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ABSTRACT
This paper illustrates the use of Sbcial Benefit-Cost Analysis (SBCA) to
evaluate a major highway improvemen£ project proposed for Fairbanks, Alaska.
Use of SBCA has been shown to lead to the selection of projects which
provide greater net benefits to society than other evaluation methods.
Despite this, the majority of resources spent on highway investment in thé

U.S. each year is programmed based on simple, non-economic investment rules.

The case study employs a detailed analysis of Fairbank's highway
transportation system in order to develop estimaﬁes of direct user costs
over the 1life of £he proposed project. This level of detail provides
reliable user costs, sensitive to relationships between cos;s and traffic
volumes, land use patterns, distribution of traffic by time of day, vehicle

mix, etc.

It is concluded.that the method used in the case study is applicable to and
appropriate.for use in other medium-sized and small urban areas. The data
required for this analysis was found to be available from models routinely
generated by most cities. Analyses of this type could be improved with
-better data on vehicle operating.costs, the valuation of travel time and the

relationship between accidents and traffic volumes.

The relationship between the technical analysis using SBCA and the broader
decision-making framework is discﬁssed. It is concluded that analysts can
play a role in ensuring the effective use of the analysis results in the
often politicized decision-making framework. It is felt that this is best
accomplished by enéuring the active participation of the analyst, the
decision-maker and the community in the development of alternatives and the
setting of oﬁjectives to be used in the analysis.
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CHAPTER ONE

Introduction

1.1 Purpose and Motivation of Study

In the public sector, project evaluation is one of the most important steps
‘in the transportation planning process. It involves both analysts and
political decision makers in an activity which usually leads to the
committment of an area's resources. Typical of many public investments,
transportation projects are usually capital intensive, long-life facilities.
Thus, it is essential that care be taken in evaluating transportatiod
projects. Analysts must provide information to decision-makers which allows
them to make the best use of limited public resources in accomplishing a

community's goals.

Sugden and Williams describe projects and project appraisal (or evaluation)
as follows:
"A project, broadly defined, is a way of using resources; a
decision between undertaking and not undertaking a project is a
choice between alternative ways of using resources. Project
appraisal is a process of investigation and reasoning designed to

assist a decision-maker to reach an informed and rational choice"
(Sugden and Williams, pg 3).

Two broad issues arise in the process of évaluating transportation projects.
'(Meyér and Miller, pg 372). First, the pﬁblic decision-making process is a
political one and thus iﬁformation derived from an evaluation is filtered
through the values and objectives of the decision-making group before a
final investment decision is made. Second is determining the set of
techniques used by analysts in evaluating projects and thus generating

information used by decision-makers.



1.1.1 Iransportation Investment Decision Making Pxocess

Figure 1-1 illustrates the investment decision-making process typically used
by local governments. The evaluation framework overlaps the analysis done
by planners and the decision made by the public and its elected
representatives. Within the evaluation, the public policy issues (such as
traffic congestion, air pollution, community development), which may have
motivated study of the problem in the first place, interact with the results
of the technical evaluation prepared by planners. Both play important roles
in affecting the final investment decision. The project is as likely to be
approved because it is perceived as "good for community development" as it
is for its direct user benefits. Unfortunately, it is also }ikely to be
approved based on misperceptions despite direct costs outweighing direct

benefits (Nowlan, pg 2).

As Nowlan related in his discussion of the evaluation of the Spadina

Expressway in Toronto (Nowlan, pg 2):
". . . there occurs an interplay between factual analysis and
evaluation on one hand and policy debate on the other. This
overlap of policy debate and project discussion is an inescapable
aspect of much government decision-making, and something which
cannot be dispelled by brandishing techniques such as cost-benefit
analysis."

The decision-making process through which a community's resources are

committed is influenced by and can influence the evaluation of

transportation investments. Beyond the information on project use and

impact generated by an evaluation, the effectiveness of an evaluation is

often determined by the analyst's ability to convey distributional effects



Transportation Investment Decision-Making
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(i.e., who gets what out of the project), trade-offs between alternatives

and major areas of uncertainty (Meyer and Miller, pg 373).

1.1.2 Evaluation Techniques

Several very different techniques can be employed in the evaluation of
alternative transportation investments. Non-economic methods use simple
- performance measures such as volume to capacity ratios, travel delay, and
road roughness to establish standards (or minimum tolerable conditions)
which can be used to guide tranqurtation ‘'system investments.
Cost-effectiveness ﬁeéhniques attempt to provide information ‘on how
altefnative transportation investments meet various goals established by a
community. Social Benefit-Cost Analyéis (SBCA) attempts to establish the

costs and benefits of alternative investments, in dollar terms, to society

or the community as a whole.

This paper focuses on evaluation techniques, specifically SBCA. The primary
difference between SBCA and non-economic evalqation techniques is that
non-economic techniques are insensitive to the costs involved in a
particular project. While useful in identifying projects, non-economic
techniques provide no information on the efficiency of a project. As
explained by Gomez-Ibanez and Lee, "there may be conditions under which»
higher standards would be justified by the incremental benefits and other
conditions under which imposing the standard calls for costs that exceed the.
incremental benefits" (Gomez-Ibanez and Lee, pg 22). Thus, non-economic
methods as embodied in improvement standards and sufficiency ratings provide

little guidance for the economically efficient allocation of resources to

the transportation system.



Comparison of the several techniques available to evaluate transportation
investment has been the focus of two recent studies. The first is a 1985
spudy by Gomez-Ibanez and O'Keefe testing alternative investment rules using
U.S. interstate highway investment decisions as test cases. The second
study was prepared in 1986 by McFarland and Memmott using added-capacity

projects as test cases.

The major findings of these studies indicate that, not only is an explicit
use of Dbenefit-cost analysis preferable to other techniques for
transportation investment evaluation; because other techniques are generally
used in most states in the U.S., a significantly large increase in
efficiency would result from using benefit-cost analysis (McFarland and

Memmott, pg i; Gomez-Ibanez and O'Keefe, pg 85).

McFarland and Memmott compared sufficiency rating systems, priority formulas
and cost-benefit analysis in the evaluation of 1,942 added-capacity projects
being considered for funding in Texas.l They found that for a ten-year
budget of $5.742 billion, the benefit-cost procedure selected projects that
give over $22 billion more benefits than does the sufficiency rating system

and approximately $7.8 billion more than does the priority formula.

Gomez-Ibanez and O'Keefe compared investment rules which specify minimum
tolerable physical conditions (MTC's) beyond which investment is required
and cost-benefit analysis.2 Their principle finding is that the investment

rules used for highways by State and Local officials are often excessively



simple (Gomez-Ibanez and O'Keefe, pg 3). They note that for many important
types of investment, particularly repaving and reconst;uction, highway
agencies often use MTC rules that do not closely approximate the results of
benefit-cost analysis (Gomez-Ibanez, pg 3). From test cases they conclude
that "the additional social benefit from using these improved rules (ed. -
cost-benefit gnalysis) could easily amount to ten or twenty percent of the

cost of the investments (Gomez-~Ibanez, pg 85).

Despite this, the majority of the billions of dollars spent on highway
investment in the U.S. each year is programmed based on simple, non-economnic

investment rules (Gomez-Ibanez and O'Keefe, pg ii).

1.2 Purpose of Study

Given the influences which can prevail on the evaluation process, social
benefit-cost analysis cannot stand alone, nor does it have a position whicﬁ
supercedes policy. Rather, it provides "a method by which data can be
arranged for easier interpretation.in the 1light of relevant policies™

(Nowlan, pg 2).

Social benefit-cost analysis is argued to also provide a framework for
resource allocation which may make political decision-makers more

accountable to a community (Sugden and Williams, pg 241).

In light of the discussion in Section 1.1.1, an evaluation should have as
its objectives: 1) the guiding of much of the technical aspects of the

planning process, 2) a

<



summarization in understandable terms of the key issues to be considered by
decision-makers, and 3) access for involvement of interested parties (Meyer

and Miller, pg 375).

The purpose of this study is to illustrate the application of SBCA in
evaluating an urban transportation investment. The ultimate result of a
social benefit-cost analysis of a transpoitation investment is a comparison
of the costs and benefits in monetary terms. The development of these
project costs and bénefits involves a fairly complex series of steps. A
case study will be used to show what analytical methods and data are
required to develop a reliable estimate o0f costs and benefits for urban
highway projects. The case study involves the evaluation of a highway

project in Fairbanks, Alaska.

The focus of the paper is the description of a method of developing a
refined set of user costs. This method makes use of a detailed break-down

of transportation system activity to estimate the direct effects of a

transportation investment.

While the study does emphasize the techniques involved in the evaluation of
transportation investments it is recogized that the context within which the
evaluation is undertaken {(often a political one) is quite important and can
‘influence the effectiveness of such analysis. 1In this coﬁtext evaluation is
seen as a vital link between planning and decision-making (Meyer and Miller,
pg 373). The issﬁe of SBCA in the context of the political decision-making

process is addressed in Chapters Five and Six of this paper.



1.3 Structure of Study

Chapter Two describes the case study and method of analysis used in the
evaluation. Chapter Three contains an analysis of the highway network used
in the case study. Chapter Four develops highway user costs. Chapter Five
presents the results of the evaluation. Chapter Six provides a summary of

fhe project evaluation process as presented in this study, discussing how it
is affected by the political nature of the decision-making process and

drawing on recent empirical research which compares alternative evaluation

techniques.
FOOTNOTES
CHAPTER ONE
1. A sufficiency rating is an index usually consisting of three

categories, each having several subunits with weights that typically sum to
100 points if the highway is totally sufficient. Highways with the lowest
ratings are considered to be the ones most in need of improvement (McFarland
and Memmott, pg 5).

Priority formulas are cost-effectiveness techniques which use a
formulation (e.g., a ratio) of the change in sufficiency ratings on a road
. segment and the cost of achieving that change (McFarland and Memmott, pg 7).

The benefit-cost procedure used in the McFarland and Memmott study is a
modification of the Highway Economic Evaluation Model II (or HEEM-II)
developed by the Federal Highway Administration.

2. Rules using MIC's include both the sufficiency rating systems and
priority formulas discussed by McFarland and Memmott.



CHAPTER TWO

Description of Case Study and Method of Analysis

This chapter provides background on the community of Fairbanks, Alaska and
the proposed projeét' - the Geist Road Extension. Estimates of project
conétruction and maintenance costs are presented along,with a description of
the project’'s layout and construction schedule. Thg approach used in

evaluating the project is also discussed.

2.1 Case Study Background

Fairbanks is located iﬁ ‘the interior of Alaska, approximately 300 miles
north of Anchorage. The 1984 population for the Borough was estimated to be
approximately 70,000. Based on continued population growth at historic
rates and the build-up of a local hilitary base, the area population ié
expected to grow to 128,000 by the year 2005 (DCCO, 1985A, pg II-6). As
will be discussed further in Chapter Three, this is an admittedly high
growth scenario used in the Fairbanks Metropolitan Area Transportaﬁion
Study (FMATS) Update prepared by Deleuw Cather Company (DCCO) to assess the

"worst-case" traffic generation (DCCO, 1985A, pg II-1).

The case study is a proposed highway project in Fairbanks. Essentially, it
is an extension of an existing east-west arterial with connections to
‘downtown Fairbanks. The study horizon is 20 years, extending from 1986 to

2005.

Figure 2-1 shows the proposed project as well as the central area of
Fairbanks. The proposed highway project runs through the middle of the

relatively undeveloped central part of the community. The addition of more



Figure 2-1

Proposed Project and Surrounding Area
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east-west capacity was anticipated in the original FMATS ;ecommendations
made in 1969. However, a formal p?oject proposal was not put forth until
1977 when Alaska Department of Transportation and Public Facilities
(ADOT/PF) began preliminary design work. The objective of the project is to
relieve congestion on other arterials and provide better access to the
downtown area. Several alternative routes were analyzed although no formal
analysis was done of alternatives to the construction of additional capacity

(e.g., transportation system management alternatives).

Through the input and analysis gained from the preparation of a formal
Environmental Impact Statement (EIS), the preferred alternative (shown in

Figure 2-1) was selected by ADOT/PF in early 1985.1

2.1.1 Sources of Case-Specifjic Data

The primaryvsource of data for project specifications, costs and the
project's_environmental‘impacts come from the ADOT/PF Divisions of Design
and Construction, and Maintenance. System analysis data (traffic volumes,
road network characteristics, etc.) are taken from the recently completed
"update of the Faifbanks Metropolitan Area Transportation Study (FMATS)
prepafed by DeLeuw Cather Compahy (DCCO) and information proVidéd by ADOT/PF
Planning and Programming Section. Information on user costs in Alaska are

adapted from a recent economic evaluation prepared by Quadra Engineering,
and an earlier regional transportation study of ﬁorthern Alaska prepared by

Berger and Associates.

11



2.2 Method of Analysis

2;2.1. Overview of Social Benefit-Cost Analysis

As stated in Chapter One, the objective of the case study is to illustrate
the use of Social Benefit Cost Analysis (SBCA) in assessing the costs and
benefits of an urban.transportation investment, specifically the Geist Road
Extension. As a decision—méking tool, SBCA strives to provide a rational
basis for the allocation of resources in a ménner which maximizes the goals
of a cbmmunity (Pearce, pg 6). It does this by attempting to measure
individual community members' assessments of the costs and benefits to them

of a particular use of social resources.

The measurement of théSe costs and benefits is theoretically to be based on
individual preferences as expreséed in markets. To be wvalid, the analysis
must use the true economic cost of resources used as reflected in their
"opportunity cost" (Pearce, bg 13). At 1least three problems exist in the
attempt to measure the opportunity cost of resourceé used in a project:

1) Markets may not exist for some resources (e.g., the value of time,
Qalue.of life);

2) -+ Markets may be distorted. 1In other words, the price paid in dollar
amounts may not reflect opportunity cost of resource used. This typically
happens ih‘developing countries stemming from rapid inflation, government
controls, over valuation of the domestic currency; underemplqyment of labor,
etc. (Adlg;, pg»ll);

3) The use of resources associated with a projeét oCcurs over an

extended period of time.

12



To address the first two problems, economists use an approach called shadow
pricing. Shadow pricing attempts to infer the opportunity cost of
resource's use by observing behavior in related markets. Fér example, the
value of time ié estimated by what employers are willing to pay or by what
wage earners are willing to work for: wage rates plus fringe benefits
. (Adler, pg 38). The valuatioﬁ of noise might be inferred from geographic
differences in the price of housing (Sugden and Williams, pg 162). Shadow
pricing can also include adjustments made to existing markets whicﬁ are

considered distorted.

To provide an accurate comparison of the costs and benefits of the project
over time, they should be discounted to a common point in time. Th;s
discounting adjusts the costs and benefits to reflect the productivity of
gcapital - a dollar is worth more today than next year; and pogitive

time-preference - individuals prefer now to later (Pearce, pg 38).

To accurately discount costs over the life of the project, costs and
benefits must ©be estimated for each year of the project. This need for
year to year data contrasts with most planning practice which often uses one

or two target years for analysis.

Typically, an SBCA of the transportation project will include a measure of

the following costs:
~-Vehicle operating costs,
;User time costs,
-Accident costs,
-Other non-user costs such as noise and air pollution,
-Construction costs,

-Maintenance costs.

13



These costs are developed for the affected transportation system with and
without the project. The underlying criterion which is used in SBCA to
determine the worth of a project is the potential Pareto improvement
criterion (Sugden and Williams, pg 89). The following is a definition
provided by Sugden and Williams of Pareto improvement and potential Pareto

improvement (Sugden and Williams, pg 89) :

"In the language of welfare economics, a change that makes at
least one member of a community better off and makes none worse
off is a Pareto Improvement. Undertaking a project provides a
potential Pareto IiImprovement if it is in principle possible to
secure an actual Pareto improvement by linking the project with an
appropriate set of transfers of money between gainers and losers -
even if in fact these transfers will not take place." N

Thus, if a transportation investment creates benefits to community members
which exceed costs (e.g., through savings in vehicle operating costs, user
time savings, etc.), then a potential Pareto improvement exists and the

project can be considered worthwhile.

2.2.2 ppproach Taken in this Study

Traditional economic evaluations of urban road projects have tended to be
made at an aggregate level, using system-wide average speeds applied to an
aggregaté demand. For example, evaluations of the Spadina Expressway in
Toronto assumed an average speed of 20 miles per hour on the affected road
network and estimated a daily demand of 155,400 vehicle miles pef mile on
the network (Nowlan, pg 5). Analysié at this aggregate level ignores the
significant variations in speed which exis; on an urban network and the
variations in demand which exist over the course of a day. This can be
illustrated in a graph of user time costs for a typical urban road segment.
User time cost as a function of the volume-to-capacity ratio of a road

segment is presented in Figure 2-2 below.

14



FIGURE 2-2

USER TIME COST AS A FUNCTION OF
TIME VOLUME/CAPACITY RATIO

COST

VOLUME/CAPACITY RATIO

In evaluating the impacts of a project, this cost function raises three

issues:

1) Costs do not vary linearly with use on a segment,

2) Use is not uniform along a segment consisting of several
intersections, and

3) Inter-relationships between segments exist at a system-wide
level and thus changes in the costs on one segment could

affect many segments.

Tge approach used in.this study is ﬁo undertake a detailed analysis of the
'road system in Fairbanks. This analysis entails a more refined breakdown of
the road network. The network is divided into several links for which
operating conditions are to be calculated. Since the oberating conditions
on urban roads typically exhibi; wide variations- between peak and off peak
use and in user characteristics, link operating conditions are estimated for
various times of day, accounting for differing auto occupancy and vehicle

mix. This provides a system-wide analysis of the project which recognizes

15



that, as each link is a part of the overall network, a change in an
individual link can be expected to have an effect on some or all the other
links (Griffiths, pg 36). This approach allows for more accurate estimates
of the level of benefits. More importantly, it can be used to determine the
distribution of the benefits (for example by time of day, road segments or

geographic area).

The process taken in evaluating the project is diagrammed in'Figure 2-3.
Essentially, the system analysis provides the base data used in determining

both user costs and non-user impacts. A dogged line connects the system
analysis and project costs in reference to recognize that under normal
circumstances, the system analysis would precede the develbpment of
alternatives and hence any project cost estimates. The system analysis
entails defining that part of the existing road system likely to be affected
by the project and developing a set of road system characteristics (e.g.,
volume, capacity, peaking characteristics, speeds, etc.). This analysis is
presented in Chapter Three. User costs include vehicle operating costs,
user time costs and accident costs and are presented iq Chapter Four. The
analysis of project costs provides input for the formal evaluation.
Non-user impacts are presented in Chapter Five and, while these‘impacts
would ideally be évaluated in an SBCA, they are not considered in this
evaluation as a monetary value can not easily be attached to them. Their
importance in the final decisiop—making process is indicated by a dotted
arrow connected to the evaluation. The evaluation itself is ﬁresented in
Chapter Five and entails the calculation of'projeét benefits to existing

traffic (user costs without the project less user costs with the project),

16



Tigure 2-3

Process for Project Evaluation
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the estimation of benefits to generated traffic and a comparison of the
total project benefits and costs discounted over the life of the project.
Sensitivity of the evaluation to changes in the discount rate, population

growth, and the value of user time is analyzed.

While a complete study would entail the analysis of present and forecast
demand and supply conditions in arriving at a set of possible alternative
investments, this case study limits itself to the evaluation of a single
project, the Geist Road Extension in Fairbanks, Aléska. As well, given its
scale, a separate evaluation of segments of the project might provide more
meaningful information on the relative merits of each part. However, given
the lack of resources required to carry out this analysis, and to keep the

illustration  simple, the project as a whole is evaluated in this case study.

2.3 PBroject Costs

This section presents the estimated project costs for the Geist Road
Extension. Generally, these cﬁsts are subdivided into construction and
maintenance costs. Given the eight-year construction s;hedule, it 1is
important in evaluating the project to accurately assign the project costs
on an annual basis. .This ensures that the costs are correctly discounted in
calculating their present value. This entails breaking project costs down
by the sections which "are to be completed each year and assigning

maintenance costs only to those sections which are completed.

2.3.1 Construction Costs
Table 2-1 provides a breakdown of construction costs. These costs include

project engineering (design), right-of-way acquisition, construction, and
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utilities costs. Cost estimates of each of these components are made for

five sections of the highway. These sections are highlighted in Figure 2-1.

Table 2-1 also presents a schedule of construction is presented indicating
when each section is to be started, and the estimated time of completion.
‘Summarizing, construction is scheduled to begin in September of 1985, and
will be completed by late 1993. The total cost is estimated to be 116.1

mil;ion dollars.

It should be noted that the Illinois Street section of the project involves
improvements to existing sections of the network. As this section is not
scheduled for construction until 1992, the majority of the added capacity

will be completed by 1991.

Table 2-1
GEIST EXTENSION - PROJECT DEVELOPMENT COSTS

1985 Cost ($ Million) :
Sched. Com-

Start plete
Section P.E. ROW Const Util Total Const Const
Peger - College 0.8 5.9 18.3 1.0 26.0 86 '87
Lemeta - Birch
Hill 0.7 5.6 8.8 0.3 15.4 '88 . '89
Aurora - Lemeta 1.2 3.2 18.4 0.7 23.5 '89 '90
Illinois 1.0 13.9 12.4 0.8 28.1 '92 '93
University Ave. -
Peger 0.9 5.5 16.5 0.2 23.1 '90 '91
TOTAL 4.6 34.1 74.4 3.0 116.1
P.E. - Project engineering costs

ROW - Right of way costs
Const. - Construction costs
Util. - Utility costs

Source: ADOT/PF Planning Section.
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2.3.2 Maintenance Costs

Maintenance costs were determined over the life of the project based on
average per lane mile cost estimates provided by the ADOT/PF Division of
Maintenance. As the project will be staged over several years, the
maintenance costs werd& calculated to reflect the actual amount of the

project completed during each year up to 1993. These costs are presented in

Table 2-2.
TABLE 2-2
Estimated Maintenance Costs -
Geist Road Extension
-Six Lanel- -Four Lane? -
Total
Annual
Lane ' Lane Maint.
Year Miles ‘ Cost Miles Cost Cost
1987 4.86 61,236 -0- -0- 61,236
1988 : 4.86 61,236 -0- -0- 61,236
1989 4.86 61,236 20.44 183,960 330,624
1991 11.64 146,664 20.44 183,960 330,624
1992 11.64 146,664 20.44 183, 960 330,624
1993 11.64 146,664 21.04 183,960 336,024
1994-2005 11.64 146,664 21.04 189, 360 336,024
1. $12,600 per mile.
2. $9,000 per mile.

Source: ADQOT/PF Division of Maintenance.

FOOTNOTES

CHAPTER TWO

1. ADOT/PF is the public entity with the resources to carry out much of the

planning, design and implementation of most transportation projects in the
Fairbanks area.
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CHAPTER THREE

System Analysis
3.1 Intxoduction
The purpose of this chapter is to assess the operating conditions on that
part of the Fairbanks road system most affected by the proposed project.
These operating conditions include volume/capacity ratios and speed or
travel time. These are inputs to the calculation of vehicle operating

costs, user time costs, accident costs and other project impacts.

The data developed from the system analysis underlie all cost calculatioﬁs
used in the economic evaluation. The system analysis is the most
data-intensive part of the process. This analysis builds on estimates of
the demand for use of the network and projections of future demand, and
requires data on operating conditions found on individual links which ﬁake

up the network.

Figure 3-1 diagrams the process taken in analyzing the road system for this

case study. The first step is to determine the primary road segme@ts
affected by the new project. These are essentially, the arterials
surrounding the project. For the affected network, the next step is to

'develop traffic volumes for base and forecast years, with and without the
project.i This is done for each link in the network and can be accomplished
using traditional urban transportation modelling techniques. Based on
characteristics of the road network (supply) gnd travel characteristicsr
(demand), the speed or travel time over each link can be calculated. Based
on speeds, levels of congestion and travel time, vehicle operating costs,’
user time costs and accident costs .can be estimated for different

alternatives.
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FIGURE 3-1
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3.2 Development of Network for Analysis

Figure 3-2 presents the road network including the project. Highlighted are
the project and the part of the network most affected by the project; Since
one of the objectives of the project is to provide more east-west arterial
capacity through the central area, the existing east-west arterials are
expectéd to receive the primary impacts. As well, many of the north-south

arterials which intersect the east-west roads will also be affected.

3.3 MWM&J&MW&

Daily link volumes were established for various scenarios. These scenarios
consider the network with and without the project and the growth rate of
traffic over the life of the project. This section presents the base and
forecast link volumes to be used in the evalgation. The base year of the

. evaluation is 1986.

3.3.1 Method for Deterxrmining Link Volumes

As discusssed in Chapter Two, the source for daily traffic volumes by link
is the 1985 FMATS Update. The volumes for the high growth scenarios were
produced by the assignment procedure of the traditional four-step modelling
process used in the Update. A moderate growth scenario waé developed for
use in this evaluation by assuming slower growth rates in several of the
parameters used to forecast future traffic. The basis for these volumeé is
discussed in this section through examination of the four-step procedure
ktrip generation, trip distributions, mode choice, and trip assignment) used

in the update.
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3.3.1.1 1Ixip Generation and Distribution

The first two steps are concerned with the geographic interchange of trips
in the area being studied. The study area is usually divided into analysis
zones. The first step of the modelling process, trip generation determines
the number of trips made in the study area. The trip distribution step
involves determining the relative attractiveness of each zone and the

development of a zone-to-zone trip table.

Trip production for the FMATS Area was derived using a model which generates
average daily vehicle trip productions for residential travel for each zone
based on average production rates by trip purpose (Home-Based Work (HBW),

Home-Based Other (HBO); and Non-Home Based (NHB)) for three household size

classifications (DCCO 1983, pg 4):

o 1 or 2 member households
o 3 or 4 member households

0 5 or more member households

The trip production rates for this model were obtained from a 1983 telephone
survey of 284 households .in the Fairbanks area and are presented in Table

3-1.

Using the 1983 travel survey as a basis, average daily vehicle trip
attractions for each zone were derived by DCCO using regression analysis to

obtain equations between trip purpose and various parameters including:

- DUS = Number of dwelling units
~ TOTEMP = Total employment

- RETEMP = Retail employment
- OTHEMP = Other employment
- SCHATT = School attendance
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The final equations used in the update are presented in Table 3-1.1

As will be discussed further below, these attraction equations were used in
developing estimates for area-wide daily trip volumes where FMATS Update

information was not available.
TABLE 3-1
FMATS Trip Generation Factors

Trip Production R Per HH (Excludes Ft. Wai {ght)

HH Size Group HBW HBO NHB All Trips
1-2 1.15 1.61 2.87 5.63
3-4 1.57 3.3 3.69 8.56
5-6 2.56 3.36 3.4 9.32

Wt. Avg. Total 1.36 2.15 -3.11 6.62

Trip Attraction Equations

Trip Purpose Equation
Homebased work HBW = 1.3782 (TOTEMP) - 15.34
Homebased other HBO = .8276 (DUS) + 3.5659-(RETEMP) +
: .2837 (OTHEMP) + .2132 (SCHATT)
- 3.66
Non-Homebased  NHB = 1.2594 (DUS) + 5.3028 (RETEMP) +
1.240 (OTHEMP) + .02946 (SCHATT)

- 3.66

The zone-to-zone trip table was developed using the gravity model expressed

as follows (DCCO, 1983, p 17):

Tij = Pi* AL Fij Kij
n

:E Aj Fij Kij

j=1
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where,

Tij = trips produced in analysis area i, and attracted at zone j;

Pi = total trip production at i;

Al = total trip attraction at j;

Fij = friction factor for trip interchange ij; and represents the
"friction" or relative distribution factors representing a
diminishing function of Tij;

Kij = socioceconomic adjustment factor for interchange ij if necessary

tij = travel time (or impedance) for interchange ij;

i = origin analysis area number, i = 1,2,3. . .n;

j = destination analysis area number, j = 1,2,3. . .n;

n = number ¢of zones

3.3.1.2 Mode Split

In Fairbanks, public transit has a relatively small share of total household
trips, with approximately 1.2 percent of daily person trips. Given the
system's small size it is felt that any impacts the project might have on it
would be equally small. For this reason the evaluation focuses on auto and

truck traffic only.

3.3.1.3 <Iraffic Assignment

In the evaluation of a project, the final product of the four step modelling
process - the link volumes, is a critical input. Link volumes determine the
travel time and can affec; vehicle operating cosﬁs, accident levels, as well
as noise and air pollution levels. ,Thﬁs, it is important to ensure a

2 Ideally the problem of traffic

reasonably accurate assignment of traffic.
assignment might be better stated in terms of route choice, where the

objective of minimizing total travel time can be recognized explicitly and
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an "equilibrium" solution reached wherein no driver can improve his travel

time by changing routes (Kanafani, pg 206).

While practical equilibrium assignment methods have existed for several
years and are readily available for use in the well known UTPS package of
models, little use has been made of them in practice (Eésh, pg 1). 1Instead,
more traditional all-or-nothing and capacity restraint methods have been

used (Eash, pg 1).

The FMATS Update included both all-or-nothing and capacity restrained
assignments. For purposes of this study the capacity restrained assignments
were used as they are closer than the all-or-nothing to an equilibrium

assignment.

The selection of a part of the total network for evaluation purposes poses
an additional problem in assigning traffic. It is not appropriate to
attempt to assign all trips in the area to the partial network (this
parallels the problems in an all-or-nothing assignment). The result is that
link volumes on the partial network rmust be taken from a complete network

assignment.

An evaluation typically requires two assignments to reflect the network with
and without the project, for at least a base year and a horizon year. 1In
adqition assignments ‘coﬁld. be made to aséess the .sensiﬁiyity of the
evaluation to the growth in traffic, peak traffic, shifts in land use, and

changes in travel behavior (household size, auto ownership, etc). Even
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though the network used in the FMATS Update is relatively small (160 zones
and approximately 1,000 links), and while substantial aggregation of zones
might be done to reduce the work, manual assignment is virtually impossible

in this case.3

Given that resources were not available for this case study to carry out
complete computer-assisted network assignments, a method was developed by
which 1l1link volumes-under various scenarios could be approximated. The
meﬁhod involves the use of assignments for 1980 and 2005 developed in the
FMATS Update. These assignments represent the network with (2005) and
without (1980) the project.~.To obtain the link volumes required for the
evaluation, .the ratio of the particular assignment and total area wide
weekday trip attractions was calculated and used as an assignment factor.4
This assignment factor was then applied to forecasts of annual trip
attracﬁions during the life of the projeét. For this approach to be wvalid,
assumptions must be made that zone-to-zone trip interchanges are fixed
proportionally during the life of the project (i.e., travel between zone x
and zone y is always z percent of total trip ends), 1In other words, it is
assumed that the project will not cause dramatic shifts in travel behavior
or land ‘use patterns. This is reasonable because(the project is an addition
of east-west capacity within the existing urban area. While it might allow
for a more efficient routing for some trips, it will not cause a major shift
in the relative attractiveness of any area in Fairbanks which might occur if
this broject were an extension of the urban road system out into undeveloped

hinterlands.
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In addition, adjustments had to be made to the 1980 éssignment to reflect
the addition of the Socuth Fairbanks Expressway (completed in 1986), and to
reflect more realistically the conditions on the network without the
project. While the 1980 assignment provides a relevant base for "without
project" assignment factors, it does not reflect the actual level of use (in
terms of link AADT/total area-wide attractions) which might be encountered
should the capacity of the system remain fixed. To illustrate, based on the
2005 aséignment developed in the FMATS Update it was determined that the
Geist. Extension would handle approximatley 5.8 percent of total
attractions.> For purposes of the evaluation this répreseﬁts traffic

diverted from existing routes. Thus, without the project, this 5.8 percent

must be redistributed to the existing road segments in some manner.

