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FOREWORD ¥

This User's Guide will be of interest to planners and engineers who

are responsible for planning, designing and operating restricted lanes
for carpools and buses on freeway facilities. A simple-to-use fore-
casting technique is presented to predict changes in modal volumes from
implementing bus only lanes and/or carpool-bus lanes and for changing
from bus only to bus and carpool and for changing the definition of the
required passengers in a carpool to be qualified to use the priority
lane. Data on modal volumes, travel times,and geometrics are required.
Calculations can be made with a hand-held calculator. Example applica-
tions are presented to show how to use the work sheets which are provided
in the report.

This report is from a contractual effort as part of FCP Project 2D, "Priority
Techniques for High Occupancy Vehicles.* A technical report was also pre-
pared on this contract which reviews past forecasting models and describes
the research for developing the demand and supply relationships used in the
forecasting model.

Copies of this report are being distributed to provide two copies to each
regional office, two copies to each division office, two copies to each
State highway agency and one copy to each Metropolitan Planning Organization
(MPO) for urban areas with populations over 500,000. The division, State,
and MPO copies are being sent directly to each d1v151on office.

Charles F. Scheffé€y

Director, Office of Research

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no 1iability for its contents or use thereof.

The contents of this report reflect the views of the contractor, who is
responsible for the facts and the accuracy of the data presented herein. The
contents do not necessarily reflect the official policy of the Department of
Transportation.

This report does not constitute a standard, specification or regulation.
The United States Government does not endorse products or manufacturers.

Trademarks or manufacturers' names appear herein only because they are -
considered essential to the object of this document.
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PREFACE

The work performed during the course of this study is presented in two
reports. The first is a "User's Guide" that provides a step-by-step
description explaining how the model and worksheets are used to forecast
travel volumes. Example applications are also presented. The second report
is a “Technical Supplement" that provides a complete documentation of all
work tasks conducted. In particular, this report presents much of the
underlying data and other information used in the model estimation and
testing phases of the study.

Professor Adolf D. May of the University of California at Berkeley con-
tributed important input at yarious points throughout the course of this
study. Finally,-the authors would 1ike to thank the many individuals and
agencies-who cooperated with our requests for information on HOV projects
that have been implemented throughout the United States.
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FEDERALLY COORDINATED PROGRAM (FCP) OF HIGHWAY
RESEARCH AND DEVELOPMENT

The Offices of Research and Development (R&D) of
the Federal Highway Administration (FHWA) are
responsible for a broad program of staff and contract
rescarch and development and a Federal-aid
program, conducted by or through the State highway
transportation agencies, that includes the Highway
Planning and Research (HP&R) program and the
National Cooperative Highway Research Program
(NCHRP) managed by the Transportation Research
Board. The FCP is a carefully selected group of proj-
ects that uses research and development resources to
obtain timely solutions to urgent national highway
engineering problems.®

The diagonal double stripe on the cover of this report
represents a highway and is color-coded to identify
the FCP category that the report falls under. A red
stripe is used for category 1, dark blue for category 2,
light blue for category 3, brown for category 4, gray
for category 5, green for categories 6 and 7, and an
orange stripe identifies category 0.

FCP Category Descriptions

1. Improved Highway Design and Operation
for Safety - ;
Safety R&D addresses problems associated with
the responsibilities of the FHWA under the
Highway Safety Act and includes investigation of
appropriate design standards, roadside hardware,
signing, and physical and scientific data for the
formulation of improved safety regulations.

2. Reduction of Traffic Congestion, and
Improved Operational Efficiency
Traffic R&D iS concerned with increasing the
operational efficiency of existing highways by
advancing technology, by improving designs for
existing as well as new facilities, and by balancing
the demand-capacity relationship through traffic
management techniques such as bus and carpool
preferential treatment, motorist information, and
rerouting of traffic.

3. Environmental Considerations in Highway
Design, Location, Construction, and Opera-
tion
Environmental R&D is directed toward identify-
ing and evaluating highway elements that affect

* The compleic sevenvolume official statement of the FCPis avadable from
the Navonal Technica! Informaton Service, Springficld, Vo 22161, Singhe
copies of the introductory volume arc available withoul charge from Program
Analysis (HRD-1) Offices of Rescarch and Development. Federsl Highway
Adminstration, Wahingpioa. D.C. 20590.
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the quality of the human environment. The goals
are reduction of adverse highway and traffic
impacts, and protection and enhancement of the
environment.

. Improved Materiale Utilization and

Durability

Materials R&D is concerned with expanding the
knowledge and technology of materials properties,
using available natural materials, improving struc-
tural foundation materials, recycling highway
materials, converting industrial wastes into useful
highway products, developing extender or
substitute materials for those in short supply, and
developing more rapid and reliable testing
procedures. The goals are lower highway con-
struction costs and extended maintenance-free
operation.

Improved Design to Reduce Costs, Extend
Life Expectancy, and Insure Structural
Safety 5

Structural R&D is concerned with furthering the
latest technological advances in structural and
hydraulic designs, fabrication processes, and
construction techniques to provide safe, efficient
highways at reasonable costs, '

Improved Technology for Highway
Construction

This category is concerned with the research,
development, and implementation of highway
construction technology to increase productivity,
reduce energy consumption, conserve dwindling
resources, and reduce costs while improving the
quality and methods of construction.

Improved Technology for Highway
Maintenance

This category addresses problems in preserving
the Nation’s highways and includes activities in
physical maintenance, traffic services, manage-
ment, and equipment. The goal is to maximize
operational efficiency and safety to the traveling
public while conserving resources.

Other New Studies

This category, not included in the seven-volume
official statement of the FCP, is concerned with
HP&R and NCHRP studies not specifically related
to FCP projects. These studies involve R&D
support of other FHWA program office research.
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INTRODUCTION

PURPOSE OF REPORT

This User's Guide describes a simple-to-use procedure for forecasting-changes
in modal volumes that result from-implementing various high occupancy “vehicle
(HOV) techniques on freeways. The procedure is both easy to learn and easy
to apply. -Because it is designed to provide "quick response® results, data
requirements are minimal and should be readily available to most planning
agencies. The accuracy of the results should be interpreted as commensurate

- with the resources required to use the approach. That is, the predicted

volumes should be considered as sketch planning-level responses that, if
conditions warrant, would be subjected to additional and possibly more
refined analyses. However, test applications of the prediction procedures
described in this report have in many instances yielded results far beyond

the accuracy typically associated with sketch planning techniques.

