersection components and to estimate the useful life,
remaining useful life at the end of the analysis period, and share of the useful life
remaining that can be used for salvage value. The intersection components for
this example were kept fairly simple: identifying the primary components that
may be significant for Alternative 0 and Alternative 1. However, this step of the
analysis may include additional detail, depending on the types of intersections
being compared, the design of the intersections, and the equipment that may be
used at the intersections. The useful life of the components and remaining useful
life estimated are specific to the intersection and may vary for each project and

Chapter 2 — Research Approach
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Step 3 in the example uses the information identified in Step 2, such as the cost
and share of useful life of each intersection component, to calculate the salvage
value for each intersection alternative. Then, using the Net Present Value of
Salvage Equation (Equation 2-4), the salvage values for each alternative are
brought to present value using the discount rate and analysis period.

The final step in this process, Step 4, uses the Net Present Value of Cost Equation
(Equation 2-3) to identify the present value of costs for each intersection
alternative. With the net present value of cost and net present value of salvage,
the overall net present value (Equation 2-1) can be compared for each
intersection alternative. This project example finds that the net present value of
the Alternative 0 Base Case intersection is approximately $260,000 and the
Alternative 1 Proposed Case is approximately $850,000.

Another method, that is equivalent to using the salvage value, calculates the
amortized cost of the intersection component or maintenance activity. Table 2-2
demonstrates Project Example #2, which is a comparison of the cost of
Alternative 0 and Alternative 1 using the amortized cost.

Final Report
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Table 2-2: Project Example #2 — Comparing the Cost with Amortized
Cost

Project Example #2 - Intersection Alternative Comparison with Amoritzed Costs
1.) Idenfity Project Comparison Assumptions

Real Discount Rate (r) 4% Opening Year 2015
Base Year 2014 Base Case Constructed 2002
Construction Year 2014 Analysis Period (n) 30

2.) Identify Intersection Components for Each Alternative
3.) Calculate the amortized cost

r = Real Discount Rate

n-1
Amortized Cost= P M P = Component Cost
(l+ r) -1 n = useful life
Amortized
Component Cost Useful Life Cost First year Seen
Alternative 0 - Base Case

Component #1 $5,000 10 $593 2022
Component #2 $150,000 15 $12,972 2017
Component #3 $15,000 20 $1,061 2022
Component #4 $1,200 10 $142 2022
Component #5 $40,000 20 $2,830 2022
Component #6 $80,000 50 $3,581 2052

Alternative 1 - Proposed Case
Component #1 $200,000 100 $7,848
Component #2 $500,000 50 $22,380
Component #3 $5,000 10 $593
Component #4 $175,000 15 $15,134
Component #5 $20,000 20 $1,415
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Table 2-2: Continued: Project Example #2 — Comparing the Cost with

Amortized Cost

4.) Calculate Net Present Value of Costs with Amortized Costs

Net Present Value = Sum of Present Value of Costs

PV of Alt 0
Year Alt 0 Costs Costs Alt 1 Costs PV of Alt 1 Costs
2014 $0 $0 $47,370 $47,370
2015 $0 $0 $47,370 $45,548
2016 $0 $0 $47,370 $43,796
2017 $12,972 $11,532 $47,370 $42,111
2018 $12,972 $11,089 $47,370 $40,492
2019 $12,972 $10,662 $47,370 $38,934
2020 $12,972 $10,252 $47,370 $37,437
2021 $12,972 $9,858 $47,370 $35,997
2022 $17,599 $12,859 $47,370 $34,613
2023 $17,599 $12,365 $47,370 $33,281
2024 $17,599 $11,889 $47,370 $32,001
2025 $17,599 $11,432 $47,370 $30,770
2026 $17,599 $10,992 $47,370 $29,587
2027 $17,599 $10,569 $47,370 $28,449
2028 $17,599 $10,163 $47,370 $27,355
2029 $17,599 $9,772 $47,370 $26,303
2030 $17,599 $9,396 $47,370 $25,291
2031 $17,599 $9,035 $47,370 $24,318
2032 $17,599 $8,687 $47,370 $23,383
2033 $17,599 $8,353 $47,370 $22,484
2034 $17,599 $8,032 $47,370 $21,619
2035 $17,599 $7,723 $47,370 $20,787
2036 $17,599 $7,426 $47,370 $19,988
2037 $17,599 $7,140 $47,370 $19,219
2038 $17,599 $6,866 $47,370 $18,480
2039 $17,599 $6,602 $47,370 $17,769
2040 $17,599 $6,348 $47,370 $17,086
2041 $17,599 $6,103 $47,370 $16,429
2042 $17,599 $5,869 $47,370 $15,797
2043 $17,599 $5,643 $47,370 $15,189
Total $246,655 $851,883

Alternative 0 - Base Case
Net Present Value = $246,655

Alternative 1 - Proposed Case
Net Present Value = $851,883

As shown in Table 2-2, Project Example #2 compares the costs of Alternative 0
and Alternative 1 with amortized costs.

This example scenario uses the same assumptions and intersection components
that were previously identified. However, in this example, the costs of each
intersection component are amortized over their useful lives and only the
amortized costs counted in each year of the analysis period. This calculation uses

Different in Net Present Value =

the amortized cost equation shown in Step 3.

As shown in Step 4, the amortized costs of each intersection alternative are used
to calculate the present value of each cost at specific years of analysis. The overall
NPV of both Alternative 0 and Alternative 1 are calculated by taking a sum of the
present values. As shown in Table 2-2, the net present value of each alternative is

$605,228

Page 13
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approximately the same as was calculated using the salvage values in Project
Example #1.

Project Example #3, presented in Table 2-3, takes this intersection comparison to
the next step by comparing the present value of benefits for each case. The
benefits of the alternative case derive from reductions in user and social costs
relative to the base case. We calculate the user and social costs for the base case
and the alternative, then subtract in Table 2-4 to find the amount of benefit. The
calculation of benefits presented here are illustrative; the techniques for
estimating these are presented later in this report.

Table 2-3: Project Example #3 — Calculating the Present Value of
User and Social Costs

Project Example #3 - Calculating Present Value of Benefits

1.) Idenfity Project Comparison Assumptions

Real Discount Rate (r) 4% Opening Year 2015
Base Year 2014 Base Case Constructed 2002
Construction Year 2014 Analysis Period (n) 30

2.) Identify Benefits for Each Alternative

Alternative 0 - Base Case Alternative 1 - Proposed Case
Initial Growth Initial Growth
Benefit Year Rate Benefit Year Rate
User Delay Cost $30,000 3.00% User Delay Cost $5,000 2.00%
User Reliability Cost $5,000 3.00%  User Reliability Cost $1,000 2.00%
User Safety Cost $2,000 2.00%  User Safety Cost $100 2.00%
User Operating Cost $500 1.00%  User Operating Cost $50 1.00%
Greenhouse Gas Social Cost  $50 1.00%  Greenhouse Gas Social Cost $5 1.00%
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Table 2-3: Continued: Project Example #3 — Calculating the Present

Value of User and Social Costs

3.) Calculate Present Value of Benefits

n
Present Value of Benefits = PVB = Z L
= (Ler)
Alternative 0 - Base Case

Year User Delay Reliability  Safety Operating Greenhouse Total

2014 $30,000 $5,000 $2,000 $500 $50 $37,550
2015 $30,900 $5,150 $2,040 $505 $51 $38,646
2016 $31,827 $5,305 $2,081 $510 $51 $39,773
2017 $32,782 $5,464 $2,122 $515 $52 $40,935
2018 $33,765 $5,628 $2,165 $520 $52 $42,130
2019 $34,778 $5,796 $2,208 $526 $53 $43,361
2020 $35,822 $5,970 $2,252 $531 $53 $44,628
2021 $36,896 $6,149 $2,297 $536 $54 $45,933
2022 $38,003 $6,334 $2,343 $541 $54 $47,276
2023 $39,143 $6,524 $2,390 $547 $55 $48,659
2024 $40,317 $6,720 $2,438 $552 $55 $50,083
2025 $41,527 $6,921 $2,487 $558 $56 $51,549
2026 $42,773 $7,129 $2,536 $563 $56 $53,058
2027 $44,056 $7,343 $2,587 $569 $57 $54,612
2028 $45,378 $7,563 $2,639 $575 $57 $56,212
2029 $46,739 $7,790 $2,692 $580 $58 $57,859
2030 $48,141 $8,024 $2,746 $586 $59 $59,555
2031 $49,585 $8,264 $2,800 $592 $59 $61,302
2032 $51,073 $8,512 $2,856 $598 $60 $63,100
2033 $52,605 $8,768 $2,914 $604 $60 $64,951
2034 $54,183 $9,031 $2,972 $610 $61 $66,857
2035 $55,809 $9,301 $3,031 $616 $62 $68,819
2036 $57,483 $9,581 $3,092 $622 $62 $70,840
2037 $59,208 $9,868 $3,154 $629 $63 $72,921
2038 $60,984 $10,164 $3,217 $635 $63 $75,063
2039 $62,813 $10,469 $3,281 $641 $64 $77,269
2040 $64,698 $10,783 $3,347 $648 $65 $79,540
2041 $66,639 $11,106 $3,414 $654 $65 $81,878
2042 $68,638 $11,440 $3,482 $661 $66 $84,286
2043 $70,697 $11,783 $3,552 $667 $67 $86,765
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Table 2-3: Continued: Project Example #3 — Calculating the Present
Value of User and Social Costs

Alternative 1 - Proposed Case

Difference

from Base Present

Case Value of

Year User Delay Reliability  Safety Operating  Greenhouse  Total (Benefit) Benefits
2014 $5,000 $1,000 $100 $50 $5 $6,155 $31,395 $31,395
2015 $5,100 $1,020 $102 $51 $5 $6,278 $32,368 $31,123
2016 $5,202 $1,040 $104 $51 $5 $6,403 $33,371 $30,853
2017 $5,306 $1,061 $106 $52 $5 $6,530 $34,404 $30,585
2018 $5,412 $1,082 $108 $52 $5 $6,660 $35,470 $30,320
2019 $5,520 $1,104 $110 $53 $5 $6,793 $36,568 $30,056
2020 $5,631 $1,126 $113 $53 $5 $6,928 $37,700 $29,795
2021 $5,743 $1,149 $115 $54 $5 $7,066 $38,867 $29,535
2022 $5,858 $1,172 $117 $54 $5 $7,207 $40,069 $29,278
2023 $5,975 $1,195 $120 $55 $5 $7,350 $41,309 $29,023
2024 $6,095 $1,219 $122 $55 $6 $7,497 $42,586 $28,770
2025 $6,217 $1,243 $124 $56 $6 $7,646 $43,903 $28,518
2026 $6,341 $1,268 $127 $56 $6 $7,798 $45,260 $28,269
2027 $6,468 $1,294 $129 $57 $6 $7,954 $46,658 $28,022
2028 $6,597 $1,319 $132 $57 $6 $8,112 $48,100 $27,776
2029 $6,729 $1,346 $135 $58 $6 $8,274 $49,585 $27,533
2030 $6,864 $1,373 $137 $59 $6 $8,438 $51,117 $27,292
2031 $7,001 $1,400 $140 $59 $6 $8,607 $52,695 $27,052
2032 $7,141 $1,428 $143 $60 $6 $8,778 $54,321 $26,815
2033 $7,284 $1,457 $146 $60 $6 $8,953 $55,998 $26,579
2034 $7,430 $1,486 $149 $61 $6 $9,131 $57,726 $26,345
2035 $7,578 $1,516 $152 $62 $6 $9,313 $59,506 $26,113
2036 $7,730 $1,546 $155 $62 $6 $9,499 $61,341 $25,883
2037 $7,884 $1,577 $158 $63 $6 $9,688 $63,233 $25,655
2038 $8,042 $1,608 $161 $63 $6 $9,881 $65,182 $25,429
2039 $8,203 $1,641 $164 $64 $6 $10,078  $67,191 $25,204
2040 $8,367 $1,673 $167 $65 $6 $10,279  $69,261 $24,982
2041 $8,534 $1,707 $171 $65 $7 $10,484  $71,394 $24,761
2042 $8,705 $1,741 $174 $66 $7 $10,693  $73,593 $24,542
2043 $8,879 $1,776 $178 $67 $7 $10,906  $75,859 $24,324

Net Present Value of Benefit for All Years $831,828

As shown in Table 2-3, Project Example #3 uses the same overall project
assumptions for comparing Alternative 0 and Alternative 1. Step 2 of this
example identifies the user and social costs for each intersection for items such as
emissions and delay. The user and social costs are identified for the initial year,
and a growth rate is identified for each benefit item. The user and social costs by
category identified in Step 2 are then combined to calculate the total user and
social costs for each intersection alternative for each analysis year. The benefit
amount, which is the difference in total user and social costs between Alternative
0 and Alternative 1, may then be calculated—as shown in Step 4 Alternative Case
calculation tables.

The difference in benefit between the alternatives is used for applying Equation
2-3 to calculate the present value of benefits for each year of analysis. The sum of
the present value of benefits is taken to calculate the overall NPV of benefit,
which is approximately $830,000.

Project Example #4, presented in Table 2-4, uses all of the information presented
in the previous three examples to compare the overall costs and benefits of each
alternative.
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Table 2-4: Project Example #4 — Comparing the Benefits and Costs

Project Example #4 - Comparing Costs and Benefits

Final Report

1.) Identify Present Value of Benefits and Costs - From Previous Calculations

Present Value of User and Non-User Costs = Present Value of Benefits (From Example #3)

Present Value of Benefits = (PV of Alt 0 User and Non-User Costs) - (PV of Alt 1 User and Non-User Costs)

Present Value of Agency Costs = Present Value of Costs (From Example #2)

Present Value of Costs = (PV of Alt 0 Agency Costs) - (Present Value of Alt 1 User Costs)

PV of Alt0User PV of Alt 1 User PVofAlt0O PVofAltl
and Non-User and Non-User PV of Agency Agency
Year Costs Costs Benefits Costs Costs PV of Costs
2014 $37,550 $6,155 $31,395 $0 $47,370 $47,370
2015 $37,159 $6,036 $31,123 $0 $45,548 $45,548
2016 $36,773 $5,920 $30,853 $0 $43,796 $43,796
2017 $36,391 $5,805 $30,585 $11,532 $42,111 $30,579
2018 $36,013 $5,693 $30,320 $11,089 $40,492 $29,403
2019 $35,639 $5,583 $30,056 $10,662 $38,934 $28,272
2020 $35,270 $5,475 $29,795 $10,252 $37,437 $27,185
2021 $34,905 $5,370 $29,535 $9,858 $35,997 $26,139
2022 $34,544 $5,266 $29,278 $12,859 $34,613 $21,753
2023 $34,187 $5,164 $29,023 $12,365 $33,281 $20,917
2024 $33,834 $5,064 $28,770 $11,889 $32,001 $20,112
2025 $33,485 $4,967 $28,518 $11,432 $30,770 $19,339
2026 $33,140 $4,871 $28,269 $10,992 $29,587 $18,595
2027 $32,798 $4,777 $28,022 $10,569 $28,449 $17,880
2028 $32,461 $4,685 $27,776 $10,163 $27,355 $17,192
2029 $32,127 $4,594 $27,533 $9,772 $26,303 $16,531
2030 $31,797 $4,505 $27,292 $9,396 $25,291 $15,895
2031 $31,471 $4,418 $27,052 $9,035 $24,318 $15,284
2032 $31,148 $4,333 $26,815 $8,687 $23,383 $14,696
2033 $30,828 $4,249 $26,579 $8,353 $22,484 $14,131
2034 $30,513 $4,167 $26,345 $8,032 $21,619 $13,587
2035 $30,200 $4,087 $26,113 $7,723 $20,787 $13,065
2036 $29,891 $4,008 $25,883 $7,426 $19,988 $12,562
2037 $29,586 $3,931 $25,655 $7,140 $19,219 $12,079
2038 $29,284 $3,855 $25,429 $6,866 $18,480 $11,614
2039 $28,985 $3,781 $25,204 $6,602 $17,769 $11,168
2040 $28,689 $3,708 $24,982 $6,348 $17,086 $10,738
2041 $28,397 $3,636 $24,761 $6,103 $16,429 $10,325
2042 $28,108 $3,566 $24,542 $5,869 $15,797 $9,928
2043 $27,821 $3,497 $24,324 $5,643 $15,189 $9,546
Total " $831,828 " $605,228

2.) Calculate Net Present Value of Benefits and Net Present Value of Costs

Net Present Value of Benefits $831,828
Net Present Value of Costs $605,228
Net Benefits $226,600
Benefit/Cost Ratio 1.37

As shown in Table 2-4, the present value of benefits from Project Example #3 and
the present value of costs from Project Example #2 are used to calculate the
overall NPV of benefits for the intersection alternative comparison. The
difference between benefits and costs is about $226,000, which is, therefore, the
overall benefit for the alternative over the base case.

As described previously, the project example calculations demonstrated in
Tables 2-1 through 2-4 were meant to illustrate the concepts previously described
in this section, such as salvage value, amortized cost, present value of benefit and
comparing the overall costs and benefits of two simplified intersection
alternatives. Simplistic intersection alternatives were used to allow the basic

concepts of the calculations to be reviewed and followed.
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Actual project scenarios may require more complex analysis and additional
details to be integrated into the calculations. The methodology has the ability to
analyze both simple and complex scenarios, using the same method as
presented. The following sections provide some of the more complex scenarios
that may require analysis, such as intersections with varying spatial scopes and
even new types of intersections that may present unique operations or geometry.

2.1.2. ADDRESSING VARYING SPATIAL SCOPES

The analysis of alternative designs when spatial scopes vary depends upon how
the parts of the project interact. The LCCET depends on inputs from the user
(e.g., delays and reliability). Therefore, it is up to the user to determine whether
an intersection can be analyzed alone or whether it must be analyzed together
with other intersections. The latter could occur in several circumstances
including the following:

e The intersection interacts operationally with adjacent intersections, such
as the queue from a downstream intersection backs into the intersection
being analyzed;

¢ Improvements are being considered on a group of adjacent intersections;
or

e There is a limited budget for intersection improvements, and several
intersections are “competing” for funding for improvements.