While the majority of these trips should be added to the partial network
used in this study, some 6f the trips would use road segments which were not
part of thié partial ﬁetwprk. It was felt that at least five percent of
total attractions (approximately 86 percent of the Geist Extension volume)
should be added to the existing network; with two percent added to all links
on College Road and Airport Way and 0.5 percent added to Phillips Field Road
and the South Faitﬁanks Expressway. Traffic was also increased on the major
north-south routes with two percent added to links on the Steese Expressway
and University Avenue and one percent added to the 1Illinois -
Cushman/Barnett - South Cushman road segment. These allocations were made
based on a judgment of the approximate capacities of alternative road .
segments and likely use of these roads which might occur without the

construction of the project. It was felt that Airport Road and College Road
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would handle the majority of the traffic while the South Fairbanks

Expressway and Phillips Field Road would handle relatibely little.

Adjustment of the without project assignment to reflect the addition of the
South fairbanks Expressway (SFE) was accomplished by using the SFE
assignﬁent factors for 2005 as a base and adding 0.5 percent of total trip

attractions as described above.

As project construction’is‘being étaged over several years (1986-1993)
adjustments to the traffic assignﬁents "with project™ were also necessary.
Toldo this requires that the existing network resemble some form of the
network "without project™ until the project. is completed and traffic
diversion to the project is 100 percent. This was accomplished by using
"without project™ assignment factors for each of the existing links to which
the Geist volumes had been added (as discuséed above) . As various parts of
the project were added to the network, a reduction in the assignment factors
of the "without project™ links was made equal to the weighted average volume

added to the project.6

Thus, by 1991, with the completion of the east-west
portion of the project, all link assignmenf factors are "with projeét“. The

following percentage reductions were made to the assignment factors of

existing links over the period of construction:

1986 -0-
1987 1.21
1988 -0-
1989 0.82
1990 . 1.63
1991 1.34
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Since Illinois Street is also part of the project, its assignment factors
were affected somewhat differently then the rest of the existing network.
Once the east-west portion of the project ties into Illinois (1989), the
assignment factors for this road segment were changed from "without project™
to "with project”. Its improvements occur in 1993 (widening to increase

capacity) and are recognized in the evaluation in 1994.

While this is an ad hoc approach to obtaining link volumes it does provide
reasonable results for the purposes of this case study. Confidence in the
volumes préduced by this method can be checked by comparing the assignment
factors of both assignmentsf If there is some consistency between the
patterns of the 1980 and 2005.assignments, more‘confidence can be had when
applying the factors to intermediate years (again assuming no major shifts
in land use). Figure 3-3 illustrates the comparison of the two assignments.
While there are differences‘in percentage levels, each road segment would

appear to have similar patterns of traffic volumes in both 1980 and 200S5.

3.3.2 Forecasts of Traffic

Forecasts of traffic were developed for two scenarios; high and moderate
growth. For each scenario estimates of total trip attractions were made for
1986, 1995, and 2005. Since 1986 data were not available, estimates of 1986
trip attractions were extrapolated from 1984 data based on average annual
growth between 1984 and 1985. As noted previously, the FMATS Update was
carried out with the assumption of a high growth scenario "in order to .
assess the 'worst casé' traffic generation™ (DCCO, 1985, pg II-9). This
scenario had an annual growth rate between 1984 and 1995 of 4-5 percent

dropping to 1-3 percent between 1995 and 2005.
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ROAD SEGMENT

‘ Figure 3-3
DAILY LINK VOLUMES AS A PERCENTAGE OF
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To test the sensitivity of the evaluation to differences in rate of growth,
a more moderate level of growth was forecast. 1In light of the recent drop
in o0il prices, a more moderate rate of growth than that presented in the
FMATS‘Update would seem plausible. The moderate growth forecasts were
developed by adjusting downward the forecasts of trip attraction parameters
(dwelling unit, employment and school attendance) on a zonal,basis. The
percentage change in these parameters between 1984 and 1995 and 1995 and

7 Using the

2005 were reduced to 75 percent of the high growth estimates.
trip attraction equations described above, estimates of total daily vehicle

trip attractions were developed for the specified years.

Because there is no explicit recognition in the four-step modelling process
of the effects of transportation supply on the level of demand for travel,
these forecasts cannot be said to include trips generated as a result of the
projéct {(Mainheim, pg 437). To address this ommission and since the
estimation of generated traffic requires an estimate of the change in total

travel costs, this issue is dealt with in more detail in Chapter Five.

The method described above produces the following forecasts of total daily

vehicle trip attractions:

High Moderate

Year . ) Growth Growth
1986 238335 ’ 233601
1995 314447 281592

2005 361800 ' 309443

These trips will be used to determine individual 1link volumes for the
respective years applying the assignment method described in Section 3.3.1.

Link volumes by year for each scenario are presented in Appendix A.
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3.4 Network and Travel Characteristics

As described in Figure 3-1, once link traffic volumes have been estimated
network and travel characteristics need to be identified to aid in the
calculation of link operating conditions. Network characteristics include
link capacities, distance, facility type, and area type. Travel
characteristics include the distribution of traffic by time of day,
distribution of daily trips by trip purpose, auto occupancy by trip purpecse,
directional flows by time of day, and vehicle mix. As well, it is important
to consider variations in traffic by day of week (particularly for weekend

vs weekday trips) and seasonal fluctuations in traffic.

3.4.1 Network Characteristics
Link c;pacities, distances, facility types and area tybes are taken from the

FMATS Update. Link capacities are calculated based on the particular
facility type and area type in which the 1link has been classified. The
relationship between area/facility type and capacity is based on the
research contained in the 1965 Highway Capacity Manual (HRB, 1965).8 As
will be discussed further below, the area/facility type relationships are
also the basis for the calculation of link speeds for different leVéls of
use. Link capacities and other network -characteristics used in the

evaluation are presented in Appendix A.

3.4.2 Travel Characteristics
3.4.2.1 1ITime of Day Characteristics

Figure 3-4 illustrates a five year average variation in traffic by time of

day for many of the road segments affected by the project. While all routes
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HOURLY TRAFFIC

Figure 3-4
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tend to follow similar patterns, there does appear to be some differences

during the midday period (8 am - 4 pm).

Four time periods were classified for which operating conditions would be

calculated:

0 Morning peak - 6 am to 8 pm
0 Midday - 8 am to 4 pm

o Evening Peak - 4 pm to 6 pm

o Other - 6 pm to 6 am

For each of these time periods an average hourly distribution was determined

for road segments where data were available. These percentages are
presented in Table 3-2. For road segments where data were not available
percentages from adjacent roads were used. These percentages are used

throughout the life of the project, which assumes that hourly variations of
traffic will remain constant during this timé. This assumption does not
invalidate the results of the evaluation, though peak travel often receives
the bulk of the benefits of added capacity and an evaluation of the benefits
of "spreading”™ peak travel hight yvield insights >on alternatives to

construction of additional capacity.

One concern was the extent to which the directional split of traffic on
these road segments might affect the evaluation. Often, one direction
(usually inbound to downtown in the morning and outbound in the evening)
has much higher volume then the other. This can affect speéds and thus
operating costs differently then 4if a  50-50 split is assumed.
Unfortunately, for many of the links, information on the directional split

was not available.
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TABLE 3-2

Average Annual Hourly Distribution
(¥ of Road Segment AADT)

Road Segment 6am-8am 8am-4pm 4pm~-6pm 6pm—-6am
Airport Road 3 6.1 7.89 2.47
"University Ave. 3.42 6.05 8.23 2.4
College Road 2.68 6.17 8.41 2.39
Cushman Street 2.38 7.05 7.98 1,93
Peger Road 3.42 6.7 8.19 . 1.95
Parks Highway 3.6 5.45 7.9 2.8

Source: Alaska DOT/PF Annual Traffic Volume Reports 1979-1983.

However, it was found that, for the network being analyzed, the use of an
average percentage of the total traffic moving in both directions (ie, a
50-50 split) did not have a'significant affect on estimation of link speeds
(the estimation of speeds is discussed in detail in Section 3.5). To
illustrate, the greatest variationvwas exhibited on University Avenue. The
differences between the use of an average percentage for both directions and
the actual percentages exhibited in the data using 1983 volumes lead to an
underestimate of the speed in the northerly direction by .65 mph and an
overestimate of the speed in the southerly direction by .94 mph, for a‘net
underestimate in the speed of .29 mph. Taking University Avenue's distance
of 1.04 miles, this difference in speeds translates into a difference in
travel time per auto of under 3 seconds. While this difference might become
more pronounced as traffic volumes approach the capacity of the roadway, for
example, a doubling of the AADT, the difference in travel time is still
upder 15 seconds. Given the imprecise nature of speed-flow relationships
(particularly on urban streets), this difference cannot be taken as

critical.
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On the whole, it is concluded from this analysis that the directional splits
exhibited in Fairbanks are not significantly great as to require explicit

treatment in the evaluation.

3.4.2.2 Heekly and Seasonal Variation in Traffic
"In addition to the hourly distribution of traffic, variations by day of week
and seasonal variations were analyzed. The results of these variations

affect how the annual costs are to be calculated from daily costs.

From analysis of traffic distribution by day of week on the road segments
being evaluated it was found that weekday traffic (Monday-Friday) is
approxihately 120 percent of the AADT on the road segment; with Saturdays
and Sundays averaging 60 and 40 percent of the AADT respectively. Thus,
Saturday and Sunday volumes can be said to be 50> and 33 percent,
respectively, of average volumes during a weekday (the basis for volumes

used in the evaluation).

For purposes of daily costs, the evidence presented above leads to the

following conclusions:

Weekdays = 251 days
Saturdays and Holidays = 62 * .5 = 31 days

(assumes 10 weekday holidays equal to Saturday traffic patterns)
Sundays = 52 * .33 = 17 days '
Total = 299 days
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Thus daily network costs for each scenario developed in Chapter Four will be
factored up by 299 days to arrive at annual costs to be used in Chapter

Five.

This assumes several things. First, the aséumption is made that traffic
volumes do not vary significantly Monday through Friday. This pattern has
been found to exist in many transportation studies (Dickey, pg 170).
Second, when weekend costs are estimated by a percentage reduction of
weekday costs dependent on the relationship between weekday and weekend
volumes (as is the case here) the assumption is made that there is a linear
relationship between daily costs and volumes on a network. Particularly in
tﬁe case of hourly costs, this is not strictly valid as costs tend to rise
more rapidly then the rise in volumes on any given link due to congestion

factcrs.9

Following from the second assumption, it is also assumed that
weekend and weekday traffic exhibit similar peaking characteristics. Again,
this is not strictly valid. However, since the impact of weekend costs on
the evaluation is sufficiently small (approximately 16 percent of annual
costs using this method) it is felt that the additionél work involved to

compute'these costs separately is not warranted. The effect of this method

is to likely overestimate weekend daily costs.

0 3.4.2.3 Distribution of Daily Trips by Trip Purpose

The 1982 household survey conducted during the FMATS Update provided data on
the distribution of daily trip by trip purpose as well as the distribution
of trip types by time of day. This is useful in assigning different values

of time to different trip types (this is discussed further in Chapter Four).
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The distribution of daily trips by trip

page II-37):

Trip Type

Home-Based Work (HBW)
Home-~Based Other (HBO)
Non Home-Based (NHB)

Trip types distributed by time of day were as follows:

Time

of Day

6am -

8am -

4pm -

6pm —

The percentage

survey for the

Trip Type

HBW
8am HBO
NHB

HBW
4pm HBO
NHB

HBW
6pm HBO
NHB

HBW
6am HBO
NHB

purpose was as follows

Percent of
Daily Trips

21

34.5
44.5

(DCCO,

1985,

Percent of Trip Percent of Total
Auto Trips
Time of Day

Type for this
Time of Day

26
6
3

20
21
18

37
43
68

17
30
11

60.
23.
15.

18.
29.
52.

21

37.
41.

21

34,
44,

8
4
8

4
6

of total auto trips for each trip type was available from the

AM, Midday and PM peak periods only. The daily distribution

percentages were applied to the "other" time period as no specific data were

available during this time.

3.4.2.4 Average Auto Occupancy by Trip Purpose

Average auto occﬁpancy will be used to determine person travel time by trip

purpose based on the vehicle travel times to be estimated in Section 3.5.

While the 1982 travel survey indicated that there was a tendency for auto
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occupancy to be higher during peak periods, no classification of auto
occupancy by trip purpose by time of day was provided in the survey
analysis. Thus, average daily auto occupancy rates from the survey were

used for all times of day as follows:

- HBW: 1.25
- HBO: 1.64
- NHB: 1.43

- Truck: 1.00

3.4.2.5 Y¥Yehicle Mix

An analysis was madé in the FMATS Update of vehicle mix data from eight
permanent station counters and weighted by AADT volumes. This analysis
indicated that approximately 11.6 percent of the area's internal vehicle
trips (those triﬁs within the FMATS Study area) were made by commercial

vehicles~--heavy trucks and light commercial vehicles (DCCO, 1983, pg 8).

The variation of this traffic by time of day was estimated using the

following figures, found to be typical for urban areas:

Time of Day Percent of Total Avg. Hourly Percent
6am - 8am 10.0 5.0
8am - 4pm 74.7 9.34
4pm - 6pm 12.7 6.35
6pm - 6am 2.6 .22
Source: Levinson H.S. "Urban Travel Characteristics" - Chapter 10 of The

Transportation Engineering Handbook, Table 10-38, pg 288, 1985.

3.5 Calculation of Link Qperating Conditions
This section presents the method by which link operating conditions were
calculated for the evaluation and a summary of the results of the system

analysis for the four scenarios outlined earlier.
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3.5.1 Development of Link Speed Estimates

Essentially, the method involves determinihg the average speed on a link
given its characteristics. Speeds have been found to be affected by area
type and facility type. For example, based on findings in the 1965 Highway
Capacity Manual, it was estimated that average speeds increase roughly 50
percent going from CBD 1locations to residential areas holding volumes
constant (Dickey, pg 104). As well, the difference in speeds between a road
classified as a two-way arterial with parking and a freeway was found to be

approximately 150 percent.

For cases of uninterrupted flow-(fregways, rural highways) the relationship
of flow and speed is. reasonably well-behaved such that speeds can be
determined within the above typology as a function of volume-capacity ?atios
(Dewees, 19?8,‘pg 153) . However, the relationship between flow and‘speed is
more complex on urban roads, with intersection capacity limiting the flow of
traffic more so than the street capacity between intersections (Dewees,
1978, pg 154). Indeed, the 1965 Highway Capacity Manuallo states fairly

strongly that:

"It is not feasible to show any 'typical' speed-volume
curve for urban arterials. . .where interrupted flow is
involved, 'ideals' cannot be readily defined, because too

dll and a combination of flow

many variables are involve
which is ideal in one case may be totally out of place in.
another. Neither can any other single speed-v/c ratio.
curve, or group of curves, represent urban arterial
operations all-inclusively, as was done for other highway

types; only typical curves can be shown" (Highway Capacity

Manual, 1965, pg 319).
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Thus, to estimate accurately the speeds on urban arterials at different
volumes, it 1is ideal to simulate not only the operation of individual
intersections, but an entire street network (Dewees, 1978, pg 154). This
might be accomplished using one of several computer programs which are
available for this specific purpose (for example, Trénsyt 7-F). These
~programs produce estimates of average speeds (or travel time) through each
intersection as well as average delay per auto at each intersection. Thus,
accurate speed flow relationships can be established for a network by
pérforming simulations at various volumes. One drawback to these programs
is the extensive data required to obtain usable results. Turning movements,
light timing, vehicle mix, and other data are required for each intersection

to be included in the analysis.12

Because of the data requirements of these types of programs this case study
is limited to the use of the "typical" speed flow relationships found in the
Highway Capacity Manual. - However, it is recognized that in practice an
evaluation of urban arterials should be based on locality-specific data.
The exact speed-flow relationships used here are presented in Table 3-3.
They are taken from Dickey's MgL1gQQ;iLan_I;gﬁggg;;g;ign_f;gnning in whicﬁ
he presents per lane capacities and average speeds.for various facility and
area types based on material in the Highway Capacity Manual (Dickey, 1983,
pg 105). Speeds were determined for four times of day under four scenarios

for all links.

One problem that exists with the use of these relationships in the
evaluation is lack of any theoretically sound speed-flow relationships at

v/c ratios greater than 1.0. Beyond this point flows are unstable and both
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volumes and speeds decrease to =zero. Some 1links under the high growth
scenario, particularly without the project, experience severe congestion
(v/c greater than 1.0) during tﬁe midday and p.m. peak. It is felt that
under these conditions travel behavior would surely chaﬁge, with drivers

shifting routes to avoid the bottlenecks.

To address this problem, it is assumed that, while congestion might remain a
problem, the demand on a bottleneck link during congested periods would
remain at or not far above the rated capacity as some users transfer to

other routes.13

The cost of this transfer is assumed to be equal to the
cost of travelling over the congested link and is applied to the entire

demand estimated for the link.

It is recognized that this only roughly approximates the cost involved and
does not include an estimate of increased costs to existing users on the
route to which traffic has diverted. However, it is felt that by aésigning
a cost to the divérted traffic which may, in reality, be_tbo high (ie, they
have likely transferred to a lower cost route); the total costs of the

bottlenecks causing congestion can be roughly approximated.
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Table 3-3

Per Lane Capacity and Estimated Average Speed (MPH)
on Various Facility Types at Different Locations

Speed (MPH) at different v/c ratios

0 0.50 0.75 1.00
Capacity
Area Type (vph) 1. Expressway
CBD 800 37 34 33 31
Fringe 1000 44 38 35 32
Res. 1100 47 : 44 31 38
OBD 1000 37 34 33 31

2., Two-Way Arterial with Parking

CBD 400 22 20 15 12
Fringe 550 29 27 25 15
Res. 550 32 30 28 15
OBD 550 24 22 18 13

3. Two-Way Arterial without Parking

CBD 600 - 22 20 15 12

Fringe 800 29 27 25 15
Res. 800 32 30 28 15
OBD 800 24 ‘ 22 18 13

4. One-Way Arterial

CBD 700 22 20 15 12

Fringe 550 29 27 25 15
Res. 900 32 30 28 15
OBD 650 24 22 18 13

Note: For facility types 2-4 an optimal signal progression is assumed.
Source: Dickey, page 105.

CBD - central business district; Fringe - area around CBD; Res -
residential; and OBD - outlying business district.
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FOOTNOTES
CHAPTER THREE

1. Unfortunately, no information was published in any FMATS update reports
developed by DCCO regarding the strength of the regression models or
individual variables used in trip distribution.

2. Given that this step of the process is built on three previous steps,
testing the Sensitivity of assignments to several parameters (auto ownership,
income, household size, shifts in land use patterns) would seem crucial though
this is not typically done in most studies. .

3. For example, even if the 160 zones were aggregated into 40 zones, that
still implies 1,600 zone to zone interchanges which must be assigned to
particular links.

4. Trip attractions are used here as an approximation of total demand for
auto travel in the area during an average weekday. The use of average weekday
trips follows from the FMATS Update travel survey which was primarily a
description of weekday trips (DCCO, 1985, pg II-32).

5. This is based on a weighted average of the year 2005 volumes on the
individual 1links making up the Geist Extension. The weighted average volume
is determined as follows:

Weighted Average Volume =
(Lipk Distance) *Link Volume
(Road Segment Distance)

This weighted average was then taken as a percentage of 2005 total trip
attractions to arrive at 5.8 percent.

6. This was done in proportion to the percentage which had been added to the

link assignment factor. For example, without the project, Airport Road
received an additional two percent of total traffic which is equal to 40
percent of the total added (2/5). Thus, for 1987, the assignment factor for

Airport Road with the project would be reduced from its 1986 level by (.4 *
1.21) or .484 percent.

7. This reduction is not based on an alternative growth scenario which might
underlie the development of lower employment, population, etc. . Instead, the
parameters were reduced by an arbitrary figure (75%) to reflect in some
measure, 3lower growth in the area.

8. Computer models exist to compute capacity and link speeds. These could
have been used in a real situation. However, in the absence o¢f these
resources, the 1965 Highway Capacity Manual provides the information required
for the case study.

9. This is not so for annual network costs. These costs were found to be
linear, following the growth in overall traffic volumes. As discussed further
in Chapter Five, it is felt that the aggregation of hourly link costs, first
to daily costs and then to network costs removes the nonlinearity.
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10. A 1985 version of the HCM was distributed in 1986 (after the methodology
“for this paper had been established). This version treats flows on urban
roads using a different approach than the speed-volume approach used in the
1965 manual. Because the change in approach would require a major revamping
of the methodology used in this paper, the 1965 appraoch is retained.

11. These variables include turning traffic, timing of lights on the network,
pedestrians, vehicle mix and other interruptions.

12. For this case study, a simulation would involve approximately 42
intersections.

13. There are methods to determine the time required to dissipate queues
caused by excess capacity at an intersection (NHCRP 133, Transportation and
Traffic Engineering). However, these methods do not take into account the
elasticity of demand and are of rather limited use in this case.
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CHAPTER FOUR

User Costs
One of the primary objectives of an improvement to or addition of capacity
to an urban network is the reduction in user costs over time. These costs
include vehicle operating costs, user time costs, and accident costs. Thié
chapter presents an analysis of these costs under the four scenarios about

future population and traffic growth described in Chapter Three.

4.1 Vehicle Operating Costs

The calculation of total vehicle operating costs entails estimation of

several component costs, both fixed and variable. These component cos;'s
include:

Yariable Eixed

o Fuel and 0il o Depreciation

o Tires o Insurance

o Vehicle Maintenance ’ o Fees and Taxes

Since this analysis is concerned with the change in vehicle operating costs
between the network with the project and the network without the project

only the variable costs are relevant.

There has been considerable research regarding the effects of various
operating conditions on vehicle operating costs on highways. Such factors
as grade, road geometry, pavement type, facility type and traffic flow
conditions are typically used to adjust a base cost on.level, tangent, paved
roads under "free-flow" éonditions. In addition, total vehicle operating
costs are influenced by the composition of the vehicle fleet in terms of

vehicle mix, age, and utilization (Heggie, pg 82).

Except in special cases, grade, pavement type and road geometry are not

serious issues in urban areas.
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It is necessary to have some means of discriminating between costs on.
different types of facilities and under various operating conditions. This
is necessary to assess the impact of alternative types of investment on
user's costs. Toward this end, this evaluation makes use of the speed-flow
relationships presented in Chapter Three to derive estimates of vehicle
operating costs for various facility types and traffic flows. This assumes

a given vehicle fleet and level of vehicle utilization.

It is thus necessary to determine the relationships between the "free-flow"
speeds én various facility types and vehicle operating costs. This
relationship will be adjusted for congestion affects by relating costs to
the link volume/capacity ratio as discussed below. Average costs will be

estimated for automobile and truck traffic.

4.1.1 Auto Operating Costs

4.1.1.1 Fuel

Recept fesearch indicates that for urban auto trips with an average speedvof
less then 38 mph, fuel consumptionvper miie increases linearly with the

average trip time per mile (Tobin, pg 590) .1

It was found that fuel consumption could be estimated using the following

function:
4 = K; + Ky t (Average Speed < ~38 mph)
Where * is fuel consumption per unit distance; Kj and K, are constants

related to the mass and idle fuel flow rate of the vehicle, respectively;

and t is the average trip time per unit distance (Evans, 1978A, pg 163).
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As most of the average link speeds estimated for the evaluation are below 38
mph, the relationship described above will be used to estimate fuel

consumption for all facility types and operating conditions. From empirical
tests, values of K; and K; were found to be .03707 gal/mi and .76324

gal/hour respectively {(Tobin, pg 590) 2, Operating conditions in Fairbanks
are likely different then those used in the empirical tests. However,
because of lack of this specific data these estimates were taken to
represent fuel coﬁsumption patterns in Fairbanks. Using the speed-flow
relationships discussed in the previous chapter, the travel times ber mile
implied by the volume/capacity ratios were used to calculate fuel
consumption. This provided a convenient relationship between the
volume/capacity (v/c) ;atio on a link and the estimate of fuel consumptioﬁ

fqr that link.

The fuel consumption per mile estimated for various facility/area types at
various volumes is presented in Appendix B. Fuel costs were calculated
using the 1986 average price of unleaded gasoline in Fairbanks of $1.00/per

gallon (less taxes) 3.

4.1.1.2 othexr Varjable Costs

Other variable costs include vehicle repair and maintenance, tires and oil.
A 1979 study of nationwide automobile operating costs indicated that these
costs represented app;oximately 25 percent of total vehicle operating cost
(derived from Dickey, pages 133 to 149). Based od é 1983 study, the total

nationwide average cost was found to be 23.9 cents per mile. Making an 11
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percent adjustment for higher operating condi;ions in Alaska (based on costs
in Anchorage) the cost of maintenance, tires and oil is estimated to be 6.7
cents per mile (Quadra, pg 5-8).
N

To adapt this cost to the various facility types and operating conditions
the assumption was made that this cost was representative of those
experienced by traffic on an urban arterial in the fringe area under stable
flow conditions (v/c ratio of approximately .6, speed = approximately 26

mph) .

To adjust this cost to the various operating conditions on a particular
facility, a relationship between speed reduction and cost increase was
established. This relationship was based on research carried out by Winch
in the early sixties in a comparison of free-flow and stop-and-go
conditions. Winch calculated that brake and clutch maintenance costs, tire
costs, and other maintenance costs increased by 50 percent between operating
conditions at 45 mph with no stops and 30 mph with five stops per mile
(Winch,.page 68) . Interpollating between the two operating conditions{ a-

relationship between speed reduction and cost increase was obtained:

Congéstion Cost Adjustments to Base Costs

Winch's 1961 Cost Estimate

% Speed Cost ' % Cost
45 -— ©0.48 -
42.5 05.6 —— 08.3
40 11.1 -— 16.7
37.5. 16.7 -— 25.0
35 22.2 -—— 33.3
32.5 27.8 -— 41.7
30 - 33.3 ] .72 50.0
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A linear estimate of the above relationship resulted in the following:

Percent change in cost = 1.5 (percent speed change) - .0571

This function was applied to the speed-flow relationships to allow for a
change in the unit operating cost per mile with changes in the flow of

traffic for each facility type.

To adjust the estimated average cost of 6.7 cents per mile to other faciltiy
types it was first adjusted to a free-flow (approximately 30 mph) cost of
5.74 cents per mile using the relationship described above. Using
relationships between speeds and costs undér free-flow conditions, the cost
estimate for 30 mph was adjusted to other speeds and assigned to various

facility types in the manner shown in Table 4-1:

Table 4-1
Basic Costs at Various Constant Speeds -~ Automobiles

Speed Category (MPH)
Cost Item '

(Cents/Mile) 20 25 30 35 40
Tiresl 0.3 0.4 0.5 0.6 0.9
0ill 0.2 0.2 0.2 0.2 0.2
Maintenancel 3.9 4.0 4.3 4.5 5.0
TOTAL , 4.4 4.6 5.0 5.1 6.1

% of Cost

at 30 mph 0.88 0.92 1.0 1.02 1.22
Est. Base Cost 5.05 5.28 5.74 2 5.85 7.01
Facility/ ' ‘

Area Type3 2,3,4/1 2,3,4/4 2,3,4/2,3 1/1,4 1/2,3

1. From Berger and Associates Table 3.6-1, 1978 costs.
2. Described above.-
3. From Typology presented in Chapter Three.
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4.1.1.3 Results of Variable Coat Estimates

The base costs assigned to each facility are taken in combination with the
adjustments for flow conditions to estimate unit operating costs for each
link. Tables showing the fuel and other auto related vehicle operating cost
estimates for each facility type and flow condition are presented in
Appendix B. Table 4-2 presents examples of the effects of facility type and

congestion on variable operating costs as estimated by the methods described

above.
Table 4-2
Examples of Variable Operating Costs (Auto)
for Various Facilities and Conditions
(Cents/Mile)
Facility Type/ ' Free Flowl Stable Flowl Unstable Flow?l
Area Type ‘ v/C=,1 vi/c=.17 v/C=1
Arterial/CBD 12.40 15.60 A 18.56
Arterial/Outlying
Business Area 12.33 . 13.86 _ 18.49
Arterial/Fringe 12.22 13.52 18.70
Expressway/CBD 11.77 12.76 13.44
Expressway/Fringe 12.71 14.87 ' 15.97
1. Flow condition descriptions and estimated V/C taken from Carter, et al,

page 494 (Chapter 16 of Transportation and Traffic Engineering Handbook) .

This table shows that the free-flow cost estimates move as expected, falling
up to a certain speed (approximately 35 mph) and then rising at higher

speeds. As well, cost increases due to congestion are not as severe on
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higher speed facilities. This is to be expected as the average speeds, even
at levels of high congestion, are quite high relative to those on other

facilities.

4.1.2 ILQQK_§§§L§

Less precise data were available regarding trﬁck fuel consumption. Thus,
estimates of truck costs were made by taking an average total variable cost
of .24 cents/mile (Quadra, pg 5-7) to derive cost estimates for various
facility types. For the purposes of this study the operating costs of a 3.5

ton truck are used to represent average truck operating costs.

On a facility wiih a design speed of 30 mph, the speed at stable flow equals
~26 mph. This rebresents a three percent increase from the free-flow cost
according to adjustment factors for traffic interaction developed in a
recent regional transportation study in Alaska (Berger, Table 3.6-4). Thus,
using .24 cents/mile to represent the variable operating costs of stable

flow, the free-flow cost is approximately 23.3 cents/mile.

Table 4-3 below shows how truck costs were developed for the evaluation.
Based on differences in operéting costs at different speeds estimated in an.

earlier study, base costs were established. New component costs (fuel, oil,
tires.and maintenance) were calculated in proportion to the estimates from

the older study.

Based on traffic interaction factors developed in the regional study cited

above, fuel and tire costs were adjusted depending on the reduction in speed
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from the design speed (free-flow speed) resulting from the interaction of

traffic (Berger, pg 67).

Table 4-3
Basic Costs at Constant Speeds -~ Trucks?

Speed Category4

Cost

Items 20 25 30 33 40

Fuell 09.7 08.6 08.1 08.1 09.0

Tiresl 01.0 01.3 01.6 02.0 02.9

0i1ll 00.3 00.3 00.3 00.3 00.2
Maintenancel 17.3 18.2 19.7 21.2 25.0

TOTAL 28.3 28.4 29.7 31.6 37.1
% of Cost :
at 30 mph 00.953 . 00.9562  001.0 001.06 001.25
Est. Base Cost 22.20 22.27 23.32 24.70 29.13
Fuel3 02.61 06.74 06.35 06.33 07.07
Tires3 00.78 01.02 01.26 01.56 02.28
0il13 00.24 00.24 00.24 ' 00.24 00.16
Maintenance3 13.57 14.27 15.45 16.57 19.62

Taken from Berger Table 3.6-4 (3.5 ton trucks) 1978 Alaskan costs.

As derived above.

Proportional to earlier cost study component costs.

These speed categories correspond to the same facility/area types
1dent1f1ed for auto costs.

5. The higher costs in the earlier study result from the hlgher cost of
living in the region for which those costs were originally developed.

isNH

However, the actual effects of specific speed <cycles (ie,
deceleration-acceleration cycles) could not be calculated from data
available. The interaction costs, reflected in Table 4-4 below, pro?ide for

some change in costs with volume on each facility type.

4.1.3 Iotal Vehicle Qperating Costs

Total vehicle operating costs were estimated for each link by time of day

under ‘all scenarios being evaluated. Based on the volume/capacity ratios
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during each time of day (established in Chapter Three), a unit operating
cost per mile was established for autos and trucks. This per mile cost was
multiplied by the link distance to arrive at individual link operating costs
by time of day. Total vehicle operating costs for auto and truck were then
calculated based on total link volumes. An example of the worksheet used to

tabulate vehicle operating costs is presented in Appendix B.