Basically, the prediction procedure involves using various relationships to
forecast demand volumes, and with the aid of supply relationships, obtaining
equilibrium travel flows on the general purpose freeway and HOV lane(s). The
demand model relationships have been developed through a quantitative
analysis of before-and-after data from a number of actual HOV facilities
located across the United States. Therefore, as with all models developed in
this fashion, they are most applicable when they are used to predict travel
flows due to the implementation of similar HOV strategies, and are likely to

be less reliable when employed beyond the range of data used to estimate the
models.

-

The initial data requirements, along with the necessary demand and supply
relationships, have been incorporated into a series of worksheets. A blank




set of the worksheets is contained in Appendix A. The worksheets can be used
to forecast peak hour travel volumes in the a.m. peak dirasction for four
basic types of freeway, high occupancy vehicle strategies. The HOV

strategigs and HOV sites that were used to estimate the model parameters
are:

1) Dedicate new or existing freeway lane(s) for HOV buses only:
e San Bernardino (CA)-I;
o U.S. 101 (CA)-I;
) Southeast Expressway (MA) (1971); and
8 1-495, Lincoln Tunnel (NJ).
2) Dedicate new or existing freeway lane(s) for HOV buses and carpools:
) Banfield Freeway (OR)-I;
® 1-95 Miami (FL)-I; and
® Southeast Expressway (MA) (1977).
3) Allow carpools onto existing bus-only HOV lane(s):
° Shirley Highway (VA);
e  San Bernardino (CA)-II; and
° U.S. 101 (CA)-II.

4) Chan?e the definition of carpools on existing bus and carpool HOY
lane(s):

8 Banfield Freeway (OR)-1I; and
) 1-95 Miami (FL)-II.

The procedures described in this User's Guide can be used to predict

peak hour flows for: 1) automobiles on the general purpose lanes;

2) carpools that are already on or that will be aliowed to use the HOV lane
or lanes; and 3) bus passengers on the HOV lane(s). Since the demand
relationships used in the worksheets were developed by using data on actual
-before-and-after travel volumes, the models forecast the net cnange in
volumes due to mode shifts, time-of-day changes, trip generation, and route
diversion effects. Consequently, the models provide more information on
anticipated travel volumes than could be obtained through the use of either




conventional or state-of-the-art mode split models only. (The “Technical
Supplement” report provides additional information on the characteristics of
this and other forecasting models.)

A supply model patterned after speed-flow relationships presented in the-
recently revised Highway Capacity Manual (TRB Circular Number 212) and
elsewhere is used in an iterative fashion with the predicted demand volumes
to reach equilibrium travel volumes. The supply model is used to determine
equilibrium speeds on the general gurpose lanes if it is possible for
free-flow conditions to exist on the general purpose lanes in the after
period. An examination of existing HOV facilities revealed that free-flow
conditions are sometimes possible when buses and carpools are allowed to use
the HOV facility and a general purpose lane is not taken away. Under all
other circumstances, forced-flow conditions continued to prevail in the after
period.

REPORT OUTLINE

The remainder of this report is divided into three chapters and one appendix.
Chapter 2 presents a general overview of the approach used to forecast travel
volumes. Included in the chapter is a description of the types of HOY
strategies that can be evaluated, the travel modes that are explicitly
considered, the data measures that are required, and a summary description of
each of the seven worksheets. Chapter 3 explains in a detailed, step-by-step
manner how the worksheets are to be used to forecast volumes and supply
changes. The procedures are further illustrated by using as an example
application data from the Shirley Highway. Additional example applications
of the forecasting procedures using data from actual HOV projects are
presented in Chapter 4. Appendix A contains a blank set of worksheets that
can be reproduced as needed.
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OVERVIEW OF THE PREDICTION APPROACH

APPLICABLE HOY TREATMENTS

The HOV alternatives that can bé analyzed with the forecasting procedures
presented in this User's Guide can be classified into four distinct groups
based on the modes allowed onto the HOV lanes in the before and after
periods. (Of course, in many cases, no HOV Tane will exist in the before
period. The after period is assumed to represent conditions present about
one year after the HOV lane opens.)

The four HOV alternatives that can be evaiuated are:

Before Period After Period
1. No HOV Iage Bus-Only HOV lane(s)
2. No HOV. lane : Bus and Carpool HOV lane(s)
3. Bus-Only HOV lane(s) Bus and Carpool HOV lane(s)
4. Bus and Carpool HOV lane(s) Bus and Revised Definition of
Carpools

Notice that the HOV strategies are not classified according to whether the
HOV lane is formed by "adding a lane” or "taking away a lane.” The predicted
modal volumes, however, will differ depending on whether a general purpose
lane is taken away or not.




All of the existing HOV sites that were used in developing the relationships
embedded in the forecasting approach share some common characteristics that
help define the type of HOV treatments that can best be analyzed with the
procedures presented herein. First, the HOV lanes operate on (or adjacent
to) major radial freeways leading into a central city or central business
district. Thus, the proposed HOV corridor/lane should have similar
characteristics (i.e., the approach may not yield reliable results for HOV
lanes on surface arterials or HOV lanes on circumferential freeways).
Second, the_HOV_lanes-.ranged .-from_2.5_to 9 miles_in_length. Third, all sites
experienced force-flow or severe capacity constraint conditions on the
general purpose lanes in the before period during the morning peak hour. It
appears, however, that the benefits would be slight (or even negative)

if an HOY lane were instituted in a corridor that operated under relatively
free-flow conditions during the morning peak hour.