To aid the analyst in such circumstances, it is important to provide a convenient
method for storing multiple intersection projects and their (multiple) alternative
configurations.

The concept steps outlined below account for varying intersection sizes and
control forms:

1. Identify the spatial and geometric layout of each alternative.

Identify back of queue and an estimated area beyond this where
drivers would begin decelerating to the back of queue. This defines
the influence limits for each of the concepts.

3. Overlay these influence limits, and establish a cordon line based on
the most-distant influence limit of the alternatives being considered.
This influence limit could include some distance beyond the
influence limit, but the intent is to keep it relatively compact to avoid
diluting the operational differences with normal operating metrics.

4. Calculate performance metrics for all vehicles from the time they
enter to the time they exit this cordon limit for each of the
alternatives. Maintaining this same cordon for all project alternatives
ensures that all demand volume, whether within a compact
intersection form or an expansive form, is based on the same start
and end points. The cordon limits taken together define the cordon
area.

5. Because different intersection analysis software packages make use
of different assumptions, the recommended approach for preparing
inputs to the LCCET is to conduct the analysis of the various forms
within the same analysis program or with programs that have
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compatible methodological definitions for the desired performance
metrics. This will help to ensure that deceleration delays, control
delays, and queue delays are accounted for in a similar manner.

This construct is intended to address the differences among at-grade
intersections where delay typically occurs at a single point, larger alternative at-
grade intersection forms comprising multiple intersections, and grade-separated
interchanges where there may be multiple points of delay. The overall schema of
the program/tool places the burden of analyzing unique or unusual
configurations on the external software programs.

2.1.2.1. Application of the Methodology

The context of the analysis is paramount in selecting and calibrating the analysis
tools. Congested conditions, system considerations, context, and the level of
time, accuracy, and analysis cost all factor into the types of analysis tools and
outputs. Considerations for the analyst are summarized below for unsaturated
conditions, saturated conditions, and other system considerations.

UNSATURATED CONDITIONS

When an intersection form can process demand volumes without cycle or
movement failures, and without influence from the spillover effects of queues or
coordination at adjacent intersections, the identification of influence area
boundaries for that intersection form may be determined by the intersection
footprint and anticipated queues and deceleration distance from each queue. In
this simplest example, the intersection can be treated as an isolated system
without considering its effects on upstream or downstream intersection
operations. As provided in Figures 2-1 and 2-2, the farther influence boundary of
the alternatives being considered will provide the minimum cordon distances.
These distances will need to consider their location relative to other conflict
points, such as driveways, intersections, or other features.

Within the figures below, a traffic signal and roundabout are being compared.
The stop line/yield line locations and anticipated queues are shown below for
each intersection form. The cordon boundary was selected beyond this area to
account for the deceleration effects of vehicles approaching the back of the
queue.

Analysis of similar intersection types that each contain a similar travel distance
for motorists can reasonably be assessed using HCM analysis tools to estimate
control delays and emissions. These software programs do not account for
differences in running time, but, for these typical intersection forms, the
difference in fuel consumption and emissions due to running time is unlikely to
distinguish between alternatives.

Final Report
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Figure 2-1:  Example of Traffic Signal Influence Boundary
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Figure 2-2:

Example of Roundabout Influence Boundary
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Figure 2-3:  Example of Acceptable Cordon Location
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In practical applications, simplifying assumptions that allow an analyst to more-
readily consider the isolated impacts of an intersection form may be appropriate
within a saturated or coordinated system when the goal is to provide long-range,
planning-level comparisons. In these cases, the lower accuracy provided with
simplifying assumptions needs to be considered, as does the reasonableness of
the outcome. However, this level of detail may be adequate to address
fundamental questions about different intersection forms within a specific
context.

Comparisons that include complex intersection forms that result in additional
running time, such as indirect left turns, continuous flow intersections, and
interchanges, require analysis tools that look beyond individual intersections to
account for running time and other performance measures.

OVERSATURATED CONDITIONS

Oversaturated intersection conditions, where demand exceeds an intersection’s
physical capacity, can create standing queues and high delays that continue to
build as long as demand exceeds capacity at one or more locations in the system.
These types of conditions are even more likely to occur in long-range forecasts
owing to the planned growth in system users.

In oversaturated conditions, it is critical to ensure that the cordon line bounding
the study area effectively encompasses the entire network area within which (a)
queuing exists and (b) traffic volume/pattern changes occur because of one or
more of the investigated intersection configurations. To do this, the analytic tools
used to estimate traffic volume characteristics should be applied not only for the
base case, but also for the intersection configuration alternative(s) being
considered. Examination of the results allows the cordon line to be positioned
such that the limits of all queuing that either affects or is affected by the study
intersection is contained within the cordon line boundaries. Additionally, this
examination allows the cordon line to be positioned so that the change in volume
characteristics outside the cordon line is not significant; that is to say, changes in
key performance metrics outside the cordon line should be limited to less than 5
to 10 percent of the corresponding changes captured inside the cordon line.

When oversaturated conditions are encountered, microsimulation tools are
sometimes the most effective means for estimating the delays approaching and
traveling through an intersection or cordon area.

SYSTEM AND CONTEXT CONSIDERATIONS

When evaluating the types of analysis tools to apply, the analyst should consider
the area beyond the study intersection. For example, the consideration of an
intersection form within a signalized and coordinated corridor should account
for how that coordination plan is affected with different intersection treatments.
Similarly, the analysis may need to consider the upstream and downstream
effects of failing intersections, where an intersection modification may not
address the more critical issue on the transportation system.

Final Report
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In all cases, whether saturated or unsaturated, the identification of a cordon area
should be distinguished from the modeling limits. The modeling limits within
microsimulation models will sometimes require more extensive boundaries than
the cordon area to properly account for arrival patterns.

Driver expectation may also factor into how a system is analyzed. An
intersection at a transition from a rural to urban area, near a school, or near an at-
grade rail crossing can have different effects on operations and safety than what
might be expected within a different context. An understanding is required of
the surrounding land uses, environment, characteristics of expected users, and
changes in travel patterns seasonally or by time of day. Default values within
references such as the HCM (3) or the HSM (4) typically do not account for these
nuances.

2.1.3. ADDRESSING NEW TYPES OF INTERSECTIONS

Benefit-cost analysis is readily adaptable to different types of projects, including
new intersection types. Because the basic performance measures and their
monetization will have already been defined for existing intersection types, new
intersection types can be easily accommodated into the LCCET by providing
performance measures for the new intersection types that conform to the basic
performance measures.

Newer intersection types, such as Median U-turn Intersection, Displaced Left-
Turn Intersections, Restricted Crossing U-turn Intersections and others are
addressed with the same methodology for alternatives with varying spatial
scopes. The key element of this process is to define the intersection influence
limits and compare the performance measures for each alternative with a
common analysis method.

A high degree of flexibility is provided through the cordon area approach, as it
allows an assessment of a single intersection or a series of intersections along a
corridor or that could be present at an interchange. This allows an analyst to
consider a variety of treatments that separate opposing traffic flows. Establishing
a cordon area and use of system performance metrics (e.g., total control delay
and/or total emissions) allows the analysis tools to respond to any type of simple
or complex intersection or system treatment that can be analyzed by the available
software packages.

While the operational measures can be accommodated, life-cycle costs of these
non-standard intersection forms may be less reliable because of limited
predictive safety information or information on maintenance or capital costs.
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2.2. ROLE OF THE LCCET IN EVALUATING INTERSECTION
ALTERNATIVES

The LCCET is not intended to replace existing analytic tools. Rather, it is an
adjunct to existing analytic tools that allow for a complete side-by-side
comparison of intersection alternatives based on their total life-cycle costs. This is
illustrated in Figure 2-4.

The LCCET takes as inputs performance measures that are developed from other
analyses as follows:

e Operations analysis tools such as HCM or simulation are used to
develop the basic performance measures (e.g., travel times, volumes,
and speeds).

e DPost-processing tools are used to develop additional performance
measures necessary for benefit-cost calculations; for example:

0 Air quality models such as MOVES may be used to estimate
emissions of criteria pollutants and greenhouse gases (GHG).

0 Travel time reliability models such as those developed in SHRP
2 L03 or SHRP 2 L08 may be used to develop forecasts of travel
time reliability (5, 6).

0 Safety Performance Functions and Crash Modification Factors
from the Highway Safety Manual or other crash forecasting tools
may be used to forecast crashes by severity (4).

The user must also provide travel volumes and costs:

e Travel volumes are typically provided by travel demand models.
These must be provided, at a minimum, for the opening year of
operation and the horizon year. The LCCET implicitly assumes that
travel demand in a given year is the same for all intersection
alternatives.

e Costs must be provided for each intersection treatment alternative.
These include the following;:

0 Planning and construction costs.
0 Operating and maintenance costs over the lifetime of the
alternative.

A further input consists of a set of analysis parameters that apply across all
alternatives. These include the following:

e The discount rate used to convert all costs into present values.
e Unit costs for performance measures: e.g., value of time, cost of
crashes, and unit costs of emissions.

These inputs are used by the LCCET to develop total costs for each intersection
alternative, as explained in greater detail in the next section.
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Figure 2-4:  Schematic: LCCET in relation to user inputs and
outputs
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2.3. COSTS

A description for different types of costs and for rationalizing different
performance metrics into a common monetizable basis has been developed to
assist implementation. The specific costs have been described in three categories:
(1) Agency Costs (2) User Costs, and (3) Non-User Costs.

To consistently measure the net economic benefits of various alternative project
designs, it is important to employ a common unit of measurement across the
various benefit and cost elements. Through monetization, it is possible to value
the net economic benefits of disparate elements involved in the design and
construction of alternative intersection designs. All costs are treated equally and
expressed in dollar values based on established methodologies for each
individual type of cost. For the purpose of the analysis, benefits are calculated
(they can be treated as negative costs) and then subtracted from any calculated
costs to determine the net economic benefit for different types of intersections.

The following sections describe each type of cost and the monetization procedure
for individual costs within each category. In some cases, the data sources for the
tool may origniate from widely-accepted default values. In other cases, the
values are specific to the local jurisdiction and use case. Resource documents
such as the Highway Safety Manual (4), the AASHTO Redbook (1), and other
official sources offer useful guidance for developing default values. Tool
documentation provides guidance for modification to permit better localization
of the values of cost elements.

2.3.1. AGENCY COSTS

This section covers all of the costs borne by the public agencies that are
responsible for the construction, operation, and maintenance of the intersection
as well as the transportation network. Data sources for the potential agency costs,
such as development, engineering, right-of-way, construction, utilities,
operations, and maintenance are unique to each project and local jurisdiction.
Default values cannot be provided for any costs incurred by local agencies due to
the varied magnitude of individual intersection designs, as well as different costs
specific to the location of a project. Local agencies have to provide a list of
anticipated costs, as well as the year in which the costs are anticipated to be
incurred. To calculate the present value of the costs, the year in which the cost is
incurred is required to acurately compare the costs to any anticipated benefits for
individual intersection designs. This is particularily important for recurring
maintenance costs for the duration of the functional life of the facility.

2.3.1.1. Development

The development of an intersection includes all aspects of planning, permitting,
preliminary engineering, public hearings, judicial, and regulatory review. To the
extent these costs have already been incurred, they are sunk costs and should not
be included in an analysis directed toward deciding among alternative
investments. Development costs that have not yet been incurred should be
included.
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2.3.1.2. Engineering

Engineering costs include those directly related to the project once it has been
defined. These costs are monetized by calculating the contract cost plus contract
administration if contracted —otherwise the fully-loaded agency cost is used.

2.3.1.3. Right-Of-Way

The agency cost of acquiring the land and access required for the right-of-way for
the project including legal, appraisal, and transaction costs.

2.3.1.4. Construction

Construction costs include the costs associated with building improvements, as
well as the cost of oversight and administration. Costs are monetized to include
contract costs plus contract administration.

2.3.1.5. Utilities

The expense for relocating utilities is a potential additional agency cost to include
in construction costs.

2.3.1.6. Operations and Maintenance

The cost of operating and properly maintaining and preserving the project over
time should reflect the optimal maintenance schedule given the expected use and
climate. Unlike the other types of agency costs noted above, operations and
maintenance costs are incurred throughout a project’s life cycle instead of prior
to and during construction. To monetize the cost, the present value of expected
cash flows is calculated for the appropriate time horizon.

2.3.2. USER COSTS

This section covers all of the costs and benefits for users of the intersection
including construction, user delay, reliability of delay, safety, and operating
expenses.

2.3.2.1. Construction Impacts

During construction, users are affected by changes in delay, operating expenses,
and the number of crashes. The monetization process requires an understanding
of the type of construction associated with each intersection design. The
monetization procedure for each of the individual costs are followed, if they are
applicable, based on the construction-related traffic interruptions.

2.3.2.2. User Delay at Intersection

Different intersection designs affect the amount of delay experienced by users.
Each user of the facility has a specific value of time for which travel time savings
can be monetized. Travel times associated with various intersection designs are
calculated from the changes in delay experienced by vehicle users during a given
period. Value of time is calculated differently by vehicle class—generally
vehicles are broken down into either passenger vehicles or commercial vehicles
carrying cargo. Passenger vehicle user delay is calculated using the number of
occupants and their associated values of time. To calculate the value of user
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delay for non-commercial vehicles, the number of occupants in the vehicles is
multiplied by the value of time of the occupants. Value of time varies for leisure
or commuter traffic as well as by the income level in an area. Commercial
vehicles carrying cargo need to place a value on the cargo in addition to the cost
of the wages for the driver. The carrying cost of the cargo is calculated by
multiplying the value of the cargo by an interest rate (consistent units must be
used; for example, a yearly interest rate could be converted to an hourly rate),
and is then multiplied by the change in user delay. User delay varies over time as
traffic volume changes; the present value of the users' value of time is calculated
for the expected time horizon of the facility.

To monetize user delay, a value must be assigned to users’ travel time based on
the opportunity cost associated with their time. Identifying the opportunity costs
of a user depends upon the nature of their travel—different modes of travel are
valued differently. The literature, including USDOT guidance (7) and the
AASHTO Redbook (1), relate a user’s value of time to their wage rate. Different
transportation modes and trip purposes are assigned a fraction of a user’s wage
rate.

There are different suggested data sources for wage rates to be used when
calculating value of time. The USDOT guidance suggests using the annual
median household income, then dividing by 2080 to obtain an hourly wage.
Median household income is available from the Bureau of Economic Analysis
(BEA) (8) for individual Metropolitan Statistical Areas (MSA). When applicable,
data should be used for the MSA where the project is located; if it is located
outside of an MSA, state-level data can be used as an alternative.

The AASHTO Redbook (1) breaks down average wages and total compensation
by industry using national averages. It is possible to obtain similar data at a local
(MSA) level through the BEA total wage per job dataset. The Redbook
recommends specific percentages (for example 50% of the wage rate for single
driver commuters) for each type of transportation mode and trip purpose. The
local agency needs to provide a breakdown of mode and trip purpose from their
travel model outputs. In cases in which mode split and trip purpose are
unknown, default values have been established by USDOT guidance.

2.3.2.3. Travel Time Reliability

Travel time reliability is defined as the day-to-day consistency of the travel time
or delay through an intersection experienced by a user. Unreliable travel times
impose costs on travelers because they have to budget additional time for travel
to ensure that they arrive at their destinations at their desired times.

There are several approaches to valuing reliability; these have been described in
a guidebook issued as part of the Strategic Highway Research Program (SHRP) 2
L17 project (9).

One approach is to estimate a reliability ratio: the ratio of the value of a standard
deviation of travel time reliability to the value of travel time itself. As reported in
the SHRP 2 L17 Guidebook (9), values of reliability obtained from various survey
methods vary considerably, but tend to center around the value of 1.0.
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An alternative approach to valuing travel time reliability is to use an options
theoretic approach for users on a specific link, or on the entire network. The
uncertainty in travel time is converted to an equivalent travel time “penalty” in
terms of the following: “How large an increase in delay would a traveler be
willing to accept in returned for a guarantee that the delay is no greater than a
given value?”

Both approaches to valuing travel time reliability require that the agency doing
the valuation be able to provide data on the standard deviation of delay for each
of the intersection designs being considered. If data on reliability are available,
the value-of-time data for users of the intersection can be used to assign a dollar
value to travel time reliability.

The recently completed SHRP 2 L08: Proposed Chapters for Incorporating Travel
Time Reliability into the Highway Capacity Manual provides methods and software
tools for estimating travel time distributions on urban streets, which include the
standard deviation of travel time (6).

2.3.2.4. Safety

Safety is a cost to users based on the number and severity of crashes for a given
intersection design. User safety is monetized by calculating the perceived costs of
crashes to users. There are three basic categories of crashes: fatality, injury, and
property damage only (PDO). Within the injury category, there are different
scales of severity that can be individually monetized. The number of crashes and
injuries changes over time based on changes in traffic volume. To monetize user
safety, the present value for the three categories of crashes is totaled annually for
each year of the time horizon of the project. To monetize fatalities, the Value of a
Statistical Life (VSL) is used for each occupant of the vehicle; VSL can vary based
on age and income levels of the users. Non-fatal and PDO crashes are assigned a
fixed cost per user based on the perceived cost and average insurance
reimbursement. In addition to the costs borne by those involved in the crash,
other users experience delay and reliability costs as a consequence of the incident
and of emergency response and cleanup activities.

The primary data input required to monetize safety is the crash frequency for
each intersection design for each year of the analysis period. Crashes are
categorized by the National Highway Traffic Safety Administration (NHTSA) on
the Abbreviated Injury Scale (AIS) from 0, PDO, to 6 for fatalities. The NHTSA
provides a conversion matrix if crashes are reported on the alternative KABCO
scale (10). The DOT provides guidance on how to monetize the VSL (11)—each
fatality is monetized at the DOT-recommended VSL—and crashes with non-fatal
injuries are monetized using a fraction of the VSL for each of the AIS levels.
Additionally, many state DOTs calculate costs for crashes of all KABCO severity
levels annually.