Table 4-4

Truck Operating Costs Adjusted for Traffic Interaction

{Cents/Mile)
Operating Design Speed (mph)

Speed (mph) 20 ' 25 39 35 40
15 22.59 22.88 24.71 27.53 ————
20 22.20 . 22.68 23.99 26.44 —_———
25 —_—— 22.27 23.78 25.51 ' ————
.30 ——— —-———— 23.30 25.14 32.13
35 — S S 24.70 31.10
40 — ——-- R —-- 29.89
45 — —— —— —- 29.13

4.2 Yalue of Time in Transportation

The value of user timebsavings represents the primary benéfit of wvirtually
all transportation investments. However, much débate exists as to the exact
nature of the value of time and how it should be applied in the evaluation
of transportation projects. The reasons for this debate stem from the

interrelationship of the value of time with several.factors including:
- User income
- The time increment over which the value is to be applied
-~ The mode and quality of service

- Trip purpose
It has been shown that the user's value of time changes in proportion to his

or her net wage (DeDonnea, pg 208). The value of time has also been shown
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to vary with the amount of time saved, with people generally wvaluing greater
time savings at a higher rate then shorter time savings (Heggie, 1982, pg
421) . Travelers have also been found to attach a comfort factor to their
value of time. Thus, people may value in—vehic}e time differently then
out-of-vehicle time, and value time on different modes differently
(DeDonnea, pg 38). A study of auto restraint policies in downtown Boston
suggests that a higher value of time be put on travel during congested
periods to account for the higher disutility involved (Gomez-Ibonez and
Faﬁth, pg 145). Finally, different trip purposes have a different social
value (Heggie, 1972, pg 93). Generally, the work related trips are thought

to have a higher disutility than shopping trips or leisure trips.

To determine the valuelof time for a particular community would involve the
study of travel behavior at a very disaggregate level, usually beyond the
resources of most planning agencies. Thus, average values are used based oﬂ
empirical studies. For example, the American Association of State Highway
and Transportation Officials in its 1977 "Manual of User Benefit Analysis of
Highway aﬁd Bus-Transit Improvements" uses the values presented in Table 4-5

which are based on a study of choice between toll roads and non-toll roads.-

Another étudy presented the average values in terms of the percentage of
avérgge héurly family income (Dickey, pg ;37). -Aséuming Dickey's
percentages represent thé net family income, éverage values of time for
various trip types and>leveis of time savings were derived reflecting 1983

Alaskan wage levels (Quadra, page 5-10) and are presented in Table 4-6.
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Table 4-5

Value of Time Estimates
from Manual of User Benefit Analysisa of
Highway and Bus-Transit Improvementsl

Annual Family Value of Time By
Income Time Savings Trip Purpose
— {Dollaxs) — {(Minutes) . — (Dollars)
Avg Trips Work Trips
0-5 0.07 0.15
- $ 5,000 5-15 0.58 0.77
Over 15 1.26 1.26
0-5 0.13 0.31
$10,000 5-15 1.55
Over 15 2.52 - 2.52
0-5 0.21 0.48
-$15,000 5-15 1.80 2.40
(Average) ~ Over 15 3.90 3.90
‘ 0-5 0.27 0.62
$20,000 5-15 2.32 3.10
Over 15 5.03 5.03
0-5 0.41 0.92
$30,000 5-15 3.48 4.65
Over 15 7.55 7.55

1. American Association of State Highway and Transportation officials.

Table 4-6

Value of Time Estimates - Alaska

Percentage
Average Hourly Value of

. .y 1
Family Incomel . Time ($/Hr)

Low time savings (0-5 minutes) -
Non-work trips 2.8 0.63
Work trips 6.4 1.43

Truck trips? 2.75
Medium time savings (5-15 minutes)

Non-work trips ' 24.2 ’ 5.36

Work trips 32.2 7.15
High time savings (over 15 minutes)

Non-work trips 52.3 11.62

Work trips 52.3 11.62

Truck trips2 -——- 23.71

1. Dickey, page 137.
2. Quadra, page 5-10.
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The values in Table 4-6 have been applied to total users by trip purpose (as

determined by auto occupancy figures discussed in Chapter Three) for each

time of day to arrive at total user time costs for each link. An example of

the worksheet used to calculate user time costs is provided in Appendix B.

4.3 AggidﬁnL_QQﬁLi

The method used to estimate accident costs entails use of an accident rate
equation and recommended average costs for accidents of various types.
While accident costs are not always considered in transportation studies, a
significant amount of research (and equai amount of debate) exists regarding
the distribution of accidents by severity, and the econémic costs to society
resulting from these accidents. A primary source of controversy is what
value 1is to be ﬁut on' the more indirect costS associated with accidents

(i.e., loss of life, pain and suffering, etc.).

Adler, in his text "Economic Appraisal of Transport Projects™ discusses the
problems the World Bank has had with quantifying accident costs. He
concludes that, from a practical stahdpoint, it is prudeqt *to limit the
value of accident reduction. . . to estimates of vehicle and other property
damage, medical costs and losses of éutput. An indication of lives saved
and the order of magnitude for other costs, such as pain and suffering, may
be helpful, but they éan rarely serve as a meaningful basis for investment

decisions™ (Adler, pg 43).

For purposes of this study, . recent extensive research conducted by Miller,
et al for the National Highway Traffic Safety Administration provides a

useful set of costs associated with accidents. While it is recognized that
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some of these costs are difficult to measure, it is also understood that
these costs are legitimate cost to society and therefore should be addressed
by SBCA. Analysis in Chapter Five will examine the sensitivity of the

project evaluation to accident cost using Miller's data.

In the approach used hére, accident costs are divided into direct and
indirect costs. These costs are estimated for various accident classes
organized along a Maximum Abbreviated Injury Scale or MAIS. These classes
are described in Table 4-7 and represent categorization developed by the
American Association for Automotive Medicine primarily based on the threat

to life posed by a particular injury (Miller, et al, pg 16).

The direct cost components normally considered include (Miller, et al, pg

19):

- Emergency medical services costs
Medical costs

Legal and court costs

Property damage costs
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Table 4-7

Representative Motor Vehicle Injuries by Abbreviated
Injury Scale Level

AIS Cod o -5 . ] 1 R . Iniuri

1

- Source:

Minor Injury

Moderate Injury

Serious Injury

Severe Injury

Critical Injury

Maximum Injury
(Fatal)

Miller, et al, pg 18.
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Superficial abrasions, sprains, first-
degree burns, headache or dizziness

Major abrasions, cerebral concussion
(unconcious less than 15 minutes),
Finger or toe crush/amputation,
closed pelvic fracture

Major nerve laceration, multiple
rib fracture, abdominal organ con-
tusion, hand, foot or arm crush/
amputation

Spleen rupture, leg crush, chest-wall
perforation, cerebral concussion

with neurological signs (unconcious
less than 24 hours)

Spinal cord injury, extensive

second or third-degree burns, cerebral
concussion with severe neurological
signs (unconcious more than 24 hours)

Decapitation, torso transection,
massively crushed chest



The indirect cost components normally considered include (Miller, et al,

page 30):

Social mechanism costs

Productivity losses

Psychosocial costs

Social mechanism cost include those costs incurred by the public agencies
listed in Table 4-9 (police, fire, coroner, etc.) which are more follow-up

in nature and thus considered as "indirect" costs.

Productivity losses are an attempt to measure the loss of human capital

caused by accidents.

Psychosocial costs reflect pain and suffering which may be incurred by
accident victims after the accident or, indirectly by those people

associated with accident victims.

A detailed breakdown of the recommended direct and indirect costs used in

this evaluation are presented in Tables 4-8 and 4-9, respectively.

While satisfactory estimates exist for most of these costs, no well
developed methods and measures exist for psychosocial costs (Miller, et al,

pg 57). Thus, psychosocial costs are not considered in this evaluation®.

The costs presented in Tables 4-8 and 4-9 are based on national studies
using 1980 accident data And_1980 dollars. Table 4-10 presents these costs
in 1985 dollars with an 11 percent upward adjustment made to reflect the
higher costs experienced in AlaSka (based on recommended adjustments to

‘average nationwide operating costs in Quadra, 1983, pg 5-7).
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Table 4-8

Accident Costs
Recommended Direct Cost Estimates
(1980 Dollars)

Per victim MAIS Category
Per i
Vehicle :

Cost ppol 1 2 3 4 5 Fatal
Prop.
Damage $750 811 1354 2120 2865 2845 3406
Emer.
Medical
Servicel --- 92 128 126 126 126 124
Emer.
Room
.Care - 42 110 153 253 363 -
Initial
Hosp. - 70 888 2054 5146 29813 1370
Phys.
Surgeon
Service -—- 19 319 771 2059 29813 -
Follow
On Care,
First Yr. -—- 35 60 96 139 2782 -—-
Home
Modify -— -— -—- -— —_— 3739 ———
Second
Yr. Unique
Service4 -— - - - 455 1584 -
Follow
On Care,
Annual? ——— =-- --- 81 2277 96,238 --=
Legal &
Court 11 532 583 2688 5147 7864 13,394

TOTAL 761 1601 3442 8089 18,467 138,684 18,294
1. Based on reported accidents only.
2. -Based on NHTSA's urban-rural distribution assumptions.
3. Physician and surgeon services included in initial hospitalization cost
estimate for spinal cord injuries.
4. Based on a four percent discount rate.

Source: Meyer, et al, page 123.
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Table 4-9

Accident Costs
Recommended Indirect Capital Cost Estimates
(1980 Dollars)

Per
Vehicle
Cost PDO 1 2 3 4 5

Police gl 38 54 77 107 129

Fire
Dept. -—- -——- -—— -——- 44 44

Coroner
Medical
Exam - —-—- - -—= —_——— —-———

Insur. v
Admin. 120 550 550 550 12,540 12,540

Welfare
& Public

Asst. 4 4 4 16 398 398

State
Motor Veh.
Agency C C c Cc C C

State/
Local Hwy.
Dept. C C C C C C

Human
Capital -— 98 557 1574 13,475 109,786

Psycho
Social C C C C C o

TOTAL . 132 690 1165 2217 32,564 122,897

Reported accidents only.

Tentative estimates.

No estimates available.

Based on a four percent discount rate.

O0Oww

Source: Miller, et al, page 125.
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Fatal

129

44

168

12,540

576

356,884

Cc

370,341



The following accident costs will be used in the evaluation:

Accident
—__Claas

Property
Damage

Only
MAIS
MATIS
MAIS
MAIS
MAIS

_ow N

5

Fatality

Source:
Price Index.

Tables 4-7 and 4-8.

Table 4-10

Adjusted Accident Costs

Total Total
Direct Indirect Total
Costg ===~ _Costs =~ Costs
1,102 : 191 1,294
2,319 999 3,319
4,986 1,688 6,673
11,717 3,211 14,929
26,750 47,171 73,921
200,891 178,022 ’ 378,913
26,500 536,457 562,957

Adjusted to 1985 dollars using U.S.

Consumer

The distribution of accidents by type was determined by use of a percentage

breakdown of 1980 nationwide traffic accidents as follows

page 20):

Property

Damage Onlyl

MAIS
MAIS
MATS
MAIS
MAIS

1
2
3
4
5

Fatalities

TOTAL

Table 4-11
Incidence of Traffic Accident Types
Number of
Accidents :
(x1000) 3 of Total
44,783 91.76
3,273 6.71
452 .93
200 .41
35 .07
12 .02
51 .10
48,806 100.00

1. Reported plus estimate of unreported.
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The number of accidents was estimated for each road segment using an
accident rate equation.‘ This equation was developed by the Colorado
Department of Highways based on their own empirical studies of the
relationship between accidents per vehicle mile and traffic volume (DCCO,

1983, pg C-1). The equation for uban arterials was as follows:

Y = 8.5 + 0.335X - 0.233%x2
where X = (ADT - 27,500/5000) and

Y = Accidents/million vehicle miles

Because af the lack of more so0lid local data on all aspects of accident
costs (accident rate, per accident costs, severity distribution), the
estimates developed pefe will be used to illustrate the potential costs of
accidents under the various scenarios and'willibe treated separately in the

&

evaluation.

4.4 Summary
In this chapter the set of user costs have been developed which will be used
in the social benefit-cost analysis presented in Chapter Five. These user

costs include:
1) Vehicle operating costs for both truck and auto trips
2) User time costs for work, non-work, and truck trips

3) Accident costs
In general, these costs were developed to be applied to estimating user
costs under a variety of conditions, for each link, both with and without

the proposed project.
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For each link, these costs can be considered to be sensitive to different:
o Traffic volumes
o Times of day
o Trip purposes

o Vehicle types

which might be experienced with and without the project.

FOOTNOTES

CHAPTER FOUR

1. Details on this research are presented in Evans, et al, 1976 and 1978B,
and Chang, et al, 1976.

2. The original research used metric units and has been translated to U.S.
measures for this application.

3. A more accurate estimate of fuel cost might be made using a weighted
average of different fuel types based on the composition of the community's
vehicle fleet. Without data on the vehicle fleet the use of the higher cost
unleaded fuel is assumed to provide a conservative estimate of fuel costs.

4. This facility/area type and operating condition 1is felt to be
representative of the average traffic conditions in Fairbanks and thus, the
average cost estimate was assigned here.

5. For more detailed discussion of these costs and their derivation readers
are referred to Miller et al (1984), National Highway Traffic Safety
Administration (1983), and McFarland and Rollins (1982). It should be noted
that Miller et al, by way of review and comparison of available accident
cost estimates, recommended against the use of estimates given in such
standard references as AASHTO's "Red Book", the National Safety Council's
bulletin on the issue, and TRB's Report on evaluating highway safety
improvements. " Lack of comprehensiveness, documentation, improper
methodology were cited as reasons for the recommendation (Miller et al, page
29).
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"CHAPTER FIVE

Comparigon of Costs and Benefits

To this_point analysis has focused on establishing the parameters of the
project and its likely impact on users of tﬁe highway system in Fairbanks.
Those impacts which are quantifiable in dollar terms are used in this
chapter to establish network-wide resoufce flows over the life -of the
project. Benefits of the projeét are simply the difference between the
discounted resource flows with andbwithout the project. Given the fairly
éxtensive measurements of impacts illustrated in previous chapters it is
easy for the analyst to lose sight of the purpose of the analysié. This
chapter presénts the calculation of project benefits, the compérison of
project costs and benefits and the conclusions which result from this

analysis.

5.1 Calculatjon of User Benefits

User benefits are those benefits of the project which accrue directly to
thos; making trips on the affected network.. Table 5-1 provides a summary of
costs with and without the project and annual. user benefits for 1986-2005.
Daily vehicle operating costs (VOC) and user time cost (VOT) are summed to
obtain a daily operating cost. An annual operating cost is factored from
the daily cost using factors discussed in Chapter Three. Annual uservcosts
are calculated by adding annual operating costs and accident costs. Annual
user benefits resulting from construction of the Geist Extension are the
difference between annual user costs wigh and without the project. Having
calculated ﬁhe costs po users of the network with and without the project,

annual user benefits are calculated as the difference between annual user

costs with and without the project.
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YEAR

1986
1981
1988
1989

1990

199)
1992
1993
1994
1995
1896
19917
1948
199¢

" 2000

2001
2002
2003
2004
2005

voC

80941

87530
90392
93341
96400
88553

102810
106113
109648
113236

116187

111878
119625

121397

123196
125021
126874
128754
130661
132598

Vot
33351
364992
N
391452
405392
419828
434780
450263
466298
482904
50148
511100
520934
530957

4N

551586
$62199
513016
584040
585279

DAILY

ANNUAL

OPERATING OPERATING

CosTY
414392
452522
468382
484799
501792
519382
$37590
556437
575946
596140
617609
628978
640558
652354
664369
676607
689012
701769
114703
721816

COST
123,903,29%
135,304,147
140,046, 264
144,954,884
150,035,860
155,295,255
160,739,314
166,374,621
172,207,812
118,245,877
184,664,992
188,064,383
191,626,954
199,093,848
198,646,268
202,305,440
206,032,614
209,829,062
213,696,081
217,634,992

ANNUAL
ACCIDENT

-C0S?
2511512
2704151

2189787

2618129
2969268
3063294
3160296
32603
3363614
W01
3546245
3593264
3640906
3689180
3738094
3187657
3837811
3888763
39403
3992567

TABLE S-1: CALCULATION OF BENEFIT STREAM

ANNUAL
USER
CoST

126,414,803
138,008,304
142,836,081
147,833,013
153,008,128
158,358,549
163,899,640
169,634,992
175,571,426
181,716,004
188,211,196
191,657,646
195,161,861
198,743,029
202,384,363
206,093,097
209,870,491
213,117,824
217,636,404
221,621,559

voC
80941
84313
88763
8972¢
4448
94008
97864
101154
104555
108070
110810
112432
114078
115748
117443
119162
120907
1226M
124473
126296

vor
333451
355362
372667
392949
396768
4028654
419110
433163
447687
462698
413457
462828
490313
491915
905634
513473
S2U4
529518
5N
546063

DAILY

ANNUAL

OPERATING QPERATING

CoST
414392
439675
461430
482673
491213
496662
518974
534317
s52242
510769
586266
595260
60439
613663
623011
632635
642340
652195
662200
672359

CoST
123,903,291
131,462,766
137,967,661
144,319,274
146,872,726
148,502,047
154,575,299
159,760,818
165,120,377
170,659,820
115,293,682
117,982,701
180,112,998
183,485,207
186,299,913
189,157,948
192,059,798
195,006,195
197,997,824
201,035,380

ANNUAL
ACCIDENT
cosT
2511512
2510858
2626581
26703065
2803634
2875326
3006015
3116103
3230223
3348522
KTRRKT Y
3536213
3602291
3669604
3138119
3808021
3879184
3953671
4025512
4100733

ANNUAL
USER
COsT

126,414,803
133,973,724
140,594,254
146,997,639
149,676,360
151,377,313
157,581,314
162,876,921
168,350,600
174,008,342
178,765,030
181,518,914
184,315,289
187,154,811
190,038, 147
192,965,975
195,938,982
198,957,866
202,023,336
208,136,113

ANRUAL

PROJECY
BENEFITS
$0
$4,034,580
$2.241,197
$835,3N4
$3,328,768
$6.981,176
$6,318,326
$6,758,0M
$1,220,826
$7,707,661
$9,446,167
$10,138,732
$10,852,972
$11,568,218
$12,346, 219
$13,121,122
$13,931,504
$14,759,959
$15.613,068
$16.481,448



Thus, a stream of benefits is created over the life of the project. Figure
5-1 presents the user operating costs with and without the project under the
high population growth scenario. The portion of the graph between the two
lines represents.user benefits. Appendix C contains the worksheets used to

develop data used in Sections 5.1-5.4.

The project is complete by 1993. Variations in operating costs with the
project stem from the phasing of the project over time.l The change in the
slope of the cost curves results from a change in the annual population

growth rate beginning in 1996 as discussed in Chapter Three.

5.2 Generated Traffic

The reduction in user césts brought about by a project causes an increase in
the demand for trips on the overall network. This is illustrated in Figure
5—2; User costs without the project are at level OA which intersects the
demand curve at B giving a demand of OC. The project reduces the user costs
to a level OD. Assuming a downward sloping demand curve and depending on

the elasticity of demand and thus the slope of the demand curve, demand for

trips on the network will increase to a level OF. Benefits to existing
trips are represented by the area in rectangle DABI. Benefits to generated
traffic are represented by the area in triangle BIE. The increase in trips

caused by the addition of generated traffic causes a rise in user costs to a
level OG which again affects the demand for trips on the network. This
secondary effect reduces the overall level of demand to a level OK. The
benefits lost as a result of the reductibn in demand are represented by the

area in rectangle DGHJ. The net benefits to generated traffic are the
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FIGURE 5-2
BENEFITS TO GENERATED TRAFFIC
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difference between rectangle DGHJ and triangle BIE. These benefits are
added to benefits to existing trips to determine total user benefits (i.e.,

net user benefits are ABEG+BEH).

This concept was applied to the evaluatiop of Geist Extension. The results
are presented in Table 5-2. The actual amount of traffic generated by the
ﬁroject was estimated on an annual basis using elasticities developed by
Charles River Associates in 1968 (Manheim, pg 131). This study suggests
elasticities for work and shopping trips in urban areas of -0.494 and
-0.878, respectively. Using the annual percentage change in user costs with
and without the project an annual level of generated traffic was estimated.

Using 1995 as an example, the calculation was performed as follows:

1995 Existing Demand * % Change in Costs *

% Work Trips * Elasticity = Generated Work Trips

or; (65,813,757) * (4.26%) * (.65) * (.494) = 899,402

For shopping trips: _
(65,813,757) * (4.26%) * (.35) * (.878) = 860,747
Total 1995 Generated Trips = 1,760,149

The increase in user costs resulting from the addition of generated tripsito
the network was calcplated by estimating a relationship between user costs
and volume of trips on the network."This volume-cost relationship was
estimated as tﬁe percentage change in cost for a percentage change in volume
using total annual user costs and network demand without the project. The
relationship established is as follows:

% Change in Cost = .0293 + .9735 (% Change in Volume)
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SL

YEAR
1986
1987
1988
1989
1990
1991
1892
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2008

ANNUAL

DEMAND-

EXISTING
49883516
51443428
53052318
54711229
564222517
58186656
60006310
61882894
63818082
6581317517
66743468
67686364
68642447
69612134
70595425
71592530
12603868
13629438
74669659
15724740

ANNUAL
GENERATED

TRAFFIC
0
917188
494811
150755
147497
159941
1446028
1545863
1650502
1760148
2128428
2280152
2435475
2594472
2157208
2923143

3094168

3268943
3446952
36294170

ADDED
DAILY
TRAFFIC
0
3070
1653

504

2500
5349
4836
5170
5520
5887
118
1626
8145
8677
9221
9718
10348
10932
11528
12139

TOTAL
DEMAND

E+G

49883516
52361211
53547129
54861984
57169753
59786121
61452338
63428751
65468584
67573906
68871895
69966516
7107792
72206605
73352629
74516213
75698036
76897981
78116610
79354210

TABLE 5-2

CALCULATION OF BENEFITS
TO GENERATED TRAFFIC

S INCREASE

IN TRAFFIC

ET06
10.000
0.018
0.008
0.003
0.013
0.027
0.024
0.0
0.025
026
031
033
034
036
038
038
041
043
044
046

[ =TI — B — B — R — N — I —— Y —~ T — Y — Y — 4

ESTIMATED
% RISE
IN COSTS

E+G
0.000
0.020
0.012
0.008
0.016
0.029
0.026
0.027
0.027
0.028
0.033
0.035
0.036
0.038
0.039
0.041
0.043
0.044
0.046
0.047

LOSS
IN
TRAFFIC
0
11456
3668
519
7294
28992
23360
25768
28359
31144
43984
49470
55336
61584
68252
18322
82815
90741
99111
107938

PER UNIT
BENEFITS-
EXISTING

TRAFFIC

0

OO OO0 0 OO0 00 OO0 OO0 OO O

.000
075
.039
.012
.058
AN

103

107
A
118
140
149
158
. 166
418
184
192
.20
.20
219

LOST

BENEFITS 10

BENEFITS  GENERATED

FROM LOST
TRAFFIC
0

855
144

6

409
3385
2400
2754
3149
3590
6176
1368
8118
10236
11936
13832
15938
18268
20837
23661

NET
BENEFITS

~ TRAFFIC GENERATED

0
342617
9693
876
20953
93368
14270
82609
$1650
101442
149423
169811
191843
215584
241101
268463
297141
329007
3623317
397808

TRAFFIC
0
3N
9550
870
20544
89983
11811
79854
88500
97852
143248
162443
183125
205348
229165
254631
281803
3107349
341500
374147

NET
PROJECT
BENEFITS

0
4,067,992
2,251,347

836,243
3,349,313
7,071,189
6,390,197
6,837,925
7,309,326
7,805,514
9,589,414

10,301,175
11,035,697
11,793,565
12,578,380
13,381,153
14,213,312
15,070,698
15,954,568
16,869,593



The loss of trips was estimated using the elasticities described above and
calculated in a similar manner as generated traffic. The exception is that

generated volume is used instead of existing demand.

A per unit benefit (total annual benefits/annual existing demand) was
calculated and used to determine benefits to generated traffic and benefits

lost to lost traffic.

To estimate benefits to generated traffic it was assumed that the demand
curve was linear in the area of analysis (line segment BE in Figure 5-2).
This assumption allows an approximation of per unit benefits to generate

traffic equal to one-half the per unit benefits to existing traffic.

As indicated in Table 5-2 the net impact of generated traffic for this
project is small relative to the level of overall user benefits. This is
likely due to the relatively low level of benefits produced by the project
and thus the low level of traffic generated. As will be shown in the
following seétion, the impacts of generated traffic on the ouﬁcome of the.

evaluation are insignificant.

5.3 Comparison of Costs and Benefits

With a stream of user benefits and project costs having been established the
analysis can now move to a comparison of these benefits and costs to
determine the economic feasibility of the Geist Road Extension. In this
comparison the annual resource flows must be brought to comparable wvalues at

a common point in time. This is accomplished by discounting the resource
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flows to 1986, the first year in which an expenditure on the project is
made. Discounting raises the issue of what the discount rate should be for
a public project. Other issues fesolved in this section include choice of
the method to be used in comparing costs and benefits (ie, Bénefit/Cost
ratio, Internal Rate of Return, Net Present Value) and the sensitivity of

the comparison to changes in some of the underlying assumptions.

5.3.1 ZIhe Discount Rate

As mentioned above, it is not in the scope of this paper to resolve the
issue of an appropriate discount rate in a satisfactory manner. However,
given that minor shifts in the discount rate can affect the outcome of the
analysis, a discussion of the rationale for discounting is provided along
with a discussion of how highwa& funding in the U.s. might affect the rate

of discount.

There are two distinct arguments put forth for discounting a project's
resource flows to a common point in time. First, if there is to be an
efficient allocation of limited. resources (labor, capital, land, etc.), the
project must be at least as efficient as projects (private or public) it
might be displacing (Pearce, pg 83). This is the idea that resources
required for a project have an Qppgzgnnini_ggﬁh and that there exists a
social opportunity cost of capital. Second, it is recognized that peéple,
in general, would prefer their benefits today as'opposed to tomorrow. This
is the idea that there exists a positive social time preference rate

(Pearce, pg 38). Either one of these could serve as a discount rate for

this project.
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Under ideal conditions, where there is an optimal level of investment in the
economy, the social opportunity cost and social time preference rate would
be equal (Pearce,lpg 44) . However, in reality the two differ with social
opportunity costs being higher than the rate of social time preference

(Pearce, pg 46).2

In the course of determining a discount rate for this project it is
important to keep in mind that the level of decision for the project rests
with a public agency (ADOT/PF) which receives the bulk of its capital
fiﬁancing through di;ect grants from government funds (both federal and
state) . The funds to be used on the project are earmarked at the federal
level for use specifically in highway-related projects. Further, the state
must allocate this money to all urban areas in the state on the basis of
population or miles of major highways. This restricts the alternative

opportunities to use these capital resources.

There are also problems in the use of a social time preference rate. As

noted by‘Sugden and Williams:

"If private marginal time preference rates (MTPR) differ - as they

do - a social MTPR can be constructed from these private rates only

in a highly arbitrary way" (Sugden and Williams, pg 223).
Again, it is not the purpose of this paper to resolve these issues. Rather,
the importance of discounting the costs and benefits of the project  is

recognized and the alternative approaches to determining an appropriate

discount rate have been discussed.
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As a basis of comparison and guidelines for this study the following

discount rates are referenced from other studies:

12 percent: Used by Pakistan Planning Commission and recommended for
developing countries (Adler, 1987, pg 54); ,
5,13 percent: Used in analysis of Alaska's Dalton Highway (1986) as

representative of U.S./Canadian social time preference rate (Olson, pg.9)3;

Range of 5-15 percent: Used in Sitka Bypass Study (1984) (Quadra, pg 3).

A range of discount rates between 5 and 15 percent will be used to assess

the sensitivity of the analysis to changes in the rate.

5.3.2 Methods for Comparing Costs and Benefits
There are three commonly used methods for comparing the discounted costs and

benefits of public investments in transportation projects:

1) Net Present Value (NPV) of a project - the difference between the
discounted value of costs and benefits,

2) Benefit/Cost Ratio (B/C Ratio) - the discounted project benefits divided
by discounted project costs, and A
3) Internal Rate of Return (IRR) - the discount rate at which the

difference between project costs and benefits equals zero.

In general, a project can be said to be acceptable if:
1) the NPV is greater than zero at an acceptable discount rate, or
2) the B/C Ratio is greater than one at an acceptable discount rate, or

3) the IRR exceeds the acceptable discount rate.

Where there is a need to determine the best of a set of alternative
solutions to a ‘transportation problem, or where there is a need to get the
most value out of a limited capital budget, the appropriate measure to use

is NPV.
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In most cases the analysis will be of two or more alternative projects
(i.e., between building at-grade or an overpass over the railroad tracks,
etc.). However, given the lack of resources necessary to evaluate the
various alternatives proposed for the Geist Extension, and because the
primary purpose of this study is to illustrate the tasks involved in
generating the project resource flows which underly an economic anélysis,
only one alternative project (the one chosen as the "build" alternative) is
analyzed. In this case, a positive NPV at an acceptable discount rate

would indicate that the project is worthwhile.

If SBCA were used by ADOT/PF to determine projects to be included in its
capital budget, the objective would be to maximize the NPV of benefits per
unit of capital budgeted. If this project's NPV is greater than zero, it

would be considered as a potential project in the budgeting process.

If there is no need to prioritize or rank one project over another, then
either a B/C ratio greater than one or an IRR which exceeds a threshold
discount rate would indicate that a project is justified. This approach is
used by the World Bank in the evaluation of transportation vprojects
submitted to it for financing (Adler, pg 53). Adler notes that there are
two reasons for the World Bank's approach (Adler, pg 53):

"First, it has not been practical for the Bank to estimate

appropriate discount rates for the more than one hundred

developing countries who are members of the Bank. Second, the

_ Bank must assure itself only that the project is Jjustified; it

need not be the highest priority project in the country”.

Without further analysis, it cannot be determined whether the Geist

Extension as described in this study represents the best alternative
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or whether it would be included in the most efficient set of ADOT/PF capital
expenditures for 1985. However, by assuring that the project's IRR exceeds
a target discount rate or.by observing whether the B/C ratio is greater than
one at an acceptable discount rate, a deqision can be made on the project's

general acceptability.

Results of the analysis are presented below using all three methods:

NPV (discounted at 5%) - $5,579,985
B/C Ratio (discounted at 5%) .944
IRR 4.28%

Using any of these measures the recommendation would be to not make the
investment as presently proposed. Assuming five percent is the minimum
acceptable discount rate, the NPV is negative, the B/C Ratio is less than

one, and the IRR falls below the threshold.

The above figures reflect high growth and high value of time assumptions.
The sensitivity of the analysis to changes in these and other assumptions is

discussed below.

5.3.3 Sensitivity Analysis
Given the complexity involved in generating project cash flows, it is
important for the analyst to determine the sensitivity of the cash flows to

- changes in the underlying assumptions.
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For this study the following parameters were analyzed to assess their impact

on net project benefits:
Generated traffic,
Accident cost savings,
Value of time,
Population growth,
Discount rate, and

Project construction costs.

5.3.3.1 Generated Traffic, Accident Cost Savings, and Value of Time

Figure 5-3 illustrates the distribution of the project's benefits among
vehicle operating costs (VOC), Time Costs (TC), Accident Costs (ACC) and
Generated Traffic (GEN). Figure 5-3 also present the difference in this
distribution using high and low values of time (discussed in Chapter Four).

For reference, the values of time discussed in Chapter Four are as follows:

Value of
Low Value of Time Time ($/Hr)
Non-Work Trips _ $ 0.63
Work Trips 1.43
Truck Trips 2.75
Non-Work Trips : $11.62
Work Trips 11.62
Truck Trips 23.71

The benefits resulting from accident cost. savings are relatively
insignificant. The impécté of generated traffic, are also insignificant.
Time and vehicle operating cost savings are the major areas of project

benefit. This is typical of most highway projects of this type.
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PRESENT VALUE DISCOUNTED AT 5 PERCENT
(Millions)

Figure 5-3

EFFECTS OF VARIOUS BENEFITS

FOR BOTH HIGH AND LOW VALUES OF TIME
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The most uncertain assumptions related to the calculation of savings to
generated traffic and accident costs relate to the elasticity of demand and
accident rates respectively. Given their relatively minor contribution to
overall project benefits it is safe to conclude that no reasonable change in

these assumptions would significantly alter the analysis.