Finally, among the HOV sites used in model estimation, many network
conditions and alternative links (e.g., parallel freeways/arterials) exist,
allowing different route diversion effects. The models and relationships
that were developed reflect the average of these conditions. If a corridor
being analyzed is especially atypical with respect to alternative routes, the

T?dzis may not capture the full effects due to these alternative or competing
nks. £

'DEFINITIONS OF PEAX HOUR TRAVEL VOLUMES

Five modes are used in the worksheets and throughout this report:

1. Nonpriority Automobiles -- the volume of automobiles traveling in the

peak hour on the general purpose lanes in either the before or after
time periods;

2. . Priority E]Tjible Automobiles -- the volume of automobiles travelin% in
The peak hour on tne general purpose lanes in the before period tha
will be eligible to use the HOV lane(s) in the after period; -

3. Carpools on HOV Lane(s) -- the volume of automobiles traveling in the
peak hour on the HOV Tanes in the before period that will continue to
be allowed on the HOV lanes in the after period;

4. Priority Eligible Buses -- the number of buses/passengers traveling in
the peak hour on the general purpose lanes that will be eligible to use
the HOV lane(s) in the after period; and

5. Buses on HOV Lanes(s) -- the number of buses/passengers traveling in the

peak hours on the HOV lane(s) in the before period that will continue
to use the HOV lane(s) in the after period.
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The "before® values of these volumes are entered as BASELINE DATA conditions
in the first worksheet. The calculations performed in subsequent worksheets'
provide the "after”™ values for these volumes. The worksheets are discussed
fully in Chapter 3. '

DATA REQUIREMENTS

Given the selection of a partlcular corridor and freeway for which it is
desired to analyze the change in travel volumes resulting from implementing a
particular HOV strategy, the following four types of data are required.

PEAX HOUR YOLUMES -

In the before period, a.m. peak hour volumes are required for the following
modes (see definitions above): 1) nonpriority automobiles; 2) priority
eligible automobiles (note that for bus-only HOV strategies, this volume will
be zero); 3) carpools on HOV lanes (if no carpool/HOV lane exists, this
volume will be zero); and 4) the number of buses and passengers either
eligible to move onto the HOY lane or already on the HOV lane. - (Note that
this is an either/or situation.) These volumes are measured at a screen line
located within the boundaries of the beginning and endpoint of the -proposed
(or existing) HOYV lane(s). This screen line is also the reference -point for
all other measurements. Consequently, this line will indicate the location
of the forecasted volumes.

Of the four peak hour volumes that may be required for a particular analysis,
the one likely to be the least readily available is the volume of priority-
eligible automobiles. ~Typically, permanent or temporary counting stations
will provide good data on the total number of vehicles traveling inbound in
the morning peak hour. However, if‘the proposed strategy being analyzed is
to allow 3+ person carpools onto an existing or new HOV lane, the volume of
3+ person carpools is needed along with the combined volumes of one- and
two-person carpools. If these volumes by auto occupancy are not immediately
available, one could, as a first-cut approximation, use systemwide auto
occupancy proportions obtained from ridesharing studies (or even Census
data), or more accurately conduct a special vehicle occupancy count during
the morning peak commuting period.

PEAK HOUR TRAVEL TIMES «

For each travel mode that is pertinent to the HOV strategy being evaluated,
an estimate of average door-to-door travel time is required. As indicated
above, this estimate is determined for vehicles passing the screen line.
Since travel times “saved" or reduced by using or not using the HOV lane are
calculated as a proportion of these total door-to-door travel times, small
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errors in the Tatter will not introduce large errors in the proportion's
input to the model. Therefore, it is not necessary that they be determined

" . precisely. They can be obtained from the output of existing UTPS programs or

by using information on average trip lengths and route sections having
different average travel speeds.

AVERAGE PEAK HOUR TRAVEL SPEEDS -

Average peak hour travel speeds are required for vehicles on the general
nurpose lanes and, if they are present in the before period, vehicles on the
HOY Tane(s). The speeds are those required to travel either the length of
the HOV Tane(s) or the length of the general purpose lanes adjacent to the
existing or proposed HOV lane(s). These speeds should be estimated more

precisely than the total travel time data since they are used to estimate-
travel times, and changes in travel times, over the (typically) shorter
section of the freeway bounded by the HOV lane. If not already available
from secondary sources, these speeds could be determined through actual
measurement (e.g., by using a floating car travel time study).

EXISTING FREEWAY SUPPLY AND CAPACITY -

The number of lanes and capacity must be specified for both the existing
general purpose freeway lanes, and if they exist, for the HOV lane(s). The-
capacity, if not readily known, can be computed using the step-by-step ’
computation procedure given in the recent Interim Materials on Highway

Capacity (see TRB Circular Number 212, pp. 171-185).

For the forecasting procedures presented herein, capacity is defined as the
maximum number of vehicles moving by a particular point in a given one-hour
period. Thus, if empirical data should yield peak hour travel volumes that
are higher than .those determined through a formal application of the capacity

manual calculations, the higher value should be used as the measure of
capacity.

OVERVIEW OF WORKSHEETS FOR PREDICTIOM

The procedures for predicting travel volumes resulting from any one of the
four types of HOV strategies discussed above are based on the results of the
several models developed in this study. These models, which are described
more fully in the “Technical Supplement" report, have been incorporated into
a set of seven worksheets that are used in a sequential and, if necessary,
iterative fashion to reach cquilibrium. The flow chart in Figure 1
highlights the major activities for each worksneet. The following material
summarizes the purpose of each worksneet.




Figure 1

ACTIVITIES UNDERTAKEN IN EACH WORKSHEET

WORKSHEET 1

WORKSHEET 2

WORKSHEET 3

WORKSHEET 4

-

WORKSHEET 5

WORKSHEET 6

WORKSHEET 7

Specify Baseline Data:
Volumes, Travel Times,

Speeds, Capacities

Y

HOV Policy Specification
and Initial Calculations

Y

Estimate Nonpriority and
Priority Travel Times -
Forecast Period

Y

Focecast Nonpriority
Aurto Volume

Forecast Priority
Auto Volume

Forecast Priority
Bus Volume

Y

Summarize Results
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First, baseline travel data consisting of before volumes, travel times,
speeds, and capacity (as defined above) are assembled and listed on
Horksneet 1. Next, the proposed HOV strategy to be evaluated is defined on
Worksheet 2. This consists of specifying the modes that w#ill be allowed to
use the HOV lane(s), the length of the HOV lane(s), and the proposed capacity
of the general purpose and HOV lanes.

With the information presently specified, various initial calculations are
performed using Worksheet 2 to disaggregate the baseline travel time data
into two components -- travel time on and off the freeway section bordered by
(or adjacent to) the HOV lane(s). Worksheet 3 is used next to derive initial
estimates of travel time changes, and therefore “after” travel times, that
will be needed to forecast demand volumes in subsequent worksheets. The
before and after travel times now known for each mode are input to a demand
equation contained on Worksheet 4 to estimate the after peak hour volume of
nonpriority automobiles. If it has been assumed that free-flow travel
conditions are possible, a check is made to determine if the initial
estimated travel times (and thus speeds) are in close agreement with the
model's estimated volume (and thus travel speed and times). If these
equilibrium conditions are not satisfied, revised or updated estimates of
travel time are computed and the procedure is repeated.