For PDO crashes, the NHTSA provides a recommended monetized value for
each vehicle involved in a crash (12). Default values for all crash types may be
overridden by the user.

Chapter 2 — Research Approach Page 30



NCHRP Project 03-110: Estimating the Life-Cycle Cost of Intersection Designs

2.3.2.5. Operating Costs

Operating costs are the out-of-pocket expenses perceived by users of the network
for the operation and ownership of their vehicles. Operating costs are affected by
changes in vehicle miles traveled (VMT), as well as user delay. Vehicle operating
costs include fuel, oil, maintenance, and tires; these vary by vehicle type.
Changes in operating speed and delay also affect operating costs to the extent
that they affect vehicle fuel efficiency or the number of times users must start and
stop their vehicles. For instance, two intersections with the same average speed,
but with differing average number of start and stops for vehicles, will have
different fuel consumption and, therefore, different operating costs. Changes in
VMT and user delay for the network must be calculated for the expected time
horizon of the facility before converting them to costs.

A number of operating costs can be monetized; most of these are marginal costs
associated with distance driven. There are also a few fixed costs of operation.
Operating costs related to driving additional distance are not likely to differ for
different intersection designs. Costs such as oil, maintenance, tires, insurance,
license fees, taxes, depreciation, and finance charges are not likely to be affected
by different intersection design alternatives. In most cases, users are likely to
travel the same distance regardless of intersection design—what can vary among
intersection designs, especially roundabouts compared to alternatives that
require stopping, is the fuel consumed as a result of stopping and accelerating
back to speed. The AASHTO Redbook (1) provides guidance on how to calculate
fuel consumption as a function of time stopped—gallons per minute of stop time
are provided by vehicle type and the free-flow speed of traffic.

The present value of future costs and benefits is calculated by assuming constant

“real”) dollars; hence, inflation is effectively factored in. If the price of a good is
expected to change relative to other goods in the future, the real price of the good
changes in the future and need to be adjusted when taking the present value.
This is relevant to operating costs because forecasts for the price of gasoline
predict real price changes in the future. The U.S. Energy Information
Administration in their Annual Energy Outlook for 2013 forecasts the price of
gasoline though 2040 (13). The real growth in the price of gasoline should be
factored into the present valuation of operating costs.

Operating costs could also be affected by fuel efficiency gains in the future. The
California Energy Commission in the 2011 Transportation Energy Forecast
predicts that fuel efficiency improves significantly in the future (14). Increased
fuel efficiency reduces operating costs in the future and need to be included
when calculating the present value.

2.3.3. NON-USER COSTS

Non-user costs are borne by travelers elsewhere on the network and by non-
travelers; these include delay, emissions, effects on business, right-of-way
acquisition, and public safety.
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2.3.3.1. Delay to travelers on other parts of the network

In extraordinary circumstances, such as a project that entails significant changes
to a single large intersection or a project dealing with intersection treatments for
an entire corridor, travelers elsewhere on the network may be affected by the
project under consideration. For instance, if delay is reduced for a large
intersection, some travelers that currently do not use the intersection could
change their routes so that they now travel through that intersection; this could
reduce congestion and delays on other sections of the network, but may also
increase congestion and delay on the intersection being studied. In such cases, it
may be necessary to re-code the highway network to account for the changed
travel times and re-run the assignment part of the travel demand model. Costs of
changes in delay to travelers on other parts of the network would then be
calculated in the same way as they are for users of the intersection. If the
assignment results in significant changes in demand to the intersection under
consideration, it may also be desirable to recalculate travel times or delays for the
intersection. VMT may also change; hence, calculations of emissions and other
costs related to VMT may also need to be taken into account.

2.3.3.2. Emissions

Society incurs a cost as a result of the emissions generated by vehicle operation.
The cost includes the effects of greenhouse gases on climate change and local
health effects of criteria pollutants as a result of vehicle emissions. Greenhouse
gases have the largest monetizable value. The cost is monetized using the
method outlined from the Interagency Working Group on Social Cost of Carbon.
Criteria pollutants are more complex to estimate and monetize—their impact is
minimal, except locally, and their value depends on the exposed population.

Changes in fuel consumption based on different intersection designs for all users
of the network are monetized for the analysis period using the methodology
outlined in the Interagency Working Group on Social Cost of Carbon. In the
technical support document Social Cost of Carbon for Regulatory Analysis, the cost
per ton is monetized through the year 2050 (15). The local agency is required to
input values for user delay as well as changes in VMT for the entire network
from a travel model for each of the intersection design possibilities.

2.3.3.3. Effects on Businesses

Businesses realize benefits and incur costs from different intersection designs,
usually due to changes in accessibility to the property. For example, installing a
traffic signal to allow protected left turns into a shopping mall parking lot might
result in more revenue and income for businesses in the mall, some of which
may be captured by the mall owner through higher rent.

Effects on businesses and costs of right-of-way acquisition vary by location;
hence, providing default values for these costs by location is not practical. If local
agencies have access to estimated effects on businesses or costs of right-of-way
acquisition, they are able to input the values specific to individual intersection
designs.
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2.3.3.4. Right-of-Way Acquisition

Right-of-way acquisition can result in costs to property owners or users in excess
of the market value paid in condemnation. Monetization techniques are unique
to the specific circumstances of any property condemnation. An example could
be for a dairy farm. The owner may be compensated for the market value of the
raw land taken for the right-of-way acquisition. The owner may not be fully
compensated, however, for the total business loss due to the condemnation. The
dairy farmer may also experience a reduction in milk production, due to
minimum required land to cow ratios, which was reduced as a result of the
condemnation. Another example is when a property owner loses an access point
to their property, but may not be compensated for the damage or business
interruption caused by the reduced access to the property. In other cases right-of-
way costs may include compensation above market value, relocation costs, real
estate agent fees, and agency staff time.

2.3.4. PUBLIC SAFETY

The main public safety costs (reductions) for different intersection designs would
be experienced through reduced response times for fire department and
ambulance vehicles. The improvements would be measured by calculating the
change in expected value of statistical lives saved as well as the change in
property damage resulting from fire.

There is limited literature that investigates the effects of public safety response
times on non-users (residents). The costs would vary by location and by the type
of public safety services offered. The lack of national studies offering data makes
it difficult to offer default values to monetize effects on public safety of reduced
response time. If a local agency has an estimate of changed costs, they are able to
input the values.
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2.4. USE CASES
2.4.1. INTRODUCTION

Use cases are detailed step-by-step descriptions of individual uses for a software
application that define the actors (i.e., which types of staff, managers, or decision
makers would be involved in each case), the information provided to the
application, the outputs from the application, and the definitions of a successful
outcome. In modern software engineering practice, development of use cases is
the first step in software design because the use cases set the performance
requirements for the software. The use cases developed for the LCCET set the
requirements for this tool.

There is no set format for writing use case descriptions. What is essential is that
the use cases be written in such a way that software developers clearly
communicate to the users the software developers’ understanding of what the
software is intended to do in each case and how it will do it. Use cases at a
minimum should contain the following:

e Overall description of the use case

e Actors, or the users for this use case

¢ Required inputs

e Outputs

e Step-by-step description of the actions involved (including any
alternative steps if the main path is not followed)

How the use case is written depends on the audience. Use cases are often written
for 1) the users of the software for each use case, and 2) the software developers.
The first is intended to communicate to the users the software developer’s
understanding of what the user wants; the second is intended to work as a
blueprint for the software developer and is written from the perspective of how
the software will carry out the steps. The use cases presented in this section
helped the team through the development of the tool.

2.4.2. FUNCTIONAL AREAS AND APPLICATIONS

The first step is to define the general functional areas and applications for the
LCCET. Table 2-5 lists the applications by functional area for the LCCET
including the agency types that are involved in each application.
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Table 2-5: Applications by functional area
Agency type
Functional State RTPA, City,
area Application DOT CMA county
Policy analysis, Budgeting for intersection improvements in ° ° —
roarammin overall work program
Eu d% eting 9 !Establish. funding policy to favor certain ° o —
intersection treatments
) Corridor study
Aree?-W|de or Rank alternative intersection treatments for
corridor -
analysis a corridor or area
Signal retiming study o
. Intersection upgrade (e.g., 2-way or 4-way o
Individual stop upgraded to signalized intersection,
intersection roundabout, or alternative form)
analysis Maintenance, replacement of signals ° —
Update default cost calculation parameters ° °
LCCET system (capital cost, O&M cost, travel time cost,

maintenance

reliability cost, crash cost, environmental
costs, etc.)

® = primary agency involvement

O = secondary agency involvement
Notes: DOT = Department of Transportation; RTPA = Regional Transportation Planning
Agency; CMA = Congestion Management Agency

2.4.3. USE CASE DESCRIPTIONS

Following is the primary set of use cases that the LCCET is capable of handling.

These use cases represent a broad range of reasonable uses for the LCCET.

2.4.3.1. Use Case 1: Programmingy/prioritizing/funding decisions across a
large area (state or MPO)

e Issues: Deciding on 1) the budget for constructing new intersections and
improving existing intersections (e.g., intersection redesign, signal

retiming, synchronizing signals along corridors),

improvements to fund.

e Actors: State or MPO planning staff, planning managers, and

policymakers (e.g., MPO board members).

e Steps:
Planning staff define alternatives to be analyzed in sufficient detail
to allow for estimation of cost, travel time, delay, and safety
performance measures.
Planning staff provide the following inputs to the LCCET for each
proposed new intersection, improvement, or corridor project (for
this case, only a single proposed design is assumed for each
intersection):

1.

a. Estimated project lifetime.

and 2) which
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b. Dollar valuations of travel time, stop delay, crashes, and
other performance measures.

c. Interest rate to be used for discounting future year costs and
benefits.

d. Schedules of capital costs and operating and maintenance
costs.

e. Effects on user measures such as travel time, delay, and
reliability using methods from the Highway Capacity
Manual (3).

f. Estimates of changes to crashes by severity using safety
performance functions or crash modification factors from the
Highway Safety Manual.

LCCET provides the following outputs for each proposed new
intersection, improvement, or corridor project:

a. Net benefits (present value of benefits minus present value
of costs).

b. Benefit-cost ratio for each project.

c. Echo individual performance measures provided to the
LCCET.

d. Measures of effectiveness such as dollar cost per hour of
travel time or delay saved.

Planning staff provide combined outputs from the LCCET to
develop net benefit and benefit-cost ratios for investment
alternatives. Planning staff rank project alternatives by benefit-cost
ratios. Planning staff repeat use of LCCET tool for different values of
travel time, crashes, and other performance measures to test
robustness of rankings to different valuations. Rankings and basis
for rankings presented to planning managers.

Planning managers present results to executive director and board.

2.4.3.2. Use Case 2: Establish funding policy to favor certain intersection

treatments

Issues: Determining whether funding policy should favor certain types
of intersection improvements over others.

Actors: State or MPO planning staff, planning managers, and
policymakers (e.g., MPO board members).

Steps:

1.

Planning and engineering staff define set of typical intersection types
and define alternative intersection treatment policies (e.g., signals,
roundabouts, alternative forms). Specify proportions of each type of
intersection.

Planning staff provide the inputs to the LCCET for each type of
intersection treatment as in Use Case 1.

LCCET provides the following outputs for each proposed new
intersection, improvement, or corridor project:
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5.

a. Net benefits (present value of benefits minus present value of
costs).

b. Benefit-cost ratio for each project.

c. Echo individual performance measures provided to the LCCET.

d. Measures of effectiveness such as dollar cost per hour of travel
time or delay saved.

Planning staff provide combined outputs from the LCCET to

develop net benefit and benefit-cost ratios for alternative intersection

treatments. Planning staff rank project alternatives by benefit-cost

ratios. Planning staff repeat use of LCCET for different values of

travel time, crashes, and other performance measures to test

robustness of rankings to different valuations. Rankings and basis

for rankings presented to planning managers. Net present value of

each policy alternative is a weighted sum of net present values for

each intersection type based on proportional representation of

intersection types.

Planning managers present results to executive director and board.

2.4.3.3. Use Case 3. Corridor study

Issues: Determining benefits and costs of intersection improvements

along a corridor.

Actors: State, MPO, or local planning staff; agency planning and

engineering managers.

Steps:

1.

Planning and engineering staff define intersections along corridor

and types of improvements to be made. There may be one or more

alternatives for intersection treatments along the corridor.

Planning staff provide the inputs to the LCCET for each type of

intersection treatment, as in Use Case 1, based on analyzing the

corridor as a system of intersections.

LCCET provides the following outputs for each corridor alternative:

e. Net benefits (present value of benefits minus present value of
costs).

f.  Benefit-cost ratio for each project.

g. Echo individual performance measures provided to the LCCET.

h. Measures of effectiveness such as dollar cost per hour of travel
time or delay saved.

Planning staff provide combined outputs from the LCCET to

develop net present value and benefit-cost ratios for each corridor

alternative. Planning staff rank corridor alternatives by net present

value and benefit-cost ratios. Planning staff repeat use of LCCET for

different values of travel time, crashes, and other performance

measures to test robustness of rankings to different valuations.

Rankings and basis for rankings presented to planning managers.
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5. Planning managers present results and recommendations to
executive director and board.

2.4.3.4. Use Case 4. Signal retiming study along corridor

e Issues: Determing benefits and costs of one or more signal retiming
schemes along a corridor.

e Actors: Same as for Use Case 3.

e Steps: Same as for Use Case 3. Alternatives consist of base case
(current signal settings) and one or more retiming alternatives.

Note: This differs from most traditional signal retiming studies in that benefits and costs
are assessed comprehensively (i.e. travel times and delays are not the sole criterion for
ranking alternatives).

2.4.3.5. Use Case 5: Signal maintenance, replacement, upgrade

e Issues: Determing least-cost approach to maintaining signals along a
corridor as opposed to replacing them with signals or alternative
geometric designs .

e Actors: Local traffic engineering staff and managers.

e Steps:

1. Engineering staff define alternate schedules of maintenance, signal
replacements, or alternate intersection treatments to compare to costs
of maintaining existing system to replacement.

2. Engineering staff provide the inputs to the LCCET for each
alternative (maintenance, replacement) as in Use Case 1.

3. LCCET provides the following outputs for each alternative:

a. Net benefits (present value of benefits minus present value
of costs).

b. Benefit-cost ratio for each project.

c. Echo individual performance measures provided to the
LCCET.

d. Measures of effectiveness such as dollar cost per hour of
travel time or delay saved.

4. Engineering staff make recommendations on maintenance vs.
replacement to budgeting officials (city or county administrative
officials with budgeting authority).

2.4.3.6. Use Case 6 — Analysis of alternative designs for a single
Intersection or a corridor

e Issue: Determine which types of designs provide the greatest
benefits per dollar spent.

e Actors: Design engineers, operations engineers, and department
managers (or whoever makes the actual spending decision).
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Steps:

1. Engineers develop design alternatives for intersection.

2. Engineers provide the inputs to the LCCET for each design
alternative as in Step 2 of Use Case 1. Note that a number of the
inputs such as dollar valuations of performance measures and
discount rates will be the same for all use cases.

3. The LCCET tool provides the outputs listed in Step 3 of the
previous use case for each intersection design alternative.

4. Engineers rank alternatives by benefit-cost ratios. Engineers also
conduct sensitivity tests of rankings to different valuations of
performance measures.

5. Engineers present recommended design alternative to

department head for approval and scheduling.

2.4.3.7. Use Case 7 — Software maintenance: update standard cost
parameters

Issue: Update standard cost parameters used for benefit-cost
calculations (e.g., unit capital costs, travel time cost, reliability cost,
environmmental cost, crash cost).

Actors: Analysts (engineers and planners) who maintain the LCCET

for their agency.

Steps:

1.

Analysts develop new cost parameters from past experience or
literature.

2. Analysts input new cost parameters.
3. LCCET checks new parameters for consistency and verifies
changed values.
2.5. AGENCY INTERVIEWS

2.5.1.1. Findings

This section provides a summary of the findings from interviews of public
agencies. The purpose of the interviews was to identify possible additions to or

modifications of the use cases described in the previous section and to

understand current agency practices on intersection improvements including the

following:

Project prioritization

Data used to evaluate alternative intersection treatments
Type of intersections considered

Funding allocation process

Current life-cycle cost evaluation practices

Final Report
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The research team asked those persons interviewed if a tool like the Life Cycle
Cost Evaluation Tool (LCCET) would be useful for their jurisdiction and, if so,
what attributes of such a tool would be most useful. Their responses were used
to guide the subsequent development of the LCCET. Some agencies indicated
that they would be willing to participate in beta testing of the LCCET.

The agencies interviewed represent a wide range of agency types (state, regional,
local), area types (urban, suburban, rural), and sizes. The specific feedback
received from each agency is presented in Appendix A.

The Table 2-6 provides a summary of the agencies interviewed, the agency and
area characteristics, the agency’s current practices, and the agency’s possible
interest in reviewing the LCCET. The following are the main findings of the
interviews:

e Current intersection evaluation practices vary widely by jurisdiction.
Most prioritize improvements based on some combination of
addressing congestion issues, known locations of high crashes,
and/or responding to public concerns. Some agencies use signal
warrants in the Manual on Uniform Traffic Control Devices
(MUTCD) (16). Others have developed formal evaluation practices
based on goals such as safety.

e Nearly all agencies consider the upfront initial capital improvement
costs when evaluating alternative intersection treatments. Some
agencies consider costs of alternatives through a horizon year. Of the
agencies that consider longer-range costs, nearly all include
operation and maintenance costs.

e Operation and maintenance costs are difficult for agencies to
quantify because the cost to maintain an individual intersection is
often lost in aggregated agency budgets.