The significant effect of a lower value of time is that total net benefits
are lower. As indicated in Figure 5-3, the Present Value of the projects
benefits, discounted at five percent and using a high value of time is
-$5.6 million; four times higher than the project's benefits using a low
value of time. The effect of value of time on overall benefits is to be
expected given the differences in low and high unit values of time. As
discussed in Chapter Féur, these values were estimated from the perspective
of time saved per trip - the more time saved per trip, the higher the value.
It is not possible to determine the actual time saved for each-trip, nor is
it possible to determine each individuals trip maker's value of time. What
can be said is that there is likely to be a range of travel time savings and
a range of ihdividual valuations of that savings. It is reasonable to
conclude that the range between the high and low values of time used for
various trip types are probable averages and thus.provide an adequate range
of values for this analysis. The ou£come of the analysis (rejection of the

project) is insensitive the wvalue of time within this iange of values.
5.3.3.2 Population Growth and Discount Rate

Figure 5-4 illustrates the effects of different growth and discount rates.

Using the benefit-cost ratio as a means of comparison, benefits only exceed
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‘costs in the range of negative discount rates Qhen moderate growth is
assumed. Assuming high growth, benefits exceed costs when the discount rate
is 4.28 percent or less. This is well below the 5.13 percent used in the
Dalton Highway Benefit-Cost analysis and the 5 to 15 percent used in the

Sitka Bypass study.

5.3.3.3 Project Costs

While every effort is made to estimate project costs accurately, these are

typically a source of uncertainty in economic  analysis. Figure 5-5
illustrates the impact of changes in project costs. Increases from the base
cost estimate are made ranging from 10 to 40 percent. Benefit-cost ratios

are calculated using discount rates of zero and five percent; assuming a

high growth rate and high value of time.

With a discount rate of five percent the project has a B/C ratio less than
one even under the relatively optimistic high growth assumptions and using a
high value of time. Thus, should costs actually exceed those estimated for

the base case, the project is even more unacceptable.

When no discount rate is used benefits exceed costs throughout the range of
cost increases analyzed. While this is an unrealistically low discount rate
it illustrates that eQen under infeasible assumptions the project is only
marginally acceptable. As in the case using a five percent discount rate,
should costs exceed those estimated for the base case, the project becomes

less and less attractive.
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8/C RATIO

8/C RATIO .

Figure 5-4

EFFECTS OF GROWTH AND DISCOUNT RATE
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5.4 Results of Analysis

Meyer and Miller note that there are three major purposes in the evaluation
process which leads to investment of public resources (Meyer and Miller, pg
373):

1) Ewvaluation is the process whereby determination is made defining
how value is to be measured and estimates of the source and timing of
benefits and costs of proposed actions are made;

2) Evaluation provides information to decision makers on the impact of
policy proposals, trade-offs, and major areas of uncertainty; and |

3) Evaluation provides planners with an opportunity to identify areas

of further study.

This section provides a summary of the economic evaluation based on these
purposes. Specifically this summary provides estimates of the source and
timing of benefits and costs of the project, and discusses areas of
uncertainty, conclusions from the study and areas of further study. While
much of the information below is a repetition of the analysis presented in
sections 5.1-5.3, this section provides information on the evaluation which
would likely. be presented by the analyst in the public decision step

outlined in Figure 1-1.

Table 5-3 provides estimates of project costs and benefits for 1986 through
2005. Benefits are presented by category: savings in accident costs,
vehicle operating costs, time costs and generated traffic. These figures

are developed assuming a high growth scenario and a high value of time.
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TABLE §-3
SURMARY OF GEIST EXTENSION COSTS AND BENEFITS

ANNUAL BENEFITS-===emmmemmeee=s  cee-- ANNUAL COSTS---==---
VERICLE TINE ACCIDENT  SAVINGS T0 :
OPERATING CosT CosT GENERATED TOTAL CONSTRUCTION MAINTENANCE TOTAL
YEAR COST SAVINGS  SAVINGS SAVINGS TRAFFIC BENEFITS COSTS COSTS C0sT1S
1986 0 0 9 0 30 26800000 61236 $26,061,236
1987 961883 2879498 193193 EE RN $4,067,992 0 61236 $61,236
1988 480844 . 1591754 163200 9550  $2,251,347 15400000 115236 $15,515,238
1989 1083360 -447751 1997564 870 $836, 243 23500000 330624 $23,830,624
1990 584584 2578550 165634 20544 $3,244,313 23100000 330624 $23,430,52
1991 1657966 §135242 187968 83983 47,071,188 0 330624 $330,524
1992 1478852 4585193 154281 s $6,390,197 28100000 336024 $28,436,02
1993 1500856 112947 144267 79854  $6,837,925 0 336024 $336,024
1994 1522151 9564683 133391 88500  $7,309,326 0 33602¢ $336,024
1995 1544508 6041548 121605 97852 47,805,514 0 336024 $336,024
1996 1598918 1172351 14897 143248 49,989,011 0 336024 $336,024
1997 1628438 8453244 $7050 162443 $10,301,175 0 336024 $336,024
1998 1658481 9155475 38619 183125 §11,035,697 ] 336024 $336,0
1999 1689058 9879584 19578 205348 $11,793,56S 0 336024 $336,024
2000 1720176 10626119 -80 229165  $12,575,380 0 336024 $336,02
2001 1751848 11395645 -20370 254631 $13,381,7153 ] 336024 $336,02¢
2002 1784077 . 12188739 -41307 281803 $14,213,312 0 336024 $336,02¢
2003 1816879 13005988 -52908 310739 $15,070,698 0 336024 $336,024
2004 1850261 13847996 -85189 341500 $15,954,568 ] 336024 $336,024
2005 1884234 147153179 -108166 374147 416,865,593 0 336024 $336,0
BENEFIT/ NET INTERNAL oemmmmeeem OTHER [MPACTS----omcmoomm oo
€osT PRESENT RATE OF ImPACT
RATIO VALUE RETURN AREAS RESULTS OF EIS
HIGH 0.94  ($5,579,989) 4.28% AIR Reduction in Carbon Monoride
GROWTH : , emmissions.
MODERATE 0.56 (343,500,571) L T e

GROWTH NOISE Ninor decreases along major
» existing roads. Increases along
Geist Rd. and project area.

HISTORIC ° Seven historic sites require some
relocation. '

DISPLACEMENT 14 rental units
§ residences
17 businesses
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Using these assumptions time costs savings provide the major soufce of
benefits. Accident cost savings and savings to generated traffic are
relatively insignificant.4 Construction would take place over seven years
at a cost of 5116.1 million. Using a discount rate of S5 percent the project
has a net present value of -$5.6 million with a benefit/cost ratio of .94.

The project's internal rate of return is 4.28 percent.

While the measure of value used to evaluate the project is the economic cost
expressed in dollar terms, there are project impacts which are difficult to
quantify in this manner. These impacts include possible increases in air
and noise pollution, destruction or disruption of.wetlands areas, disruption
of historic sites gnd displacement of households and businesses. Table 5-3
includes a brief summa?y of project impacts in these categories based on an
Environmental Impact Statement (EIS) prepared by the Alaska Depa;tment of

Transportation and Public Facilities.

5.4.1 Recommendations

Given the results of the economic analysis, the project is not recommended
as an acceptable public investment. This recommendation is strengthened
given the current recessionary trends in the Fairbanks economy and the
slowed growth in population which has occured. Table 5;3 also provides the
results of the economic analysis using a more mpderate giowth assumption.
Under this more realistic assumptiop, the net present value of the project
is -$43.5 million with a benefit/cost ratio of .56. The internal rate bf

return of the project is -1.2 percent.
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While this analysis indicates that the project as proposed does not make
economic sense, it does not follow that no investment is required. The
analysis which was done to establish the project resource flows indicated
areas of severe congestion even under moderate population growth
assumptions. The project analyzed is really a set of several smaller
projects. It is possible that some of these projects' benefits may exceed

their costs. ‘

These smaller projects should be analyzed individually using the method
presented in this study to determine a more efficient "package™ of projects

to invest in.

Figure 5-6 illustrates the several smaller projects which should be analyzed

on an individual basis. These smaller projects include the following:

-Geist Extension to downtown with 1mprovements to Illinois Street (with

and w1thout railroad overpass);
-Linking College Road and the Steese Highway:;

-New North-South Link of Peger Road and College Road.

These projects could be analyzed in combinations to determine the most

efficient use of resources available.
Given the uncertainty of population growth in Alaska, another area of

further research would be to determine the optimum timing of the projects

under various growth assumptions.
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Figure 5-6

Potential Sub~Projects for Further Analysis
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The actual presentation to public decision-makers would provide more
succinct conclusions and recommendations (i.e., congestion exists along
Airport Road, College Road; recommend construction of XYZ project). Given
the results of this study - that the "package" 1is not feasible but
individual parts may be good investments and that the system analysis
indicates problems in the future; it is likely that the information would
not be presented to elected officiais. Rather, a management decision at the
Department of Transportation would likely be made to carry-out further
analysis as suggested above. Elected officials would be presented with the

results of more detailed analysis on the smaller projects.
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FOOTNOTES

CHAPTER FIVE

1. This variation in costs occurs as thé result of two factors. First, the
various phases of the project. affect overall operating differently (e.qg.,
major downward impacts on costs seem to result from phases built in
1990-1993). Second, operating costs without the project are driven
primarily by the population forecasts which determine overall traffic
demand. The growth between 1986 and 1987 is in anticipation of an increase
in personnel at a nearby army base. After that, population is interpolated
between 1987, 19385 and 2005. Operating costs wit the project are driven
both by population forecasts and impacts of the different project phases.

One oddity in Figure 5-1 is that user costs with the project rise at a
faster rate than those without the project between 1987 and 1989. This
results from the way in which the project is phased. Construction of
various sections in 1986-1989 increase volumes on existing sectionf of the
network (Illinois for example) which are not improved until later phases
(Illinois is widened in 1993). This causes operating costs to rise on some
road segments faster with the project than without the project.

2. The primary reasons for this difference have been attributed to (Pearce,
pg 45):

1) Corporate taxation, and
2) The apparent difference in risk between private and public
projects. '

3. Olson references the following study: Kula, Erhun, "Derivation of Social
Time Preference Rates for the United States and Canada,"™ Quarterly Journal
of FEcopomics, Vol. 99 (November, 1984), p. 873-878.

4. As discussed earlier, benefits to generate traffic are negative over the
life of the project. The negative time cost savings in 1989 stems from the
way the project was phased as discussed in Section 5-2. The negative
accident cost savings in years 2001-2005 result in part from the linear
extrapolation which was used to derive values between 1995 and 2005. The
2005 accident cost analysis indicated 1,795 accidents on the network without
the project and 1,844 accidents with the project.

It is not improbable that there would be more accidents with the

project than without it. While vehilce miles of travel are approximately
the same (252.3 mvm without wvs. 252.06 with); travel is redistributed over
the network, increasing dramatically on some road segments. As a result,

accident rates on each road segment are changed and the distribution of
accident types is affected. For example, in 2005, without the project the
analysis indicated 1,795 fatal accidents at a cost of $774,710. This
compares to 1,844 fatal accidents with the project at a cost of $795,719; a
$21,000 difference. ’
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CHAPTER SIX

Conclusions

In the introduction to‘this study two issues were raised as central to the
discussion of evaluation of transportation investments: 1) specifying the
set of techniques used in the analysis, and 2) recognizing the political
nature of the decision-making process which uses the information generated
by the analysis. This study has focused on the techniques used in
evaluating investments; specifically economic analysis. » This chapter
summarizeé the methodology used to assess the proposed investment presented
in the case study and presents the findings of recent empirical research

comparing economic analysis and other evaluation techniques.

Understanding the political nature of the decision-making process ;n which
analysis is presented is at least as important as using broper analytical
techniques. For this ¥eason, as a means ofvtying the technical analysis
into the broader decision-making framework, the use of economic an%lysis in

this process is also discussed briefly in this chapter.

The economic analysis used in this study to evaluate the Geist Extension was

carried out based on a fairly detailed analysis of the road network affected

by the project. Assumptions had to be made regarding several interrelated
variables. The analysis was shown to be sensitive to both the level of
future population growth and the value of time assumed. User costs were

based on assumptions of the relationship between speed and traffic volumes,
land use patterns, distribution of traffic by time of day, vehicle mix, etc.
The complexity of the interrelationships and their variability over the

course of a single road segment points to the need for the detail taken.
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Most of the data used in the system analysis 1is generated routinely by
transportétion planning efforts in most cities. Thus, the approach used in
this study could tie fairly easily into the types of analysis currently
being performed in most urban areas. Systems data required for development
of various scenarios used in an economic analysis could be produced without

"much additional effort.

The data which are not always available at the local level pertain more to
the economic aspects of urban transportation. for example, better data
would be welcomed regarding vehicle operating costs and their relationship
to speed and relative travel‘conditions (i.e. traffic volumes, delay, etc.).
More precise data on how pédple value time for wvarious trips, the response
of travelers to congesﬁion on a particular road (i.e., the extent to which
people switch modes or travel paths) and the relationship between accidents
and trafficvvolumes would also improve the analysis. However, the need for
this data is not a detraction from the use of benefit-cost analysis. Even
with existing data benefit-cost analysis is éuéerior to the simple minimum
conditions standardsboften employed. As Gomez-Iboneé and O'Keefe point out,
"benefit-cost analysis makes the need for or benefits from this data more

obvious" (Gomez-Ibanez and O'Keefe, pg 86).

The decision-making procéss which leads to the investment of public

resources in transportation facilities was described breifly in Section 5.1.

It was noted that there is often an overlap of policy debate and project
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discussion in this.process. Georgévwilson has noted that politicians are
often affected by what he calls the "Great Transportation Mystique"™ - the
mindset that invesﬁment in transportation infrastructure can solve the
economic problems faced by a region (Wilson, pg 43). In'the pursuit of
social and economic developmeﬁt adequate transportation can, in some
‘instances, be a prerequisité - though no guarantee of success. Despiﬁe the
factual analysis presented in the process of making the investment decision

political considerations can, and often do, dominate the process.

Michael Meyer quotes an insightful observation made by J.F. Coates on public

policy decision-making in the U.S. context:

"Decision-making is disaggregated among at least three levels
of government and numerous agencies at each level. No one has
plenipotentiary power. While no one person, agency or
institution is in charge or has a clear field or the authority
to accomplish things, often dozens, if not scores, of units of
government have the power to intervene, to slow down, or to
stop action by others™ (in Meyer, 1981, page 3).
This observation leads to the conclusion that there are, regardless of the
existence of an underlying objective process in the selection of projects,

and to a certain extent their prioritization, many points at which

politicians and their lobbyists can exert influence.

6.2.2 The Role of Analysts

Sugden and Williams, in their book "The Principles of Préctical Cost-Benefit

Analysis™ discuss the limits of the role of the analyst and what the
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relationship between the analyst and decision-maker ought to be 1in

determining the nature of a cost-benefit analysis,

They note that cost-benefit analysis has two essential characteristics:
consistency and explictness (Sugden and Williams, pg 236). The anal&sis
should be consistent in that decisions between alternatives should be in
line with objectives. It should be explicit in showing that a particular
decision is a logical implication of particular, stated objectives (Sugden

and Williams, pg 234).

Objectives in particular need to be explicit and consistent. Without this,
cost-benefit analysis is 1little more than window-dressing (Sugden and
Williams, pg 234). If objectives are not explicit a decision maker need

only revise his to ensure the analysis provides the 'right' answer.

Some analysts feel strongly that "At present so many issues and conflicts
are concealed, both among objectives and alternative means, that the
discretion of the policy maker is augmented beyond what is necessary or

desirable™ (Steiner, pg 297).

The decision maker should be responsible to the ;ommunity. Given that his
decision-making rights "stem from the consent of the community, expressed
through the political system™; the community ought to have the right to hold
the decision maker accountable for his decisions (Sugden and Williams, pg

241).
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From this perspective cost-benefit analysis "assists the decision-maker to
pursue objectives that are, by virtue of the community's assent to the
decision—making process, social objectives. And by making explicit what
these objectives are, it makes the decision-maker more accountable to the

community" (Sugden and Williams, pg 241).
Thus, the role of the analyst is to assist, ™not simply a decision-maker,
but a decision-making process that has the assent of the community as a

whole”™ (Sugden and Williams, pg 240).

Within this framework the role of the analyst includes the following tasks:

1. The analyst should assist in a thorough development of
alternatives ensuring that "important and practicable policy options
are not ignored” (Sugden and Williams, pg 231). For example, as

discussed in Chapter Five, the decision faced by the community of
Fairbanks would have benefited from, not only a broader range of
alternatives, but a more detailed analysis on specific parts of the
project as analyzed in the case study.

2. Given that cost-benefit analysis requires "a unique,
measurable and operational social objective function"™ (Waters, pg 25),
the analyst needs to elicit the objectives of the decision-makers
which are to determine a particular course of action (Sugden and
Williams, pg 233). While this may not always be possible, the analyst
needs to at least make explicit what objectives he is assuming in the
analysis (i.e., maximize. social welfare, minimize direct user cost,
etc) . The stated objectives in the case study were to relieve
congestion on existing arterials and provide better access to
downtown, in economic terms, to lower the direct user costs on the
highway network.

3. In presenting the analysis, the analyst should show "what
judgements remain to be made and what relationships exist between
particular valuations of the ‘'unvalued' costs and benefits and
particular final decisions"™ (Sugden and Williams, pg 238). This might
be accomplished by noting that the analysis presented includes only
those impacts which could be quantified. Judgement must be made on
the value of unquantified impacts and how they are to affect the final
decision. It was noted in the analysis that these impacts were
relatively insignificant, possibly contributing more to the cost of

the project.
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4. At the end of the analysis, the analyst should "ensure that
his findings are not misinterpreted, or read as implying more than
they really do"™ (Sugden and Williams, pg 231) .1
Carrying out these tasks, aware of the political nature of the investment

decision-making process, the analyst can ensure a more effective use of

cost-benefit analysis in the process.

6.3 Conclusions

This study has shown the importance of evaluating transportation investments
carefully. Theré is'a‘complex set of relationships which underly the’
calculated demand for transportation and its effect on the exisﬁing supply.
These reiationships can effect the development of project resource flows
used in an economic analysis. Assumptions regarding population growth, the
value of time, the relationship of traffic volumes to speed on a given road
network, etc. can affect the attractiveness of a particular transportation

investment as determined by the economic analysis.

Economic analysis as a technique wés shown to be useful iﬁ evaluating the
impadts of a éroject on a community. Conclusions from empirical studies
were drawn on which indicated that economic analysis was superior to
evaluation methods commonly used at the state and local levels. Economic
analysis was shown to provide useful insights to the relationship of supply
and demand on an urgan road network and the development of alternative

government actions.

The case study utilized a fairly detailed analysis of the road network as a

whole to develop the project resource flows used in the economic evaluation
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of the proposed projecﬁ. It was found that the project's costs exceeded its
benefits, though it was noted that this was likely dué to the fact that the
project was actually a series of several smaller projects. Given that the
systems analysis indicated areas of high congestion on the network without
the project, it is likely that some parts of the project would be efficient

investments if analyzed independently.

It is felt that the method used in the case study to develop the data
required for the economic analysis is applicable to and appropriate for use
in the evaluation of transportation investments in other medium-sized and
small urban area. Most of the data required for the systems analysis is
routinely generated by the 1local governménts. While there is a'cost
involved in deriving some of the economic values used in the analysis, the

values, once established, can be utilized in several analyses.

It was also found to be important to consider the political nature of the
investment decision-making process and the affects this can have on

cost-benefit analysis.

It was boncluded that while, in the normative sense the analyst should
stress explicitness and consistency in the analysis, this is often difficult
to do given the discrgtion of the political décision—maker. It is likely
more practical to reduce the potential inefficiencies which occur, focusing
more on keeping grossly inefficient expenditures out of the budget. As
Wildavsky notes, "avoiding the worst where one can't get the best is no

small accomplishment"4(Wildavsky, 1968, pg 380).
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This might be best accomplished by ensuring the active participation of the

analyst, the decision-maker and the community in the development of

alternatives and the setti‘ng of objectives to be used in the analysis.

FOOTNOTES

CHAPTER SIX

1. Sugden and Williams feel strongly on this point noting that the
analyst has "the professional duty to set the record straight, for otherwise
analysis in general is brought into disrepute” (Sugden and Williams, pg
231).
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Notes on Appendices
The following appendices contain data used to develop the case study and
copies of spreadsheets used to calculate volumes, costs, and the evaluation.

The layout of the Appendices is diagrammed in Figures A-~1 through A-3.

Appendi# A contains data and spreadsheets related to the system analysis
discussed in Chapter Three. Using forecasts of system-wide daily trips
traffic volumes are developed for individual 1links. Using speed-flow
look-up tables for different facility types and land uses, volume/capacity
ratios, speeds ana travel times are calculated for four times.of day, for

high and moderate growth scenarios, with and without the project.

Appendix B contains data and spreadsheets related to user costs discussed in
Chapter Four. Using the network evaluation outlined in Appendix A, vehicle
operating costs, user time costs and accident costs are calculated for each

link. Data for the high growth - with project scenario are presented here.

Vehicle operating costs are calculated using cost-volume look-up tables for
both auto and truck. Value of time is estimated for four times of day for
three trip purposes. Accident <costs are <calculated using the

accident-volume relationships discussed in Chapter Four.

The user coéts are used inrthé development qf the project evaluation
spreadsheets presented in Appendix C. These spreadsheets are used to
prepare the results of the analysis and sensitivity texts described in
Chapterv Five. Project benefits are éalculated for eight different

scenarios:
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Scenario Description

1 Benefits to existing users assuming
high value of time

2 B _ Benefits to existing users assuming
low value of time

3 , Scenario 1 plus accident cost savings

4 Scenario 2 plus accident cost savings

5 ' Scenario 1 plus benefits to genérated
traffic

6 ' Scenario 2 plus benefits to generated
traffic

7 Scenario 1 plus accident cost savings

plus benefits to generated traffic

8 Scenario 2 plus accident cost savings
plus benefits to generated traffic

A NPV, BC/Ratio and IRR are calculated for each of these scenarios.

Notes on Computer Spreadsheet Used
The spreadsheet used for the case study was VP-Planner which is a
combination spreadsheéd—database. Four databases were developed to handle
the data generated during system analysis and user cost analysis:

1) High Growth - with projec£

2) High Growth - without project

3) Moderate Growth - with project

4) Moderate Growth - without project
Documentation‘on the structure of the databases is provided in Table

A-1.
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Figure a-1

Guide to Appendix A:
System Analysis

Forecast of Daily Trips
High and Moderate Growth

pg 115

Assignment
Factors
pg 116

Development of Link Volumes
For Base and Forecast Years

With Project:
- High Growth-pg 118
- Moderate Growth pg 120

Without Project:
- High Growth-pg 116
- Moderate Growth pg 116

Speed-Fiow
Look-up Tables
pg 128

Network Evaluation:
- Volume/Capacity Ratios
- Travel Time and Speed by Time of Day

With Project:
- High Growth-pg 122
- Moderate Growth

Without Project:
- High Growth
- Moderate Growth

User Cost Analysis
. Appendix B

See Figure A-2
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Figure A-2

Guide to Appendix B:
User Cost Analysis

-Cost/Volume Look-up Tables
- Auto Fuel, pg 136
- Auto Other, pg 138
- Truck, pg 139

System Analysis
Appendix A
See Figure A-1

Vehicle Operating Costs
pg 130

Value of Time
by Trip

Purpose

User Time Costs

pg 140
Nl
Accident-Volume
Relationships
pg 150
Accident Costs
pg 148

Project Evaluation
Appendix C

See Figure A-3
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" Figure A-3

Guide to Appendix C:
Evaluation

User Cost Analysis
Appendix B

See Figure A-2

Project Evaluation High Moderate
_ Growth Growth
- Existing User Costs Without Project, pg 152 pg 158
- Existing User Costs With Project, pg 152 pg 158
- Calculation of Generated Traffic Benefits, pg 153 pg 159
- Accident Costs )
With and Without the Project, . pg 154 pg 160
Project Benefits Under Various Scenarios High Moderate
Growth Growth
1 - Existing User Benefits, High Value of Time, pg 154 pg 160
2 - Existing User Benefits, Low Value of Time, pg 154 pg 160
3 - #1 plus Accident Cost Savings, pg 154 pg 160
4 - #2 plus Accident Cost Savings, pg 154 pg 160
5 - #1 plus Generated Traftic Benefits, pg 154 pg 160
6 - #2 plus Generated Traffic Benefits, : pg 154 pg 160
7 - #1 plus Accident Cost Savings and Generate
Traffic Benefits, . pg 154 pg 160
8 - #1 plus Accident Cost Savings and Generated ;
Traffic Benefits, pg 154 pg 160
Discount Rate Sensitivily Analysis High Moderate
For Each Scenarlo: Growth . Growth
- Net Present Value, . ‘pg 155 pg 161
- - Benefi/Cost Ratio, pg 156 pg 162
- Internal Rate of Return, pg 157 pg 163
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Table A-1l

General Information:

EEEXXXISRIXEEERAKRELES Structure Of_ Database

Database Name: G4.DIM
Number of Dimensions: 3
Length of Names: Short - 8 characters.
Long - 30 characters.
Decimal Place Dimension is dimension 2.
Number display:
- Amounts are displayed to 4 Decimal Places.
- Rates are displayed to 4 Decimal Places.

Dimensions:
XEXXREXXXEEKXX

Dimension 1 is: ROAD SEGMENTS
The short name is: LINK
There are 100 categories in this dimension.

Short Names Long Names
1. 1
2. 2
3. 3
4. 4
5. 5
6. 6
7. 1
8. 8
9. 9
10. AIR AIRPORT WAY TOTALS
i1, 10 :
12. 11
13. 12
14. 13
15. 14
16. 15
. 17. STNB STEESE NB TOTALS
is8. 16 - '
19. 17
20. 18
21, 19
22. 20
23. 21
24. STWB STEESE WB TOTALS
25. 22
26, 23 L o
27. RICH RICHARDSON HWY TOTALS
28. 24
29, 25
30. 26
31. 27
32. 28
33. 29
34. SFEEB SOUTH FBKS EXPWY EB TOTS
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35.
36.
37.

38

39.
40.
41.
42.
43.
44.
45.

46

‘47.
48.
49.

50.
51.

52,
53.
54,
55.
56.
57.
58,
59,
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71,
72.
73.
74.
75.
- 76.
11.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.

30
31

32

33

34

3s
SFEWB
36

37

3s
UNIV
39
PARKS
40

41

GEIST
42

43
44
45
46
47
COLL
48
49
50
51
ILL
52
53
54
CUSH
55
56
SCUSH
57
58
59
PEG
60
61
62
63
PHIL
64

. AUR

65
THIRD
66
MIN
67

68

69
BARN

Table A-1

Structure of Database {(cont'd)

S FBKS EPWY WB TOTALS

UNIVERSITY AVE TOTALS

PARKS HWY TOTAL"

GEIST RD TOTALS

'COLLEGE RD TOTALS

ILLINOIS ST TOTALS

CUSHMAN ST TOTALS

SOUTH CUSHMAN TOTALS

PEGER RD TOTALS

PHILLIPS FIELD RD TOTS
AURORA ST TOTALS
THIRD ST TOTALS

MINNIE ST TOTALS

BARNETTE ST TOTALS
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Table A-1

89. 70 Structure of Database (cont'd)

90. 71

91. 72

92. 173

93. 74

94. 75

95. GEXT GEIST EXTENSION TOTALS
96. 76

g;. giLL GEIST-ILLINOIS CONN TOTS
99. COLCON COLLEGE CONNECTOR

100. NETWORK NETWORK TOTALS

Dimension 2 is: NETWORK CHARACTERISTICS
The short name is: CHAR
There are 24 categories in this dimension.

Short Names Long Names
1. AADT AVERAGE ANNUAL DAILY TRAFFIC Amount
2., TVOLAM TOTAL VOLUME Amount
3. TVOLMD : Amount
4. TVOLPM Amount
5. TVOLO Amount
6. VCRAM VOLUME/CAPACITY RATIO Rate
7. VCRMD ‘ Amount
8. VCRPM Amount
9. VCRO Amount
10. TIMEAM TRAVEL TIME PER AUTO TRIP Rate
11. TIMEMD o Amount
12. TIMEPM Amount
13. TIMEO ' Amount
14. AUTO ADJUSTED OPERATING COST-AUTO Amount
-15. Cv COMMERCIAL VEHICLE COSTS(ADJ) Amount
16. TTTHBW . Amount
17. TTTHBO : Amount
18. TTTNHB . ’ . Amount
19. TIMEHBW TIME COST HBW HIGH Rate
20. TIMEHBO ) Amount
21. TIMENHB Amount
22. LTIMEHBW LOW TIME COST HBW TOTAL : “Amount
23. LTIMEHBO . Amount
24. LTIMENHB ' Amount
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Table A-1

Structure of Database (cont'd)

Dimension 3 is: YEAR(1984-2005)
The short name is: YEAR
There are 8 categories in this dimension.

Short Names Long Names

1986 BASE' YEAR

1987

1988

1989

1990

1991

. 1995 INTERMEDIATE FORECAST YEAR
2005 PROJECT HORIZON YEAR

DNOOE W
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1984
1983
1984
1987
1968
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
12003
2004
2003

FORECASTS OF TOTAL
DAILY TRIPS BY YEAR
1984-2003

HIGH
1224100
231108
238335
245788
253475
261401
269576
278006
286700
295646
304912
314447
318889
323394
327962
332595
337293
342057
344889
351789
354759
361800

LOW HIEH
224100 GROWTH
228801 RATES
233401 BA-93
238301 031272
243505 95-05
248613 .014126
253628
239133
264590
270140
275807
281592
284240
286954
289673
292418
295189
297984
Jo0810
303460
304538
309443
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HODERATE
GRONTH
RATES
84-93
.020978
95-2005
009474



O ~ O~ A s N
o—
4
»

-

AIR
10
It
12
13
14
15
STNB
16
17
18
19
20
21
STWB
22
23
RICH
24
ya]
26
21
8
29 .
SFEE
30
3i
32
33
34
35
SFENB
36
Y
38
UNIV
39

PARKS

40
41
BEIST

ABS 1BNNENT
FACTORS

WITH  NITHOUT
PROJECT PROJECT

0913
0915
1227
1346
1219
A28
1069
0610
0574
~.0000
0387
.0287
.0224
0347
0491
.0380
.0000
. «0355
L0419
.0292
0374
.0509
0487
.0000
.06835
. 0594
.0000
0422
0248
0370
0478
0376
.0299
.0000
.0308
.0186
0310
0479
0445
0358
.0000
.0574
0577
0574
. 0000
0728
.0000
0473
- 407835
.0000

J183
1248
1321
1605
1549
1364
1510
1205
0179
.0000
0422
0269
0579
0423
0518
.0514
.0000
0422
0269
.0289
. 0423
0319
0316
.0000
0473
.0481
.0000
. 0551
0324
0484
. 0825
. 0491
. 0390
.0000
. 0400
0243
. 0404
0623
.0581
L0467
.0000
.0884
.0884
097
. 0000
. 0417
.0000
0370
. 0837
.0000

1986
26931
29153
30861
37495

38189

31857
35285

8147

181935
0
9852
6283
13521
9876
12111
12063
0
9852
6283

6761
9878 .