When equilibrium volumes are obtained on the general purpose lanes, Worksheet
5 is used to forecast the volume of carpools (including priority eligible
autos and existing HOV carpools) that will use the HOV lane(s). If carpools
are not allowed on the HOV lane(s), this worksheet is not used. However, if
this worksheet is used, the predicted volume of carpools on the HOV lane is
compared to the capacity of the HOV lane(s) to determine whether the initial
estimate of speed is valid. This check also determines whether the volume of
carpools will exceed the HOV lane capacity, indicating that a more
restrictive HOV strategy should be evaluated.

Worksheet 6 is used to predict the volume of priority bus users. A similar
equilibration procedure is not employed, since bus volumes on the HOV lanes
are not likely to exceed HOV capacity. (If necessary, however, the analyst
can perform a simple test patterned after those used for nonpriority and
priority eligible automobiles.) Finally, Worksheet 7 summarizes the
forecasted peak hour travel volumes, speeds, and times that have been
obtained from the previous worksheets.

TIME AND COST REQUIREMENTS

The time required to use the worksheets to predict travel volumes resulting
from different freeway-based HOV strategies is extrenely modest, being much
less than nearly all other modeling approaches available to forscast volume
changes due to implementing HOV strategies. (See the "Technical Supplement”
report for information that compares resource requirements for alternative
foracasting procedures.)




Indeed, the most time-intensive aspect of the entire process is completing
Worksheet 1 on the specification of baseline data conditions. This task can
be completed in a few hours if the data are available "off the shelf,” or
could range up to a matter of days otherwise. The remaining worksheets can
be completed in less than one hour, once the basic procedure is known.
Computers or special programmable calculators are not required. Rather, a
simple hand-held calculator, with a power to the X key (i.e., yX) is all that
is necessary.

Because Worksheets 2 through 7 can be completed so quickly, it may be
preferable, if one or two key items of baseline data are not readily
available, to assume alternative (high/low) default values and work through
the subsequent calculations. If these initial tests show that the rasults
are not sensitive to the assumptions, the time that would have been devoted
to securing better estimates of the data items in question can be saved.

10
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HOW TO USE THE WORKSHEETS

This chapter explains step-by-step how the worksheets are used to ‘forecast
travel volumes (and thus the change in travel volumes) resulting from.
implementing any one of four different HOY strategies. To help one -
understand how each worksheet is used, an example application is given using
actual data from the Shirley Highway. This particular example will analyze
the introduction (on December 10, 1973) of 4+ person carpools onto the :
previously existing bus-only HOV lanes. Chapter 4 will present additional

examples demonstrating how the worksheets can be used to evaluate other HOV
strategies.

WORKSHEET 1: BASELINE DATA

Worksheet 1 is used to record data on existing (or before period) travel
volumes and.supply conditions. Peak hour travel volumes (in the a.m. inbound
direction only) are required for up to 4 principal modes: nonpriority
automobiles, priority eligible automobiles (or carpools), carpools on

_(existing) HOV lanes, and number of buses and bus passengers either eligible

to use the HOV lanes or already on HOV lanes. As shown on Worksheet 1, a
space is provided to record each volume. If a particular volume is not
applicable, use 0 (zero), N/A, or NPA/NPL (no priority auto/no priority lane)
as the situation dictates.

Each volume is also labeled with a unique symbol or variable name. For
example, the peak hour volume for nonpriority automobiles is labeled as

VQPG. The subscript "o" refers to the before/initial time period. " A

11
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subscript "1* would refer to the after or forecasted time period. These

variable names are subsequently used in other worksheets in place of the
actual variable title in order to save space.

In the Shirley Highway example, the total peak hour auto volume on the three
general purpose lanes was 5,091 VPH.” Of this volume, 4,896 VPH were
comprised of vehicles with 3 persons or less while 195 VPH were 4+ person
carpools. There were, of course, no carpools on the two existing bus-only
HOV lanes. There were 176 buses per hour (BPH) on the HOV lanes (BoHOV);
consequently, the number of buses on the general purpose lanes that would be
eligible to use the HOV lanes (i.e, ByPeb) is zero (or N/A).

The number of peak hour bus users on the Shirley Highway was 7,900 passengers
per hour (PPH), which results in the computed average (bus) load factor of
44.8 passengers per bus (PPB).- No information is available on the volume of
trucks using the general purpose lanes.

Average door-to-door travel time of individuals using the general purpose
lanes was determined to be 56.2 minutes. Consequently, this is entered for
both nonpriority and priority eligible automobiles. With no carpools on the
HOV lanes, an N/A is entered for ToHOV. Because of the significantly higher
speeds on the HOV lanes, average travel time for bus users (1) was
determined to be 37.5 minutes. °

Over the 9-mile length of HOY roadway that carpools will be allowed to use,
buses currently operate at an average speed of 55.5 mph. Vehicles
traveling on the general purpose lanes parallel to the 9-mile HOV section
average 15.0 mph. in the before period.

The capacity of the 3 general purpose lanes is estimated at 5.880 VPH while
on the 2 HOV lanes, the capacity is determined to be 2,000 VPH. (As a
general rule, a bus-only HOV Tane can be assumed to have a capacity of

8;5-%,000 BPH while a bus and carpool lane has a capacity of about 1,500
YPH.) -

WORKSHEET 2: HOV POLICY SPECIFICATION AND INITIAL CALCULATIONS

Worksheet 2 is used to specify the particular HOV alternative to be examinsd
and to translate the information tabulated up to this point into specific
data formats required by later worksheets.

1
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The HOV alternatives are specified by checking the bus- only or combined bus
and carpool boxes. In the latter instance, the carpool size allowed on the
HOV lanes is also indicated. The proposed (or after) supply conditions are
noted by listing the length of the HOV lanes in miles, as well as the
proposed number of lanes and capacity of the general purpose and HOV section
of the facility. If the number of the buses that will operate during the
peak hour is determined through an exogenous policy decision, it is entered
here as Bj{HOV. However, this space is left blank if bus service requirements
are to be based on the forecasts derived from the travel time savings due to
implementing the HOV facility.

In the Shirley Highway example, there is no change in the configuration or
number of general purpose and HOV lanes. Therefore, the capacity of the
general purpose lanes remains unchanged, while the capacity of the HOV lanes
increases, since more vehicles can operate on a bus/carpool lane compared to
a bus-only HOY Tane.