¢ Some agencies consider the societal costs of crashes, emissions, etc.
when evaluating alternatives, though these costs are typically used
as informative values.

e There is no clear relationship between the type of analysis or types of
costs that are considered. In addition, no clear trends are apparent
that link agency type, demographics, or population size to a decision
on whether or not to conduct a life-cycle cost analysis.

e Most persons interviewed expressed a desire to conduct more life-
cycle cost evaluations. Typical barriers to implementing such
evaluations were lack of a policy dictating such an analysis, limited
data, and lack of a simple, consistent evaluation approach.

e Most interviewees saw a use for a tool like the LCCET. Some saw the
tool as a good way to estimate unit cost values. Others saw the tool
as a way to implement a more robust benefit-cost evaluation policy.

The capabilities built into the LCCET exceed the requirements of current agency
practice in several respects:

Chapter 2 — Research Approach Page 40



NCHRP Project 03-110: Estimating the Life-Cycle Cost of Intersection Designs

e None of the agencies interviewed carry out a comprehensive benefit-
cost analysis of intersection treatments. For example, some agencies
consider only safety, others consider only delay; and one agency that
was interviewed considers only air quality improvements. No
agency considers full life-cycle costs and benefits.

e  With the exception of one agency interviewed (PennDOT), none of
the agencies interviewed consider the full net present value of
benefits and costs over the complete lifetime of an intersection
treatment.

2.5.1.2. Implications for use cases

The use cases defined in Section 2.4 cover all actions involving intersection
treatments by the public agencies that were interviewed. Hence, the interviews
did not identify any additional use cases that need to be considered.

If anything, the use cases identified are more comprehensive than the range of
practices identified in the agencies interviews. In particular, Use Case 1,
Programming/prioritizing/funding decisions across a large area (state or MPO),
does not appear to be a practice of any of the agencies interviewed. This may
either reflect that none of the people interviewed were at a sufficiently high level
in their agency to deal with these types of decisions, or that decisions on
intersection treatments are generally carried out at an individual intersection or
corridor level, and comprehensive programming and budgeting for intersection
treatments at a high level may be the exception rather than the rule

Final Report
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Table 2-6: Summary of agency interviews
Types of
intersection Currently consider full Interest
Agency, level, Agency type, Person(s) treatments life cycle costs and in
department area covered interviewed considered Funding criteria benefits? LCCET?
Caltrans State DOT. Minh Lee (Dist. 04) Signals, Capital cost vs. value of safety Capital costs, but not O&M Yes
(Safety), District and Katie Yim (Dist. 04) roundabouts  improvements. All intersections costs. Crash reduction
district, state HQ. Large ' with significant crash history costs considered over
HQ population Robert Peterson (HQ) funded. project lifetime.
Maryland State  State DOT Jeff Wentz (Dist 2) Signals, System preservation and safety  Yes, typically request Yes
Hwy Admin District, rural roundabouts  improvement index. Operational  consultants include life
Dist. 2 area improvement considered if analysis in reports.
funding available.
Utah DOT State DOT. W. Scott Jones Signals, Capital, O&M, safety, delay Capital costs, crashes, and Yes
(HQ) Small roundabouts, reduction. vehicle delay.
population interchanges
Pennsylvania State DOT, Jeff Bucher Signals, Capital, O&M, safety. Currently Yes Yes
DOT large roundabouts  testing life cycle costing tool for
population PennDOT and Virginia DOT.
Metropolitan MPO, large Vamsi Tabjulu Signals Capital costs. Priority for No Yes
Transportation  urban area maintaining existing system,
Commission state-owned signals.
(San
Francisco)
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Types of
intersection Currently consider full Interest
Agency, level,  Agency type, Person(s) treatments life cycle costs and in
department area covered interviewed considered Funding criteria benefits? LCCET?
Monterey Bay Regional air Alan Romero Signals, Capital costs, cost per ton of No Yes
Air Pollution pollution roundabouts  reductions in criteria pollutant
Control District  control district emissions. Work with local
agencies. Funding limit per
intersection.
Ada County County, Andrew Cibor Signals, Capital cost, delay cost, Yes, provide different level Yes
(ID) medium size roundabouts  environmental costs. of detail based on
urban area complexity of project.
Deschutes County, rural Chris Doty Signals, Capital cost, O&M cost Rely on consultants to Yes
County (OR) area roundabouts  (sometimes), safety provide relevant
improvements. information.
Washington County, large Stacy Shetler Signals, Statewide safety index, No Yes
County (OR) suburban area roundabouts  operational improvements, local
jurisdiction input.
Broward County, large Richard Tornese Signals, Crash reduction, congestion, Life cycle costs typically Yes
County (FL) urban area roundabouts, community input. considered for large
grade structures. No specifics for
separation intersection projects.
City of City, large Bob Bryson Signals Budget for 2 new signals per No Yes
Milwaukee (WI) population year (CMAQ). Use warrants,
traffic volumes, crash history.
Municipality of  City, medium Stephanie Mormilo Signals, Cap_ltal costs, d_el_ay,f Salety' Typically considered Yes
Anchorage population roundabouts ~ €aUIty, connectivity for all users, o 5jitatively.
(AK) and snow impacts.
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CHAPTER 3 A GUIDED TOUR OF THE LIFE-
CYCLE COST ESTIMATION TOOL

This chapter provides a guide to using the Life-Cycle Cost Estimation Tool
(LCCET). Section 3.1 provides an overview of the LCCET, its contents, and how
to use the tool. This is followed by several sections that describe in more detail
the individual worksheets within the LCCET. Section 3.2 describes the
worksheets that contain information on the LCCET itself and on the particular
projects for which the LCCET could be used. Section 3.3 describes the parameters
worksheets; these contain parameters that are used across all alternatives being
analyzed, such as discount rate and value of time. Section 3.4 describes how data
on the alternatives to be analyzed are entered into the LCCET. Section 3.5
describes the outputs produced by the LCCET.

Note: During the development of this tool, Microsoft issued software updates for
Microsoft Excel that affect the operation of the macros in the tool. For the
LCCET to function properly, users must have the most recent Microsoft Excel
updates installed on their computer. Additional information regarding these
updates and a link to access the updates is provided in Appendix B.

3.1. OVERVIEW

3.1.1. ORGANIZATION OF THE LCCET

The LCCET consists of a number of individual worksheets as shown in Table 3-1.
¢ Introduction worksheet — This sheet provides an overview of the
LCCET, the TRB disclaimer, a description of the color scheme using
throughout the tool, and a brief description of each worksheet.

e OrganizationInformation worksheet — This sheet summarizes
information on the organization and the project name.

e CostParameters worksheet — This sheet summarizes the costs that
will be consistently applied across all project alternatives. This
worksheet contains default values for all costs. These default values
may be overridden by the user to reflect values that are more
realistic for the location.

¢ GHG.Costs worksheet — This sheet provides parameters for
greenhouse estimation. Greenhouse gas costs reside on a separate
sheet because most estimates of the social cost of greenhouse gases
vary by year; and current federal standards prescribe a fixed
discount rate for greenhouse gases, which may vary from the
discount rate used for other costs in the LCCET.

¢ DemandParameters worksheet — This sheet details the flow profiles
applied to all alternatives by mode. The purpose of this sheet is to
convert peak hour data provided by the user into annual values so
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that various inputs are in a consistent format. This contains default
values for demand profiles, which may be overridden by the user.

e Alternatives_MasterList Worksheet — This sheet is used to manage
alternatives. This allows the analyst to add or remove alternatives
and sets up the basic sheet titles.

e BaseCase worksheet: This worksheet contains costs for the base case
and are used to establish a reference point for calculating benefits.

e Alternatives worksheets: Costs for each alternative other than the
Base Case are entered in a separate worksheet for each alternative.

e Outputs worksheet: This sheet is used to compile the summary
information within the Net Present Value Table for each alternative.
This sheet provides a plot of the results and a comparison.

e Auxiliary worksheets: These worksheets maintain information that
is used by the Excel macros in the LCCET. These sheets should only be
modified if the user is familiar with the VBA routines used in the LCCET.

Incomplete modifications will cause the LCCET to not function properly.

Table 3-1.

Worksheets in LCCET

Worksheet name

Purpose

Introduction .

Introduction and overview to LCCET
List of worksheets and their functions

OrganizationIinformation o

Agency information
Project information

CostParameters e Discount rate for benefit-cost analysis
e Unit costs: value of time, cost of crashes, etc.
GHG.Costs ¢ Discounted unit costs of greenhouse gas
emissions
Demand parameters ¢ Demands and vehicle occupancies for opening

year, end year, and any interim years

Alternatives_MasterList

Master list of all alternatives, with brief
descriptions
Allows user to add or delete alternatives

BaseCase e Cost information for base case: i.e., the reference
alternative

Alternative_1 ... n e Cost information for alternatives 1 to n

Outputs e Tabular and graphical summary of results

Auxiliary worksheets e Sheets with supplementary information for

NumericValues
UserSelections
FormulaTemplates
Messages

running the LCCET program code. These sheets
should not be modified unless the user is familiar
with the VBA routines used in the LCCET.

Final Report
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1.

3.1.2. USING THE LCCET

The following is a brief overview on how to use the LCCET:

In the OrganizationInformation worksheet enter the organization and

project information.

Set up the cost parameters in the CostParameters worksheet.

If user-defined values for greenhouse gas emissions are to be used, enter

the values in the GHG.Costs worksheet.

Enter demand information in the DemandParameters worksheet. Run

the macro to set up the sheet by clicking the| Create Demand Profile

button on the sheet.

Define the alternatives in the Alternatives_MasterList worksheet by

clicking on the Add Alternative button and entering the information for

each alternative in the table.

For each alternative:

6.1. Go to the worksheet for that alternative.

6.2. Enter the year information in the top part of the worksheet.

6.2.1. Note: The year information entered on the alternative
worksheets needs to have a corresponding entry on the
demand parameters worksheet.

6.3. Click the Setup Worksheet button to set up demand information
for the alternative.

6.3.1. Note: The calculations for each alternative WILL NOT WORK
unless each alternative worksheet is set up properly by clicking
the Setup Worksheet button.

6.4. Enter information on costs, travel times/delays, safety, and
emissions for the alternative.

When information for all alternatives has been entered:

7.1. Go to the Outputs worksheet.

7.2. Click on the Compile Analysis Summary button on the worksheet.
This will create a table of costs and benefits for each alternative as
well as a graph that gives a side-by-side comparison of the net
present values of costs for each alternative.

The following sections discuss the individual worksheets in the LCCET in more
detail.

3.2. INFORMATION WORKSHEETS

3.2.1. INTRODUCTION WORKSHEET

The introduction worksheet (Figure 3-1) provides an overall guide to the LCCET.
The legend section shows the color scheme used throughout the LCCET. This is
followed by a listing of the worksheets in the LCCET and their functions.
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Figure 3-1. Introduction worksheet

3.2.2. ORGANIZATION INFORMATION WORKSHEET

The organization information worksheet (Figure 3-2) is used for reference
purposes only. Any additional documentation may also be entered in this
worksheet.

1 Organization Information
2

. |

B
This sheet provides general project information for
reference purposes only.

3

4 Organization Information

5 Agency: Anywhere USA Department of Transportation
6 Project Name: 1st Street and John Avenue Alternatives
7 Project Reference: 12345 ) : :

8 Location: 1st Street and John Avenue Intersection
9 City: (City of Anywhere

10 state: State of Anywhere

11 performing Department or Organi Transportation Department

12 Date: 2014-09-22

13 Analyst: Jwe

Figure 3-2. Organization information worksheet

3.3. PARAMETERS WORKSHEETS

3.3.1. OVERVIEW

The parameters worksheets include the following:

Final Report
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e (CostParameters
e GHG.Costs
e DemandParameters

These worksheets provide information that is used to estimate the costs for all
alternatives. Each parameters worksheet provides default values based on
national data, but the user may override these values.

3.3.2. COST PARAMETERS WORKSHEET

The CostParameters worksheet is shown in Figure 3-3. This provides the unit
cost data that are used to calculate costs for each alternative.

+ Graer

[r e ——

Uniar esinadl eatngories

Figure 3-3. Cost parameters worksheet

The worksheet includes the following sections:

e Base year for discounting. All costs in the LCCET will be discounted to
this year. The base year will typically be the year in which the analysis is
done. Another way to determine the base year is to set it to the earliest
year in which planning and construction begins for the alternatives.

e Discount rate. The discount rate is the interest rate that is used to
discount all costs to present value. The discount rate is typically set to
the marginal real return on capital (i.e., exclusive of inflation) plus a
factor to cover risk. The recommended discount rate from the U.S. Office
of Management and Budget for long-term capital projects between 2005
and 2012 has varied between 3% and 4% (17).

e Value of time. The value of time represents the average tradeoff that
travelers are willing to make between travel time and costs. The current
recommended value of time by USDOT for passenger trips is half the
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value of the hourly wage rate (18). The default value is based on the
national average hourly wage rate, but the user may override this value
to reflect the average hourly wage rate in a specific metropolitan region.
Available evidence on value of time suggests that the value of time for
non-work trips may be lower than the value for work trips; hence, the
user may choose to set a different value of time for off-peak trips.

The recommended value of time for trucks is 100 percent of a truck
driver’s hourly wage (18). The default value is set to the national
average, but the user may override this to more accurately represent
local conditions.

e Crashes. The user may choose among several categories for defining
crash costs: KABCO (five types of crashes rated by severity); fatality,
injury, or property damage only (three types of crashes rated by
severity); total crashes; or a user-defined set of categories. Default values
are provided for the first three categories; these may be overridden by
the user.

¢ Greenhouse gases. These are the unit costs of greenhouse gas emissions
in dollars per metric ton of CO2 equivalent emissions. The default values
for greenhouse gas costs are the current federally recommended values,
but the user may override these. Greenhouse gas costs are contained in a
separate worksheet—GHG.Costs (Figure 3-4) —because greenhouse gas
costs typically vary from year to year and a separate discount rate is
used. Note also that the GHG.Costs worksheet provides a means for the
user to convert greenhouse gas costs into current year dollars using
consumer price indices (CPI). CPI data can be obtained from the Bureau
of Labor Statistics web page (19).

o Criteria pollutant costs. The unit costs of criteria pollutants may be
provided by the main pollutant types, or the user may also define the
categories to be used. Default values are provided for the main pollutant
types, but these may be overridden by the user.
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A [ c [’ 3 F G H
1 Greenhouse Gas Costs

This worksheet is used to provide discounted greenhouse gas costs. The default values in this sheet
represent the latest values from the federal government as put forth in Executive Order 12866. Note that
the diszount rate for greenhause gases may differ from the discount rate used for ather casts in the life

3 cvele cost analysis.
4
5 GHG cests should ba in the same year dellars as the cests In the CostParameters sheet.
&
7 Exec order 12866 User defined
8 Yeor of valuation 2013
9 CPI for year of valuation 233.548
10 CP1for base year: 2014 236.384
11 Annual growth rate 0019
) i gases are di d sep ly because a
13 Discount rate = differant discount rate may be ussd
13
14
15
16
17
Spot costs in dollars i i
18 {fram agancy sourca) Discount factor for base year: 2014 |Discounted cost to base year: 2014 in 20145
Year T T
18 Exec order 12866 User defined| Exec order 12886 User defined Exec order 12866 User defined|
20 204 S-i'IU.UUI 525,00 1.000| 540.49)
21 2015 $42.00 520,00/ 0.971 $41.27]
22 2016 $43.00 $15.00 0.943 $41.02
23 am7 544.00/ 0.915 540.76)
24 2018 $45.00/ 0.8R8 540.47)
25 2019 $06.00 0.863 540,16
6 2020 547.00 0.837] 539,84
r 2021 548,00 0.813 539.50)
8 2022 £49.00 0.769| 530,15
29 2023 $50.00 0.766| 538.79)
30 024 $51.00/ 0.744| 538.41
W Intreduction -~ Organeationidoimation ComtPanmeters | GHG.Costs  Demandrwameters - A ; Masterl s At outputs ol

Figure 3-4. Greenhouse gas costs worksheet

3.3.3. DEMAND PARAMETERS

3.3.3.1. Overview

The DemandParameters worksheet provides for the input of total traffic demand
entering the study area. As noted in Chapter 2, the LCCET is designed to be
flexible with respect to the configuration of the system being studied. A cordon
line should be drawn around the entire system being studied such that the traffic
demand within the cordon is the same across all alternatives. For a single
intersection, the total traffic demand is the sum of the demand on all approaches
to the intersection. For multiple intersections being studied as a system, the total
traffic demand is the sum of all demands entering the system at the cordon line.

Demands are broken down by hour of the year to allow calculation of hour-by-
hour average travel times (or delays) through the intersection. All values can be
overridden by the user. An overview of the DemandParameters worksheet is
shown in Figure 3-5. The DemandParameters worksheet contains the following
sections:

e User inputs: These are required or optional user inputs that are
described in more detail in Section 3.3.3.2 below.

e Demand profiles: Default demand profiles are provided by facility type
by month of year, day of week, and hour of day. These are used to
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convert Average Annual Daily Traffic (AADT) input by the user to
hourly demands. The user may override these profiles if so desired.

¢ Hourly demand: Hourly demands are calculated from AADT and the
hourly demand profiles.

[ R e |
Lo ] e i - 0-08
- €——— User inputs

& Demand profiles:
e By weekday

e By month

e By hour

Hourly demand

Figure 3-5. Demand parameters worksheet: overview

The demand profiles are set up as follows:

1. Enter the user inputs as described in Section 3.3.3.2 below. User
inputs include selecting a facility type; the demand profiles for that
facility type will be used to create hourly demands.

2. (Optional) If specific local information on hourly demand profiles is
available, the user may override the default profiles provided in the
sheet.

3. (Optional) The user may elect to run an adjustment procedure so
that the hourly profiles match the peak hour demands that were
used for operations analysis of the intersection.

4. Click on the Create Demand Profile button to create hourly demand
profiles for the selected years.

3.3.3.2. User inputs

User inputs consists of two subsections. The first subsection (Figure 3-6) provides
for defining the peak periods; these are the times of day during which the peak
period value of time will be applied.