12113
12063
0
11058
11239
0
12879
1579
11304

14594

11473
9119
0
9333
5647
9448
14611
13582
10918
0
20658
20658
22819
0
9741
0
8645
19552
0

1995
32464
35142
37202
45199
435624
3840t
42533
33930
PARAR]

0
11875

1574
16298
11905

14600 -

14541
0
11875
7574
8150
11907
14602
14541
0
13330
13548
0
15525
9135
13627
17593
13830
10993
0
{1250
4832
11390
17613
16372
13161
0
24902
24902
27507
0
(1742
0
10421
23569
0

FORECABTED LINK VOLUMEB
WITHOUT PROJECT-MODERATE
GROWTH SCENARID

2005
35674
38617
40881
49670
47939
2199
46740
31286

- 24103

0
13050
8323
17910
13082
18043
15980
0
13050
8323
8957
13085
16046
15980
0
14648
14888
0
17061
10040
14975
19333
15198
12080
0
12363
7507

12516 -
19355

17992
14443
0
21345
27363
30228
0
12904
0

11452

25900
0

116
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1986
214N
29743
31487
38256
38923
32502
35000
20718
18544

0
10031

6410
13795
10076
12357
12308

0
10051

6410

4898
10078
12359
12308
-0
11282
114467

0
13140

7733
11533
14890
11706

9304

0

9522

5782

9640
14907
13637
11139

0
21077
21077
23282

0

9938

0
- 8820

19949
0

1995
36251
39242
41542
50473

48714 .

42862
A749%
37889
20492
0
13261
8457
18200
13293
16303
16238
0
13261
8457
9101

1329 -

16304
16238
0
14885
15128
0
17337
10202
15217
19643
15444
12278
0
12563
1629
12718
19648
18283
14697
0
27808
27808
30117
0
13112
0
11637
26319

0

FORECASTED LINK VOLUNES
WITHOUT PROJECT- HIGH
GRONTH SCENARIO

2005
41710
451351
47798
98074
56050
49339
34549
43594
28181

0
15258
9731

120941

15295
18738

18683

0
15258
9731
10472
15298
18761
18483
0
17126
17407
0
19948
11738
17508

| 22604

17770
14124
0
14455
8778
14634
22630
21036
16910
0
31995
31995
35343
15087
0
13390
30282
0



2 L0329 ,0895 20897 25190 27482 2132t 28130

(4] 0338 L1145 26740 32233 35421 21282 35994
" 0522 .1033 24126 29083 31959 4615 347
" LO0B4b 1252 29253 35263 38750 29846 39377
% L0642 1011 23624 28477 31293 24102 31799
Y, 0353 L0678 15833 19084 20973 16154 21312
coLL .0000  .0000 o 0 0 0 0
® L0739 L0648 15129 18237 20041 15436 20365
9 L0682 L0648 15129 18237 20041 15436 20345
50 L0804 L0973 22719 27386 30095 23179 30582
51 L0899 .1075 25101 30258 33251 25610 33789
ILL L0000 ,0000 0 0 0 0 0
52 L0448 0284 6635 7998 8789 6769 8931
53 L0553 L0757 17693 21321 23437 18051 23816
54 .0389  .0658 15380 18540 20374 15692 20703
CUSH L0000 0000 0 0 0 0 0
55 0823 .0843 19703 23751 28100 20102 26522
56 L0500 L0701 146386 19752 21706 18718 22057
SCUSH L0000 .0000 0 0 0 0 0
57 0722 .03k 8547 10303 11322 8720 11505
58 L0815 .0327 7680 9210 10120 7795 10284
59 L0759 L0327 7640 9210 10120 7795 10284
PEG .0000  .0000 0 0 0 0 0
60 L0187  .0299 4987 8422 9255 7128 9405
6l L0011 . 0443 10354 . 12481 13716 10584 13938
62 .0186  .0271 6333 7634 8389 6461 8525
63 .0158 0301 7037 B4B2 9321 MY un
PHIL L0000 ,0000 0 0 0 0 0
o4 L0084 0454 10605 12784 14049 10820 14274
AUR .0000 0000 0 0 0 0 0
65 L0346 L0463 10807 13027 14315 11026 14547
THIRD L0000 .0000 0 0 0 0 0
8 L0492 L0463 10807 13027 14315 11026 14547
HIN .0000  .0000 0 0 0 : 0 0
67 L0519 .0557 13018 15693 17245 13282 17523
68 L0483 L0516 12043 14541 15980 12308 16238
69 L0496 0506 11812 14238 15647 12051 15900
BARN .0000 0000 0 0 0 0 0
70 .0956  .0000 0 0 0 0 0
141 T .0701 0000 0 0 0 0 0
72 .0848 0000 0 0 0 0 0
13 L0420 0000 0 0 0 0 0
/] L0410 ,0000 0 0 0 0 0
75 L0459 ,0000 0 0 0 0 0
BEXT .0000 0000 0 0 0 0 0
76 L0428 .0000 0 0 0 0 0
BILL L0000 0000 0 0 0 0 0
77 L0489  ,0000 0 0 0 0 0
COLCON 0000 0000 0 0 0 0 0
NETRORK - .0000  0.0000 0 0 0 0 5

143714
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INK

O ~ O NN -

AIR

11
12
13
14
15
STNB
16
17
18
19
20
21
STuB
22
23
RICH
24
25
26
21
28
29
'SFEEB
30
3
32
33
34
35
SFENB
3
n
38
“UNIV
3
PARKS
40
i

HIGH BROWTH SCENARIO
FORECASTED LINK VOLUMES- WITH PROJECT
1986-2005
1986 1987 1988 1989 1990 1994
28336 27960.87 28833.34 28846.76 29769.53 27357.94

30673 30267.45 31214.07 31248.07 32225.32 29612.47

32472 32041.75 33043.85 33079.85 34114.39 3134b.2
39432 38930.2 40147.74 40191.48 41448.43 38079.42
38077 37573.39 3874B.49 38790.71 40003.84 34753.44
33519 33075.02 34109.44 34146.6 35214.49 32356.64
37125 36634.05 37779.78 37620.94 39003.75 35835.32
29616 29223.75 30137.72 30170.56 3I1114.1 28592.33
19144 18891.07 19481.88 19503.11 20113.04 18492.94
0 0 0 0 0 0
10365 10228.31 10548.2 10559.69 10889.94 10025.77
6611 6523.158 6727.17 b734.499 6945.112 6404.277
14226 14037.84 14476.87 14492.564 14945.88 13749.29
10391 10253.36 10574.03 10585.55 10916.61 10050.2é
12743 12574.56 12967.83 12981.96 13387.95 12319.05
12692 12524.46 12918.17 12930.24 13334.62 12270.08
0 0 0 0 0 0
10385 10228.31 10548.2 10559.69 10889.94 10025.77
8611 6323.158 6727.17 6734.499 6945.112 6404.277
7114 7019.962 7239.511 7247.398 7474.052 6889.864
10393 10235.45 10576.19 10587.71 10918.83 10052.3
12745 12576.65 12969.98 12984.11 13390.18 12321.09
12692 12524.46 12916.17 12930.24 $3334.62 12270.08
0 0 0 0 0 0
11635 11480.76 11839.82 11852.72 12223.4 11221.54
11625 116468.63 12033.56 12046.67 12423.42 11405.17
0 0 0 0 0 0
13551 13372 13790.21 13B05.23 14234.97 13077.18
7974 7868.869 B114.967 8123.809 8377.871 7698.303
11894 11736.74 12103.8 12116.99 12495.93 11478.84
15356 15132.63 15626.35 15643.58 16132.81 14817.63
12072 11911.91 12284.46 12297.84 12682.44 11650.04
9595 9458.219 9764.336 9774.975 10080.48 9261.542
0 0 0 0 0 0
9820 9489.815 9992.843 10003.75 10314.41 9478,133
5943 SBBA. 134 6068.16 6074.771 6264.753 5758.38
9941 9B09.B1 10116.61 10127.63 10444.36 9595.421
13374 15170.17 15644.562 15661.66 16151.46 14834.75
14291 14101.6 14542.463 14558.47 15013.77 13790.31
11488 11335.59 11690.11 11702.84 12068.83 11086.75
0 0 0 0 0 -0
21736 21448.14 22118.93 22143.03 22835.53 20992.28
21736 21448.14 22118.93 22143.03 22835.53 20992.28
28010 23692.11 24433.08 24459.7 25224.65 23185.58

0 0 0 0 0 0
10249 §0113.3 10429.8 10441.17 10747.7 9865.158
0 0 0 0 0 0

9096 8975.866 9236.583 9266.67 9556.474 8773.205
20572 20300.07 20934.95 20957.76 214613.19 19841.73
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1995
36231
39242
41542
50473
48714
42882
47496
37889
24492

13281

8457
18200
13293
14303
16238

13261
8457
9101

13296

16306

16238

14885
15128

17337
10202
15217
19645
15444
12276

12543

7629
12718
19648
18283
14697

27808
27808
30717
13112

11637
26319

2005
41710
45151
47798
38074
36050
49339
4549
43594
28181

15258

731
20941
15295
18758
18683

15258

973t
10472
15298
18761
18683

17126
17407

19948
11738
17508
22604
17770
14124

U

778
14634
22630
21036
16910

31995
31995
35343
15087

13390
30282



.

BEIST

§2
43

L]

45

4

Y

totL

48

1

5
51
I

52
53

CUSH
55

6
SCUSH
57

58

59
PEG
60

61
62

3
PHIL
64
AUR
65
THIRD
bb
HIN
67

b8

69

" BARN
70

7

12

73

74

75
BEXT
76
BILL
7
COLCON
NETNORK

0 0 0 0 0 0

0

21988 21896.55 22375.1 22399.48 23100 21235.07 28130
28135 27762.56 28430.83 28562,03 29538.4 27164.13 3599
25385 25048.93 25832.33 23850.48 24669.23 24511.77 32476
30779 30371.83 31321.7 31335.83 32336.44 29714.48 39377
24856 24527.08 25294.16 25321.72 26113.62 24001.7 31799
16659 16438.36 16952.47 16970.94 17501.68 16095.81 21312
0 0 0 0 0 0 0
15918 15707.77 16199.02 16216.67 16723.83 15367.31 ~ 20345
13918 13707.77 16199.02 16216.67 16723.83 13387.31 20343
93984 23587, 74 24373.49 4381.95 95}13.53 23069.37 39383
26411 26061.32 26876.3% 26905.67 27747.11 25487.1 33789
0 0 0 0 0 0 0
6981 6B886.455 7103.891 7111.431 7334.038 6747.126 8931
18616 18369.21 18943.71 18944.35 19537.44 17968.67 23816
16183 15948.69 16468.11 16486.05 17001.43 15622.35 20703
0 0 0 0 0 0 0
20731 20456.62 21096.4 21119.39 21779.87 20008.95 26522
17241 17012.4 17544.46 17563.57 18112.85 16642.49 22057
-0 0 0 0 0 0 0
8993 BB873.583 9151.103 9161.074 9447.575 8473.232 11505
8039 7932.161 8180.238 8189.151 BA45.256 7753.065 10284
8039 7932.161 B180.238 8189.151 8445.236 7753.065 10284
0 0 0 0 0 0 0
1351 7253.752 7480.613 74BB.7863 7722.965 7097.074 9405
10894 10750.14 11084.38 11098.45 11445.54 105(4.54 13918
bb64 6575.344 6780.987 678B.375 7000. 873 6433.983 8525
7404 7305.937 7534.43 7542.439 7778.526 7148.081 472
0 0 -0 0 0 0 0
11159 11011.09 11355.46 11367.83 11723.35 10762.48 14278
0 -0 0 0 0 0 0
11370 11219.83 11570.73 11583.34 11945.39 10966.51 14547
0 0 0 0 0 0 0
11370 11219.83 11570.73 11583.34 11945.59 10966.51 14547
0 0 0 0 0 0 0
13697 13515.98 13938.7 13953.88 14390.27 13225.02 17523
12692 1252446 12918.17 12930.24 13334.62 12255.88 16238
12428 12263.54 12647.08 12660.86 13056.81 12000.85 15900
0 0 0 0 0 0 0

0 0 0 0 0 24378.83 0

0 17228.26 17767.07 18322.64 18895.45 19486.55 0

0 0 0 0 0 23574.42 0

0 0 0 0 0 11664.27 0

0 0 0 10721.92 11057.24 11403.01 0

0 0 0 11986.3 12361.15 12747.7 0

0 0 0 0 0 0 0

0 0 0 0 0 11910.15 0

0 0 0 0 0 0 0

0 12010.87 12386.46 12148.92 13173.31 13585.24 0

0 0 0 0 0 0 0

0 0 0 5
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NODERATE GROWTH SCENARIO
FORECASTED LINK VOLUMES- WITH PROJECT
’ 1986-2005 :
LINK 1986 1987 1988 1969 1990 1991 1995 2005
! 20965 26287 26837 20384 27142 24333 25705 28248
2 22695 28474 © 79071 2879 29400 28574 25777 2832
3 24025 30136 30789 30497 31137 28144 AS3Y 397
§ 29190 36487 37457 37102 37880 34239 37946 A1bbs
b 28173 35401 34144 33801 34552 33038 3434 3719
b 24800 31135 31789 31488 32148 29058 35409 38911
7 27468 34310 35234 34900  33e3II 32207 30097 33074
8 21912 27484 28061 27795 28378 25650 17165 18E6I

9 14165 17688 18059 17888 18263 18507 16186 17745
AIR 0 0 0 0 0 0 0 0
10 7669 9474 973 9381 9782 8842 10346 11349
11 4891 5951 5086 6029 6155 5564  BO7T4 8873
12 10526 13086 13361 13234 13512 12213 6294 4917
13 7688 9498 9697 9605 9807 8844 9782 10749
14 9428 11699 11944 11831 12079 10918 13821 15188
15 9391 11651 11896 11783 12030  10B74 10710 11789
STNB : 0 0 0 0 0 0 0 0
16 7669 9474 9673 9381 9782 8842 15628 17174
17 4891 5981 6086 6029 5155 5564 11809 12977
18 5264 6432 8567 6505 4642 6003 8213 902%
19 7690 9500 9699 9407 9809 - BE4 10538 11581
20 9430 11701 11946 11833 12081 10920 14337 (5755
21 9391 11851 11896 11783 12030 10874 13136 14436
STWB . 0 0 0 0 0 0 0 0
22 BA0B 10885 11114 11008 11239 10159 19303 21212
3 8749 11063 11295  111BB 11423 10325 14724 18378
RICH 0 0 0 0 0 0 0 0
24 10026 12622 12887 12765 13033 (1780 11882 13058
<) 5900 7405 7560 7489 7646 6911 6992 7484
2% 8800 13072 11304 11197 11432 10333 10429 11461
27 11362 14311 14611  1M473 14776 13356 13465 1479%
28 8932 11238 11474 11365 11604 10488 10585 11432
29 7099 8921 9108 9022 9211 8326  BAl4 9244
SFEER 0 0 0 0 0 o 0 0
30 7265 9131 9323 9235 9428 8522  Bb10 9442
| 4412 5523 5639 5585 5703 SIS 5229 5744
32 - 7355 9245 9439 9350 9546 Bs28 8717 9579
33 11375 14327 14628 14489 14793 13371 13480 14814
3 10573 13314 13594 13465 13747 12426 12531 13770
35 B499 10692 10916 10813 11039 9978 10073 11069
SFEWB 0 0 0 0 0 o .0 0
36 16082 20112 20534 20340 20786 18770 18157 17755
37 16082 20112 20534 - 20340 20766 18770 14253 17861
38 17764 22240 22706 22491 22983 20756 18157 17155
UNIV 0 S0 0 0 0 0 0 0
39 - 7583 9589 9790 9897 9901 B949 20493 22520
PARKS S 0 60 0 0 0 0 0
40 6730 8510 8689 8606 8787 7942 13312 14629
] 15221 19247 19451 19465 . 19873 17963 22099 24284
BEIST 0 0 0 0 0 0 0 0
2 16268 20348 20775 20578 21009 18950 9270  101Bé
3 20817 26099 26647 26394 26948 24357 9523 10465

120



PRIL

THIRD
b4

AIN

87

68

89
BARN
70

n

72

73

T4

75
BEIT
76
6ILL
n
CoLCON
NETWORK

18782
22113
18391
12326

11778
1778
17686
19341

5165
13173
11973

13338
12736

6833
3948
3948

bLAY)
8051
4930
3478
8236
8413
8413
10134

9391
9193

O QOO0 OO OO0 OO0 O

12703

11654.7

23326
28573
23034
13362

14781
14781
2232
24398

6419
17303
13029

19284
16018

8413
7521
7521

6822
10137
6178

6871

10440
10538

105638

11763
11518

16747

OO MO OO O OO

24020 23792 24291 219%
29172 28896 29502  26bkbb
23515 23292 23780 21494
15685 15536 15862 14337
0 0 0 0
15091 14948 15262 13795
15091 14948 15282 13798
219 22504 2976 20787
5114 24876 25398 22954
0 0 0 0
6554 6492 8528 5991
17668 17500 17847  181%0
15344 15199 15517 14028
0 0 0 0
19688 19502 19911 17997
16354 16199 18539 14949
0 0 0 0
B590 8508 8487 7852
7678 7606 7765 7019
7678 TA06 7785 7019
0 0 0 0
69465 6899 7043 6366
10349 10251 10446 %440
6308 6248 8379 5766
7015 6949 7095 6413
0 0 0 0
10659 10558 10779 9743
0 0 0 0
10861 10758 10984 928
0 0 0 0
10861 10758 10984 9928
0 0 0 0
12970 12847 13116 11855
12010 11896 12146 10978
11757 11646 11890 10747
0 0 0 0

0 0 0 24774
17088 17426 17792 18145
0 0 0 21974

0 0 0 10873

0 10197 10811 10830

0 11400 11639 11883

0 0 0 0

0 0 0 11102.44

0 0 0 0
11899.3 12148.92 12403.76 12643.97
0 0 0 0

0 0 0 0

121

147035
23813

18083

9941

20820
19208
22649
25311

12612
13580
10948

23183
14079

20329
22954
21379
a2
314
3230
4450
2356
10294
13842
14611
13031
13

26922

19738

23879
11815
11550
12912

12064
13740

0
0

16139
26168
19872
10924

22879
21108
24889
27814

13839
it
12031

25474
15471

238
25224
23493

5793
345
9789
4890
2589
11312
1521t
16056

14320
15352

29584

21690
26240
12983
12692
14189

13257
15121

0
0



GEIST EVALUATION TIRE OF DAY FACTOR
TODFAD

LINK
|

G ~) O N e

AIR

)|
12
13
14
15
STNB
]
17
18
19

21
STHE
2

2
RICH
2

25

2%

27

28

29
SFEEB
30

3

32

3

3

35
SFENB
36

L)

38
UNIV
39
PARKS
40

H
BEIST
82

3

"

AADT

23796
21531
28853
34044
33026
29643
32319
26746
18975
0
12459
9673

15325

13478
14224

14184
0
124359
9673
10048
12480
14226
14186
0
8635
8776
0
11249
1110
10019
12588
10151
8313
0
0479
5617
8570
12601

11798

9717
0
20898
20898
22586
0
7606
0
8751
15268
0
21085
25647
23606

TODF AN

.03
03
03
03
03
03
03
03
03
0
036
036

036 .

1034
038

.03
0
.03
.036
.03
.03
.03
.03
0
.03
.03
0

.03
.03
.03
.03
.03
.03

0

.03
.03
.03
.03
.03
.03

0
.034
.034
.034
0
.036
0
0342
0342
0
0268
.0268
0268

041
081
08]
081
061
. 081
.061
061
061
0
055
.055
033
A LE]
035
035
0
055
055
055
055
. 055
. 055
0

. 035
. 0535
0

. 041
081
081
061
. 081
. 081
0

. 081

081 .
081

.06}
. 061
061

0
0605
. 0603
. 0605

0
. 0545

.

.0605
.0605
0
L0617
.0617
.0617

TODFPA

079
079
.079
.079
079
079
079
078
.079
0
079
079
079
479
079
.079
0
.079
.079
.079
079
.079
079
0
079
079
0
.0789
.0789
.0789
.0789
.0789
.0789
0
.0789

-.0789

.0789
.0789
0789
.0789%

0
. 0823
. 0823

0823

0
079
0

. 0823
. 0823
0
.0841
. 084}
. 0841

TODFO

0245
0245
.0245
0245
.02
L0245
.0245
0245
0245

0
.0275
.0275
.0275
0878
.0275
.0275

0
.0275
.0275
.0275
.0275
.0275
.0275

0
.0275
.0275

0
.0245
.0245
.0245
.0245
.0245
.0245

0
.0245
.0245
.0245
.0245
.0245
.0245

0
.0236
.0236
.0236

0
.0275

0
0236
.0236

0
.0237
.0237
0237

122
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HOURS IN EACH TIME OF DAY

12
12
12
12
12
12
12
12
12

12
12
12

I8

A2

12

12
12
12

12

12
12

12
12

12
12
12
12
12
12

12

: 12

12
12
12
12

12
12
12

12

12
12

12
12
12



51
I
52

5

4
CUSH
55
s
SCUSH
L)

58
9
PES
60
61
62

6
PHIL
b4
AUR
85
THIRD
b6
HIN
67

68

69
BARN
70

/]!

7

73

7

5
BEXT
7
SILL
n
COLCON
NETHORK

,0238

0238
.0238
0238

0238
.0238

0342
0342
0342

0342
.0342
.0342
0342

0268

.0268

.0268

.0238
.0238
.0238

.0268
.0268
.0268
,0268
.0268
0248

. 0268
0268

0
-0

0703

0705
0705
0705

0703
0705

0649
0649
<0669

0649
0649
0649
0669

0617
L0617
L0617
0705
0705
.0705
0617

L0817
L0817

L0817

0617
0617

0617
0617

0
0

0798

0798
0798
.0198

0798
0798

.0819
0819
.0819

.0819
.0819
.0819
.0819

0841
. 084
.0841

.07%8
.0798
0798

.0841
0841
. 0841
.084]
.0841
. 0841

L0841

. 0841
0
0

0194

019§
0191
0191

0191
0191

0194
0194
0194

0194
0194
0194
L0194

0237
.0237
.0237

0191
0191
.0191

.0237
.0237
0237
0237
.0237

©.0237

0237
0237

0
0

123
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12
12
12
12

12
12 .

12

- 12

12

12
12
12
12

12
12
12
12
12
12
12
12
12
12
12
12
12

12



TOTAL VOLUNE ON LINK

TVOLAN
1367
1371
1839
2016
1826
1883
1602

914

859 -

0
66!
315
402
625
882
483

0
995
153
525
873
915
839

0

1232
1067

0
632
372
353
114
363
448

0
458
279
453
716
866
338

0
974
981
974

0

1308

0 -

807
1340
0
L1}
452

699

TVOLAD
e
1154
14957
16399
14852
15318
13026
M32
4990
0
4037
3146
2454
3817
5390
un
0
4082
4504
3209
a
5589
5128
0
7529
4523
0
5141
3024
4513
5821
4583

3640

0
322
2268
3768
5827
5420
4362

0
8933
8979
6933

0
7918

0
5710
9482

0
4059
4185
6435

TVOLPA
3600
3611
4843
3310
4809
4959
4218
2406
2263

0
1450
1130

881
1371
1936
1499

0
2184
1633
1152
1476
2007
1844

0
2704
2342

0

- 1862

978
1459
1884
1482
nn

0

1203
133
1219
1884
1753
1410

0

2358

- B33
2358

0

2869

0

1942
3225
0
1383
1419
2193

VOLO
8699
6720
9011
9880
6v48
9228
7848
4478
211

e

o .

3028
2360
1840
2863
4043
3130

0
4562

53

2407
3083
4192
3846

0
5647
4892

0
3097
1822
ms
3511
2781
2193

0
242

1366 -

2210
3511
3265
2628

0
1057
1084

4057

0
9993
0
3341
3348
0
2338
2400
3108

3333
3333

3333
3333
3333
3333
2909
2909
2909

3500
1300
1500
1500
1500
1300

3500
1300
1500
1500
1500
1500

2400
2100

2000
1000
1000
1000
2000
2000

1000
1000
1000
1000
1000
1050

2667
‘2687

2667

1687

2923
2909

2667
3091
2087

VOLUME YO CAPACITY RATIO

VCRAN  VCRAD
<2051 L4170
,2057  .4183
2759 L5609
3025 L6150
2730 L5570
2825 L5745
2153 5597
JASTE 31
4477 L3004

0 0
L0944 L1442
JAT16 2622
1338 L2045
.2082  .3181
2940 L4492
22717 L3478

0 0
4422 .2an
J2511 3834
JA750 L2674
202 342
L3049 4458
27197 .a2n

0 0
L2567 3922
.2541 3883

0 0
L1580 3213
L1859 L3780

L2174 L Seh
3582 7284
L1409 L2864
Q119 2275

0 0
L2288 L4852
1394 2835
2317 A0
3582 .7284
3332 L8775
L2554 L5192

0 0
L1826 L3249
1838 .3
1826 L3289

0 0
3922 L5938

o 0
L1380 2442
2303 L4074

0 0
L0826 1902
0732 L1484
1310 L3014

124

VCRPN
.5401
47
7265
7985
J244
7440
JU9
4136
.3890

0

L2071
3786
.2937
4549
.6452

L A9%
0
.3120

- .5510

L3841 -

4921
.6690
L4138
0
.5633
5577
0
4156
.4889
129
9421
.3705
2943
0
.6017
3687
.8093
9421
.8763
L6716
0
4420
4450
4420
0
8607
0
3322
5543
0
.2593
2296
A1t

VCRO
J813
. 1680
2253
2470
223
2307

28

1283
1206

0
0721
431
Jdo22
1390
2248
A9

0
.1086
1918
1337
J113
2329
237

0
1981

1948

0
1290
1318
2266
2925
4150
0914

0
.1869
139
.1892
.2925
2121
.2085

0
.1268
1276
1268

0
2998

0
.0953
1389

0
0731
0647
159

SPEED IN
SPOAN
8.2
.22
2.0
21.81
31.01
31.01
31,01
2.43
28.44
0
43.75
2.4
43.07
35.84
35.53
35.84
0
43,07
41,10
42,40
35.84
35.22
35.53
0
4.10
41,10
0
4240
2,40
4.10
39.83
43.07
43.07
0
4,75
43.07
4.75
39.83
40.46
41,10
0
31.43
31.43
31,43
0
"9
0
31,64
31,22
0
23.87
23.87
3164

NPH

SPDMD
21.40
21.40
26.64
26,22
29.63
29.63
29.63

27.8t

21.81

0

43.07
41.10
41.75
k.22

34,60

35.22
0
41.75
39.83
41.10
5.2
34,30
34.60
0
39.83
39.83
0
40.46
39.83
37.4b
335.60
41.10
41.75
0
38.80
41.10
38.60
35.80
36.21
38.00
0
30.81
30.81
30.81

0

43.45

0
31.22
3o.40

0
2.4
23.44
30.81

SPOPN
21.00
21.00
25.40
25.00
28.40
28.40
28.40
21.40
27.40

0
ALLTS
39.83
41.10
.30
33.40
.30

0
40.46
37.46
39.83
34.30
33,40
33.40

0
37.46
3.4

0
39.21
38.40
35.40
B2
39.83
41.10

0
36.83
39.83
36.83
1.2
33.83
36.21

0

30.40

30.40-

30.40

0
39.83
.0
30.81
29.43
0

23.02

23.23

30.40



1049

332
638
482

978
394

1232
1392
1296

320

318
m

112

489

638

617
350
390

1279
938
1134
362
349
413

14

cCoCcCo

12662

8304
1719
Hn

11587
7044

9643
10893
1014}

2500

133
2487
217

1035
4508
6059
7313

5319
4990

11776
86335
10447
3178
9059
3647

5282

00 O

3383

1784
2206
1548

32719
1993

2951
34
3104

165

4
161
648

353

1333

2063

2069
1845
1978

4013
2942
3560
1764
1724
1924

1800

[ — % - — )

3146

2362
3148
2223

4709
2862

- 4195

4738

L1} 3

1087
87
1082
921

396

2596

3491

272

2649
2841

6785
4975
6019
2982
2915
3254

3043

[— K ~ 2 -

2833

287
2250
1950

1455
1455

1167
1417
1385

1333
1083
1545
1545

1417
1385
1385
3400
2350
1700
4250
4230

2545
2833

2833

2833

2833

2833

1886

0
1228
1482
1184

0
+3361
2083

0
. 3280
4912
4679

0
1199
0090
1029

- . 0876

0
0397
0

1766

0
2375
0
.0908
1079
1735
0
+ 1504
»1103
.2229
.0992
0969
.1082
0
1012
0
.0000
0
0

.3387
0
3637
4331
3507
0
9955
.6051
0
1.0329
9610
9152
0
2344
Q177
2012
JAN3
0
0913
0
40867
0

. 5468
0

. 2688
3196
9140
0
3464
2540
S13t
. 2284
2232
. 2492
0
2331
0

. 0000
0

0

125

324
0
A116
4903
3970
0
1.1268
6850
0
1.2645
11764
1.1204
0
.2870
0216
<2454
2097
0
1245
0
<3543
0
1433
0
«3043
3617
3818
0
4724
3462
6994
313
+3042
3396
0
3177
0
.0000
0

0

4314

.0985
73
0950

2897
1839

2995
.2187
2654

.0680
0051
.0584
0497

0351
1562
2100

0728
.086b
1392

1330
0978
971
0877
.0857
L0957

.0895
.0000

0
0

28.43

21.6b
21.86
21.86

20.81
21,23

30.00
30.20
30,20

31,84
32.00
28,64
28.85

32.00
28.43
28,22

21.87
21,86
21.44

28.43
31,64
31.22
31.85
23.87
23.65

28. 464
29.00

0
0

26.64
20. 41
20.40
20,41

12.60
18.20

13.00

17,60

20.65

31.22
32.00
28.22
28.43

31.85

21.40

27.00

21.02
20.81
20.00

27.81
31.01
30.00
322
2.3
3.3

28.22
29.00

0
0

26,22

20.40
20.20
20,41

12.00
17.07

8.00
12,00
12,00

3101
32.00
28,22
28.22

31.64
26.64
25.40

20.81
20.41
19.42

2.2
30.81
28.81
30.81
22.81
22,81

21.81
29.00

0
0



TRAVEL TIME IN MINUTES
DISTANCE TINEAN TYIMEMD TINEPN  TIMED

A7 384 3122 L3118 L3588
J4 0 2976 L3086 L3111 L2954
.25 L5356 L5631 .5%06  .S3IS
.38 .B199  .Be%S 9120 8079
1 L5997 L6276 L6549 L5958
9 17412 18222 L9014 1.7297
28 ST LS89 9IS L5381
JB LG4 16829 1.7079  1.8340
J6 01,5921 1.6398  1.8519  1.5921
0 0 0 0 0
62,8502 .8636  .8911  .8502
68 L9622 L9928 10244 .12
.28 .3900 L4024 .4088  .3900
20 L3516 L3578 L3673 L3485
W5 8444 8870 .8928  .8370
35 5859 L5983 L6122 .5808
o 0 0 0 0
61,0586 1.0923 1.1271  1.0586
b6 L9836 L9943 1.0571 L9339
28 .3962  .4088 L4218 .3900
20 3516 L3578 L3673 L3485
52,8880  .9096  .9341  .B70S
I35 L5910 L6089 . L6249 5859
0 0 0 0 0
97 1.4162 14813 15536 1.3725
1.04 15184  1.5687 1.6657 1.4714
0 0 0 0 0
S JJ075  LTM1S L7651 L6965
W83 L1784 1.2504  1.2902  1.1744
113 1.6498  1.8098 1.9045 1.6241
99 1.4914  1.6685 1.7886  1.4454
LU 1,562 1.6206 1.6722 1.5482
5 L6965 (7188 7300  .68S7
0 0 0 0 0
4B L6899 L7481 L7819 L6792
83 1.1562 1.2118  1.2504 1.1562
1,13 1.6241 1.7565 1.8408 1.5989
99 L4914 1.6685 1.7886 1.4454
111 1.6462  1.8393  1.984 1.6206
33 L4818 L5211 5468 L4743
0 0 0 0 0

20 L4009 L4090 L4145 3983
41,2218 1.2464  1,2631  1.2137
A4 B00  .BS49  .BeBS  ,B344

0 o 0 0 0
A3 STAS 5937 478 .SesB
0 0 0 0 0

1.04  1.9723 - 1.9987 2.0254 1.9593
1 .9801  1.0085 1.0326 973

0 0 - 0 0 0
88 22123 2.2527  2.2938  2.2123
M7 218N LA .23 2.1811

1.1 2,086 2,1423  2.1710  2.0861
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09