As a general rule, if the number of buses on the general purpose lanes that
become eligible to move over to the HOV lanes is less than 100, it is not

‘necessary to revise the capacity for the general purpose lanes.

The next section of the worksheet is used to disaggregate total travel time
in the before period into travel time on the general purpose freeway lanes
bounded by the HOY roadway sectian and the travel time that is spent off this
roadway section (i.e., all the "remaining™ travel time). If the HOY lane
exists in the before period, similar calculations are performed for the
existing HOV bus mode.

T

WORKSHEET 3: ESTIMATE TRAVEL TIMES -- FORECAST PERIOD

BUSES ON HOV LANES

Total travel times for buses and carpools (if any) on the HOV lane(s) and for
nonpriority autos on the general purpose lanes are determined by using
Worksheet 3. If buses are already on an HOY lane, then the after bus travel
time is set equal to the before bus travel time. This assumes that travel
speeds on the HOV lane, as an initial starting point, will not decrease if
carpools are allowed access.

If an HOV lane does not exist in the before period, bus travel times are
computed using an assumed average free-flow speed of 50 mph. -- unless
other data indicate a different value should be used. (Except for the-
Lincoln Tunnel and Southeast Expressway (1977) sites, the average bus speed
on all other HOV lanes examined was approximately 50 mph. As an example of

“other data," the Lincoln Tunnel contraflow bus lane had a posted speed limit
of 35 mph.)
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AUTOS ON HOV LANES

Total travel time for automobiles/carpools that are eligible to use the HOV
lane are based on either the travel times of carpools already on the HOV
lane(s); or travel speeds of buses already on the HOV lane(s), or are
determined by using an estimated free-flow speed equal to that used for buses
eligible to use the HOV lane (i.e., 50 mph., unless data indicate
otherwise).

AUTOS ON GENERAL PURPOSE LANES

Travel time for autos on the general purpose lanes is determined contingent
upon the change in capacity on the general purpose lanes and/or the type of
vehicles allowed onto the HOV lanes. If capacity on the general purpose
lanes is reduced (e.g., by taking away a lane for HOV use) or if only buses
are allowed on the HOY lane, the travel time for nonpriority autos in the
after period is assumed to equal travel time in the before period. In
effect, this is equivalent to stating that forced-flow conditions will
continue. (This finding was observed for all sites that met either one of
the two conditions given above.)

Al ternatively, if the capacity is not reduced on the general purpose lanes
and if carpools are allowed to use the HOV lane(s), it is possible that the
general purpose lanes could operate under either free-flow or forced-flow
conditions. Unless other information indicates otherwise, travel times will
be computed initially, based on free-fiow speeds. free-flow sEeeds are
computed using a speed and volume/capacity relationship. The “Technical
Supplement” report presents additional information on the derivation and
characteristics of this relationship.

The last computation to be performed is to calculate what has been labeled on
the worksheet as an "eligibility factor.”™ This variable basically represents
that share of the general purpose freeway demand that is eligible to move to
the HOY lanes normalized by the change in general purpose freeway supply.
This variable 'is extremely important in accounting for site-to-site
differences in the composition of traffic by different vehicle mixes (e.g.,
buses, 3+ person carpools, etc.) that may be eligible to use the HOV
lane(s). -In addition, it is one of the principal factors used to account for
differences between "add-a-lane" and “take-away-a-lane" HOV projects. See
the "Technical Supplement" report for additional information on this
variable.

Since buses were already on the HOV lanes in the Shirley Highway example, bus
travel time in the after period is set equal to bus travel time in the before
period (i.e., 37.5 minutes). Because carpools were not on the HOV lanes in
the before period, travel time for priority eligible autos in the after

period (TyPa) is computed based on the before speed of the HOV buses (i.e.,
SoB). Travel time off the HOV roadway section (1P2 ) is assumed to remain
unchanged. off
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WORKSHEET 3 (Conkinved)
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Because capacity of the general purpose lanes did not change while 4+ person
carpools were allowed onto the HOV lane, travel times for nonpriority autos
are initially computed based on free-flow travel speeds. (This assumption
will be tested at the end of Worksheet 4.)

WORKSHEET 4: FORECAST NONPRIORITY AUTO VOLUME

The initial forecast of nonpriority auto volume is computed simply by filling
in the appropriate before and after travel times (in the boxes provided) for
the modes indicated along with the value of the eligibility factor (EFCTR).
The variables TjPa2 and TjPa3/4 represent the total travel time in the after
period for 2-person and 3+/4+ person carpools, respectively, that are
traveling as priority autos (Pa) on the HOV lanes. Consequently, if carpools
are not allowed on the HOV lanes, both the third and fourth terms in the
equation (i.e., those containing TlPaZ and T1Pa3) take on a value of zero.

If only 3+ or 4+ vehicles are allowed onto the HNV lane, only the third term
containing T1Pa2 takes on a value of zero. In summary, the third and fourth

terms are used depending on whether 2+ and/or 3+/4+ carpools are allowed onto
the HOV facility.

In the Shirley Highway example, the boxes are filled in with their
appropriate values obtained from previous worksheets. Since 2-person
carpools are not allowed onto the HOV lanes, X's are placed in the boxes for
T,Pa2 and TyPa2, resulting in a value of O for the third term in the
equation. en the calculations are completed, a forecasted nonpriority auto
volume of 6,734 YPH is computed. Since Box 2 was checked on Worksheet 3
(indicating free-flow conditions), a check is made next to determine whether
the speed resulting from the forecasted volume is approximately equal to the
initially estimated speed. As shown on the bottom of Worksheet 4, the
forecasted V/C ratio is greater than 1.0 implying forced-flow conditions or
a speed much less than that initially assumed. Consequently, a revised
nonpriority travel time is computed based on the before, forced-flow,
nonpriority auto travel time (i.e., 56.2 minutes), and a new estimated volume
of 5,045 is computed. This represents a V/C ratio less than 1, which is
consistent with the forced flow speed that was assumed.