This subsection also includes an option for adjusting the demand profiles so that
the peak hour demand from the demand profile matches the demand used to
calculate the travel time (or delay) measures through the study area as part of the
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operations analysis. If the adjustment is applied by selecting “yes” in the box, the
table shows the results of the adjustment.

Paak Houra and Faciity
Profils
Puak Wawhday T
Pasiod From Te
AM seak 7400 AM S00 AN
Enter peak peviod begin L sl
prlgiiarideal P peak a00PM &:00 PN
| Weekend peak 100 A 2,00 PhE
Salect Arabyii Rasii: | Saeote baymerth - Wiswhday Count: [Wednesday, May 14, 2014 Eamer daves o “mened vy
Wankend Coen: [Saturday, May 17, 2014 Enn
Sedoct Faciliny type: | Raral Mise Astars -

ryections of varying facilities select the roadway that will be mare represertatie of the volume, o isterpolate between

Vehuree Adjustrnt

Weekend Adustment:

A0 peak hour:

PM peak hour:
Weekend peak hour:
Speilic Weskilay Dady
Tratfic:

Ad]ust hourky volume
profile to input peak
hour velures (Vas/Ne)?

Figure 3-6. Demand parameters worksheet: peak period definition
and adjustments

The second subsection of user inputs (Figure 3-7) contains the demands that are
used to calculate the demand profiles. The data entered in this section apply to
the total of all flows entering the study area at the cordon line.

Year

Uity Vear 1 Ve 7 Year 3 Yeard Year s Vear 6 Year 1 Vew & Year 9 Ve 10
appeoaches)
05 2005
Average annual dally
g weh/dar u.kas 12
traffic [AADT) . " i o
AM peak hour valume. wh/h 1000 13000
M gk hour volume h it 1,000 1.30a]
e
Bavemngere par vl 11 13
Swrage s 208 25%
Tramsit passengers per —
o 100, 120
vear i
Enewal cyclists Cyetists per year 100, 130
Ancwal pedestrians Fedestrions per year 100) 140
Click button when|
ears are entered to|
L Creats Damand Profile This buttom sheuld be pressed sny time changes are mac to the values above. This button creates & Tyeical” snnual profile in rows 167 and be
set up caleulations sedeirttotederilpah o Lo 2
tables:|

Figure 3-7. Demand parameters worksheet: demands and setup

Demands are input separately for each analysis year. Demand data will typically
be derived from a travel demand model—especially for future years—although
other methods can also be used to derive demands for future years. At a
minimum, demands must be specified for each of the following years:

e Opening year: This is the year that an alternative begins operating. It
may happen that different alternatives may have different opening years
such as, for example, in the case that one or more alternatives have
longer construction periods. In such cases, demands must be specified
for each different opening year.

End year: This is the end year, or the assumed lifetime of the alternative.

In many cases all alternatives will be assumed to have the same end year.
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But, in each case where an alternative has an end year that is different
from other alternatives, demands must be provided for the end year for
that alternative.

Demands may optionally be specified for one or more interim years between the
beginning and end year. Yearly demands may be specified in any order in the
DemandParameters worksheet, although for documentation purposes it may be
better to specify demands in chronological order.

If interim years are used, these should be entered in chronological order.
Uniform exponential growth is applied between all user-specified years.

The following bullets defines key terms used in the worksheets:

e AADT: Annual average daily traffic through the intersection in vehicles
per day.

e AM and PM peak hour volumes: These are the volumes that were used
in the traffic operations analysis. These volumes must be the same as the
volumes that were used to calculate intersection travel times or delays.

e Weekend peak hour volumes (optional): These may be specified by the
user if weekend demand is expected to differ significantly from a typical
demand profile.

e Average annual % trucks: Average percentage of trucks in the
intersection. This percentage is used to calculate truck travel volumes,
which are used in combination with truck value of time to calculate user
time costs for truck traffic.

¢ Annual transit passengers (optional): To be entered if user time costs for
transit passengers are to be included in the user cost calculations.

e Annual bicyclists (optional): To be entered if user time costs for cyclists
are to be included in the user cost calculations.

e Annual pedestrians (optional): To be entered if user time costs for
pedestrians are to be included in the user cost calculations.

3.3.3.3. Modlifying demand profiles

The demand profiles provided in the DemandParameters sheet represent
national averages based on facility types. The user also has the option to modify
these profiles to reflect local conditions or to incorporate local traffic count data.

3.3.3.4. Creating demand profiles

After demand data have been entered for each analysis year, click on the Create
Demand Profile button. This will run an Excel macro that will calculate hourly
demands throughout the year. These demands will be used in the user travel
time cost calculations for each alternative.
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3.4. ALTERNATIVES
3.4.1. OVERVIEW

The Alternatives worksheets are where characteristics of the individual
alternatives are defined. Data for an individual alternative are entered in a
worksheet that is specific to that alternative. The alternatives to be defined are
managed through the Alternatives_MasterList worksheet. This worksheet is used
to add, and, if necessary, delete, alternatives.

3.4.2. BASE ALTERNATIVE

The base alternative represents a special case against which all other alternatives
are referenced. For example, the user travel time benefits for an alternative are
equal to the user time costs for that alternative minus the user time costs for the
base case; if an alternative has a lower user time cost than the base case, that will
represent a positive benefit.

The base case typically, but not always, represents a “do nothing” case. An
example could be the current intersection configuration carried into the future.
Alternately, the base case may include changes to the intersection that have
already been programmed.

3.4.3. ALTERNATIVES MASTER LIST

The Alternatives_MasterList worksheet is shown in Figure 3-8. This worksheet
maintains a list of alternatives to be analyzed.

[T T |
L T 4 r i 1 M3 = B =
’ (]
Alternatives Master List This shest is used to manage the alternatives
3
-t Add Alternative Delete Alternative
Altermatives

| Shart Name. | Dieserigrion | Nores
Bao Cas (A 1t
Frotimed signal [Fretimes signal not cooeainated with other signals on corridor

Figure 3-8. Alternatives_MasterList worksheet

To add a new alternative:

1. Click on the Add Alternative button. This will create a new
Alternative worksheet.
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2. Define a short name for the alternative in Column B of the
worksheet.

3. Enter a description of the alternative in Column C.

4. Optionally, the user can add informational notes for each alternative.

Repeat these steps for each new alternative.

The Alternatives_MasterList also allows the user to delete an alternative if
desired. To delete an alternative:

1. Click on the Delete Alternative button.
2. In the checklist that appears, select the alternative to be deleted.
3. Click on the Submit button to complete the deletion.

3.4.4. ALTERNATIVES WORKSHEETS

3.4.4.1. Overview of alternatives worksheets

Inputs for each alternative are contained in separate worksheets labeled
Alternative_n, where n is the alternative number. Figure 3-9 presents an
overview of the worksheet for an alternative.

qTT PR s
_l-l

<€— Summary NPV by cost type

€ User inputs

m—

Figure 3-9. Overview of worksheet for alternative

There are three main sections in this worksheet:

¢ User inputs. Inputs provided by the user.

e Summary NPV by cost type. Summary of the net present value of costs
by type.

e Background calculations. User travel time costs are calculated on an
hour-by-hour basis throughout the year. This section contains the
background calculations for these costs. This section should not be modified
by the user without a thorough understanding of the VBA code.
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A detail of the user inputs worksheet is shown in Figure 3-10. The following are
the user input sections, discussed separately below:

(=

=]

Analysis years

— Planning & construction costs

Operating and maintenance costs

~— __—Demand & travel time / delay

<
=———— lé_"_’Emissions
%_ Ei"é'_—“:——Crashes

Figure 3-10. User inputs detail

e Analysis years — Specifies for the alternative (a) the earliest year that
planning or construction begins, (b) the opening year, (c) the end year,
and (d) optional interim years for which demand and travel time/delay
data are available

¢ Planning and construction costs

e Operating and maintenance costs

¢ Emissions — Greenhouse gases and criteria pollutants

e Crashes — Forecasts of crashes in the analysis years

3.4.4.2. Setting up the alternatives worksheet

The first step in setting up the analysis sheet is to define the analysis years as
shown in Figure 3-11.

Planning & construction period Begin planning & construction

Oparating period Interien year 2

Interim year 3

End year

Workshest setup Setup Worksheet |

Figure 3-11. Alternative worksheet, user inputs: analysis years and
setup

The following years must be specified:

e Begin planning and construction: The earliest year that planning and/or
construction begins for the alternative.
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e Opening year: The year the alternative begins operation.

e End year: The horizon year for the analysis of the alternative. Usually
this year is equivalent to the assumed end of the lifetime for the
alternative.

In addition, the user may specify one or more interim years for which demand
and travel time/delay forecasts are available for the alternative.

Once the years are specified, click on the Setup Worksheet button. This runs an
Excel macro that checks for the following;:

e Years specified by the user must meet the following criteria:

0 The “begin planning and construction” year must be the same as
or later than the base year specified in the CostParameters
worksheet

0 Opening year must be the same as or later than the “begin
planning or construction year”

0 End year must be later than the opening year

0 Any interim year must be greater than the opening year and less
than the end year.

¢ Demand data in the DemandParameters sheet must be present for the

following:
0 Opening year
0 End year

0 Allinterim years that were specified

If one or more of these criteria is violated, the macro will stop running and an
error message will be displayed.

When the macro completes running, formulas will be set up in the Background
Calculations section for use in calculating user time costs. A window will display
a message that the setup ran successfully.

3.4.4.3. User inputs

Once the Setup Worksheet macro has been successfully run, the user must
provide inputs as described below.

Planning and construction costs

Planning and construction costs are entered in the section shown in Figure 3-12.
The table provides suggested categories for planning and construction costs; this
is not intended to be a comprehensive list. Additional lines are provided for cost
categories that the user may define. To enter costs for a new category, simply
enter the name of the cost category in the left-hand column and then enter the
costs in the appropriate cells to the right.

The worksheet provides for a planning and construction period of up to five (5)
years.
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Maning hoonwtractionywerl)
B SO 2015 2016 2017 2018 2019
#lanning, design Dollars
Survey Dollars
Fight of way Dallars
Equipment, signs Dollars
Utilities Dollars
Construction Dollars
Landseaping Diollars
(Other planning & construction costs) Dollars
(Other planning & construction costs) Drodlars
(Other planning & construction costs) Dollars
{Other planning & construction costs) Drolars
(Other planning & construction costs) Dullars
{Other planning & construction costs) Crailars
(Other planning & construction costs) Dollars
{Dther planning & construction costs) Dollars
(Other planning & construction costs) Deollars
(Other planning & construction costs) Dollars

Figure 3-12. Alternative worksheet, user inputs: planning and
construction costs

Operating and maintenance costs

Operating and maintenance costs are specified in the user inputs section shown
in Figure 3-13. The table provides several suggested cost categories and space for
the user to enter additional categories if needed. To enter costs for a new
category, simply enter the name of the cost category in the left-hand column and
then enter the costs in the appropriate cells to the right.

g & maintenance costs Units Begin year Perlod [years) Cost
Power Dollars
Inspection Dollars
Repaving Dollars
Signing, striping Dollars
(Other D&M costs) Dedlars
(Other O&M costs) Dollars
(Other Q&M costs) Dodlars.
(Other OEM costs) Dollars
(Other D&M costs) Dollars
(Other O&M costs) Dollars
(Other O&M costs) Dollars
(Other O&M costs) Dollars
(Other O&M costs) Dollars
(Other O&M costs) Dodlars

Figure 3-13. Alternative worksheet, user inputs: operating and
maintenance costs

Operating and maintenance costs are entered as follows:

e Begin year: The year the cost is first incurred.

e Period: How often the cost is incurred. For example, if the cost is
incurred every year, enter a 1. If inspection is carried out every 5 years,
enter a 5. If a cost will be incurred only one time during the lifetime of
the project, leave this entry blank.

e  Cost: The amount of the cost each time it is incurred.

Entering Salvage Values

As noted in Chapter 2, some components of an alternative may have lifetimes
that go beyond the assumed end year for the alternative. Section 2.1.1.2 discusses
how the values of these components, termed salvage values, should be subtracted
from the cost of the alternative.
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Salvage values of components of a project may be entered into the “Operating &
maintenance costs” section of the worksheet as follows. For each component that
will have a salvage value at the end of the project lifetime:

1. Label line for that component in the “Operating & maintenance costs”
section of the worksheet with the name of the component and a note to
indicate that this is a salvage value.

2. Inthe “Begin year” column enter the end year for the alternative.

Leave the “Period (years)” column blank.

4. In the “Cost” column, enter the salvage value for the component as a
negative cost.

@

Demand and travel time / delay

Demand and travel time (or delay) data are entered in the section shown in
Figure 3-14. All demand and travel time (or delay) data are for all approaches to
the study area.

i o) ] Endyonr
2030

Demand & Travel Time (Delay)

18
29,

Figure 3-14. Alternative worksheet sheet, user inputs: demand and
travel time / delay

Travel time or delay data will be derived from operations analyses of the study
area for the peak hours; these operations analyses should be done at a minimum
for the base year and the end year. At a minimum, travel time or delay data
must be provided for one peak hour in the opening year and one peak hour in
the end year.

Note: Some intersection analyses may forecast travel time through the study
area, while others may forecast delay relative to free-flow time. Whichever
measure is used, it is important that it be used consistently throughout the
analysis.

This section provides for the following entries:

e Average vehicle travel time or delay: The average travel time or delay per
vehicle through the intersection for all vehicles entering the study area
during the peak hours. Travel times or delays must be specified for a
minimum of one peak hour for the following years:

0 Opening year
0 End year
0 Any interim year(s) specified by the user

e Standard deviation of travel time (optional): This is a reliability
measure that denotes the standard deviation of the average travel time
through the study area. Travel time reliability is being given increasing
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emphasis as a performance measure by federal and state agencies. The
worksheet provides for valuing travel time reliability if the agency
currently uses reliability as a performance measure.

o Travel times for cyclists and pedestrians (optional): Average pedestrian
and cyclist travel time through the study area.

Safety

Safety data consist of numbers of crashes by type, depending on the category
selection made by the user in the CostParameters sheet. An example is shown in
Figure 3-15.

Safety
Figure 3-15. Alternative worksheet, user inputs: safety

Fatality, injury, PDO

If crash data are being used in the analysis, they must be entered for the same
years as those for which travel time or delay data are entered.

Emissions

Emissions data are entered in the section shown in Figure 3-16.

Emissions [Type Units
Greenhnase gases - Fedoral method (Fxec. Order 12866(€02 equivalent
[co

NOx

|

[ s

Criteria pollutants - by type

Figure 3-16. Alternative worksheet, user inputs — emissions

Two types of emissions may be entered:

e Greenhouse gases: These are entered as annual CO: equivalent
emissions in metric tons.

e Criteria pollutants: Entered as annual tons of emissions per year by
pollutant category.

If emissions data are being used in the analysis, they must be entered for the
same years as those for which travel time or delay data are entered.

3.4.4.4. Results

The net present value of costs for each alternative are presented in summary
form as shown in Figure 3-17.
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Net Present Value Summary

Planning & Construction Costs S 2,882,000
Operating & Maintenance Costs | § 67,806
Auto Passenger Time S 288,927

Auto Passenger Reliability -

Truck Time S 155,645
Truck Reliability -
Transit Passenger Time -

Transit Passenger Reliability -
Bicyclist Time -

Pedestrian Time —
Safety S 1,697,383
Greenhouse Gases —

Criteria Pollutants -
Total Net Present Value S 5,091,760

Figure 3-17. Alternative worksheet: summary NPV table

Costs are provided only for those categories in which the user provides entries.
This table provides a convenient way of checking whether some data may have
been inadvertently omitted by the user.

3.5. LCCET OUTPUTS

3.5.1. OVERVIEW

Once the necessary data have been entered for all alternatives, go to the Outputs
worksheet to display the results. Click on the Compile Analysis Summary
button. This will run an Excel macro that copies the calculated costs from the
Alternatives worksheets (in the summary NPV table for each alternative) to the
Outputs worksheet. Figure 3-18 gives an overview of the Outputs worksheet.
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s
“@=a

Compile analysis summary

€—————— Costs by category

€& Benefits by category

Graphical display of net
present values by category
for all alternatives

Figure 3-18. Outputs worksheet overview

Results are displayed for all alternatives side by side in tabular and graphical
format.

The first output table shows the net present value of all costs by category for each
alternative (Figure 3-19).

Unsignalized Roundsbaout Cffsat “T

5 4ng83 | 5 67,805 | £ 7,206 |
s sl s sasusls 2m507

amama| 5 86541 5 155,645

51,576,478 51,667,749 5,091,760

Figure 3-19. Outputs worksheet: net present value of costs table

The second table (Figure 3-20) shows the net present value of benefits in relation
to the base alternative.
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Benefit Categories Alternative 1 - Alternative 2 -
Roundabout Offset "T"

Auto Passenger Time S 341,445 | S 584,432
Auto Passenger Reliability
Truck Time S 183,937 | S 314,834
Truck Reliability
Transit Passenger Time
Transit Passenger Reliability
Bicyclist Time
Pedestrian Time
safety 3 1,869,420 | § 444525
Greenhouse Gases
Criteria Pollutants
Net Present Value of Benefits s 2,394,802 | § 1,343,790
Net Present Value of Costs S 2,536,122 | $ 2,909,122
Present Value of Net Benefits $ (141,321) | $ (1,565,332)
Benefit-Cost Ratio 0.94 0.46

Figure 3-20. Outputs worksheet: net present value of benefits
relative to base case

For this analysis, net benefits are considered to be reductions in the following types
of costs relative to the base case:

e Travel time costs

e Travel time reliability costs
e Crash costs

e Emissions costs

This table also shows several summary measures:

e Net present value of benefits: Total net present value of benefits
compared to the base case.

e Net present value of costs: Total net present value of costs compared to
the base case.

e Present value of net benefits: Net present value of benefits minus the
net present value of costs; i.e., the incremental net benefit value of the
alternative compared to the base case.