.08
.26
12

'61
4

84
Y L

36

4
.6
l16

.66
ll7
.57

13
A
12

1.13
.81
43

1,28

W75

18

. .
O o W o D

. 1899
0
2216
7203
3325
0
1.7586
11587
0

17300
Lt
1.9868

b

1 H
. 1687

1.25469
3327

0

1.2375
0
+3588
0
1.2118
0
4115
4372
A757
0
2.3847

1.5381
8648

2.3731
{.8655
1.9026
0
1.8833
0
1.8621
0
0

,2027

0
2329
.64
3494
0
2.9048
1.3313
0
3,400
1,2{89
2.9033

8

18919
. 1687

1.2756
3377
0
1,2434
0
G122
0
1.2667
0
4282
. 6831
3100
0
2.4381
1.5671
9000
2,4215
1.9373
1.9373
0
1.9134
-0
1.8621
0

0

+ 2060
0
2353
J723
3494
0
3.0500
1.4414
0

4,4500

3,250
5.0000
8

14945
. 7687

1.2756
.3402
0
1.2517
0
3829
0
1.3465
' 0
4324
5697
9253
0
2.4926
1.5775
9373
2.4539
1.9727
1.9727
0
1.9418
0
1.8621
0

0

1899
0
24N
.7203
.3292
0
1.7412
Lun
0
10438
113676
1.9346
8

16782
7487

1.2476
3310
0
1.2375
0

. 3588
0
1.2118
0
4115
6309
4710
0
2,347t
1.5260
.8391
2.3137
1.8833
1.8853
0
1.8713
0
1.8621
0

0
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v/C

0
.05
.
.13
.2
.25
o3
.33

"'

45
3
.35
N ]
.43
T

13

.8
835
.9
.95
{

1714
31.00
3s.80
3b.48
35,18
33.84
35.53
33.22
34.91

SPEED-FLON LOOKUP TABLES
2,3,41 2,3,4/12 2,3,43 2,344

172

34,60

34.30
34.00
33.81
33.40
33.40
33.20
33.00
32.43
J2.22
31.81
3140

31.00

44,00
43.73
3.07
42.40
41.75
41.10
40.46
39.83
39.21
38.60
38.00
37.46
36.83

173

36,21

35.60
35.00
34.47
33.83
3.2
32.60
32.00

47.00
.7
46.46
4.14
43.83
43.32
3.2
§4.91
44,460
44,30
44,00

43.45

42.83
2.2
41,50
41.00
40.46
39.83
39.2
38.40
38.00

22.00
21,87
21,68
1.4
21.23
21.02
20.81
20,41
20,40
20.20
20.00
19.42
18.20
17.01
16,00
15.00

1459

13.89
13.23
12.60
12.00

29.00
28.85
28.54
28.43
28.22
28.01

21.81

27.40
27.40
2.20
27.00
2664
.22
25.81
25.40
25.00
2.75
21.84
19.27
17.00
15.00

32.00
31.85
31,64
31.83
3122
31.01
30.81
30.60
30.40
30.20
30.00
29.63
29.22
28.81
28.40
28.00
28.43
24.23
20.63
17.60
15.00

128

24,00
23.87
23.65
23.44
23.23
23.02
22.81
22,41
22.40
22.20
22.00
21.42
20.51
19.44 -
18.80
18.00
17.49
16.24
15.08
14.00
13.00
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LINK
i

2
3
4
3
6
1
8

9
AIR
10
11
12
13
14
13
STNB
16
17
18
19
20
21
ST
.22
23
RICH
A
25
26
27
28
29

30

3

32

33

34

35

SFENB

38

37

38

UNIV

39

PARKS

40

L)
.BEIST

L7}

LM

SFEEB

39159
41793
43819
31683
30134
44998
49062
40601
28804

0
18914
14684
23243
18942
21593

- 2535

0
18914
1484
15251
18945
21595
21535
0
13108
13322
0
17076
10793
15209
19109
15409
12619
0
12872
8527
13009
19129
17909

- 14751

0
31724
31724
34286

0
11547

0
10248
41N

0
32007
38933

VOLUMES TVOLAN

2350
2508
229
3108
Joos
2700
2944
2434
1728
0
1362
1057
1875
1364
1355
1351
0
1362
1057
1098
1364
1355
1351
0
bLL
959
0
1025
448
13
ne
925
57
0
m
512
184
1148
1075
883
0
2157
2157
2331
0
83t
0
101
1585
0
116

2087

TVOLRD

19110
20395
21383
222
244485
21959
23942
19813
14056
0
8322
5481
10236
8335
9501
%76
0
8322
b4s1
6710
8336
9502
9476
0
3787
9862
0
8333
5267
1422
9325
1520
6158
0
6282
4161
5348
9335

8740

7198
0
13354
13354
16594
0
3034
0

4960

11218

0
15799
19217

TVOLPH

6187
6603
6923
8164
121
110
152
6413
4551

0
2988
2320
3478
2993
12
3403

0
2988
2320
2410
2993
12
3403

0
2071
2105

0
295
1703
2400
3015
432
1991

0
2031
134
2053
3019
2826
2328

0

5222

5222
5643
0

1824

0
1487
3815

0
5384
6549

1vOLD

70

TRUCKAN TRUCKMD TRUCKPK TRUCKD
11513 58 39 m 118
12287 8 36 616 126
12883 s 3197 84 132
15195 600 4478 761 156
14739 582 4344 139 151
13229 522 3899 463 136
14424 569 4251 123 148
11937 71 3518 598 122
8448 W U [}]] 07
0 0 0 0 0
6242 219 1839 29 57
4846 170 122 M6 M
wn 20 2016 34 70
4251 220 1eMl 2 57
7126 2% 1811 318 85
1107 250 1886 n? 85
0 0 0 o 0
6242 219 183 09 57
4846 170 1212 216 "
5033 i 132 225 4%
6252 220 1642 L] 57
7126 51 1871 318 65
7107 250 184 37 &5
0 0 0 0 0
4326 152 1136 193 40
4396 155 1154 196 40
0 0 0 0 0
5020 198 1480 252 52
i 125 935 159 B
“7 176 1318 224 T
5618 222 1656 282 58
4530 179 1335 227 4
3710 14 1093 184 38
0 0 0 0 0
3784 149 1115 190 39
2507 9 739 126 26
3825 151 12 192 39
5624 222 1658 282, 58
5265 208 1552 264 54
4337 171 1278 217 4
0 0 0 0 0
8984 368 2749 467 9%
8984 368 2749 47 9%
9710 398 2911 505 103
0 0 0 0 0
3810 134 1001 170 35
0 0 0 0 0
2902 119 888 151 3
6564 269 2008 3
0 0 0 0 0
9103 s mn 9
11073 52 1IN 574 17

130

AUTOAN

1895
2023
2121
2501
2024
2178
875
1965
1394

0
1142

867
1405
1144
1304
1301

0

1142
887
921

1144

1304 -

1301
0
192
805
0
824
322
136
925
744
&1
0
623
43
430
926
867
14
0
1789
1789
1934
0
N
0
582
1316
0
1344
1635

AUTOND

15117
16773
17585
20743
20121
18060
19691
16295

11561

- 6683

9188
8220
8693
1630
1609

0
5683
S1e8
3389
6694
1631
7609

0
4632
4707

0
6833
4332
6104
7649
5184
5045

0
5166
3422
3221
1677

7188

3920
0
12605
12605
13623
0
4034
0
4072
9209
0
13025
15844
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PHIL
b4
AUR
63
THIRD
b4
KIN
67
48
69
BARN
70
N
12
3
74
13
SEIT
16
6ILL
n
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NETHORK

35633

41912

3323¢
26004

21332
21332
30348
AT

11483
24390
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2974
23041

10131
$036
9056

10091
14083

9316
10150
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19049

17917
17619

OO 000 OO O0OCOO0S OO
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1026
1434
1389
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1040

1284
1097

LA
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419

690
963
837
1)
674
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487
907

833
839

OO0 O0O0OOLDOLDOOOCOCOD

17488
20688
17394
12834

12135
12133
17229
18822

6476
13849
12323

13213

12995

0
3422
4847
4847

5401
7537
4986
5432

6205

4323
6323
10744

10105
9937

OO0 O0CO0O0CO0O OO OO OO

6027
1030
3927
4374

3440
3440
4874
3326

1833
3925
3487

4305
3671

1639
1483
1483

1653
2307
1326
1663
2115
2155
2155
3040

2850
2812

OO0 O0OO0OOOOOOOD

10191
11920
10022

1396

4940
4940
7002
1649

2632
3636
008

6182
3281

2359
2108
2108

- 2349

3218
2169
2343
3575
3843
3843
4366

4107
4018

© 0000 0O OO0 OO

131

e
486
409
302

230
30
34
387

N

233

i3
267

118
105
105

i1
163

. 108

118

145

149

149

2t

28

OO0 00O OO OO OO OO

3105
3632
3034
2233

.1848

1848
2647
2892

995
2131
1893

239
1997

78
785
785

874
1220
807
880
1089
110
1110
1631

1553
1527

OO0 0 OO0 OO0 O0OOoOOoOOoC

328

41

39
383

318
318
450
492

169
362
322

N
339

149
133
133

149
207
13
150
185
189
189
284

264
250

O OO 0O O0OOOOOOOOD

108
126
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18

83
&3
92
104

A A A L [ "t [l "R o~ O =4 ¢
M PN DO DO WO = DN O O N OO~ OO0 &hO

O OO 0O OO OO0 OOoOC

1303
1760
1480
1092

176
178
1100
1201

413
883
1LY

m
829

-

3t4
314

373
800
329
i
328
338
338
686

843
34

OO0 O0OO0OCOCLOLCLOOCDOD

14583
17056
14340
10582

10288
10288
14582
13930

3481
11738
10430

12876
10999
0
4344
4062
4062

52
8317
"un
4553
5116
5213
5213
9093

8353
8411

0O OO0 O OO0 O0COOC



@ ~ O ANy -

~

AIR
10
1
12
13
14
15
STNE
16
17

19
20

21
STHB
22

23
RICH
A

25

26

27

28

29
SFEEB
30

3

32

33

3

35
SFENB
36

3

38
UNIV
39
PARKS
10

4
BEIST

VCRAN
3525
3762
L3944
4652
LA513

405
. 308
4187
2971

0
1945
3524
5583
L4546
.9182
3168

0
1945

<3524 .

346
4547
.5183
5168

0
1966
.2284

0
. 2561
.3238
4563
.5733

.3

.1893

0
3862
.2558
.3903
L5739
.5373
A215

0
L4044
L4044
A3

0
.2494

0

L1199

L2123
0

CVCRAL  VCRPH

J187
L7649
.802

4S9

9175
8235
1,0288
8514
.604

0
L2972
5384
.B53
6946
7917
789
0
2912
5384
5592
694
7918
789
0
3004
3489
0
5208
6584
921
1.1856
Ny
3849
0
7852
5201
7935
1.1669
1,0924
.857

0
7194
J19%
778
0
3775
0
2121
482
0

.9282
9908
1.0386
1,225
1.1883
1.0666
1.3324
1.1026
1822
0
4269
1133
1.2252
9976
1.1372
1.1342
0
4269
733

8032

.9978
11373
1.1342
0
A315
.5012
0
.6736
.8516
1.2
1.5077
6079
4978
0
1.0156
.6728
1.0264
1.5093
1413
1.1084
0
.9789
9789
1,058
0
5472
0
2885
6557
0

VCRO
.2878
3072
3221
3199
. 3685
.3308
4132
<3419
2426

0

1486
2692
4265
T3
3959
3948

0
1486
.2692
.29
L3473
3959
3948

0
1502
A745

0
. 2092

L2644
3726
4682

. 1688

1546
0
3154
2089
3187
44687
4388

- 342
0
2807
2807
3034
0
1905
0
0827
.188

0

AUTO
FUELA
2.27
18.69
35.00
63.15
47.83
124,31
Q.3
101,50
£9.51
0.00
19.78
n.59
23.05
14.54
39.59
70.64
0.00
8.7
33.57
14.79
14,54
41,18
77,84
0.00
3.4
.25
.00
23.45
.74
9.23
53.85
15.74
17.15

.00 -

17.15
19.44
40.81
53.70
56.09
13.59
0.00
24.88
715.83
56.34
0.00
16.43
.00
31.71%
2.2¢
.00

AUTO
FUELND
182.92
161.92
304.55
616,54
471.00
1059. 67
494,62
933.75
593.08
0.00
235.17
205. 68
139.99
85.91

/N

163.53
0.00
288,27
199.83
86.41
85.92
243,64
163.53
0.00
256.32
219.32
.00
199.77
A3.24
422.50
471.81
398.01
145.25
.00
148.92
165.60
354.31
472,30
495.77
118.83
0.00
181.22
552.30
413.31
0.00
95.66
.00
265.73
298. 64
.00

132

AUTO
FUELPA
14.60
70.08
140.80
252.42
199.75
520.52

176,56 .

407.03
218,25
0.00
96.88
85.91
57.99
35.48
9733
87.95
0.00
118.76
§3.38
35.95
35.48
101.23
87.95
0.00
105.04
115.72
.00
72,45
7.95
152.79
168.18
144.25
52.34
.00

54.93

60.06
13069
168.36
176,73
43.28
0.00
83.47
254.39
202.83
0.00
39.48
.00
100,49
114.86
.00

AUTD

FUELD

127.07
112,04
209.77
N5
286.04
3.5
253,54
606. 41

416,57

0.00
214,29
185.30
122.82

77.94
212,21
148.15

0.00
262,87
179.85

19.25
11.95
220.72
148.15

0.00
233.53
254,48

.00
140,27
147.94
286. 84
319.17
279.56
103.13

.00
102.58
116.28
244,05
319.50

333.57

80.81
0.00
122.45
.1
278.15
0.00
88.78
.00
185. %0
207,26
.00

AUTO

AUTO

AUTD

OTHERAM OTHERMD DOTHERPN

19.82
17.42
32.41
39.41
44.80
120.88
41.72
.21
63.88
00
92,32
- 48.26
3.1
15.59
42.77
29.86
.00
84.14
46.84
20.64
15.59
44.48
29.86
.00
36,73
63.14

.00

31.82
34.05
69.01
78.45
82.46
22,56
.00
23.93
26.38
56.94

- 718,54
81.20
19.20

. .00
23.34
71,13

52.85

.00
2119

~ .00
35.32
40.30
.00

181.83
162,60
307.74
678.97

948,31

© 1088.57
568.48
999. 51
976.56

.00
319.05
291.17
20.17

94.18
259.23
180.98

.00
391.09
289.01

129.29 .

94.19
269,63
180.98

.00
352.79
384,44

.00
289.21
318.82
641.09
749,68
569.52
202,66

00
221.07
239.73
540.24
750.44
787.7%
184.34

.00
180.15
549.03
415,06

. .00
129.65

.00
251.83
292.19

.00

82.28
77.95
155.27
278.37
229.58
598.24
202.93
448,87
7.7
.00
136.94
130.99
92.14
10.89
112,44
78.50
.00
167.86
127.14
56.80
40.89
116.95
78.50
.00
148.47
167.53
00
108,32
120.93
22,77
267,24
213.36
74.89
.00
81,28
89.79
207,86
267.52
280.81
68.76
.00
92.85
282.96
223.47
.00
54,61
.00
95.87
116.85
.00
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53
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35
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SCUSH
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3376
. 3601
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<3541
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0
1811
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8
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0
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2186
2236
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0
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1672
L2487

L]

[ I - I — R - N — JE — N — B — Y - B — I — B ]

7405
m
829
9694
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0
5363
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0
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A4
0
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0
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0
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0
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0
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o
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Al

8
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L4794
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<5234
.5355
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b
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3541
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. 1684
J2
1269
<1469
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1342
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B — IO — T — A — Y — Y - I — N — Y — L~ Y — Y - ]

85.10
102.34
104.71
45.89
56.47
6.45
.00
13.15
7.08
7.94
1.08
.88
2.44
17.23
7.06
.00
45,00
5.7
.00
31.13
20.98
32.28
.00
12.98
20.80
20.76
6.03
.00
21.87
.00
5,98
.00
20.05
.00
7.59
11.00
8.03
.00
.00
.00
.00
.00
.00
.00
.00

.00

.00
.00
.00

133

908.05
117,35
1045.80

587.73

376,13

64.29
.00
178.24
95.99
110.60
§9.31
06
33.15

273.19

112.28

- .00

806.53

443.06

.00

230,44

167.45

257,62

.00

103.89

181.14

166,04

48.24
.00
215.29
.00
59,41
.00
199.19
.00

103.11

130.19

123,63

.00
.00
00
.00
.00
00
.00
00
.00
.00
.00
.00

22.31
307,85
342,70
242,38
281,40
24.88
.00
34.80
29.31
35.76
34,03
:00
10. 11
86.93
35.45
.00
2441
140.53
.00
84.71
55.95
Bs.08
00
34.90
17.21
55.35
16.13
.00
83.05
.00
23.04
.00
17.26
.00
31.45
46,31
39.57
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

97,73
682.72
899.87
313.29
378. 44
3.0
.00
82.37
4.35
49.70
“wWa
08
15.33
107.71
wn
.00
281.32
160.72
.00
125.29
84.43
129.89
.00
32,10
83.47
83.48
24,25
.00
146,50
00
40.07
.00

134,36

.00
47.87
88.75
30. 21

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

§7.07
80.45
101,19
45.59
52.80
5.93
.00
11.91
6.4
.29
6,32
:08
1.7
12.39
5.08
.00
3316
18.80
.00
29.84
19.95
30.70
.00
12.44
20.37
18.95
5.50
.00
20.72
.00
5.4
.00
18.30
.00
5.31
.
5.73
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

B01.5%
1000. 30
1074.32
686,50
562.17
$2.50
.00
169.33
91.18
111.07
100,33
08
0.4
227.59
93.34
.00
686.85
382.87
.00
251.59
164.00
252.31
.00
103.15
203,66
155.73
45.25
00
211.87
.00
57.05
.00
191.29
.00
75.39
111.48
101.70
00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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STNB
16

17

18

19

20

21
STuB
22

23
RICH
24

25

2

27

28

29
SFEEB
30

3

32

33

34

35
SFENB
34

37

38
UNIY
39
PARKS
40

L) I
BEIST

TRUCK

TVARAN
18.17
15.97
29.91
33.7%
43.00
111.68
38.13
86.57
59.61
.00
40.19
.79
23.10
11.43
31.08

21,70

.00
9.27
33.717
14.88
11.44
'32.33
21.70
.00
43.58
47.67
.00
29.49
31.06
80.41
67.08
58.85
21,63
.00
21.53
24. M4
51,23
67.15
70.18
17.04
.00
18.21
55.50
41,24
.00
16.65
.00

28.83

32.28
.00

TVARND
137.00
120.56
221.57
414.21
330.43
B36.03
294.14
662.89
445.34

.00
302.55
263.31
176.87

85.94
233.96
163.34

.00
370.87
255.57
113.10

85.95
243,34
163.34

.00
329.31
358.85

.00
225,16
239.33
467.62
¥18.01
449.10
164.24

.00
166.50

184,64

394,13
518.55
544,33
132.03

.00
137.10
417.82
310.85

.00
125.33

.00
216.73
204,28

.00

TVARPN
23.87
21.14
39.68
.89
56.58

147.43
50.01
115.28
76.69
.00
52.12
45.75
30.32
14.75
40.08
21.98
.00
43.89
44,40
19,63
14.75
41,69
21.98
.00

.~ 58.51
82.12
.00
38.78
4131
80.01
88.07
.35
28.17
.00
28.75
32.15
48.43
88. 16
92.54
22.68
.00
24,07
73.35
54,92
.00
21.48
.00
36.97
42,07
.00

TVARD
LA
4135
wn

13.94
.11
28.85
9.85
22.45
13.48
.00
10.41
8.97
3.93
2.96
.04
5.61
.00
12,76
8.70
3.83
2.9
8.37
J3.41
.00
11.33
12.35
.00
71.64
8.04
15.57
17.29
15.24
3.62
.00
5.57
8.33
13.25

17.31

18.09
4.39
.00
4.72
14.37
10.89
.00
4.32
.00
1.47
8.34
.00

TOTA
AUTD

L

806.58
124.40
1379.88
2678.84
2105.73
4969.39
2026.72
4133.53
2533.16
.00
1371.56
1239.90
860.47
445.26
1221.72
852.94
.00
1681.26
1203.43
533. 64
445,32
1270.73
852.94
.00
1503. 15
1644.55
.00
1052.74
1138.38
2283. 44
2564.88
2081.57
753,40
.00
803.03
872.435
1910.59
2361.57
2683.43
640,04
.00
820.90
2501.80
1899. 64
.00
363.26
.00
1145.44
1307.44
.00

134

T0TAL
TRUCK

183.76
161.83
305.13
553,40
"3
143,99
392.12
887.20
601.13

.00
405.28
352.82
236.02
115.08
313.16
218.63

.00
496.79
2.4
151,44
115.09
325.72
218.63

.00
440.73
480.99

.00
301,07
319.74
623,51
690. 44
400,55
219.65

.00
22,37
29,54
529.04
691,17

125.14 -

176.12
.00
184.10
581,05
417.70
.00
161.77
.00
290.00
326.97
.00



Q2
43
1]
43
4
4
coLL
48
L)}
0
1
ItL
52
53
M
CUSH
55
34
SCUSH
a7
58
39
PEE
60
81
62
63
PHIL
o4
AUR
85
THIRD
b
BIN
67
68
9
BARN
70
n
2
13
n
15
BEXT
16
BILL
n
COLCON
NETHORK

73.44
86.31
108,35
48.34
53.80
6.37
00
15.22
8.20
9.15
8.18
.00
.35
16.46
6.75
.00
42,57
24,40
.00
23.73
16.01
24,63
.00
9.89
15.78
15.20
4482
.00
22.59
.00
3.92
.00
19.86
.00
1.32
10.57
7.70

00

.00
.00
.00
.00
.00
.00
.00
.00
00
.00
.00
.00

554,62
648.21
833.20
375,70
424.60

48.04

.00

114.72
61.77
69.24
62.40

.00
17.712

125.00
51,26
© .00

324.3b

186.23

.00 -

178.61
120.21
184.93
.00
74.37
120.86
114,14
.18
.00
172.02
.00
44.64
.00
149,68
.00
55.13
79.78
58.47
00
00
.00

00

.00
.00
.00
.00
.00
.00
.00
.00

.00

ERIR
114,87
14).49

b4.08

4.4

8.27
00

19,53

10.53

11.9%

10.77

00
3.02
21.%2
8.74
00
55.13
31.64
.00

30.48

20.49

31.%2

.00

12,68

21.02

19.83

5.65

19.07
22.93
28,08
12.58
14.49
1.85
.00
3.95
2.13
2.38
2.12
.00
.61
4.27
1.75
.00
11.05
4.33
.00
6.15
415
6.39
.00
2.36
4.09
3.9
1.15
.00
3.87
.00
1.54
.00
3.18
.00
1.90
2.4
2.00
.00
.00
.00
.00
00
.00
.00
200
.00
.00
.00
.00
00

135

3680.74
4488.05
48464.01
2505. 86
2568.22
271,55
.00
837.15
343.08
405.01
369.82
.00
105.13
873.07
358.86
.00
2485.70
1424.47
.00
979,463
647.35
995.93
.00
403.78
751.80
621,81
182.54
.00
923.52
.00
250,72
.00
B840. 46
.00
327.06
479.28
397,35
.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

142,48
894,12
11313
500. %0
569.29
44,33
.00
153.45
82.63
92.73
83.47
.00
23.71
167,06
48,51
.00

- 433.13

248,63
00
238.97
160.86
41,47
.00
99.50
161.75
152.72
44.38
.00
230.11
.00
39.73
.00
200.28
.00
13.75
106.71
78. 14
.00
.00
.00
.00
.00
.00
00
.00
.00
.00
.00
.00

186189,25 23270, 64



9¢ 1

Auto Fuel Cost Look-Up Table
(By Land Use/Facility Type)

~ TIME/  FUEL NULTIPLE : TINE/  FUEL MULTIPLE

Vit 1/tk4  MILE USED FRON BASEL/2 o BILE USED FROM BASE
0 32,00 .0270  .0577 1.0000 44,00  .0227  .0544 1.0000  47.00  .0213  .0333 1.0000
05 3680 .0272  .0578 1.0020 43,75 .0229  .0S45 1.0018 44,77 .0214 0534 11,0015
o0 3648 L0274 L0580 1.0051  43.07. 0232 0348 1.0089  4.46 L0215 0535 1.0034
A5 3616 .0277  .0582  1.0083 42,40, 0236 L0551 1.0120  4s.14 L0217 L0536 1.0057
2 35.84  .0279 L0584 1,0116 41,75 .0240 . 0554 1,0172  45.83 0218  .0537 1.0078
.25 35,53 .0281  .05B& 1.0148 41,10  .0243  .05% 1.0223  45.52  ,0220  .0538  1.0099
.3 35,22 0284 ,0587 1,081  40.46  .0247 0359 1.0279  4S.21  .0221  .0540 1.0120
W35 3491 0286 .0589 1.0214  39.83 0251  .0862 1.0334 44,91 0223  .0541 1.0142
A 3460 0289 L0591 1.0248  39.21 0255 L0565 1.0389  44.40 0224  .0542 1.0144
A5 3430 .0292  .0593  1.0281  3B.40  .0259  .0548 1.0446 4430  ,0226 L0543 1.01B4
5 34,00 L0294 0595 1.0315  38.00 0263  .0572 1,053 44,00  ,0227  .0544 1,0208
.99 3381 L0296  .0596 1.0338  37.46 0267 0574 1.0356  43.43  .0230  .0346  1.0249
4 33,60 .0298  .0598 1.0381  3A.83  .0272  ,0578 1.0620 42,83  .0234 0549 1.0297
.65 . 3340 ,0299  .0599 1,038 3420  .0276  ,0581 ).08B6 42,21 0237 0552 1.034s
Jo 33200 0308 L0801 1,0409 35,80  .0281  .0585 1.0752 41,60 0240  .0554 1,039
JS 33,00 .0303 L0802 1.0433 35,00 . .0286 0589 1.0820  41.00  .0244 0337 1,044
B 32,63 0306  .0605 1.0479  34.47  .0290  .0592 1.0882  40.46  .0247 0539 1.0493
.85 32,22 0310  .060B 1.0331  33.83  .0296  .039 1.0958  39.83  .0251 = .0562 1.0348
9 38t L0314 0611 1,0584 3321 ,0301  .0601 1.1036  39.21 L0255  .0545  1.0403
95 31,40 0318 L0614 1.0638 32,40 0307 0403 1.1113  38.60  .0259  .056B  1.0663
! 3100 .0323 L0817 1.06%2 32,00 L0313 L0609 1.1195 38,00  ,0263  .0572 1.0721



LET

2,3,4/1
22,00
21.87
21,64
21.44
21,23
21.02
20.81
20.61
20.40
20.20
20.00
19.42
18.20
17.07
16.00
15.00
14,39
13.99
13.23
12,60
12,00

TINE/
MILE
0455
0457
L0482
0486
L0471
© L0476
0480
0485
0490
0495
0500
0515
0549
0586
0625

06867 .

. 0686
+0720
.0734
0794
.0833

FUEL

USED

0718
0720
,0723
Q127
. 0730
0734
0737
0744
07435
L0749
0732
0764
0790
0818
. 0848
.0880
. 0894
. 0920
0948
0978
1007

NULTIPLE TINE/
FROM BASE2,3,4/2 NILE
1,0000  29.00  ,0345
1,0028 28.85 0347
1.0077 28,64  .0349
1,0126  28.43  .0352
1,0175  28.22  .0354
1,0225  28.01  .03S7
1.0276  27.81 0340
1,0327  27.60 L0382
1.0379  27.40 0345
1,0431  27.20  .0348
1.0483 27,00  .0370
1.0643  26.64 0375
1.1008 26,22  .038)
1,1397 ° 25.81  .03es
11813 25.40  ,0394
1.2256  25.00  .0400
12457 24,75 0404
1.2822  21.84 0458
1.3205  19.27  ,0519
1,3607  17.00 0588
1.4029  15.00  ,0687

FUEL
USED
0634
(0633
0837
0639
0641
L0643
06435
0647
0689
. 0651
<0633
0857
0662
0664
0471
L0674
.0679
.0720
0767
0820
.0880

NULTIPLE TINE/
FROM BASEZ2,3,4/3 MILE
1.0000 32,00  .0313
1.0021 31,85  .0314
1.0052 31,64  .031b
1.0083 31,43  .0318
Lo 31,22 L0320
1.0146 31,01 .0322
1,0178 30,81  .0325
1.0210 30,60  .0327
1.0242 30,40  .0329
1,0275 30,20  .0331
1.0308 30,00  .0333
1.0368 29,83  .0337
10440 29,22 0342
1,0514  28.81  ,0347
1.0588 28,40  .0352
1.0644 28,00  .0357
1.0714 28,43 .0352
1.1362 24,23 0813
1.2098 20,45  .0484
1.2931 17,60  .0348
1,3875 15,00  .0647

FUEL

USED
0609
0610

0612

0614
0613
0617

0418
0620
0622
0623
0623
.0628
0832
0636
. 0639
0643
0639
0686
0740
.0804
.0880

NULTIPLE TINE/
FROM BASE2,3,4/4 MNILE
1.0000 24,00  .0417
1.0019  23.87  .0419
1.0085  23.65  .0423
1,0071  23.44 0427
1.0098 - 23,23  .043!
1.0125 23,02 .0434
1.0151 .~ 22.81  .0438
1.0179 22,61 .0482
1,0206 22,40 0444
1,023 22,20 .0430
1,026 22,00  .0433
1.0312 21,42 .0447
1.0373 20,51 .0488
1.0434  19.64  .050%
1.0496 18,80  .0332
1.033¢ 18,00  .0536
1.0492 17,49 .0372
1.1255 16,24 0614
1.2192 13,08 .0663
1.3203 14,00  .0714
1.4437 13,00  .0749

FUEL
USED
0489
0690
0693
0695
0499
.0702
.0705
.0708
0711
0713
0718
0727
L0743
0759
0777
.0793
.0807
0841
.0877
0915
.09%8

HULTIPLE
FROM BASE
1.0000
1.0026
1.0068
10111
1.0134
1.0197
1.0241
1.0285
1.0329
1.0374
1.0420
1.0536
1.0786
1.1026
1,1217
1.1339
1.1720
1,2208
1.2733
1,3298
1.3907



v/C
0.00
.03
.10
13
.20
023
.30
35
.40
43
30
» 93
.60
43
0
5
.80
.85
.90
.93
1,00

2,3,4/2
29.00
28,85
28. 54
28,43
28,22
28.01
21,81
27,40
27.40
27,20
27,00
26. 64
26.22
25.81
25.40
25.00
24.75

21.84 .