WORKSHEET 5: FORECAST PRIORITY AUTO VOLUME

This worksheet is used to forecast the total peak hour volume of carpools

(consisting of priority eligible automobiles and, if applicable, carpools

alrzady on the HOV lane) that will use the HOV Tane(s) in the after ?eriod.
Depending on the HOV strategy being analyzed and whether some carpools are

alrzady on the HOV facility, either or both Equations A and B may be used.
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.Equation A is used if 3+ or 4+ person carpools are to be allowed onto the HOV
lane, or if they are already on the HOV lane(s), while Equation B is used if
2+ person carpools are to be allowed onto the HOV lane(s). (It is not likely
that an HOV strategy will be examined when 2+ person carpools are alrzady on

the HOV facility. Moreover, this scenario was not represented in any of the
existing HOV sites.)

Once the after priority auto volume is computed (viPa), it is added to the
revised volume of existing carpools already on the HOV lane, if any, (which
is estimated using the results of Equation A), to arrive at the total volume
of carpools on the HOV lane(s) in the after period (V1HOV). A check is made
to determine whether this volume is less than capacity. For V/C ratios of
about 0.8 or less, the initial congestion-free, travel speed assumptions can
be considered valid. However, for Y/C ratios between 0.8 and 0.95. lower
service levels exist with the implication that speeds on the HOY lane(s) will
decrease. Thus,_a revised, lower speed on the HOY lane(s) should be computed
(resulting in a higher travel time for priority autos), and Worksheets 4 and
5 should be repeated with these new travel time values. V/C ratios that
continue to equal or exceed 1 imply that the HOV strategy being tested will
lead to oversaturated conditions on the HOV lanes and a breakdown in travel
speeds. Consequently, a more stringent definition of carpool eligibility
should be evaluated. '

In the case of the Shirley Highway, Equation A is used since 4+ persoh
carpools are to be allowed onto the HOV lane(s). A peak hour carpool volume

of 654 YPH is estimated, resulting in an acceptable V/C ratio on the HO
lane(s) of 0.34. g

WORKSHEET 6: FORECAST PRIORITY BUS VOLUME

This worksheet is used to forecast the a.m. peak hour volume of bus
passengers on the HOV lane(s). Four different equations can be used to
determine the percent change in volume (labeled as A) depending on the type
of HOV strategy -being evaluated. Equation A is used if only buses are
allowed on the HOV lane(s) and bus supply is determined endogenously. If bus
supply is established exogenously (e.g., through a policy that headways will
be at a certain minimum), and only buses use the HOV lane(s), then Equation B
is used. '

Equation C is used if buses and either 3+ or 4+ person carpools are allowed

. onto the HOV lane{s), while if buses and 2+ person carpools use the HOV
lane{s), Equation D is used. The number of buses requirad to serve the

forecasted demand is simply determined by using the existing average load

factor (L,B) from Worksheet 1.
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Since 4+ person carpools are allowed onto the HOV lane(s) in the Shirley
Highway example, Equation C is used to estimate the volume of bus passengers.
(Note that bus travel times are not used in this equation. This is the
result of the model estimation phase, which revealed that when carpools are
allowed on an HOV lane, the explanatory power of the carpool travel time
variables greatly dominated the effects due to bus travel time changes. See
the "Technical Supplement® report for further details on this point.
Completing Worksheet § indicates that bus volume will increase by 8.2 percent
to 8,550 PPH. With a load factor of 44.8, about 191 buses will be required.

WORKSHEET 7: SUMMARY RESULTS

Worksheet 7 is used to summarize in one place the forecasted equilibrium
volumes, travel times, and travel speeds determined from previous
worksheets.

Below is a summary of the predicted and actual peak hour travel volumes for
the Shirley Highway example:

Actual Yolumes Predicted Volumes
Mode Before After .
Nonpriority Auto 4,896 5,126 5,045 YPH ’
H0Y Carpool 195 - 758 654 VPH
HOV Bus 7,900 8,756 8,550 PPH
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WORKSBEET G : FEORECAST PRIORITY BUS VOLUME
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WORKSWEET 7:  SUMMARY RESULTS

VOLUMES ( Peax-Hour)

* Automabiles, nm?v'.orl"'y

« Cavpools on WOV Lane(s)

* Buses on BoV Lane )

* Bus Passengers on Hov Lave(s)

TOTAL TRAVEL TIME (Peax- HouR )

o Automobiles, nmpv:onPy
. C.mrgoa\é on HON me_{s)
« Buses on ®ON Lane(s)

SPEEDS ( Averace Peax \-\oUPD

* Qeneval Purpese Lavie (5)
. HOV ane_tg)

27

; d

oP

wn »

- 5045 ypy
=__ 457 ey
<__ 9]  wen
. B550 ppu
= _56-2 Min.
= _.37'5 Min.
- ___17_'5_ Min.
« 190 MPH
=_555 mpH




O

-. i

ADDITIONAL EXAMPLE APPLICATIONS

CHANGING DEFINITION OF CARPOOLS

The example presented below illustrates how the worksheets can be used to
evaluate an HOV strategy that allows carpools with a lower vehicle occupancy
level to use an existing bus/carpool HOY lane. The example uses actual data
from the Banfield Freeway concurrent flow HOV lane project. In this
particular instance, carpools with 2 persons were allowed (beginning
February 12, 1979) to use the then-existing bus and 3+ person carpool lane.
The worksheets presented on the following pages use data describing only

before travel volumes and conditions to predict after volumes and travel
time.

Worksheet 1 has been completed based on information obtained from the Oregon
Department of Transportation. The variable VoHOY indicates there were 178
carpools with occupancies of 3 or more persons on the HOV lanes in the before
period. The number of 2-person carpools traveling on the general purpose
lanes {vga) during the a.m. peak hour was 530 VPH. If 2-person carpools are

allowed onto the single HOV lane, the questions of main concern are: 1)
will the HOV lane be overloaded with 2-person carpools resulting in
breakdowns in traffic flow and reduced speeds?; 2) will passengers be
diverted from the existing HOV bus mode?; and 3) what will be the new speeds
and volume of vehicles remaining in the general purpose lanes?
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The existing HOV lane length of 3.3 miles is listed on the top part of
Worksheet 2. Capacities on the general purpose and HOV lane remain the same
as in the before period. The “initial calculations” that are performed
reveal that autos on the general purpose lanes (both nonpriority and priority
eligible) require 6.0 minutes to travel a distance of 3.3 miles while
vehicles on the HOV lane use only 4.2 minutes.

Initial travel time estimates for the after period are made using

Worksheet 3. Since carpools will be allowed onto the HOV lane, travel times
on the general purpose lanes are based on free-flow conditions (e.g., with a
Tevel of service of C or D). Using the formula provided, a speed (S,GP) of
41.7 mph. is initially estimated.