¢ Benefit-cost ratio: Ratio of net present value of costs to net present value
of benefits.

The Outputs worksheet also presents a graphical comparison of the net present
value of total costs by category in a stacked-bar format (Figure 3-21).
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Met Present Value of Total Costs

Tatal Net PresentValue
] ] 3
) B g

Figure 3-21. Outputs worksheet: net present value of total costs
graph

3.6. APPENDIX — AUXILIARY WORKSHEETS

As mentioned in Section 3.1.1, the LCCET contains several worksheets that are
referenced by the Excel macros that set up the calculations. These worksheets are
available should users desire to modify the Excel macros in the workbook. In
normal use, these should not be modified by the user. Modifying these worksheets
in any way may cause the LCCET to not function properly or to not function at all.

3.7. SUMMARY

This chapter has presented a guide to using the LCCET. The guide covers the
overall structure of the LCCET and the individual worksheets.

3.7.1. NECESSARY DATA

The only data that are necessary for proper working of the LCCET are the
following:

e Cost parameters to be used in the calculations: Default values are
provided for these parameters, but these may be overridden by the user.

o Total traffic demand entering the study area in the opening year and in
the end year: Peak hour demand and AADT.

e Travel times or delays for at least one peak hour for the opening year
and the end year.

¢ Planning, construction, and operating and maintenance costs.

The LCCET is designed to allow for flexibility on the part of the user. The user
may define their own cost categories, and may override any of the default cost or
demand parameters.

3.7.2. ERROR HANDLING

The LCCET is designed to catch most errors that might be made. If an error is
detected by the LCCET, one of the following will occur:
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e A warning message will be displayed in one of the worksheet cells.
Fixing the error will cause the message to disappear.

e After clicking a button to run a macro, if an error is detected a window
will appear with an error message. Clicking the OK button on the
window will cause the window to close and allow the user to correct the
error.

3.7.3. SUMMARY

The LCCET was designed using Microsoft Excel 2010 running on Microsoft
Windows on a PC platform. Microsoft Excel 2010 is upward-compatible with the
latest version of Microsoft Excel (as of this writing, the 2013 version). Hence, all
macros should run on the latest version at the time of this writing. The LCCET
has not been tested on earlier versions of Excel. The program will require that
macros are enabled within Excel and the file type when saving should remain as
“*xIsm” so that macros are not removed. The LCCET uses ActiveX macros and
thus may not be fully functional running on an Apple Mac.
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CHAPTER 4 CASE STUDIES

As part of the LCCET validation process, the team prepared illustrative case
studies to demonstrate the tool’s value to prospective users and to facilitate
implementation. Through the agency coordination process during Phase I of the
project, the team identified those agencies that had interest in participating and
had projects suitable for including as a case study. Through this process the team
identified six case studies that would show the functionality and effectiveness of
the tool. In addition, the team created one hypothetical case study that would
further demonstrate some of the other attributes of the tool, such as the ability to
account for emissions. Table 4-1 summarizes the case studies that were
developed as part of this project task:

Table 4-1: Summary of Case Studies

Case
Study Location/Agency Base Case Alternatives
Eagle Road/State Street - S -
. o Existing Signalized e Multilane Roundabout
1 Ada County Highway District Intersection e Enhanced Signal

Eagle, Idaho

Powell Butte Hwy/Neff Road

2 Deschutes County Existing Two-Way Stop e Two Offset Intersections

Controlled e Single-lane Roundabout
Bend, Oregon
Jackson School Road/Scotch
3 Church Road/Meek Road Existing Offset Side- ¢ Single-lane Roundabout
Washington County street Stop Controlled o Signalized Intersection
Hillsboro, Oregon
SR-123 (San Pablo
4 Ave)l g:lr;gﬁfst Way Emstmg;l;v:;—p{;lgy Stop e Signalized Intersection
Alameda County, California
US 40/MD 213
5 Maryland State Highway Existing Signalized e Median U-Turn
Administration Intersection Intersection
Cecil County, Maryland
6 Hypothetical Example All-Way Stop Controlled ~ * Signalized Intersection

o Single-lane Roundabout

Appendix C contains a summary of the LCCET worksheets for each of the case
studies to correspond with the material presented throughout this chapter.

4.1. CASE STUDY 1: EAGLE ROAD/STATE STREET
INTERSECTION

Case Study 1 was created based on data obtained from an intersection
alternatives evaluation conducted for the Ada County Highway District (ACHD)
in December 2013 at the Eagle Road/State Street intersection in Eagle, Idaho. The
purpose for the Eagle/State Intersection Concept Study was to develop a
prioritized implementation plan identifying a preferred configuration and
concept design for the Eagle Road/State Street intersection. For this concept
study, a consultant was hired by the county to conduct the traffic analysis and to
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provide perspective on the various transportation alternatives. The following
two intersection alternatives were considered for this case study.

e Alternative 0: Base case (existing signalized intersection)

e Alternative 1: Roundabout (construction of a multilane roundabout)

e Alternative 2: Enhanced signalized intersection (expansion of the

intersection as a signalized intersection)

Figures 4-1 and 4-2 illustrate conceptual layouts of the two alternatives that were
evaluated.

k- I T e )

Bike lanes or on-street parking

e e
— "
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| ‘ Convert 1st Stree to l "
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b .
b -
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26
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Figure 4-1: Alternative 1 Figure 4-2: Alternative 2 Enhanced Signal
Roundabout

Alternative 1, shown in Figure 4-1, evaluated a multilane roundabout at the
Eagle Road/State Street intersection, which was assumed to have two entry lanes
on all intersection legs, two exit lanes on the Eagle Road legs, and single exit
lanes on the State Street legs. Alternative 2, shown in Figure 4-2, evaluated an
expanded signal alternative that maintains the existing signalized intersection
control at the Eagle Road/State Street intersection, but adds lanes to the critical
movements at the intersection: an additional northbound through Iane,
westbound left-turn lane, and southbound right-turn lane.

Case Study 1 evaluated both alternatives using the LCCET. A majority of the
information included in the tool for this alternative comparison was obtained
from the concept study conducted for the county. However, some information
that may normally be included in the tool was not available as part of the
Concept Study. Therefore, assumptions were made in four key areas to complete
the evaluation for the purposes of this example.

e A base year analysis of the alternatives is required to provide a common

comparison point between potential future alternatives. For this case
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study, a base year analysis of alternatives was not available from the
state agency. Therefore, assumptions were made for this case study
evaluation to provide a consistent base scenario from which the
signalized and roundabout alternatives could be compared.

e A detailed safety evaluation was not conducted as part of this case study.
However, available crash data were entered into the tool, and certain
assumptions were made as to the safety effects of various treatments for
this case study. The Highway Safety Manual and other resources
provide the ability for analysts to determine this information.

o The intersection alternatives study did not consider pedestrian delay,
bicycle delay, transit delay, reliability, or emissions. As such, these costs
were omitted from the case study evaluation.

e The ACHD concept study did not provide detailed demand profiles or
cost parameters. As such, the evaluation relies on default values

contained in the tool.

Table 4-2 shows the basic characteristics that were used in the evaluation.
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Table 4-2: Case Study Information Summary

N Enhanced
Alternative: Base Case Roundabout signal
Base Analysis Year 2014
Future Analysis Year 2035
Average Annual Base 38,000
Daily Traffic
(veh/d) Future 67,000
Total Entering AM 1,553
Volume (Base) PM 2,117
(veh/h) Midday 2,164
Total Entering AM 2,671
Volume (Future) PM 3,535
(veh/h) Midday 3,484
Base 2%
Annual Trucks
Future 4%
Transit/Bicycles/Pedestrians Not considered
AM 25 5 25
Delay (Base)
(s/veh) PM 27 30 27
Midday 26 28 26
AM 43 11 77
Delay (Future)
(s/veh) PM 93 49 77
Midday 93 45 72
PDO Crashes 7 5
Base Year Safety -
Performance Injury Crashes 2
Fatal Crashes 0 0 0
Future Year PDO Crashes 10 11 9
Safety Injury Crashes 1 4
Performance Fatal Crashes 0 0
Planning/Engineering Costs $0 $622,819 $687,714
Right-of-Way Costs $0 $811,000 $474,554
Construction Costs $0 $3,111,000 $3,438,572
Net Present Value $131,724,932 $76,412,191 $131,099,984
Benefits/Costs n/a 13.03 1.14

Figure 4-3 illustrates the graphical results of the intersection alternative analysis.
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Figure 4-3: Graphical Output from Intersection Alternative Analysis

This life-cycle cost evaluation shows that the roundabout alternative results in
the least cost in terms of net present value. Interestingly, the enhanced signalized
intersection alternative results in relatively small savings through the horizon
year due to an increased likelihood of crashes and modest savings in delay.

4.2, CASE STUDY 2: POWELL BUTTE HIGHWAY/NEFF ROAD

Case Study 2 was developed based on the Intersection Alternatives Review
conducted at the Powell Butte Highway/Neff Road intersection in Deschutes
County, Oregon. Based on the increasing number of crashes at this intersection,
county staff were interested in identifying intersection safety improvements. The
county has identified this intersection as a high priority location both in the
County Transportation System Plan and in the Capital Improvement Plan. Figure
4-4 illustrates the existing intersection layout and traffic control.
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Figure 4-4: Existing Powell Butte Highway/Neff Road Intersection

East-west traffic at the intersection is controlled by stop signs, with uncontrolled
north-south movements on the Powell Butte Highway. The county has
previously implemented low-cost treatments to improve driver visibility at the
rural, high-speed intersection, such as an overhead flashing beacon and
Intersection Ahead signs with LED lights on the sign border that flash as
motorists approach the intersection. However, based on the severity and types of
crashes at this location, the county investigated more substantial intersection
improvements. This case study considered the following intersection alternatives
for this project location:

e Alternative 0: Base case (existing unsignalized intersection)
e Alternative 1: Roundabout (construction of a single-lane roundabout)

e Alternative 2: Offset T-intersection (with two-way stop-control)

Figures 4-5 and 4-6 illustrate the intersection alternatives that were evaluated.
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Figure 4-5: Alternative 1 - Roundabout Concept

Alternative 1, shown in Figure 4-5, illustrates a single-lane roundabout concept
that was considered. The roundabout includes an inscribed circle diameter of 160
feet and maintains all turning movements while minimizing the number of
conflict points. The reduction in speeds on the approaches and removal of
higher-severity head-on and angle crashes also reduces the crash severity.

Vacated road/

3 local access
New Intersection

Vacated road

Figure 4-6: Alternative 2 - Offset T-Intersection Concept
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Alternative 2, shown in Figure 4-6, evaluated the intersection as two offset “T”
intersections, which separates movements and reduces the number of conflict
points from 32 to 22. This concept includes left-turn lanes and a median on
Powell Butte Highway between the offset intersections.

The Intersection Alternative Review did not include an analysis of existing
conditions, meaning base case alternative information was not available from
Deschutes County for this case study. To use the LCCET, a base year analysis of
the alternatives is required to provide a common comparison point between
potential future alternatives. Therefore, several assumptions were made for this
case study evaluation to provide a consistent base scenario from which the

signalized and roundabout alternatives could be compared.

4.2.1. DETERMINING TOTAL ENTERING VOLUME AND DELAY AT
OFFSET INTERSECTIONS

The calculation of total entering volume (TEV) and delay at traditional

intersections is straightforward. However, the same calculation at offset

intersections requires additional extrapolation of results by the analyst. Such

extrapolations required within this case study are shown as an example. The

concept for these calculations are shown in Figure 4-7.

Final Report
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| TEV: Add all turning
movements. Exclude interior
movements shown in red

Delay: Calculate total control
delay within each circle.
Divide sum of both circles by
TEV for the entire
intersection system.

Figure 4-7: Offset T-Intersection Concept — TEV and Delay Calculations

In general, TEV is calculated by adding all volume entering the intersection

system, being careful not to double count vehicles.

The method shown for calculating delay is a simplified approach that considers
only control delay incurred at the intersections. Modified approaches are
possible that would more completely account for running time between the
intersections due to the spacing that is introduced by this alternative (such as
that illustrated in Case Study 5). Table 4-3 shows the basic characteristics used in
the evaluation.
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Table 4-3: Case Study Information Summary

Two Offset
Alternative: Base Case Intersections Roundabout

Base Analysis Year 2014
Future Analysis Year 2030
Average Annual Base 6,470
Daily Traffic
(veh/d) Future 9,980
Total Entering AM >11
Volume (Base) PM 647
(veh/h) Midday n/a
Total Entering AM 855
Volume (Future) PM 998
(veh/h) Midday n/a

Base 23%
Annual Trucks

Future 23%
Transit/Bicycles/Pedestrians n/a

AM 5.9 5.6 2.8
Delay (Base)
(s/veh) PM 4.4 4.2 3.5

Midday n/a n/a n/a

AM 12.4 7.0 5.8
Delay (Future)
(s/veh) PM 8.1 5.7 6.5

Midday n/a n/a n/a

PDO Crashes 1.1 1.2 0.5
Base Year Safety -
Performance Injury Crashes 0.9 0.7 0.1
Fatal Crashes 0 0 0

Future Year PDO Crashes 1.1 1.2 0.5
Safety Injury Crashes 0.9 0.7 0.1
Performance Fatal Crashes 0 0 0
Planning/Engineering Costs $0 $504,000 $474,000
Right-of-Way Costs $0 $363,000 $139,000
Construction Costs $0 $2,015,000 $1,896,000
Net Present Value $3,526,429 $5,680,677 $3,667,749
Benefits/Costs n/a 0.26 0.94

Figure 4-7 illustrates the graphical results of the intersection alternative analysis.
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Figure 4-7: Graphical Output from Intersection Alternative Analysis

This life-cycle cost evaluation shows that the roundabout alternative results in a
lower cost than the two offset intersections, in terms of net present value. The
roundabout alternative is expected to have a higher cost than the existing base
alternative by approximately $140,000. However, due to other issues (horizontal
and vertical curves that limit sight distance) the base case was not a viable
option, and the county decided to move forward with the rural roundabout.

4.3. CASE STUDY 3: JACKSON SCHOOL ROAD/SCOTCH
CHURCH ROAD/MEEK ROAD

Case Study 3 was developed based on an Intersection Improvement Study
conducted at the two T-intersections of Scotch Church Road and Meek Road
along Jackson School Road in Washington County, Oregon. These intersections
have experienced continued growth in traffic volumes which has created
constrained traffic operations and increased safety concerns.

Jackson School Road is a two-lane arterial running north-south. Scotch Church
Road and Meek Road are two-lane roads running east-west that form T-
intersections with Jackson School Road. Scotch Church Road forms the west leg
of a T-intersection with Jackson School Road. Approximately 300 feet south of
Scotch Church Road, Meek Road forms the east leg of a T-intersection with
Jackson School Road. The intersections are controlled with stop signs on the
eastbound and westbound approaches of Scotch Church Road and Meek Road,
respectively. Scotch Church Road is expected to primarily see an increase in
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commuter traffic and Meek Road is expected to experience additional traffic
from adjacent industrial developments. Figure 4-8 illustrates a schematic of the

existing offset T-intersections.

NW SCOTCH CHURCH RD
NW MEEK RD

NW JACKSON

Figure 4-8: Existing Base Alternative Configuration

The improvements being considered at this location include combining the two
offset T-intersections into a single four-legged intersection by realigning Scotch
Church Road or Meek Road, and installing a traffic signal or roundabout at the
new intersection location. This case study considered the following intersection
alternatives for this project location:

e Alternative 0: Base case (existing offset T-intersections)

e Alternative 1: Roundabout (construction of a single-lane roundabout)

e Alternative 2: Signalized intersection

Figure 4-9 illustrates a schematic of the realignment and location of the proposed
improvements. Figure 4-9 illustrates the lane configurations considered for the

roundabout and traffic signal alternatives.
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Figure 4-9: Alternative Realignment Configuration
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Figure 4-10: Alternative Traffic Control and Lane Configurations

Alternative 1 includes a roundabout with two lanes at both the northbound and
southbound entries on Jackson School Road. The eastbound approach on Scotch
Church Road includes a shared left-turn and through lane and a right-turn lane,
while the westbound approach of Meek Road includes a shared left-through-
right lane and a dedicated right-turn lane.

Alternative 2 includes a traffic signal at the realigned intersection location. For
this alternative, there are two through lanes in each direction on Jackson School
Road, a dedicated left-turn lane, and a shared right-turn lane in the northbound
and southbound directions. The eastbound approach includes a left-turn lane
and a shared through/right-turn lane. The westbound approach includes a left-
turn lane, a through lane, and two dedicated right-turn lanes. Protected left-turn
phasing was assumed on all approaches.

For this case study, base case alternative information was not available from the
county. To use the LCCET, a base year analysis of the alternatives is required to
provide a common comparison point between potential future alternatives.
Therefore, several assumptions were made for the purposes of this case study
evaluation to provide a consistent base scenario from which the signalized and
roundabout alternatives could be compared.

Table 4-4 shows the basic characteristics that were used in the evaluation.
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Table 4-4 Case Study Information Summary

Alternative: Base Case Roundabout | Signal
Base Analysis Year 2013
Future Analysis Year 2035
Average Annual Base 13,750
Daily Traffic
(veh/d) Future 20,167
Total Entering AM 1,250
Volume (Base) PM 1,500
(veh/h) Midday n/a
Total Entering AM 2,000
Volume (Future) PM 2,200
(veh/h) Midday n/a
Base 3%
Annual Trucks
Future 4%
Transit/Bicycles/Pedestrians n/a
AM 4.8 10.0 15.0
Delay (Base) 1
(s/veh) PM 3.3 10.0 15.0
Midday n/a n/a n/a
AM 143.2 17.5 27.2
Delay (Future) PM 282.3 15.6 29.9
(s/veh) ’ ’ ’
Midday n/a n/a n/a
PDO Crashes 7.6 5.1 7.0
Base Safety Injury
Performance Crashes >1 11 4.9
Fatal Crashes 0 0 0
PDO Crashes 7.6 5.12 7.0
Future Safety Injury
Performance Crashes >.1 1.1 4.9
Fatal Crashes 0 0 0
Planning/Engineering Costs n/a n/a n/a
Right-of-Way Costs n/a n/a n/a
Construction Costs n/a n/a n/a
Net Present Value $20,841,265 $6,890,424 $19,285,681

Benefits/Costs

Estimated capital costs not included in

analysis

1Estimated existing delay for the alternatives.
2Assumed crashes are average per year through the horizon year (i.e., same in base and future years).