19.27
17.00
15.00

11k
31.00
- 36.80
36.48
36.16
35.84
35.33
- 1822
34.91
34.60
330
34.00
33.81
33.40
33.40
33.20
33.00
32.83
32.22
3.6t
31.40
31.00

0.000
303
1,234
1.950
2.681
3.9
4.107
4,812
5. 512
6.207
6.897
- B.142
9.3589
11.012
12.414
13.793
14. 646
24,705
33.363
41.37%
48.276

0.000

348
1.418
2.280
313
3.982
4.822
5.654

6. 479

1.29
8.108
8.629

9.179

9.726
10.270
10.811
11.807
12.931
14,040
15.135
16.216

5.740
3.780
5.843
3.908
5.968
6.029
$.090
6.131
6.211
6.271
6.33t
6.438
6.562
6.683
6.804
6.924
6.999
7.664
8.627
9.299
9.893

ESTIMATES OF OTHER AUTO VOC BY FACILIYY/ARZA TYPE (CENTS/MILE)

000
3.895
.m
6.047
6.122
8.196
6.270
b.383
6. 413

Y
5.338
6.604
6.632
6.700
6.748
6.793
6.883
6.981
71.079
7.175
1.210

2,3,4/3
32.00
31,85
31,64
31.43
31.22
31.01
30.81
30,40
30.40
30.20
30.00
29.63
29.22
28.81
28.40
28.00
28.43
2,23
20,45
17.60
15.00

172
44,00
43.75
43.07
2,40
41.75
41.10
40.46
39.83

3.2

38.60
38.00
31.46
36.83
36.21
35.60
35.00
.4
33.83
3.2
32.60
32,00

0.000
A7
1.132
1.787
2.437
3.083
3725
4.362
4.9%
3.625
6,250
1.392
8.696
9.982
11.250
12,500
11,134
24,281
35.467
45.000
53,123

0.000

.33
2.105
3.627
3.125
6,599

8.031 -

9.481
10.888
12,213
13.436
14.858
16,293
17.704
19.091
20. 435
21,663
23.105

24.520

25.909
21.213

5.740
5.
5.834
5.891
5.947
5,002
5.057
8,112
5.167
5.221
5,275
8.373
b.485
6.5%
6.705
5.813
6.697
1.827
8.790
9.811
10.311

138

1.010
1.063
1.227
1.387
1.343
1.700
1.853
8.003
8.13t
8.2%
8.440
8.5¢68
8.719
8.848
9.013
9137
9.284
9.435
9.584
9.730
9.874

2,3,4/4
24.00
23.687
23.45
2.4
23.23
23,02
22.81
22,61
22,40
22,20
22.00
21.42
20,51
19,64
18.80
18.00
(7.49
16.24
15.08
14,00

13.00 °

13
47.00
.71
46.46
4. 14
45.83
45.32
3.2
44.91
44.60
44,30
44.00
43.45
42.83
$2.24
41.40
41.00
40.46
39.83
39.21
38.460
38.00

0.000

935
1.451
2,338
.8
4.090
4.954
3.811
6. 5659
71.300
8.333
10.751
14,549
18.185
21,667
25.000
27.143
32,347
37.119
41,667
45,833

0.000

479
1.133
1.822
2.487
3.148
3.804
4,433
3.102
3,743
6.383
1.546

8.880
10,194

11.489
12,764
13.920
13.238
18,576
17.872
19. 149

5. 280
5.321

T 3.392

5.462
5.532
5.601
5.669
5.731
5.804
5.871
5.937
8.128
5.429
8.717
6,993
1.251
1.421
7.839
8.222
8.577
8.907

1.010
1.036
1.127
1.198
1.268
1.337
1.406
1.474
1.542

1.610

1.677
1.799
1.940
8.078
8.214
8.348
8.470
8.610
8.74¢

- 8.883

9.020



v/C
RATIO
0

1

2,3.4
SPEED

29.
28.
28,
26.
28,

28
2]

27,
21,
7.
2.
26,
26.

25
25
25
24
21
19
17
15

.00
.03
.10
.13
.20
.25
.30
.35
40
45
.50
.93
.80
.63
.10
I3
.B0
B3
.90
.95
.00

12

00
85
64
43
22
.0t
.81
60
40
20
00
b4
22
.81
.40
.00
I3
.B4
2
.00
.00

1/1,4

SPEED
37.00
36.80
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34,60

34,30
34,00
33.81
33.40
33.40
33,20
33.00
32.83
.22
31.81
31.40
31,00

cost
23.32
23.33
23.38
23. 41
23.44
23.48
23.31
23.54
23.57
23.60

23,83

23,66
23.69
23.12
23.75
23.78
23.97
24,14
4.3
24,52
L

cost

v{N L

.47
24.51
24,55
24.59
24,482
24,46

M7
.74
.78
24,82
24,86
24.89
24.93
.97
25.01
25.05
25.08
25.12
25.16

25.2

2,3,4/3
SPEED

32.00
31.85
31,64
31.43
.22
31.01
30.81
30.40
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30.20
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29.63
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28.81
28.40
28.00
28.43
24.23
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15.00
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44.00

43.75

43.07

2.40

ALLTS

41.10

40. 45

39.83

9.2

38.60

38.00

37.4

36.83

38,21
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33.83

3.2

32.60
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23.24
23.32
23.39
3.4
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23.77
23.85
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24.00
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24,18
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2.47
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29.20
29.32
29.43
29.55
29.66
29.78
29.89
30.04
J0.17
30.30
30.83
J0.57
30.70
30.83
30.97

3.1
31.20
31,30
31.40
31,50

31.6
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23.87
23.65
23.44
23.23
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Ww.n
46,46
45.14
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$4.30
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4.60
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40.46
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39.21
38.60
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22.40
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18.80
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17.49
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15.08
14.00
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22,33
22.36
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28.76
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28.91
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29.13
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29.81
29.89
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2.7
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MHBAN NHBMD NHBPN NHBO = TINEAM  TIMEMD  TIMEPM  TINED
.43 4.49 12.46 24,09 L3668 3890 4122 3641
1.26 37.05 12.44 21,17 3021 3255 3847 .2998
2.3 §9.37 26,34 39.64 339 3813 7785 3354
29 129.48 60.486 71,61 .8321 S213 1.5200 8199
3.04 20.70 48.00 .14 .4078 643 1.2400 4037
1.92  233.02 90.86  132.40 17645  1.9014  2.4149  1.7M12
YN 92.463 42.43 43.51 3326 4934 11200 3489
6.87  203.74 86.30 114,61  1.49354  1.B425  2,7529  1.4705
.68 132.49 39.30 18.64  1.6277  1.688%  1.7670  1.6197

.00 .00 .00 .00 .0000 .0000 .0000 . 0000
2,07 41.05 13.64 31.02 8773 9052 9340 8636
1.64 A 12.78 21,25  1.0085  1.0570  1.1268 774
1,26 26.32 9.43 18.43 4352 A719 5230 4218

.85 17.03 n 12.87 . 3609 .3750 3911 .3578
2.3 46.50 13.93 34.93 8746 .8982 9354 8319
.63 32.46 11.12 24.38 6069 4287 . 5688 5983

.00 .00 00 .00 +0000 +0000 0000 .0000
2.33 50.32 16.72 38.02  1.0734  1.1096  1.1449  1,0586
1L.79 - 3612 12,40 28,45 9788 1.0259  1.093 .9486

i 15.91 J.46 11,85 4133 4332 4640 4024

85 17.03 3.72 12.87 3609 3750 M 3578
.45 48.37 16,57 36.33 .90% 9341 9938 .8860
1.63 32.46 11.12 24.38 6049 8287 .4688 . 3943

.00 .00 .00 .00 0000 .0000 . 0000 +0000
2.24 44.51 14,79 3343 L3725 1.4182 L4613 1.3512
2.4 9.27 16.37 37.23 14716 £.424 L3915 1,476

.00 .00 .00 .00 .0000 .0000 0000 . 0000
.22 36,14 10.54 20.41 J18 7772 .8008 7075
1.3 39.07 11.64 .76 L2118 13293 1.3989  1.1930
2.38 Bl.48 24.85 43.07  1,7023  1.9670  2.11B7  1.4738
2.93 95,40 21.33 48.92  1.5389  1.8562  1.8%62  1.5149
.43 71.28 20.82 40.90  1.3934  1.6986  1.7526  1.3706

.89 25.48 1.44 14.8% 2075 415 7631 6985

.00 .00 .00 .00 .0000 .0000 .0000 .0000

91 27.88 8.43 15.2¢ J119 793¢ .8512 .7008
1.02 29.96 8.74 16,92 11930 1.2902  1.3293  1.1744
2.18 64.34 20.10 36,27  1.4758  1.872%  2.0039  1.4498
2.9 96.70 27.38 48,97  1.538Y  1.8582  1.B8562  1.5149
3.08 97.81 28.74 50.60  1.7254  2,0053  2.0813  1.4722

.13 2.3 6.91 12.01 A7 3362 4074 .4818

.00 .00 .00 .00 .0000 . 0000 .0000 .0000
1,32 36.89 13.32 20.83 A7 A3 . 5200 4036
483 12,2 40.41 63.49  (.2547  1.3143  1,3848 1,2300
3.44 B4.73 35.40 47.48 8626 9163 1.2784 .8312

.00 .00. .00 .00 .0000 .0000 .0000 .0000
.81 15.62 3.19 12.2b 3629 3708 5824 L5591
.00 00 00 00 .0000 0000 .0000 0000
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.00 .00 .00 L00  7,0000 L0000 .0000  .0000
636 221.56  86.09 (18,89 2.2938  2.5746 32519 2.71R2
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53 A 4,20 9.31 L2339 2558 2598 232
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TRAN TRND TRPN TRO HBUAM HBWND HBWPH HEWOD HBOAM HBOND HBOPN KB0O
6.44 52.58 9.47 L 10.94 29.13 12.57 22.36 2.8 27.08 13.03 21.42
3.83 46,96 9.4 1.5¢ 9.62 26.01 12.52 19.82 2.14 0,19 13.00 18.82
10.92 87.92 20.02 2.82 18.0t 48.70 .37 37.12 4,01 43.29 21.58 35.25
19.87 164,36 46.10 3.09 n 91.05 61.20 67.05 1.2¢9 B4.66 63.50 63.87
1408 114.9% 36.48 3.64 23.22°  43.48 48.43 47.89 3. 16 n.2 30.25 45.47
36,49 295,33 69.05 9.4 60.50  163.40 91.66  123.97 13.46 132,12 .12 11172
12.53 117.43 12,25 3.24 2.66 65.03 42.81 42,41 4.40 60.49 U2 40.46
3.8y 238,22 63.59 8.15 j2.45 143,04 87.07  107.%t 11.67  133.01 90.35  101.90
21,86 182.92 29.87 3.59 3N5.72 93.02 39.45 73.43 1.95 84,49 414 89.92
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
1.47 59.10 10.37 1.96 15.78 28.82 13.76 29.04 3.9 26.80 14.28 21.58
6.84 33.57 .1 .12 14.08 26,13 12.89 25.52 3.13 A.29 13.37 24.23
4.48 37.89 1.17 1.18 9.43 18.48 9.51 17.43 2.14 17.18 9.87 16.57
316 24.32 4.35 .81 4.50 11.96 N 12.05 1.45 1112 5.99 11.44
8.73 66.94 12.11 2.21 17.9% 32.65 16.07 32.70 3.99 30.36 16.48 31.06
6.04 46.73 8.45 . 1,54 12.43 2.17 11.22 22.83 .76 A.19 11.64 21.48
.00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00
9.40 12.44 2.1 2.4 19.34 35.33 16.87 35.40 4.30 32.83% 17.50 33.80
664 52.00 9.8 1.87 13.67 25.36 12.51 24.76 3.04 23,58 12.9¢ .52
2.93 22.91 4.15 74 6.02 11.17 3.391 10.91 1.34 10.39 3.72 10.36
3.18 24,52 435 .81 6.30 11.96 .77 12.05 1.45 11.12 3.99 11.44
9.08 69.43 12.59 2.30 18.48 33.96 16.71 3402, ALS 31.58 17.34 32.30
6.04 4.73 8.45 {.54 12.8 2.7% 11.22 22.83 2.76 21,19 .64 21.48
00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
8.31 b64.08 11.24 .13 17.11 31.25 14,92 31.49 3.81 2.0 15.48 29.90
9.06 70.93 12,44 2.36 18.44 34.59 16,52 34.86 4.15 32.16 17.14 33.10
.00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 .00
3.67 43.81 8.02 1.45 9.35 23.38 10.44 19.12 2,08 - 23.40 11.04 18.135
6.04 49,52 8.86 - 1.5 9.97 21.483 1175 20.37 .22 .31 12.19 19.35
11.96  103.26 18.91 3.06 19.73 37.20 25,07 40.33 4.39 B9 2.0t 368.29
13,39 12.8 20.82 3.48 2.4 67.82 2.5 45.80 4.98 63.06 28.63 43.49
11.36 90.35 15.85 2.91 18.73 50.05 21.0! 368.29 4.17 45.54 .80 36,36
4.13 32.30 5.67 1.06 6.80 17.8% .51 0 1.9 1.51 14.64 .19 13.21
00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00
4.23 35.34 6.43 1,08 .98 19.58 8.52 14.27 1.55 18.20 .84 13.55
4.70 MAY 6.463 1.20 175 21.04 8.82 13.84 1.72 19.56 9.15 15.05
10.07 84.08 13.30 2.38 16.481 45.38 20.28 33.96 .70 8.3 21.04 32,25
13,60 122.5% 20.84 3.48 2.43 67.89 21.82 43.85 4.99 63.13 28,66 43.54
14.28 123,94 21.87 3.40 23,54 68.47 29.00 47.38 5.2¢ 63.85 30.09 44.99
3.39 28.32 3.26 .85 .99 15.49 6.97 11.24 1.24 14,59 1.23 10.48
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
6.04 47.23 9.48 .54 11.60 25.90 13.44 19.51 2.58 24.08 13.95 18.52
18.39  143.92 29.50 4.49 35.34 768.93 40.97 59.45 . 7.86 13.39 42.31 54.43
13.67  108.46 25.12 3.51 26.26 59.48 35.12 44,46 5.84 55.31 37.06 42.22

.00 .00 .00 00 .00 .00 .00 .00 .00 .00 o .00 .00
3.00 2.74 3.95 .78 6.18 10.97 J.24 11.48 1.37 10.20 3. 44 10.90
00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00

9.34 70.23 12.10 2.41 18.07 38.52 16.80 30.59 4.02 35.82 17.44 29.05
10.50 80.392 14.04 N 20.31 H.16 19.50 34.38 4.52 41.06 20,24 32,64

00 .00 .00 .00 .00 00 .00 - .00 .00 .00 .00 .00
33.93 28444 61.08 8.74 8.5¢  159.77 Bs.86  111.32 10.80  148.56 90.13  103.7
40.80  397.25 79.10 10.44 98.38  200.66  112.48  135.09 12.99  186.5% 116,72  126.28
35.47  287.45 18.86 9.16 50.76  16l.46  112.14  114.68 11,29 150,13 116,36 110.80
15,95  128.23 41.32 4.12 .82 72.03 58.76 52.45 5.08 66.97 60.97 49.81
20,38 164.65 42.33 3.26 .16 93.461 60.20 68.97 6.49 87.04 82.46 63.60

2.30 17,95 3.24 .80 3.9 10.08 4.41 1.81 13 9.38 L7 1.23

.00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00
3.48 42.66 1.3t 1.44 .70 28.11 ° 9.81 14.44 1.49 26.14 10.18 13.11
2.94 22.97 3.93 b 3.8t 13. 14 3.28 Ln .80 14,07 5.48 7.38

3.30 26.97 4.66 .85 4.05 17.77 6.25 8.72 .90 16.32 6.49 8.28
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2.93
.00
1.18
8.33
3.2
.00
2.14
12.38
.00
1.79
3.19
1.99
.00
3.3
3.23
3.45
1.58
.00
1.37
.00
214
00
IRY
.00

3.66 -

3.28
3.91
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

4.49
.00
914
11.5¢
31.82
.00
283.97
155.28
.00
60.13
39.83
61.29
00
24.75
2.7
41.94
12,19
.00
36.90
.00
16.58
.00
33.40
.00
28.43
41.83
34.08
00
.00
.00
.00
.00
.00
.00
.00
.00
.00
00
.00
.00

4.2
.00
1.57
15.01
8.15
.00
.28
1.7
.00
10.50
6.86
10.56
.00
4.2
9,64
7.18
2.10
.00
10,00
.00
2.97
.00
9.9
.00
4.88
7.18
6.59
.00

.00

.00
.00
.00
.00
.00
.00
00
.00
.00
.00
00

b
.00
.30
2.15
.B8
.00
5.70
L2
.00
1.99
1.34
2.0
.00
.83
1.33
1.41
.4
.00
1.90
.00
.55
.00
1.85
.00
.94
1.37
1.04
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

3.62
.00
1.44
10.24
4.20
.00

21,15

15.43
.00
15.07
10.05
15.44
.00
6.24
10.12
10.35
3.07
.00
10.54
.00
3.06

.00

10.26
.00
.49
&.47
4.80
00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

16. 14
.00
.02
312
20.96
.00
187.10
102.31
00
.
24,48
3.
.00
15.32
26,44
25,98
1.54
.00
319
.00
9.31
.00
.23
.00
18.73
27.56
22,43
.00
.00
.00
.00
00
00
.00
00
.00
.00
.00
.00
.00
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b1
.00
.11
20.14
8.26
.00
64.80
3.2
.00
14,30
9.48
14,58
.00
3.89
13.60
9.92
2.90
.00
14.22
.00
423
.00
18,17
.00
.35
9.464
8.85
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

00

.19
.00
3.10
22.00
9.02
.00
38.34
B.16
00
20.63
11.93
21.46
.00
0.41
13.87
14.43
.25
.00
24.24
.00
7.03
.00
23.38

00

9.64
14.04
10,31

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.80
.00
.32
2.28
.93
.00
b.04
.43
.00
335
.24
3.4
.00
1.39
.5
.15
1]
+00
2.35
.00
.48
.00
.28
.00
1.00
.44
1.07
.00

00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00

.00
.00
.00
00
.00

3.95
.00
2.19
20.90
8.57
.00
67.28
38.81
.00
13.03
9.84
15.13
.00
6.11
14.11
10.29
3.01
00
14,73
.00
4,38
.00
14.70
.00
6.80
10.01
9.18
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00

1.40
.00
2.94
20.89
8.57
00
35.40
3149
.00
19.60
13.25
20.38
.00
8.17
13.17
13.89
4.04
.00
23.01
.00
6.48
00
.39
00
9.18
13.33
9.7¢
.00
.00
.00
.00
00
.00
.00
00
.00
.00
.00
.00
.00



TOTAL LOW  TOTAL HIGH
TINE COST  TIME COST

289.07 | 3864.25
261.75 3300.46
301.92 4716.80
972.8¢  13030.08
703.36 9457.98
1692.82  22653.83
469,81 8963.52
1302.08  20109.08
927,69  12002.79
.00 .00
J26. 44 $30.17
294,58 916,87
207.40 2756.94
135.59 1803.96
. 4936.40
238.92 344,28
.00 .00
400.135 3322.45
285.91 3801.15
125.98 1674.85
135. 81 1804.18
386.05 314,59
238.92 344,28
.00 .00
353,94 4708.10
391.25 3205.99
.00 .00
248.43 321,75
268,33 3587.52
353.38 7390.36
639.92 8539.87
492.86 6383.70
177.08 2366.47
.00 .00
191.09 23520
206.10 2153.33
454.63 6073.28
640.59 8549.80
636.72 B765.06
153.05 2043.87
.00 .00
264,43 3557.62
812.56 1084171
628.77 8398.51

.00 .00
126,12 177,47
.00 .00

390.94  5213.58
M4.19  5949.94
.00 .00
1588.78  21298.74
1988.17  26452.02
1712.93 2300887
798.35  10736.36
97249 10534
99.31  1330.86
.00 .00
23348 313858
125,71 1689.94
148,12 196400
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132.39 1779.36
.00 00
30.07 473.04
415.83 3389.00
170.53 2292.09
00 .00
1396.73  18743.40
175.64 1041220

.00 .00
331,98 443026
220.35 2941.54
339.01 4325.52

.00 .00

136.7 1824.73
244,53 3268.83
231.53 30%0.59
61.36 899.12

.00 .00
313.85 4205.12
.00 00
91.64 1227.99
00 00
307.27 .27
00 .00

133.74 2093.85
284 071,22
185.29 24%0.96

.00 .00
.00 .00
.00 00
.00 .00
.00 .00
00 .00
00 .00
.00 .00
.00 .00
.00 00
.00 00
.00 .00

32269.23  431707.42
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BEIST EVALUATION

LINK

AADT

25705
21N
34559
37916
J4324

- 35409

30097

17165 -
RTINS

0
10346
8074
6294
9782
13821
10710
0
13628
11809
8213
10338
14337
13136
0
15303
16724
0
11882
4992
10429
13445
10585
8414
0
8610
5229
a717
13480
12531
10073
0
16157
16253
18157
0
20493
0
13312
22099
0
9270
9323
14705
23813
18083
9941
0
20820
19208
22649

A7
oL
23
.38
1

.9

28

.78
J6

.9

.62
.48
.28
2
]
.33
2.64
6
.64
.28
.21
.
33
2,18
.97
1.04
0
3
.83
1.13
.99
f.11

VEIGHTED

DISTANCE VS VOL

1104
909
U
3629
2680
8027
23
33712
3093
143
230
2080
648
e
2618
1420
9992.40
213
804
827

196
2682
1634
13035, 1t
19303
16724

0

1"
1147
2329
234
322
1)l
10437.98
849

891
023
2740
2836
683
10041, 43
2630
8044
i
16204.79
20493

0

8932
nn
16203.17
2070
2103
4105
%538
2662
217
13706.12
9022

. 4482
4152
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b}
ILL
32
3
3
CUSH
33
38
SCUSH
b
38
59
PE6
60
61
62
LX)
PHIL
b4
AUR
65
THIRD
b
NIN
67
68
&9
BARN
70
1)
72
73
74
73
BEXT
78
SILL
n

COLCON
NETWORK

233

12612
13580
10948

23183
14079

20329
22954
213719

21

34
5250
4450

2336
10294
13842

14611
13031
13971

28922
19738
23879
11815
11550
12912

12064
13761

0
0

09 3797
.60 21452.59
08 A%
26 8808
Jq2 285
46 13855.45
.61 13885
TR 110
1.02 19523.76
86 895
45 5
185
2.51 2142578
36140
M 84
4 2059
Jdb M5
1.53 3848.42
46 235
0 0
A7 10294
0 0
5713882
0 0
A5 3985
23 59
a1 e

.55 13752.48
113 5907
81 3104
A5 2088
126 289
J5 1682
J5 1880
5.15 17551.02
9 12064

0
91371

0

0
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ROAD
SEEMENT
AIR
STNE
§TSB
RICHNB
SFEEB
SFEB
UNIV
PARKS
- BEIST
COLLEBE
1
CUSH
SCUSH
PEE
PHIL
AUR
THIRD
WINNIE
BARN
BEIST
BEXT
BILL
RICHSB

NETNORK T

C0STS BY
PDO
291383
37679
bAs16
43818
78363
70147
377
2321
52590
100117
31889
11915
4910
133161
3202
459
2565
14738
28085
199584
18195
23031
i

1082537

ADT ACCONT 'S ANNUAL
PER MM VN(MILS}

TOTAL
ACCONT'S

DISTRIBUTION OF ACCIDENTS

L]

112,49 8.4727 32.1836 272.4803 250.21t4

9992.402 4.470] 7.8878
13035.11  5.5808 10.8330
19302.83  7.3243  5.5984
10437.98  4.6437 13.7920
10041.43  4.4895 14,6216
16204.79  6.5542  6.2503

20492.86  7.5729 2.4348-

16203.17  6.3337  7.5094

13706 5.8023 14.14b6
21452.59  1.7540  3.B48b
13855.45 5.8507  1.9057
19523.76 1.3726 5.9544
21426.78  7.7493 16.0806
3948.42 1.7018  1.76035
2355.94  .9230 (4649

10294  4.5880  .5232
13842,22  5.8484  2.359%
1375248 5.B173  4.4446
17551.02  6.9109 27.0259
12063.78  5.2430 3.2464

13761 5.8202 3.703t
1672429  56.6958  3.2006

TYPE OF ACCIDENT
MAISL  MAIS2  MAISY

58263 16239 14013
7534 2100 2074
12920 3401 3551
8742 2442 2408
15669 4367 4307
14026 3909 3835
8733 2440 2406
4263 1188 1172
10516 2931 2891
20019 3580 3503
6376 m 1753
2382 bb4 633
9380 2614 2578
26626 1421 319
640 178 176
92 28 25
3 143 14
2947 821 810
3776 1610 1588
39908 11123 10970
Jo38 1014 1000
4605 1284 1266
1440 2074 2043

216459 60332 59300

33,2610
0. 4682
41,0057
73,3331
3. 6442
40.96358
19,9529
49,2142
93,6903
29.8419
11,1498
43.8994
124,6139
2.9940
4291

2. 4006
13.7925
27.0313
186.7737
17.0273
21,5529
34,8222

1268.35

NALSH
13539
1751
3002
2034
k11)
3259
2034
EL41
2444
45652
1482
354
2180
6187
149
21
119
683
1342
9213
845
1070
1729

30299

32.3555
53,4855
37,4289
67,2905
60,2351
37.5%02
18.3087
45,1589
85,9704
27,383
10.2310
40.2821

114.3457

2.1091
3938
2,208
124580
24,8039

713836
15,6202
19.7789
319529

1164.02

NALSS
19828
2364

MAIS1

18.2968
2.3460
4.0374
27513
4.9207
44047
2.7488
1.3388
3.3023
b.2864
2.0024

7482
2.9456
B.3616

. 2010

.0288

1611

9255
1.8138
12,5325
1. 1425
1.4462
2.3366

85.1195

FATALS
147297
19047
32664
22150
39813
35460

2129 .

10778
26385
30610
16120
6023
23714
47314
1618
232
1297
7450
14602
100891
9198
11642
18810

547232

150

MAISZ MR
2.53%¢
32719
3624
3814
.4820
4105
3810
1836
A5
8713
2075
1037
4083
1.1589
0279
0040
0223
1283
2514
17370
1584
2004
.3238

17975

TOTAL
cost

3625635
12187
124752
84599
151293
135430
84516
41163
101533
193292
61367
23003
90568
257090
6181
885
4953
28435
35768

183
1.1180
448
L2479
. 1681
+3007
2691
. 1680
.0818
<2018
3841
1224
. 0457
. 1800
5109
L0123
.0018
.0098
0365
1108
.7650
0698
.0884
1428

5.2010 -

385334

L9
44444
71841

2617129

NAISA
1909
0247
.0423
0287
0513
0460
.0287
0140
<0344
0636
0209
.0078
0307
.0872
.0024
0003
0017
0097
.0189
1307
0119
0151
0244

8880

MAISS
0543
0071
0121
.0082
0147
L0131
0082
0040
0098
.0187
. 0060
.0022
.0088
0249
0006
0001
. 00035
0028
. 0054
0374
0034
.0043
0070

2537

FATALS
2127
.0353
0603
0410
.0733
0656
0410
0200
0492
.0937
.0298
Q11
0439
1246
0030
0004
.002¢
.0138
0270
. 1868
0170
0216
.0348

1.2685
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YEAR

YEAR

1986
1987
1988
1989
1990
1991
1992
1993

1994

1995
1994
1997
1998
1999
2000
2001
2002
2003
2004
2005

- 1986

1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

1999

2000

T 2001

2002
2003
2004
2005

VEHICLE

VEHICLE

TIRE

OPERATING OPERATING COST
COST-AUTD COST-TRUCK HIGH

64509
70141
12530
14979
T
80128
82834
83431
88323
91512
93932
95348
94786
98243
99726
101229
102735
104304
105876
107472

VEHICLE

64509
67326
70929
71700
75519
75087
718258
80954
83744
86629
88880
70204

91547

92911
94295
95699
7124
98571

100039
101529

16332
173469
17882
18348
18889
19425
19976
20542
21123
20724
22225
22530
22839
23152
23470
23792
24119
24450
24785
25126

VEHICLE
OPERATING OPERATING COSY
COST-AUTO COST-TRUCK HIGH

16332
16987
17834
18024
18926
18921

19606
20200
20811
21441
21930
22228
22531
22837
23148
23443
23782
24106
24434
24787

333431
364992
3771991
391432
403392
419829
434780
450283
466298
482904
501431
511100
520934
530957
#1173
351386
562199
573016
384041
5952719

TINE

344386
355362
372647
392949
395748
402634
419110
433143
447487
£52698
475437
482828
490313
497915
305634
513473
521434
529518
s
544063

TInE
tost

Lo

4934
290
28241
29267
Jo3o8
31387
12304
33641
J4839
36100
37493
J82t?
38937
39709
40476
41238
42055
42867
43695
44539

TINE

cosy

LOW

23901

‘26571

27833
29305
29660
30098
31335
32390
33481
34409
33362
38113

- 38673

31241
31817
38403
JBy98
39602

10215
10838

TOTAL

cast

HIGH
414392
452522
468382
84799
301792
319382
337590
336437
375946
396140
617609
628978
640538
652354
664349
476607
$89072
701769
714703
121876

TOTAL

£osT

HIGH
21301
439675
461430
482673
91213
496642
316974
334317
352242
370769
384266
395240
504391
613643
623077
6326335
642340
652195
662200
672359

152

TOTAL

cost

Lou
103875
114819
118632
122614
126709
130940
133314
1398335
144307
149336
1533632
134097
158362
161106
163672
164279
168928
171621
174336
177136

107AL
cosT
LOW
106842
110884
116597
119029
124105
124106
129198
133544
138034
142680
148372
148545
150750
152989
155240
157565
159905
162279
164689
167134

ANNUAL

cast

HIGH
123,903,291
135,304,147
140,046, 264
144,954, 884
150,035,860
155,295,255
140,739, 344
166,374,621
172,207,812
178,245,877
184,664,952
168,064,383
191,526,954
195,053,848
198, 646, 268
202,305, 440
206,032,614
209,829,042
213,496,081
217,634,992

ANNUAL
£ost
HIGH
127,770,753
131,462,766
137,967,667
144,319,274
146,872,726
148,502,047
154,575,299
159,740,818
185,120,377
170,659,820
175,293,682
177,982,701
180,712,998
183,485, 207
186,299,973
189,157,948
192,059,798
195,006,195
197,997,824

201,035,380

ANNUAL

cast

LON
31,656,503
34,331,002
35,477,088
36,661,607
37,885,854
39,151,168
40,458,930
41,810,572
43,207,570
44,551,454
45,941,901
46,672,989
47,415,891
48,170,803
48,937,921
19,717,047
50,509,585
51,314,541
52,132,527
52,963,757

ANNUAL

£ost

LO¥
31,945,876
33,154,242
34,862,450
35,589,803
37,107,482
37,107,599
38,630,333
39,929,595
41,272,845
42,681,260
43,765,224
414,971
45,074,379

45,743,591
46,422,754
47,112,016
47,811,527
18,521,440
49,241,909
49,973,092



1 DECREASE , ESTIMATED ESTIMATED LOSS IN

ANNUAL  IN USER ADDED 10TAL LINCREASE 1 RISE  TRAFFIC AS A RESULT

DEHAND-  COSTS WITH ANNUAL GENERATED TRAFFIC DAILY DEMAND . IN TRAFFIC IN COSTS OF BENERATED TRAFFIC

EXISTING PROJECT  NORK OTHER TOTAL TRAFFIC €46 ET106 E+6 WORK DTHER
49683316 0 0 o 0 0 49883516 0 0 0 0

31443428 (0284 468972 448817 917788 3070 52381217 0175 0183 307681 294438
33052318 L0148 252839 241972 494811 1633 53547129 0092 L0142 244155 233841
54711229 0044 17033 13722 150735 504 54851984 .0027 L0183 322376 308521
56422257 (0211 381956 365541 747497 2500 57169753 0134 0178 328758 312715
38186456 L0437 817298 782173 1599474 3349 59788127 .0248 L0318 510475 584238
600046310 0383 738892 707136 1444028 4836 41452338 .0235 (0265 522907 500434
518826894 0398 789905 733958 - 1545843 3170 43428757 0244 (0233 478624 45BOS4
63818082 L0412 843374 807128 1650502 3520 45468584 .0232 L0205 430950 412429
63813757 L0826 B99401  B60748 1740149 3887 47573906 .0260 0173 319715 36339
56743448 .0307 1087585 1040843 2128428 7118 68871895 0309 L0204 451141 - 431792
67684364 L0536 1165113 1115039 2280152 1626 49966516 0324 0217 487518 444565
68442447 0565 1244480 1190995 2435475 8145 71077921 0343 L0231 527214 504556
69612134 (0393 13257284 1268748 2594472 8677 72206405 0339 L0245 568046 543433
70595425 0622 1408877 1348327 2757205 9221 73352629 0376 0258 407681  SB154S
71592530 0850 1493975 1429748 2923743 9778 74516273 0392 L0271 648426 620539
72603848 0678 1581059 1513109 3094148 10348 75698036 .0409 L0284 690309 460641
13629438 0706 1870161 1598382 3268543 10932 76897981 0425 0298 735820 704196
74469659 0735 1761324 1485627 3444952 11528 78114410 0441 L0311 78008% 7445643
75724740 0763 1854587 1774882 3429420 12139 79354210 0457 L0324 825573 790092