Using the equations presented on Worksheet 4, a nonpriority auto volume
(yinpa) of 3,662 VPH is computed. This compares very favorably with the
initial estimates of speed and V/C (i.e., 43.2 = 41.7 mph.). Thus, unless
revisions are made later, it appears that the general purpose lanes will be

able to operate at a service level of about D if 2-person carpools are
allowed onto the HOV lanes.

Equation B on Worksheet 5 is used to forecast the volume of 2-person carpools
since vehicles with 2+ persons will be allowed to use the HOV lanes.
Equation A on Worksheet 5 is used to forecast the percent change (Aygy) in
volune of existing 3+ person carpools. The forecasted volume of 704 Z-person
carpools is combined with the revised volume of 142 3+ person carpools to
arrive at a total 2+ person carpool volume of 846 VPH. A check against the

HOV lane capacity indicates that free-flow speeds will continue to prevail on
the HOY lane.:

Lastly, Equation D on Horksheet 6 is used to estimate a bus passenger volume
of .685 passengers per hour. This represents an increase of about 9 percent
over the before volume, thereby indicating that allowing 2-person carpools on
the HOV lane will not lead to a decrease in bus passengers. This result is
obtained because the travel time “saved" (or reduced) by 2-person carpools
is relatively small in this particular example.

Below is a summary of the predicted and actual peak hour travel volumes for
the Banfield Freeway Phase II Project.

Ac tual Volumes

Mode Be fore After Predicted Volume
Nonpriority Auto 3,161 3,793 3,662 VPH
HOY Carpool 708 1,180 846 YPH
HOV Bus 628 657 685 PPH




Bantield Freeway - TT |

WORKSREET 1:  BASELINE TATA

SgCEE.CQ"‘(OVI =21;- Igtﬂsl /'Bc_-‘gov¢ 'qu(‘q

VOLUMES, (Peae- tour)

* Autowobiles, nonpviovity e = 3161 e
* Autowobiles, pviovity eligible v&® =__ 530 vy
*Cavpools on ROV |ane(s) TR 178  yen
* Buses, Fr:ov‘.'l-?' e_l‘.giblc 5?"’ = O gei
« Buses en Roy |ave(s) B:ﬂ = 20 BPH
* Bus Fassengevs (RoV or priority d"S;bJ‘) V& = _ 628 e
* Bus load Facter 15 = 3.4 ere
- Tvucks Vo =__N/A_ ven

TOTAL TRAVEL TIME (Peac-itour)

__22_7_ M.

* Actowobiles, hovva:d(i’ry y PR
s Avtomobiles, Pvtov‘.{-‘{ e_\igiblc o™ = __22.7° Nw.
. chgbo\s on HoY lane(s) T.'w = _20:9 M.
- Buses (MoV ov prievity eligiblc) ™= _209 M
SPEEDS (AvERAGE Paar tour)
« (Geneval Puv?ose. Lmne_(s) . sf = 33 MPHR
+ KoV Lawe(s) “-C&v?ools B, = 47 MPH
- HoV Lawvie(s) = Buses SS = __ﬁ__ MPH
EVISTING SUPPLY/CAPAUTY
. A[o. o@ Geneval Puv?osc_ Lanes L:'?V = 2 .
'NO. ot HOoV Lanes L::P =_ 1
- CQ?Q_,C_{JVY 9&\4(7’&_\ ?QV?QSC IG”CS Co = 3900 VP'{"\
_ ‘ / dev 1500 .
. Ca?ac.’r?:, &OVY kavies (N — 2V NIPH
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WORKSHEET .2 :

Qr_hu_'.c.. owns)

HOV Allevvative : [ 8uvs va\)/

B2 Bus awd ch?oo\ CCchm{ 5;76: 2

HOV Lewath 33 Miles

PEOPOSED _SUPPLY /CAPACITY

*No. of Geveval Purpose Lanes

*No. ot HOV Lawes

- Cﬂ-?ﬂ-“-ﬂ'y, genenl puvpese lanes

* Capacity, toV lanes

* Buses per Hour (i§ exogencusly determived)

EXISTING TRAVEL TIMES --OVER K\CWWAY BouNDED BY KOV LANES

- Automobiles, nonPWOVi’r‘j ; =

i * Avloweobiles, Pﬂavi\-'f eligible €8 o=
= - Buses (#oV ov prievily eligible) £y ™
ExisTING TRAVEL TIMES -~ OFF HIGRWAY BouNDED BY HAY
AU‘\'OMQ‘D lcs non?nof{'y “h-ﬁh = -t;: 2

* Astowmobiles, priovity eligible T. to': = 45 -

e Buses (koY ov Phor’r'f elnglb]e) T -t = t:,; =

HOV PolICY AAND INITVAL CALCULATIONS

+

.4
!
3900 VPR
1500 yry
__ Nk ePn
*
— 60 M
_ 6.0  Min
.2 Min.
LANES
(6.7 Min.
l’é? Min.
16.7 Min.

*Fovmu\n-ﬁ Venicles on auncxa.\ Purpese lanes (Belore ?Cr.‘cd)

woN
\_gv\a’r"'\

g . B2

SGP

x 60 =

t{:omu\os: Vehicles on YoV lanes ("B:-(o"f- ?e.r:oé)
oV Lenaliy )

o B2l
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WORKSKREET 3: Es‘rtﬁhTE TRAVEL TIMES =~ FoRENST Period

BUsES ON OR ELGWBLE To UST KON LANES

B Buses alveady on &ko\[) vse s
C..hc.r..\c./ ’T‘b . To'p . 20.9 Munures

owne

1 Buses will be eligible to Lse "oV, Use:

® pov Lewnsth

Toss
-le - D & g—. O - Minutes

Esbimated Speed ¥

AUTOS ON OR_ELIGIBLE To USE KOV LANEDS

N 2] Adtes o.\vcoiy on KOV, uLse:

./ : i
- foV
Che=X T, = T, = _209 Muwvtes
aone
O Auvtes will be c.[igib[c.{'ousc. HAV, vse:
e, poN Lengkh
| ¢ 3 1
a,
T‘ = E + x0 = Mmutes
SE or E£shimated ':d?ﬂ:r.’.‘
*I{ cshimating speed, Use 50 MPH Unless other data indicates othewnse
O Continued
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\WORKSWKEET 3 (Conkinved)