Figure 4-11 illustrates the graphical results of the intersection alternative

analysis.
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Figure 4-11: Graphical Output from Intersection Alternative Analysis

As shown above, the life-cycle cost evaluation showed that the roundabout
alternative results in a lower cost than the signalized intersection in terms of net
present value. This is primarily due to the safety cost parameter that was used in
the comparison, as shown graphically in Figure 4-11.

4.4. CASE STUDY 4: SR-123 (SAN PABLO AVE)/BANCROFT
WAY

Case Study 4 at the SR-123 (San Pablo Avenue)/Bancroft Way intersection is
developed based on a proposal prepared by the Caltrans Office of Safety in
Alameda County, California. The proposal identifies the need to install a traffic
signal at the SR-123/Bancroft Way intersection to reduce the number and severity
of broadside crashes and crashes between motorists and pedestrians. SR 123 is
currently a north-south divided highway with left-turn lanes in both directions
and two-way stop control on the east-west approaches of Bancroft Way. During
the five-year period of 2007 to 2011, there were 20 crashes recorded at this
intersection, nine of which were angle crashes. In addition, this intersection
meets traffic signal warrants based on the pedestrian volumes.
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The proposed traffic signal is expected to address the broadside crashes at this
intersection and enhance the safety of pedestrians and bicycles by increasing the
right-of-way control at the intersection. Based on this information, Case Study 4
considered the following intersection alternatives for this project location:

e Alternative 0: Base case (existing unsignalized intersection)

e Alternative 1: Signalized intersection

This case study shows an example of an evaluation that considers only capital

costs and safety benefits.

Figure 4-12 illustrates an aerial view of the existing intersection location.

Figure 4-12: Aerial View of SR-123/Bancroft Way Intersection

Based on the proposal for this safety improvement, Case Study 4 included an
evaluation of the safety characteristics, as shown in Table 4-5.
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Table 4-5: Case Study Information Summary — Safety Evaluation

Alternative: Base Case | Signal
Base Analysis Year 2014
Future Analysis Year 2029

PDO Crashes 1.6 1.3
Base Year Safety Injury 24 1.9
Performance Crashes

Fatal Crashes 0 0

PDO Crashes 1.6 1.3
Future Year Safety | Injury 24 1.9
Performance Crashes

Fatal Crashes 0 0
Planning/Engineering Costs n/a n/a
Right-of-Way Costs n/a $70,000
Construction Costs n/a $550,000
Net Present Value $6,569,325 $4,762,229
Benefits/Costs n/a 3.91

TAssumed crashes are average per year through the horizon year (i.e., same in base and
future years).

Figure 4-13 illustrates the graphical results of the intersection alternative
analysis.
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Figure 4-13: Graphical Output from Intersection Alternative Analysis

As shown above, the life-cycle cost evaluation showed that the signalized
alternative would cost nearly $2 million less than the existing base alternative
over the life of the intersection. This is primarily due to the safety cost parameter
that was used in the comparison, as shown graphically in Exhibit 4-18.

4.5. CASE STUDY 5: US 40/MD 213

Case Study 5 is based on the conceptual design and analysis conducted for
Maryland State Highway Administration (SHA) at the US 40/MD 213
intersection in Elkton, Maryland. Based on the need to relieve congestion and
improve intersection safety, the conceptual design at this intersection includes a
median U-turn intersection.

The intersection of US 40/MD 213 is routinely identified as a Candidate Safety
Improvement Location by SHA and experienced a substantial number of crashes
during the three-year period of 2009 to 2011. One of the recommended
improvements for the intersection is the median U-turn design, which would
redirect all left turns to make U-turns on US 40 to either the east or west of the
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main intersection. Based on this information, Case Study 5 considered the
following intersection alternatives for this project location:

e Alternative 0: Base case (existing offset T-intersections)

e Alternative 1: Median U-turn intersection

Figure 4-14 displays a schematic of an example of a median U-turn. As noted in
the exhibit, left turns at a median U-turn are prohibited at the main intersection
and are instead made indirectly. From the major street (US 40 in this case), a left
turn would be made by proceeding through the main intersection, making a U-
turn at a signalized crossover beyond the main intersection, and then returning
to the main intersection and making a right turn. From the minor street (MD
213), a left turn would be made by making a right turn at the main intersection,
proceeding to the signalized crossover to make a U-turn, and then proceeding
back through the main intersection on the major street in the desired direction of
travel. The median U-turn is capable of serving higher-volume side streets than a
restricted crossing U-turn intersection (signalized J-turn) because side street
through traffic is not diverted.

and then making a U-turn in the wide median

|
1
Indirect left turns are made by first turning right |
|
|

No direct left turns at
main intersection

Figure 4-14: Median U-Turn Intersection

4.5.1. DETERMINING DELAY AT MEDIAN U-TURN INTERSECTIONS

Median U-turn intersections are a good example of the process of calculating
delay at complex intersections and comparing that delay to traditional
alternatives using travel time and the cordon line approach. Figure 4-15 shows
how the travel time for a northbound left-turn movement should be determined
at a traditional intersection and a median U-turn intersection using these
methods.
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% - Running time

‘ n -) - Geometric delay

Traditional northbound left-turn
L

Northbound left-turn at a median U-turn intersection

Figure 4-15: Travel Time Schematic for Traditional and Median U-Turn Intersections

As shown, three components make up a vehicle’s travel time within the cordon
line. These are:

¢ Running time
e Geometric delay
e Control delay

To fairly compare travel time between alternatives, vehicles must be tracked
between the same entry and exit points on the cordon line for each movement.
The equation to arrive at total travel time for a movement is shown in Equation
4-1.
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Equation 4-1: Total Travel Time Equation
Travel time = Z running time + Z geometric delay + Z control delay
The comparison of travel time conducted for Case Study 5 during existing

conditions is shown in Table 4-6'. As shown, the median U-turn intersection has
a lower weighted travel time even though out of direction travel is introduced.

Table 4-6: Comparison of Travel Time

PM Runni(r; ? fime G;:I:nyeg;c Control Delay (s) Travel Time (s)
Volume : = -

(vph)  Existing Median Existing Existing Medisn Existing Median

U-turn U-turn U-turn U-turn

EBL 147 34 77 8.9 21.9 62 41 105 140
EBT 698 45 45 0.0 0.0 31 23 76 67
EBR 390 34 34 8.5 8.5 115 21 158 63
WBL 114 28 77 8.9 21.9 42 60 79 159
WBT 1060 43 43 0.0 0.0 36 43 79 87
WBR 199 28 28 8.5 8.5 6 18 42 54
NBL 338 35 74 8.9 21.9 58 43 101 139
NBT 418 20 20 0.0 0.0 245 32 264 52
NBR 48 30 30 8.5 8.5 50 32 89 71
SBL 206 30 59 8.9 21.9 50 70 89 150
SBT 382 20 20 0.0 0.0 80 39 99 58
SBR 130 35 35 8.5 8.5 0 42 43 85
szie‘i:t:ed 35 22 3.3 5.8 69 36 107 85

Table 4-7 shows the basic characteristics that were used in the LCCET evaluation.

1Tt should be noted that the calculation of the individual components of travel time (running time,
geometric delay, control delay) is important to this type of analysis. The analyst should ensure that
methods are sound and consistent amongst alternatives when comparing life-cycle costs. For this
example, broad assumptions were made related to these metrics. For example, geometric delay was
assumed to be 8.5 seconds for right-turn movements, 8.9 seconds for left-turn movements, and 11.0
seconds for U-turn movements. The values are based on negotiation distance, negotiation radius,
negotiation speed, approach speeds, etc. For these and other metrics, the analyst should ensure that
values used are representative of local conditions, based on sound judgment, and consistently
calculated between alternatives.
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Table 4-7: Case Study Information Summary

Alternative: Base Case ‘ Median U-Turn

Base Analysis Year 2008

Future Analysis Year 2035

Average Annual Base 40,045

Daily Traffic

(veh/d) Future 48,054

Total Entering AM 3,304

Vehicles (Base) PM 4,130

(veh/h) Midday n/a

Total Entering AM n/a

Vehicles (Future) PM 4,956

(veh/h) Midday n/a
Base 5%

Annual Trucks
Future 5%

Transit/Bicycles/Pedestrians n/a
AM n/a n/a

Delay (Base)

(s/veh) PM 107 85
Midday n/a n/a
AM n/a n/a

Delay (Future)

(s/veh) PM 131 104
Midday n/a n/a
PDO Crashes n/a n/a

Base Year Safety Injury

Performance Crashes n/a n/a
Fatal Crashes n/a n/a
PDO Crashes n/a n/a

Future Year Safety | Injury

Performance Crashes n/a n/a
Fatal Crashes n/a n/a

Planning/Engineering Costs n/a n/a

Right-of-way Costs n/a n/a

Construction Costs n/a n/a

Net Present Value $5,560,511 $4,527,909

Benefits/Costs

Estimated capital costs not included in

analysis

Figure 4-16 illustrates the graphical results of the intersection alternative

analysis.
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Figure 4-16: Graphical Output from Intersection Alternative Analysis

The life-cycle cost evaluation showed that the median U-turn intersection
alternative would cost nearly $1 million less than the existing base alternative
over the life of the intersection. This is primarily due to the auto passenger time
cost parameter that was used in the comparison, as shown graphically in Exhibit
4-16.

4.6. CASE STUDY 6: HYPOTHETICAL EXAMPLE

Case Studies 1 through 5 demonstrated a variety of intersection alternative
examples, based on real projects that were identified through local and state
agency coordination. While these case studies included many of the cost
parameters available in the LCCET, some data were not available for all cost
parameters, particularly for parameters such as reliability and emissions. To
illustrate the full abilities of the LCCET, this hypothetical example was
developed to provide an example that considered the following information:

e Vehicle delay;

e Variation in vehicle delay (reliability);
e Bicycle delay;

e Pedestrian delay;

e Transit delay;

e Crashes; and
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e Emissions.

This hypothetical example considered the following intersection alternatives:

e Alternative 0: Base case (existing all-way stop-controlled intersection)

e Alternative 1: Signalized Intersection

e Alternative 2: Roundabout Intersection

Table 4-8 summaries the case study information used in the hypothetical

example.
Table 4-8: Case Study Information Summary
Alternative: Base Case | Signal | Roundabout
Base Analysis Year 2014
Future Analysis Year 2035
Average Annual Base 11,268
'()‘f:n’/z;aff'c Future 17,510
Total Entering AM 868
Vehicles (Base) PM 1,155
(veh/h) Midday n/a
Total Entering AM 1,315
Vehicles (Future) PM 1,751
(veh/h) Midday n/a
Base 2%
Annual Trucks Future 2%
Transit:
Existing Users = 1,500
Future Users = 2,273
Bicycles:
Transit/Bicycles/Pedestrians Existing Users = 750
Future Users = 1,136
Pedestrians:
Existing Users = 500
Future Users = 1,000
AM 12.8 11.1 10.1
g‘j‘::h()"ase) PM 17.3 214 13.1
Midday n/a n/a n/a
AM 30.2 14.7 21.0
g‘j‘::h()':“t“re) PM 756 17.6 488
Midday n/a n/a n/a
PDO Crashes 12.0 13.0 11.5
Base Year Safety Injury
Performance Crashes 4.0 4.3 3.5
Fatal Crashes 0.0 0.05 0.0
PDO Crashes 18.5 19.0 18.0
Future Year Safety | Injury
Performance Crashes > 6.0 >0
Fatal Crashes 0.05 0.1 0.05
Planning/Engineering Costs n/a $125,000 $275,000
Operations & Maintenance $49,245 $71,464 $87,879
| Right-of-Way Costs n/a $200,000 $300,000
Construction Costs n/a $610,000 $1,650,000
Net Present Value $25,046.797 $34,645,237 $25,133,793
Benefits/Costs n/a -8.20 0.96

Figure 4-17 illustrates the graphical results of the intersection alternative

analysis.
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Figure 4-17: Graphical Output from Intersection Alternative Analysis

Based on the life-cycle cost evaluation, the following conclusions were identified

with the hypothetical example in Case Study 6.

e The existing intersection configuration is forecasted to have moderate
delays in the future

e The benefit-cost ratio of the signalized intersection option shows the
least benefit by far

e The roundabout option provides slight benefits in delay and safety, but
those benefits are offset by the higher initial capital costs

e Based on total net present costs, maintaining the existing configuration
provides equal costs to a roundabout and less cost than a signalized

intersection through the horizon year

4.7. SUMMARY

Through coordination with various agencies, case studies were prepared to
demonstrate the tool’s value to prospective users and facilitate implementation.
The six case studies provide examples of the LCCET functionality and
effectiveness for a variety of project types in different geographical locations.
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This includes a hypothetical case study that further demonstrates some of the
unique attributes of the tool, such as the ability to account for emissions, which
were not included in the other project examples.
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CHAPTER 5 CONCLUSIONS AND FUTURE
RESEARCH

This section of the report summarizes the conclusions from the findings of
NCHRP Project 03-110, Estimating the Life-Cycle Cost of Intersection Designs. In
addition, suggested future research topics have been summarized.

5.1. CONCLUSIONS

The product of this project is the Life-Cycle Cost Estimation Tool (LCCET), a
spreadsheet-based tool to enable an analyst to estimate the life-cycle costs of a
series of alternatives. The LCCET has been intentionally designed to be flexible
over a wide range of system configurations, with the flexibility to accommodate
everything from single intersections through corridors and subareas. The
flexibility provided by this tool comes with the requirement that the analyst use
external sources for estimating some of the key performance measures that are
used as inputs to the LCCET, including operational performance, safety
performance, and so on. It is believed that the LCCET will be a useful addition to
the analyst’s toolbox for providing quantifiable information on life-cycle costs of
alternatives to help decision makers make informed decisions.

5.2. FUTURE RESEARCH SUGGESTIONS

Throughout the course of this research effort, the research team identified areas
of further research that would provide additional benefit to this topic area, but
could not be included within the scope of NCHRP Project 03-110. These topics
include the following:

e Further methodological integration of the variety of HCM
operational analyses and alternative tool assessments (e.g.,
simulation) for intersections, urban streets, and interchanges as new
methods are developed for a variety of configurations. Due to the
complexity of these tools, it is unlikely these would be directly
integrated into the LCCET. However, as HCM methods are further
expanded and refined, the guidance for using the LCCET could be
expanded to explicitly cover a broader range of cases, particularly
for complex intersections, corridors, and systems.

e Direct integration of HSM models into the LCCET to simplify the
prediction process. These would need to match the range of
alternatives described previously for operational analyses.

¢ Direct integration of emissions models into the LCCET.

e Assessment of the sensitivity of various inputs into the life-cycle
costs. While the LCCET enables this testing, this project could not
prepare a comprehensive set of sensitivity tests to illustrate the range
of inputs and their relative contributions to life-cycle costs.

¢ A plan for ongoing maintenance and updates for the LCCET, should
it remain a public entity and not be integrated into commercial
software.
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APPENDIX A PUBLIC AGENCY INTERVIEWS

STATE AGENCIES
CALTRANS

Minh Lee, Caltrans District 04

Minh Lee reviews intersection designs at the environmental review stage of a
project. Proposed signalized intersections are reviewed for compliance with the
California Environmental Quality Act (CEQA). If the intersection is already
signalized, the review consists of looking at volumes, turn counts, etc. and how
they might affect other signalized intersections. If the intersection is not
signalized and a signal is proposed, Caltrans reviews projections for 30 years in
the future to evaluate the long-term operations and safety effects. He is not
usually involved with cost issues.

Katie Yim, Caltrans District 04

Katie Yim is responsible for safety projects and investigations in Solano and San
Mateo Counties. She looks at crash data and identifies candidate mitigation
measures such as signals or roundabouts.

For safety projects, she will discuss projects with a traffic liaison from Caltrans
Headquarters and identify a single alternative for funding. Roundabouts and
traffic signals are usually considered as options. Caltrans Headquarters has the
final determination on the selected alternative. Once the request is made from the
District, Headquarters determines whether to take the request to the project
initiation stage.

Evaluations of project alternatives include reviews of crash histories and existing
geometries. This information is used to compute a Safety Index that informs
which improvement should be given priority.

The cost of an alternative is considered only for funding purposes. If the
intersection meets crash warrants, there is a special safety fund for such
improvements. If it does not meet crash warrants, they can still propose to cover
the costs under the safety fund.

A tool like LCCET would be more useful to the funding authority
(Headquarters) than the District. It may be useful for the District to have a tool to
figure out what would give the best return on investment, but the type of
analysis is not typically conducted at the District level.

Robert Peterson, Caltrans Headquarters

Robert Peterson is Branch Chief for Safety and Mobility Programs at Caltrans
Headquarters.

Peterson’s office deals mostly with safety issues. He is the statewide program
advisor for state highway on preserving highway investment and the program
advisor on safety.
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Caltrans takes both a proactive and reactive approach to safety improvements.
The reactive program is based on recommendations and proposals from the
Caltrans District offices. Peterson’s office approves projects based on a benefit-
cost ratio. Once the project is approved, Peterson’s office issues a Project
Initiation Document, which is sent back to the District to notify them that their
project qualifies for funding.