PER UNIT BENEFITS  LOST BENEFITS BENEFITS TD

10 EXISTING FRON LOST GENERATED NET BENEFITS 10
TRAFFIC TRAFFIC TRAFFIC ' GENERATED TRAFFIC
HI6H LON RIGH LoW HI6H LOw RIGH LoW

0 0 0 0 0 0 0

0147 .0229 449563 13774 34267 10497 -106%6 -32n
.0392 0116 18721 3538 - 9493 2886 -9028 2649
0118 0196 1329 12359 . 81 1477 -4454¢  -10883
0581 0138 336830 8622 20953 3156 -14897 -3646
1187 L0331 139481 41959 93348 28087  -46113  -13872
1027 L0305 105121 31183 14270 22033 -3085t -9152
. 1089 .0304 100108 28470 82408 23493 -17501 - -
A1 0303 93643 23568 91430 25019 -2013 =350
1153 .0302 856335 2471 101442 26813 13787 4142
. 1404 0326 123945 20793 149423 34707 25459 3913
. 1489 L0334 142108 31828 149811 38033 27703 6203
4375 L0341 162545 35195 191843 4153¢ 29297 6344
1662 0348 184747 38762 213584 45232 30837 8470
1749 L0356 207985 42370 241101 "win 33116 8745
1835 L0364 233041 46182 268443 33201 35422 1020
1925 0372 259994 50203 297744 57492 ALY 7289
<2013 L0379 289900 4626 329007 61993 3907 1349
2102 L0387 320957 39100 382337 86719 41380 7619
2192 L0395 384170 61809 397808 11671 43638 1862

187



bal

ANNUAL
BENEFITS
HIBK
0
3,841,382
2,078,597
635,610
3,163,134
6,793,209
6,144,045
6,613,803
7,087,435
7,586,036
9,371,249
10,081,682
10,813,957
11,568,641
12,346,296
13,147,492
13,972,816
14,822,887
15,498,257
16,599,612

ANNUAL
BENEFITS

LOw

0
1,178,781
514,538
1,071,802
778,312

2,043,569

1,828,598
1,880,877
1,934,725
1,990,193
2,176,878
2,258,018
2,341,512
2,427,212
2,515,147
2,405,431
2,698,057
2,793,101

2,690,618,

2,990,645

NITHOUT

PROJECT
ANNUAL
ACCIDENT
CosTS
2226894
2433970
2522367
2611628
2704441
2800381
2899702
3002543
3109037
3219305
3290092
3333788
3378043
3422930
3468390
JSL4434
3541130
3508426
3834350
3704911

WITH
PROJECT
ANNUAL
ACCIDENT
CosTS
2226891
2333863
2449432
2529623
2348388
2344037
2117146
2841193
2970882
3106490
3220438
3280615
3341917
3404364
3467979
3332782
3398793
3666043
3734547
3804331

ANNUAL
BENEFITS
INCLUDING
ACCIDENT
HIGH
0
3,941,489
2,151,512
717,814
3,319,008
7,029,532
6,346,581
6,775,1%
7,225,590
7,698,871
9,440,924
10,134,855
10,850,105
11,587,207
12,346,707
3,129,165
13,935,151
14,765,250
15,620,080
16,500,192

Benefits Under Various Scenarios

ANNUAL
BENEFITS
INCLUDING
RCCIDENT

LOW

0
1,276,668

487,553
1,154,008

934,248
2,219,892
2,011,134
2,042,229
2,072,680
2,103,008
2,246,332
2,311,191
2,377,640
2,M5,7717
2,515,578
2,587,104
2,660,392
2,735,484
2,812,421
2,891,245

BENEFITS ADJUSTED
FOR GENERATED
TRAFFIC-RITHOUT

ACCIDENT
HIEH

0
3852078
20876235
642043
317803
6839322
6194896
64631304
7089448
7370269
9343611
10033979
10784459
11537804
12313179
13112070
13933069
14783740
15456877
16335974

LOw
0
1180038
617307
1082684
782038
2057441
1837750
1883834
1935273
1986051
2170764
2251813
2333149
2420742
2508421
2598411
2690749
2785732
2882998
2982803

BENEFITS ADJUSTED
FOR GENERATED
TRAFFIC-NITH

ACCIDENT
HIGH

0
3952186
2160540
724248
3333903
1073643
6377434
6792634
1227403
1683084
9415443
10107152
10820807
11556349
12313591
13093742
13897404
14726143
13578681

16454354

Low
0
1280143
690222
1164889
$37912
2293784
2020286
2047208
2073430
2098846
2240419
2304986
2371317
2439307
2508832
2380084
2633104
2128115
2804802
2083383

ANNUAL

CONSTRUCYION
CosTS

25000000
0
13400000
23500000
23100000
0
28100000

(-]

O OO OO OO OO O O O

ANNUAL

MAINTENANCE

COSTS
61234
61234

113234
330624
330824
330824
336024
336024
336024
336024
336024
336024
336024
336024
338024
336024
336024
336024
336024
336024



)

ANNUAL
DISCOUNT BENEFITS
RATE HIGH

-,0500 358584405
0 172384140
L0030 151028701
L0100 150556439
0130 140892728
0200 131968103
0230 123719562
0300 116089924
L0350 109027255
0400 102484355
.0450 96418296
.0500 90790006
.0550 85563901
.0600 80707553
.0650 76191386
.0700 71988409
.07%0 68073974
.0800 64425559
.0850 61022566
.0900 57844149
.0950 54879054
. 1000 52105448
. 1050 49510898
.1100 47082045
. 1150 44804702
.1200 42673654
.1250 4057259
.1300 38794047
L1350 37029283
. 1400 35370248
. 1450 33809401
. 1500 32340453
. 1550 30956528
. 1600 29452010
. 1650 28421530
1700 27260123
1750 26163199
. 1800 25126508
. 1850 24145117
.1900 23218382
.1950 22339922
. 2000 21507604
3000 172384180
L4000 172384140
L5000 172384140
L6000 172385160

id} BENEFITS BENEFITS FOR BENERATED
ANNUAL INCLUDING INCLUDING TRAFFIC-WITHOUT
BENEFITS ACCIDENT ACCIDENT ACCIDENT
Low NIBH Low RIGK Low
77349830 359883562 78450808 357935864
39015992 173513149 40145001 172164219
36632682 162134641 37738821 160829905
34428255 131639070 35510886 130378700
32387023 141951932 33448227 140734130
30493486 133003848 31531252 131824954
28741202 124731988 29733606 123394296
27112838 117079119 28102033 113979108
25600181 109993460 26568366 108929595
24193741 103427843 25137228 102398673
22885061 97339382 23804147 96343517
21666339 91489044 22565378 90725153
20530471 86441278 21407848 83508084
19470975 81363677 20327098 80459940
18481925 77026485 19317224 76131276
17557905 72803326 18372822 71955107
16693939 468868964 17488948 68046863
13885548 45201081 16461071 64404078
15128516 41779087 15885038 41006201
14419050 58584138 15157038 57834431
13753652 53598976 14473574 54871552
13129112 52807789 13831433 32101793
12542478 50194080 13227640 49510691
11991040 47750545 12659540 47084978
11472308 45458970 12124549 44812476
10983964 43310135 11620445 42681997
10523914 41293725 11145043 40483256
10090199 39400253 10694404 36806796
9681020 37420984 10272721 37043910
9294717 35947874 9872323 353846583
8929756 34373512 9493448 33827427
8384718 32891081 9135326 32359631
8258294 31494213 B795979 30974911
7949269 30177144 8474402 29473464
7656520 28934473 8149483 28443931
7379006 27761227 7880110 27283340
T115762 26652805 7405348 26187168
6865892 25604949 7344333 25158145
6428566 24413714 7096163 28171217
6403011 23675447 6860077 23244015
61BB510 22786740 4435348 22365958
3984396 21944508 5421300 2153377
39015992 11533848 3458105 11271593
39015992 7128314 2380475 6947882
39013992 4909552 1490884 4778110
39015992 3438256 1274804 3538174

WPV OF PV OF
ANNUM.  AANUAL  BENEFITS ADJUSTED

155

NPV OF

BENEFITS ADJUSTED
FOR GENERATED
TRAFFIC-NITH

ACCIDENT
Ki6H
77252005 359254823
36992059 173293228
36613026 161935843
34412086 131461330
32374183 141793334
30485653 132862729
28734083 1245606700
27108186 116968304
23597694 1098935801
24193261 1033421460
22886369 97264603
21669252 91824192
20534826 86385441
19476622 81516084
18488728 76984575
17565740 72770024
16702713 48841854
15895120 85179601
15138812 61762722
14429986 58572419
13763151 55591474
13141104 52804114
12554900 350195873
12003833 47753478
11485413 45464745
10997348 43318478
10537526 41304385
10104000 39413008
9694974 37435611
9308792 35964189
8943922 34391339
8598949 32910239
8272566 315143596
7963560 30198397
7670810 28956874
7393278 27784444
7130000 26676774
4BBO0B3 25629536
6642695 244638873
6417068 23701080
6202484 22812795
5998277 21970881
3381510 11559382
2188291 7145824
1350006 4925543
1167274 3450806

Lo
185529462
40121068
37718964
35494716
33433387
31521419
29745487
28097381
26563900
25136748
23807435
22568291
21412203
20332745
19324027
183806357
17497703
16670643
15895334
15167974
14485073
13043425
13240082
12672333
12137681
11633828
111358435
10710205
10286673

9884398
9507834
9149557
88102514
8488693
8183754
7894382
7619607
7358523
7110292
6874133
6649322
6435181 .
3669300 -

2389233
1697438
1279905



DISCOUNT

RATE

=.0500
0
.0030
0100
.0150
0200
0250
0300
0350
. 0400
0450
0500
.0550
0400
046350
.0700
0750
0800
. 0830
0900
. 0950
. 1000
.1050
1100
1150
<1200
1250
1300
1350
<1400
. 1450
1300
. 1550

1800

. 1850
1700
1730
. 1800
.1850
. 1900

1950 -

. 2000
.3000
. 4000
5000
.6000

t

2.307
1.413
1.349
1.290
1.233
1.180
1.130
1.082
1.038

995

. 953
918
.882
.848
.B16
784
157
130
704
579
636
634
813
<393
974
L334
538
922
304
.492
AT7
464

451

439
427
)
405
395
.385
375
364
.358

BENEFIT-COST RATIOS

2

.498
320
307
295
+283
213
262
253
244
235
227
.219
212
205
.198
192
186
.180
A4
169
164
160
155
.15t
14
143
139
138
132
129
128
A23
120
.118
J13
A13
410
.108
106
»104
101
<100

2.315
1.422
1.359
1.299
1.242
1.189
1.139
1.092
1.047
1.005
963
927
8%
857
.825
I
764
138
J12
.488
464
642
621
401
.582
<64
947
330
314
300
485
A72
459
448

A3

423
412
.402
392
.383
S
365

306
329
316
.304
.293
.282
272
262
253
244
<236
.228
.22
214

Coa2m

.200
194
. 189
183
.178
AT3
168
164
189
455
1351
148
A4
140
JA37
JA34
131
.128
25
123
120
118
L3
A13
A
. 109
107

156

2.303
1.411
1.348
1.268
1.232
1.179
1.129
1.081
1.037
.995
.955
917
.881
847
014
.785
756
J29
.703
479
456
434
513
.593
.574
.556
.539
.522
.507
492
.478
464
.45t
439
A27
A8
405
.395
.385
376
367
.38

A97
320
307
295
.283
213
.262
253
244
235
.221
219
212
205
.198
192
186
.180
175
. 189
164
. 180
135
.13t
LY
A8
JA39
138
A33
129
12
A23
121
.118
J1S
A3
110
.108
106
. 104
102
.100

7

2.311
1.420
1.357
1.297
1.241
1,188
1.138
1.091
1.046
1.004
964
926
.890
.856
824
AL
763
138
J12
.488
664
542
421
.40t
.382
364
547
330
315
300
484
472
459
A8
A5
A1
A13
403
393
383
374
365

.505
329
318
.304
.293
282
21
. 262
.253
24
.236
.228
.22
214
.207
.201
.195
.189
183
.178
A3
168
164
.160
155
151
.148
A4
8
137
34
131
128
126
123
120
.118
18
13
11
.109
.107



YEAR

IRR:

i

PROJECT CASH FLOWS AND INTERNAL RATE OF RETURN

2

3

4

3

b

7

1986 -26061236 -26061236 -26061236 -26061236 -26061236 -26061236 -26061236 -26061236

1987
1988
1989
1990
1991
1992
1993
1994
1995
1995
1997
1998
1999
2000
2001
2002
2003
2004
2005

3780146
-13436639
-2319501 4
-20267490
6462585
22211979
6277779
8751411
7250032
9035245
9745458
10477933
11232647
12010272
12811468
13436792
14486843
15362233
16263568

039

1115525

3880233

1213632

3790842

1118802

3890930

1218909

-14900598 -13363724 -14827483 -13427611 -14897929 -13354696 -14825014
-22758822 -23112810 -22476618 -23188541 -22747940 -23106356 -22665735
=22652252 -20111616 -22494378 -20252593 -22648586 -20094719 -22492712

1712945

6498908

1949248

6508698

1726817

6745021

1963140

26607426 -22089443 -26424890 -22241128 -26598274 -22058593 -26415738

1544853
1598701
1854149
1840654
1921994
2005488
2091188
2179143
2269407
2362033
2457077
2554594
2654641

- 119

6439132
6889546
1362847
9104900
9798831
10514081
11251183
12010683
12793141
13599127
14429226
15284038
16164168

044

1706205
1734856
1766984
1910308
1975187
2041636
2109753
2179554
2251080
2324348
2399450
2476391
2335221

=118

COST-VOLUME RELATIONSHIP FOR LINKM4

AADT

34328
36687
37102
37457
37880
37916
38079
38930
10147
40191
41448
41686
42379
48716

cast

0
.0687
.0808
0912
1035
1045
1093
134
L1693
1708
.2074
2138
<2345
4191

2518
2670
2704
ririj
247
2847
2903
2986
2971
2980
3074
3269
33N
4074

L0604
0739
.0830
.0909
1307
1529
1859
799
1835
.2208
.2983
L34t
4180

6295280
6753424
1234245
2009787
9717933
10448635
11201780
HITNS5
12776046
13399045
14447736
15320853

16219950

039

157

1549830
1599251
1650027
1834740
1915789
1999145
2084718
2172397
2262387
2354745
2449708
2546974
2646719

-.119

5454632
6891579
1347060
7079441
71128
10484783
11220345
11977567
12757718
13561380
14390119
15242657
16120530

.040

1711182
1737406
1762842
1904395
1968942
2035293
2103283
2172608
2244060
2317080
2392091
2468778
2347359

- 119



YEAR

YEAR

1986
1987
1988

1989

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

1986
1987
1988
1989
1990
1991
1992
1993
1994
1993
1996
1997
1998
1999
2000
2001
2002
2003
2004
2003

VEHICLE  VEHICLE  TINME
OPERATING OPERATING COST
COST-AUTO COST-TRUCK HIGH
63137 15994 326025
63817 16568 341377
67212 16897 349439
68760 17232 357492
70280 17574 366140
71834 17922 374787
13422 18277 383639
730435 18640 392700
76704 19010 401974
78400 19386 411448
19751 19647 420183
80656 19833 425620
81561 20019 431127
B2477 20206 434705
83403 - 20396 442356
84339 20587 448079
835286 207719 433877
84243 20974 459730
87212 21170 463498
88191 21368 471724

VEHICLE VEHICLE TIME
OPERATING OPERATING COST
COST-AUTD COST-TRUCK HIGH

63137 15994 297543
62861 1595 337172
63536 16595 347482
b3445 16598 353446
68267 17257 360636
66966 17029 3575435
69243 17506 370922
11231 17930 382448
13275 16365 394373
15378 18810 406649
16756 19125 411718
17651 19333 415334
78356 19545 418981
19472 19758 422641
80398 19978 426372
81336 20192 430117
82284 20412 433894
83243 20635 437705
B4213 20860 441548
85195 21088 445424

TINE
oSt
Low

U373
2552
123
26740
21318
28018
28678
2939
30050

- 30760

TIME
cost
LOw

J1att
31817
3229
32645
33068
33493
33928
34387
34012
35282

22423
25171
25874
26921
26945
26728
27734
28602
29497
30420
30809
31084
31362
31643
31926
Jaz212
32500
32190
33084
33380

T10TAL

Los7

HIGH
405156
423782
433608
443484
453993
464543
475338
486385
497688
509255
519593
326109
332708
539389
546134
353005
559942
564987
374080
381283

ToTAL

cost

HIGH
376695
415992
429533
43352¢
416160
441540
457671
471629
484013
500838
507599
312318
- 317082
321890
324744
331644
334390
341583
344622
351709

158

T10TAL
cost

LOW

103504
107906
110292
112732
113225
117774
120379
123042
125764
128546
130821
132306
133809
133329
136886
138421
139994
141585
143194
144821

TaTAL

cos
LON

T

101555
103991
108025
108983
112470
110723
114484
117763
121437
124609
126690
128049
129483
130873
132298
133739
13519
134668
138187
139643

ANNUAL ANNUAL

cost - COST

HIGH LOW
121,141,629 30,947,820
126,704,863 32,263,884
129,648,888 32,977,402
132,681,416 33,706,744

135,744,042 34,452,259
138,898,401 35,214,309
142,126,163 35,993,260
145,429,038 36,789,489
148,808,776 37,603,380
152,267,170 38,435,325
155,358,427 39,115,397
157,306,711 39,559,597
159,279,547 40,008,888
161,277,247 40,463,330
163,300,126 40,922,962
165,348,502 41,387,904
167,422,697 41,858,157
169,523,039 42,333,804
171,649,859 42,814,905
173,803,491 43,301,525

ANNUAL ANNUAL

cost cosT

HIGH LOW
112,631,749 30,344,818
124,381,519 31,093,421
128,460,287 32,299,470
130,223,079 32,585,040
133,401,832 33,628,430
132,020,539 33,106,237
136,843,638 34,230,583
141,017,039 35,211,213
145,318,034 36,220,095
149,750,532 37,258,047
151,772,030 37,880,186
153,183,096 38,292,553
154,607,456 38,709,458
156,045,237 39,130,950
157,496,569 39,557,081
158,961,581 39,987,902
160,440,403 40,423,446
161,933,169 40,863,824
183,440,011 41,309,031
184,961,064 41,759,141



6S1

ANNU
BENE
HIGH

AL
FIT§

0.

2,323,343
1,188,501
2,438,336
2,342,211
6,877,862
5,282,524
4,411,999
3,490,742
2,516,638
3,586,397
4,123,615
4,672,091
5,232,010
5,803,557
6,386,921
6,982,294
7,589,870
8,209,848

8,842,427

ANNUAL
BENEFITS

Low

0
1,170,483

677,933
1,120,684

823,829
2,108,072
1,762,677
1,578,211
1,383,285
1,177,211
1,235,210
1,267,043
1,299,430
1,332,380
1,365,901
1,400,002
1,434,592
1,469,979
1,505,874
1,542,385

RITHOUT
PROJECT
ANNUAL
ACCIDENT
COSTS
2226891
2435970
2522387
2611828
2704441
2800381
2899702
3002545
3109037
3219305
3290092
3333788
33780435
3422930
3468390
3514454
3561130
3608426
3636330
3704911

WITH
PROJECT
ANNUAL
ACCIDENT
casTs
2226891
2335843
2449452

2529623 .

2548588
2564057
2117166
2841193
2970882
3106490

ANNU
BENE
INCL
ACCt
HIGH

AL
FITS
UDING
DENT

0

2,423,451

1,261,516
2,520,541
2,498,084
7,114,185

5,455,060

3220438 ..

3280613
3341917
3404364
3467979
3532782
3598795
3664043
3134547
3804331

4,573,351
3,628,897
2,629,453
3,656,051
4,176,788
4,708,239
5,250,575
5,803,948
6,358,593
6,944,629
7,532,254
8,131,651
8,743,007

ANNUAL
BENEF1TS
INCLUDING
ACCIDENT

LOwW

0
1,210,570

750,848
1,202,889

919,703
2,344,396
1,945,213
1,739,629
1,521,440
1,290,092
1,304,855
1,320,217
1,335,578
1,350,945
1,366,343
1,381,675
1,397,027
1,412,363
1,427,677
1,442,965

BENEFITS ADJUSTED
FOR SENERATED
TRAFFIC-NITHOUT

ACCIDENT
HIGH
0
2134983
1195845
2452619
235599
6912572
5310856
4436339
3510645
2531531
3507026
4144808

44698102

5260873
5834945
6420812
1018676
7629230
8251741
8884847

LOW
0
177334
6820564
1127248
828678
2118711
1772134
1584984
1391172
1184245
1242316
1274170
1306645
1339730
1373288
1407431
1442147
1477602
1513558
1550136

BENEFITS ADJUSTED
FOR GENERATED

ACCIDENT
HIGH
0
2437091
1268739
2534824
2311869
7148895
5493392
4597691
3648800
2644346
Jb76681
4199982
4734250
3279438
3835336

6402485

6981011
1571614
8173544
8787447

" TRAFFIC-NITH

Low
0
1277442
754979
1209453
984551
2355035
1954667
1748335
1529327
1297080
1311970
1327343
1342813
1358296
1373700
1389104
1404502
1419986
1435361
1450716

ANNUAL
CONSTRUCTION
cosTs
26000000
0
15400000
23500000
23100000
0
28100000
0

OO0 OO OO O OCOCCO OO

ANNUAL

NAINTENANCE

COSTS
51234
81236

115234
330624
330624
330624
336024
336024
336024
336024
- 336024
336024
336024
336024
336024
336024
336024
336024
336024
336024



WPy OF - WPV OF NPV OF

: : ANNUAL  ANNUAL  BENEFITS ADJUSTED BENEFITS ADJUSTED
NPV NPY - BENEFITS BENEFITS FOR BENERATED FOR GENERATED NPV NPV
ANNUAL ANNUAL INCLUDING INCLUDING TRAFFIC-WITHOUT TRAFFIC-WITH ANNUAL ~ ANNUAL
DISCOUNT  SENEFITS BENEFITS ACCIDENT ACCIDENT ACCIDENT ACCIDENT CONST. ~ MAINT.
RATE HIGH Lov HIGH Low HIgH Lo HIGH Low ] £OsTS

-.0300 184328451 47794296 187629409 49095233 1873231835 48033066 188624142 49354023 144273904 11154149

0 92301285 25535394 93430294 26784403 92798447 25795631 93927476 26924640 116100000 5933914
L0030 84335998 20240648 87441938 25352608 87002336 24379324  BB108475 25485264 113744695 5601437
0100 81213733 22938045 82294385 24020496 81651982 23063674 B2734613 24144303 111460935 5292589
01350 76296187 21721340 77355391 22780352 76708237 21840398 77767441 22899603 109246041 5003439
0200 71748537 20589027 72784303 21624793 12136362 20701949 73172128 21737735 107097450 473228 .. . _-... . -4
0230 47539298 19534289 88551702 20546693 . 67904883 19441536 48917087 20453940 105012712 4489355 '
0300 43639883 18550927 64629079 19540123 63984485 18652862 4973682 19642058 102989480 4257359
0330 40024343 17633289 460990349 18399493 40349624 17730262 61315829 18496448 101025509 4040912
L0400 . 56449102 16776218 57612589 -17719705 34975437 16858533 37919944 17812040 99118649  3BIBTM
L0430 53552725 15973007 54473811 18896093 33843418 16063003 54764503 16984089 §7256B41 3449908 |
«0500 30655711 15223359 51554730 16124398 50930904 15309292 51829943 16208331 95468112 3473230
0550 47960306 14323344 4BBY7683 15400720 48221067 14503469 49098444 15480844 93720572  330783b
0800 43450335 13853347 46306458 14721491 43497647 13941921 48553771 14798045 92022409 3152877
0630 43111048 13248140 43946347 14083439 43343817 13321342 44181116 14154641 90371886 3007578
0700 40920992 12668548 41743909 13483543 41152053 12738699 41966970 13553414 68747339 2871225
0730 36891880 12124127 396B686Y 12919116 39104002 12191214 39898992 12984206 87207169 2743164
.0800 34988488 11612042 37764011 123873465 37190384 11676384 37965906 12451846 BSER9B44 2622799
. 0850 35208536 11130065 35943078 11886587 35400880 11191742 36157402 11948263 84213894 2509573
0900 IT542694 10676058 34280682 11414046 33726054 10735259 34454042 (1473248 82777906 2402984
0930 31982305 10248033 32702227 10967975 32157284 10304920 32877186 11024842 B1380527 2302565 -

.1000 30319516 9844241 31221838 10344562 30686594 9898903 31388913 10501225 80020433 220788 .
<1050 29147107 9462955 29832289 10148137 29304785 9513535 29991967 10200717 78494437 2118553

1100 27858453 7102637 28328933 9771158 28011178 9153270 28679678 9821770 77407276 2034201 |
4150 26647474 8761937 27299742 9414205 2479341 8810685 27445929 9462933 76151816 1954495

+1200 25508583 8439482 26145044 9075943 25848617 © B4BbAS 26285098 9122946 14928950 1879122
1230 24436845 8134088 25057774 8755217 24570885 - 8179399 25192014  BBOOS28 73737610 1807798
1300 23428936 7944638 24033142 8450844 23555714 78BB343 24161920 8494549 72576771 1740257
1350 22475108 7570102 23064809 8161802 22598734 7612322 23190435  B204022 71445447 1678253 |
1400 21577154 1309524 22154780 7887130 21695917 - TIS03M4 22273523 7927920 70342690 1815541 -
1430 20729382 7062020 21293294 7625932 - 20843550 7101452 21407482 7485343 69267587 1557948
<1500 19928386  ° 6825771 20478994 7377379 20038211 4864911 20588819 7413519 4B219260 1503202 ‘
1350 19171024 4803018 19708709 7140703 19274739 6639928 19814424 7177614 47196863 1451320
1600 18454391 4390054 18979524 8913168 18556215 425794 19081349 6950928 A5199583 14019135 .
1650 17775804 6187226 18288747 6700170 17873943 6221850 18386886 4734794 43228634 1354911 e
1700 Jmsare3 5993925 17633887 4495029 - 17227426 6027485 17728530 6528589 44277263 1310164 T ’ ‘

1750 18523030 3809585 170128356 6299191 . 16414338 SB42130 17103944 6331736 63350741 1267537 .
.1800 13944420 3433679 16422850 6112119 16032599 S865235 16511039 6143493 62445389 1224907
.1830 13394981 5465717 15862577 5933313 15480149 S496367 (5947745 5963943 41363470 1188158
1900 14872887 . 5305242 5329952 5762308 14955231 3335007 15412296 5792073 40701393 1151176
<1930 14375443 5151829 14823281 5578646 14456081 5180748 14902919 5627585 59839511 1115844
»2000 13904075 - 5005080 14340979 . 5441984 13981137 5033188 14418041 5470092 59037217 1082127
+3000 7844211 3038239 8132001 3326029 788809t 3035449 8173681  IJAI2I9 45937257 635256
4000 Se57111 2059835 5258053 2260797 5085514 2071604 3288556 2272546 37261894 418992
+3000 3531182 1501280 3698514 1548712 I3 1309692 3718739 1857325 31224874 298855

.6000 243204 1150317 2753915 1263149 2638343 157149 2770995 1249781 26845375 225348



BENEFIT-COST RATIOS

DISCOUNT 1 2 3 [ 5 b 7 B
RATE |
-.0500 1199 .308 207 316 1.205 309 L2438
0 7% .20 Je6 219 L7k 20 10 2
0050 725 .203 AT I TV BN 1 200 738 214
0100 .69 .19 J05 0 L208 .499 98 L709 .207
0150 688 .190 Y7 A L BV /1 491 4Bl .200
0200 442 184 451 193 L44S 185 .65 9
0250 L8171 .178 426 188 820 479 629 L189
0300 593 .73 403 .82 .59 ATE 606 183
0350 .St .168 580 77 574 Jd69 584 178
0400 550 .183 580 72 .58 A6 563 T3
0450 .51 158 540 187 .5 AS9 543 168
0500 512 154 520 .163 .SIS JAS5 .54 e
0550 49 150 503 LS9 AW JAS1 506 160
0600 478 Ll AB7 LSS L480 A4 489 155
0850 462 L142 ATL O LSL e U5 SN V£ BN L7
0700 47 138 AS6 LT e A3 458 .18
0750 432 L35 . 44 L 435 A3 A
0800 419 131 A2 L0 e AR 430
0850 406 .18 A5 a3 a0 A9 47 .13
090 3% 125 402 M 3% Jd28 405 135
0950 L3822 390 a3t 384 A28 39 LR
4000 3L L120 380 .18 373 A0 382 p
1050 L3810 L7 369 26 383 A8 3 a2
100 351 .18 359 4 .35 A1IS 360
4150 3 L2 35 2t .34 4130038 a2
42000 332 .10 30 .8 33 A0 32 19
4250 323 108 332 16 325 08 L33 L118
4300 L35 .10 323 a3 06 35 LI
350 307 .14 15 .12 309 Jd 37 a2
1400 L300 .102 308 .10 302 Jd02 300 110
450 293 L100 .01 .08 .29 00 302 108
(1500 .28 .09 29 .06 .28 098 .295 L108
550 .29 .09 287 L104 281 .97 .89 105
1800 213 .095 80 .02 2N 095 .82 .103
850 267 .09 275 .00 268 093 278 .08
4700 260 .09t 269 .09 263 092 270 100
4750 2% .09 S T TN 7 B 1 090  .265 .09
(1800 .250  .088 258 .09 - .25 089 259 .09
1850 .45 .087 253 .05 .47 088 254 .05
1900 .40 .08 248 093 242 086 .49 .09
4950 2% .084 2430 0 a2 085 .24 092
L2000 .23t .083 239 .09 233 08¢ 240 .09

1161



791

YEAR

IRR:

PROJECT CASH FLOWS AND INTERNAL RATE OF RETURN
] 2 3 4 3 6 7 8

1986 -26061236 -26061236 26061236 -26061236 -26061236 ~26061236 -26061236 -2606123b
1987 2262107 1109227 2342215 1209334 2275747 1114098 2375635 1214206
1988 -14324635 -14837303 -14253720 14764388 -14319391 14833172 -14246477 -14760257
1989 -21392288 -22709940 -21310083 -22427735 -21378005 -22703376 -21293800 -22821171
1990 -21088413 -22606795 -20932540 -22450921 -21074628 -22601946 -20918733 -22444073
1991 4547238 1777448 4783541 2013772 6581948 1788087 6818271  20244t1
1992 -23153500 -264673347 -22970964 -26490811 -23123148 ~26663893 -22942632 -26481357
1993 4075975 1242253 4237327 1403605 4100315 1250940 4261687 1412312
1994 JI54718 1047281 3292873  11B5416 3174621 1053148 3312776 1193303
1995 2180514  'B41253 2293429 954068 2195507 848221 2308322 961036
1996 3250373 699186 3320027 968841 3271002 906292 3340657 975946
1997 - 3787591 931019 3840784 984193 3B10784  93B146  3BA3IVSB 991319
1998 4334067 963406 4372215 999554 4362078 970641 4398226 1004789
1999 4893986 996336 4914351 1014921 4924849 1003706 4943414 1022272
2000 5467533 1029877 5467944 1030289 5498921 1037264 5499332 1037674
2001 6030897 1063978 6032589 1043651 6084788 1071407 6064461 1053080
2002 6546270 1098648 6608605 1061003 6482652 1108143 6444987 1068478
2003 7253846 1133955 7196230 1076339 7293206 1141578 7235590 1083962
2004 7873824 1169830 7795627 1091653 7915717 1177534 7837520 1099337
2005  B305403 1206361 8404983 1106941 8550843 1214112 8451423 1114492

=031 =173 =030 =14 -.031 =172 =030 =174