Benefit-cost analysis is done strictly on the safety aspects. Caltrans uses a traffic
Safety Index based on the existing collision pattern at the intersection. They look
at how much it will cost to improve the intersection, then look at the estimated
reductions in crashes to see if the project is worth funding. The following is from
the Caltrans guidelines on Safety Index calculations:

A Safety Index (SI) is a benefit-cost ratio analysis (calculation) of
a proposed improvement. It is a measure of the crash cost saved
by motorists expressed as a percentage of the capital cost of the
improvement. A Safety Index calculation is required for spot
improvements and for traffic safety improvement projects when
reduction of crashes is a significant goal of the project.
Examples of safety improvements that require a SI include:
general spot improvements, signing, channelizations, safety
lighting, truck escape ramps, climbing lanes, median barrier
upgrades, left turn lanes, rumble strips, auxiliary lanes,
shoulder widening, wet pavement correction, traffic signals,
roundabouts, and curve corrections. Safety improvement
projects are triggered when the SI is at least 200, meaning the
benefit (dollar value of total crash savings to motorists over the
project life) is at least twice the cost of constructing the project.
Projects that have a less than 200 lack sufficient justifications as
a safety project; however, the project may meet justifications for
operational improvements based on a delay index. See the
"Request Delay Index" task.

The project engineer requests and obtains a SI calculation from
the District Traffic Operations Branch. The project engineer
must include with the request: project limits, type of project and
description of proposed improvements, Design Designation,
and the estimated total project construction costs.

Operational Improvement projects require justification based on
a Priority Index Number (PIN). A PIN is based on both a Safety
Index and a Delay Index. If not already identified, the project
engineers must obtain SI and DI calculations from the
appropriate offices and should not perform their own
calculations.

Projects that are based on SI alone qualify as safety
improvement projects and must maintain a SI of 200 or more up
through the submittal of Plans, Specifications, and Estimates
(PS&E) to headquarters. At the Project Initiation Document
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(PID) phase a minimum of 230 is recommended to allow for
cost adjustments. If project construction costs increase after the
original SI calculation, a revised SI must be obtained. For this
reason, care should be taken to exclude items of work not
essential to a safety-related project. For example, District
Hydraulics or Maintenance may recommend rehabilitation of
culverts at the project location. However, this may not be vital
to the safety of the motorist, raise project construction costs, and
lower the SI. When the SI falls below the threshold, the project
may potentially be delayed

Crash costs are categorized by crash type and developed based on three-year
crash history. If the project is classified as a major improvement, a 20-year
horizon period is analyzed. For traffic signals, a 15-year horizon is evaluated. Ten
years is considered for pavement treatment projects.

Caltrans does not do discounting over time. To make up for the lack of
discounting, they use a criterion of a 2:1 benefit-cost ratio (the federal standard is
1:1).

Caltrans has funded a significant number of safety projects. However, no specific
budget for safety expenditures has been identified, though the amount of dollars
allocated is typically quite high.

Caltrans would find a tool like the LCCET useful. They have launched an
Intersection Control Evaluation policy, which is being rolled out this year. The
policy requires agencies that plan major intersection changes to consider
roundabouts as well as signals.

There is also a proactive program for safety such as flattening side slopes,
providing new guardrails, etc., but funding for this program is limited.

JEFF WENTZ , MARYLAND STATE HIGHWAY ADMINISTRATION,
DISTRICT 2

Jeff Wentz is the Assistant District Engineer for the Maryland State Highway
Administration (Maryland SHA) District 2, which comprises the majority of the
northeastern portion of the state. This area is relatively rural compared to other
parts of Maryland. Jeff indicated that District 2 is currently operating in a system
preservation role due to limited funding. As such, safety improvements are the
highest priority followed by operational improvements.

When considering safety improvements, the District relies on an annual safety
improvement needs list, which is based on a crash severity index system. A
similar list exists and is referred to for operational improvements.

The District usually focuses on intersection improvements, but will look at
corridor-wide projects if needed. The agency recently completed to a 16-mile
stretch of highway where spot intersection improvements conducted in isolation
were not having an effect.

Maryland SHA District 2 often considers benefit-cost ratios when evaluating
improvement alternative. They have relied on consultants to perform that work.
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W. SCOTT JONES, TRAFFIC OPERATIONS ENGINEER, UTAH
DEPARTMENT OF TRANSPORTATION

Scott Jones is involved with the Traffic and Safety Division within the Utah DOT.
Scott indicated that most of the intersection form selection is done at the project
level. However, Scott assists with safety evaluations and helps to identify
possible improvements based on safety, delay, and geometrics. The evaluations
conducted do include life cycle cost elements, including the benefit and/or cost of
crashes and vehicle delay.

Scott also noted the wide range of intersection forms that exist within Utah,
including roundabouts, double crossover diamonds, continuous flow
intersections, single point urban interchanges, etc.

JEFF BUCHER, PENNSYLVANIA DEPARTMENT OF
TRANSPORTATION

The Pennsylvania Department of Transportation (PennDOT) is currently
evaluating a spreadsheet tool that treats life cycle costs of signalized intersections
and roundabouts. (A variant of this tool is also being tested by the Virginia
Department of Transportation.) The tool includes capital costs, operating and
maintenance costs, delay costs,and also provides for including safety benefits
(crash reduction costs) as well. Emissions costs are not considered.

PennDOT would be interested in testing the LCCET, provided it is compatible
with their current evaluation practices.

METROPOLITAN PLANNING ORGANIZATIONS

VAMSI TABJULU, METROPOLITAN TRANSPORTATION
COMMISSION, SAN FRANCISCO BAY AREA, CALIFORNIA

The Metropolitan Transportation Commission (MTC) controls all federal and
state transportation funding for the nine-county San Francisco Bay Area in
California. MTC funds signals for projects with state or federal funding. The
MPO has programs in place to help local agencies fund retiming, coordination,
signal upgrades, and new signal construction. Tabjulu’s office currently has no
involvement with roundabouts.

Programming is carried out as part of the RTP, which is typically updated every
three to four years.

MTC determines operation and maintenance costs based on the existing
infrastructure in place. Currently, there are 9,000-11,000 traffic signals in the Bay
Area. Most MTC funding goes to make improvements or upgrades to the arterial
network. The agency’s mission is to ensure the regional system operates well.
The local system is left to the local jurisdictions.

Criteria are based on the overall scope of the program that has already been
planned. A project has to fit into guidelines from the program. MTC reviews all
applications; they typically get applications for more funding than is available.
They try to fund as much as possible. Projects are reviewed for issues that come
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up such as construction as part of a larger project like a smart corridor. Priority is
given to signals owned by the state. Corridors get top priority. If signal
coordination is needed, that is given high priority. Corridors of regional
significance are given high priority. Working with Caltrans is top priority.

The MTC operations group was established six years ago and has a dedicated
funding source devoted to traffic engineering, signals, etc. Over time, most signal
projects of concern to the agency have been put into a regional signal timing
program (RSTP). MTC works with local agencies to determine which projects to
fund.

MTC typically considers only short-term costs when evaluating project
alternatives. They look at each project individually, but there is no formal
process. The operations group within MTC has priority for projects that are of
regional significance. There is no fixed limit on how much to spend. For example,
San Jose had a project to upgrade signal controllers. MTC helped them upgrade
and retime 650 signals, which represented about 75 percent of MTC funds for
that fiscal year.

MTC currently does not use a benefit-cost analysis for regional project screening.
Priority of improvement projects is determined solely by regional significance. A
benefit-cost ratio may be developed once a project is complete to justify
additional funding.

MTC sees see some value for a tool that would help them with cost estimation.
Delay costs and air pollution cost estimates would also help with allocation at
the program level for the RTP. MTC operations staff would like to see cost
breakdowns by different elements.

ALAN ROMERO, MONTEREY BAY AIR POLLUTION CONTROL
DISTRICT, BAY AREA, CALIFORNIA

The Monterey Bay Air Pollution Control District collects funds via the state-
mandated measure AB2766. The District uses these funds for public agencies to
reduce emissions. Anything that has to do with congestion management is
eligible, though there is a funding limit on each project of $400,000.

Funding for the District comes from a $4 fee per registered auto in the Monterey
air basin, which generates $1.2 - $1.4 million annually. However, the 21
municipalities within the District typically generate $5 — $6 million in funding
requests each year. Hence, the APCD uses guidelines from the California Air
Resources Board to estimate emissions reductions for each project submitted.
There is a predetermined criterion for cost-effectiveness based on dollars per ton
of pollutant reduced. Pollutants include only criteria pollutants and particulate
matter.

The APCD looks favorably on traffic signal coordination projects and
roundabout construction because these types of projects have proven to be cost-
effective. Recent projects have also considered adaptive signal control systems.
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The APCD requires use of the CARB method for pollution estimation. Typically
the local agencies will contract with a consultant to do the emission reduction
calculation. SIDRA is the most common tool used.

Agencies that receive APCD funding have to provide a follow-up report on
actual emissions reductions achieved. APCD sees the LCCET as potentially a
useful tool for the grantee to do a post-project evaluation.

COUNTIES

ANDREW CIBOR, TRAFFIC ENGINEER, ADA COUNTY HIGHWAY
DISTRICT, IDAHO

Andrew Cibor is the County Traffic Engineer for the Ada County Highway
District (ACHD), which is the county that comprises the majority of the Boise,
Idaho metropolitan area. Andrew’s department within the county is responsible
for the management and allocation of transportation capital improvement
dollars. Andrew himself serves as the main technical resource within the
department and is heavily involved in planning and funding allocation.

ACHD currently has a large number of traffic signals and an increasing number
of roundabouts in place. When future intersection improvements are considered,
the county will always consider a signal and a roundabout. If a roundabout
proves to be a viable option to meet capacity needs, the county will conduct a
benefit/cost ratio analysis for all alternatives under consideration to further
inform decision making.

Related to the content of the LCCET, ACHD would like to see key environmental
metrics incorporated and guidance as to how to compute the delay cost/benefit
of an alternative. Specifically, should delay be estimated at different intervals
through the horizon year, interpolated from existing to future, or some
combination between the two.

CHRIS DOTY, ROAD DEPARTMENT DIRECTOR, DESCHUTES
COUNTY, OREGON

Deschutes County governs the area within Central Oregon comprising rural
lands, rural subdivisions, and areas of urban fridge around the population
centers of Bend and Redmond. In addition, several upscale Destination Resorts
exist within the county. Chris Doty acts as the Road Director and Public Works
Director.

Today, the county maintains a small number of traffic signals and at least one
modern roundabout. Additional roundabout-like intersections exist in the
Sunriver Destination Resort area, though these intersections were constructed
prior to current US roundabout design standards were implemented.

Future intersection improvement locations are generally identified via a general
safety screening exercise where high crash areas are addressed. Life cycle costs
are generally considered, but not exclusively relied upon.
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STACY SHETLER, TRAFFIC ENGINEER, WASHINGTON COUNTY,

OREGON

Stacy Shetler is the Traffic Engineer for Washington County, a large suburban
county located in the southwest quadrant of the Portland, Oregon metropolitan
area. Stacy is in an oversight role and manages the staff that is responsible for
transportation improvement projects.

Safety improvements are guided by a statewide safety priority index.
Operational improvements are broader and focused on identified problem areas.
The county currently operates traffic signals and roundabouts, though no
roundabouts have been constructed in a truly urban environment due to right-of-
way constraints. Existing roundabouts are in rural and suburban settings.

Intersection improvement projects are evaluated on a case-by-case basis. No
specific polices guide intersection form selection. Rather, the county works with
local jurisdictions to identify options that work best for a particular set of
circumstances. As of now, life cycle costs are typically considered. Most
emphasis is on the initial capital costs of improvement options, though some
long-term maintenance costs are considered. For development projects, benefit-
cost ratios are calculated to determine the mitigation measures that should be
implemented.

RICHARD TORNESE — BROWARD COUNTY, FLORIDA

Richard is Director of the Highway Construction and Engineering group within
the Department of Public Works for Broward County. Richard is involved with
many aspects of intersection and roadways improvement efforts, including
programming, funding, planning, design, and construction. His group does not
address maintenance. Final decisions on improvement projects and funding
allocation are handled by the County Commission, which fields
recommendations from the various departments.

The County typically considers intersection improvement projects on a case-by-
case basis. It would be rare for the group to address a corridor as a whole with a
single improvement project.

Broward County has a wide range of urban and rural areas. Currently
roundabouts exist within unincorporated areas of the county. They do not have
specific improvement policies in place that drive intersection alternatives, but
Richard indicated that safety, congestion, and community input are big drivers
in where improvements options move forward.

When conducting analyses, Broward County will typically consider existing
volumes, future volumes, crash histories, improvement costs, and right-of-way
impacts. These data are sometimes used to develop benefit-cost ratios but usually
only for larger infrastructure projects like bridges.

Richard believes that the LCCET would be useful, especially if specific operation
and maintenance costs were included as a default. His department has a difficult
time calculating these costs for individual intersections since expenditures are
not easy to extrapolate to planning-level estimates in this area.
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CITIES

BOB BRYSON, CITY OF MILWAUKEE, WISCONSIN

Bob Bryson is in charge of traffic signals for the City of Milwaukee, Wisconsin.

The city carries out all funding and implementation tasks (review, approval, etc.)
for all traffic control devices as part of normal city operations. They also use
some CMAQ funding. The city currently operates over 750 interconnected and
coordinated signals and generally avoids considering roundabouts in the central
area of Milwaukee.. The city already has an interconnected signal system.
Roundabouts would disrupt operation of the signal system and are therefore not
considered if they would affect signal operations. Hence, roundabouts are
considered only in outlying areas.

The city budgets for the installation of two traffic signals per year out of their
capital program. Other signals may be installed if funded by developer
contributions or if federal funds are available. Prioritization of new traffic signals
is based on warrants, traffic volumes, crash history, and current operations.

When considering improvement alternatives, the city considers only up front
capital cost. Operations and maintenance costs come out of the city’s operating
budget and are difficult to quantify for individual intersections. To address these
costs at the citywide level, the city recently retrofitted signals with LEDs to
reduce electrical and maintenance costs.

The city would find value in the LCCET if it provided them with information on
street lighting costs, LED costs, or other technological changes.

STEPHANIE MORMILO, MUNICIPALITY OF ANCHORAGE, ALASKA

Stephanie is the Municipal Traffic Engineer and works within the Traffic
Division of the Public Works Department of the Municipality of Anchorage,
Alaska. The Traffic Division works with the greater Public Works group to
determine how specific funding will be allocated. An internal committee deals
with specific funding recommendations. Stephanie chairs that committee.

The municipality will typically identify specific intersections that require
improvement on a case-by-case basis, but always have an eye on how individual
improvement could affect the larger transportation system. Currently the
municipality maintains signals and roundabouts. For future intersections, no
specific policies direct alternative considerations (i.e., “roundabouts first”
policy), although roundabouts are typically considered.

Current practices for long-range alternative consideration include life cycle cost
analysis, though in a limited form. The municipality considers up front capital
costs, delay, safety, equity, system connectivity (including for bicycles and
pedestrians), maintenance costs, etc. In addition, a major consideration is the
logistics and costs of snow removal relative to each alternative, though they do
not have a good handle on the incremental costs of plowing a roundabout versus
a conventional intersection.
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Anchorage interested in having a tool like the LCCET so that a benefit-cost
analysis could be more readily applied. A current barrier to such an analysis
being conducted is often the cost of doing a detailed evaluation. Instead, the
municipality often develops a qualitative pros and cons list. Stephanie indicated
that a tool like what is being developed as part of NCHRP Project 03-110 would
be very useful.

Final Report

Appendix A — Public Agency Interviews Page A-9

September 2015



NCHRP Project 03-110: Estimating the Life-Cycle Cost of Intersection Designs Final Report

APPENDIX B MICROSOFT EXCEL UPDATES

For the Life-Cycle Cost Estimating Tool to function properly, users must have the
most recent Microsoft Excel updates installed on their computer. There are
specific Microsoft Excel patches that are required for some of the macros within
the tool. Additional information regarding these updates and a link to access the
updates is provided below:

To install the required updates:

¢ Go to the link below:
http://support.microsoft.com/kb/3025036/EN-US
e Scroll down the page. You will see two buttons labeled Fix it.

e If you click on the first (top) button the problem file will be erased for
the current user.

e If you click on the second (bottom) button the problem will be fixed for
all users on the computer. You need to have Administrator privileges to
do this.

Appendix B — Microsoft Excel Updates Page B-1


http://support.microsoft.com/kb/3025036/EN-US

NCHRP Project 03-110: Estimating the Life-Cycle Cost of Intersection Designs

APPENDIX C CASE STUDY WORKSHEETS

Table C-1 summarizes the case studies that were developed as part of this project
task. Additional information for each case study is presented in Chapter 4. The
following pages of this appendix present the summary worksheets for each of
the six case studies.

Table C-1: Summary of Case Studies

Case
Study

Location/Agency

Base Case

Alternatives

Eagle Road/State Street
Ada County Highway District
Eagle, Idaho

Existing Signalized
Intersection

Multilane Roundabout
Enhanced Signal

Powell Butte Hwy/Neff Road
Deschutes County
Bend, Oregon

Existing Two-Way Stop
Controlled

Two Off-Set
Intersections
Single-lane Roundabout

Jackson School Road/Scotch
Church Road/Meek Road
Washington County
Hillsboro, Oregon

Existing Off-set Side-
street Stop Controlled

Single-lane Roundabout
Signalized Intersection

SR-123 (San Pablo
Ave)/Bancroft Way
Caltrans
Alameda County, California

Existing Two-Way Stop
Controlled

Signalized Intersection

US 40/MD 213
Maryland State Highway
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CASE STUDY 1: EAGLE ROAD/STATE STREET
INTERSECTION

Worksheets provided on www.trb.org.
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CASE STUDY 3: JACKSON SCHOOL
ROAD/SCOTCH CHURCH ROAD/MEEK ROAD

Worksheets provided on www.trb.org.
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CASE STUDY 4: SR-123 (SAN PABLO
AVE)/BANCROFT WAY

Worksheets provided on www.trb.org.
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CASE STUDY 5: US 40/MD 213

Worksheets provided on www.trb.org.
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