AUTOS ON GENERAL PURPOSE LANES

T 3 Co.go.c.ijrj Redvckion ov Bus On!\[ HoV Lave

nea '
Check "\":\P = Ts = Mwmutes (i.:.,-?ovr.c.-g-\w (‘.ov&'muv_b

one

o Cu.@act{-f Sawe oawd C.a.v?oo\.s Grawred gf:o-r:-l-y

‘Assome Gree-Clow wikially unless dodn. wdicates otheorwise

EgmMATE Eres-Frow SPEEDS ANO TRAVEL TIMED

Sy = . T wmew
15 .
‘3161 l
s ‘5‘?00
- C(:vl’
<, B
ches TE ST <% st sl= 5 = hA
nea pov Lewnstn "]
o7 + @ ¥ GO - 215 Mmu%‘tf:
7]
SGP
COMPUTE "EULGBWNTY FACTOR
Pa v
LC:P r. o Ve ?:
3161 \*+ +#20%\ O
S v N I € S ) Rl R I
z2
- L° Vn?&
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WORKSHREET 4: ForecasT NonPriceiTy AuTo YoLuMeE

Pa.
= h Pa T‘

A“ ==~ 0.9l -/.053 @__\ + 1.]190 |
N —nP\

= |
-T?a‘?.
Pum g

o

EFCTR
* O \22 ~l.lroz278 _\. 1-0.%3 =058
209 -
iras/v m

2 Jo T

ne=
A‘&_ \Jq

V\wa._: b s l X = 2662 yPRH
H

EVALUATE RESOLTS

O T fovee- How C.ow&\'-‘rfoﬁs‘, pvoceed ‘o Wovksheet §

“TE Bex 2 checked, \fqlitlg"tt Sevvice Level A';Smg{-\‘onﬁ

CoMPUTE Vo:..um—:/ CaPrTy RATIO-- ForecasT FerioD

Vi

CY\P‘:‘-

]

__0.9¢

2900

b[

Contrinucd
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WorkSHEET 4 (Continved)
.‘/.'-\.'f‘
DETERMINE WHRICH CONDITIoN APPLIES
- P
B ¢ VT 2] then,
C-:F’f 4
- = . _432 mew
C.oMgU‘"’ e §5 = — =
()
syl
Check - ,
one =) It S:;p = SGP e_-rw;libm.’n'on achieved, Go to Werksheet 5
Checx TR
ove ! g
o 1t <P 250 Repak with 577, Go 4o Workshet 3,72
i}
i O o v/ =1 P .
Rg?ft.*' Qﬂﬂjyg's wieth T‘nﬁ bqsgé, ow 'QOTGC"('lQ“U M;k‘orﬁ'
" TnPL = -_\-“?k = Miﬂu‘\t‘-}, Redo V\[ar?-S\d““"!r
s
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WORYSKEET 5 -

FoRECAST PrisriTy. AUTo VoLUME

A B For :ﬁ.-t";fma Caxpools or Pviov{"r‘f aurtos with 3 or 4r Pevysons:

3.8 b
§ 7 T _]
sy Ap? —0203 17 AESA [ RS I Y0 [ Dy
oY 5
S o
. T2 T
For existmg Carpools , substitute “Hoy” for "pa’
B. B For priority avtos with 2 persons allowed ovto HOV lavne(s):
2 — —°
T B
A, = -0.203 ~6.7 - +4.8 @ - - to.329
=
s
— _b -
lo I
COMPUTE PRIOGRITY AUTo VOLUME Pa
Pa A g Yo
f-“",
i COMBUTE ToTAL (CARPoOLS ON YOX LANE p ) -
Ho
\," = . [1.0'1‘ E’ZQS!) S ‘ 178 ! — __8:}:{';_ \’PH
CHECK SERVICE LEVEL ASSUMPTIONS
» HA‘
Vl“w BO,[
Cﬂtﬁ -
1500 5
o pay
— L ‘.‘\"f
i g xf "’/cm 2 0.80 , theq wikidd Specd mssw«f[nuws (S, ) are Valid.
one 7
s Vfcm > 0.80, vepeat o.mniysls with S,ﬁoqz _G__D._
- 15
% | ¥ Lv[cﬂ\,j
[chen: 26 S0st b oM n < n e
% : ! \ cal
‘\_,/ HC)TE 3 L VICMY Y ewans 70-%5/ oy 5"‘*"9‘1'3\.( m"f hqi‘- oc qrfva?w.q‘r:.. m— .
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WORKSHEET G : FEORECAST PRIORITY BUS VOLUME

A0 Bus Ounly o HOV Lane (bus supply determaned c.ncloSe,uously)
-r“:»

A= -laor | (]
W

Tb
B. T Bus Ownly on toV Lawne (bus sugply determined erogencusly)
T> -l

Ay = -0.308 D-l. 4+ 0-422 e - Ys | 2
L L

Te Peb
B,

A L

C. O RBuses awd ?;w Pevsow C,a.v?oa\s on HOV Lane

-+ 0'- 435 D
D

L

e A‘o = +0. 227

DR DBuses and 2+ Persewn C.cw?on\s ow YOV Lane
o,

-
TPQ_

Ay = +0.227 + LTI0

CoMPUTE  TRICR\TY BUS VOLUME

{10+-] - __ 685 ppy

T
SJ‘O\( = ___f?i._ - ___2_24*_ B?H CU\(&C&‘S 'E_;o_.g_“wg,‘.\/ Ce,"ftmnnc_D

= BN

(e 37
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WORKSWEET 7 SUMMARY RESULTS

VOLUMES ( Peax-Hour)

* Automabiles, nm?*30f1+)’

¢ Cavpools on WOV Lane(s)

* Buses on HoVN Lone

. Bus Passengers ow HoV Lave(s)

TOTAL TRAVEL TIME (Peax: Kour)

o Automebiles, nmpv:oﬁ*'y
. ch?on\ia on HOV Lane(s)
. Buses ow WOV Lane(s)

< PEEDS (Averace Peax Wovr)

« Geneval Purpose Lave(s)
* Koy Lane (s)
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662 \rd
846 \PH
___22 ®PH
655 PPH
AR ; Min.
20-9 Min.
_20.9 _ Min.
HI1,7  MPH
H7.6 MPH
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TAKE AWAY A LANE

This example uses data from the Southeast Expressway (MA) HOV exper1ment to
111ustrate the use of the worksheets when a general purpose lane is “taken
away" to be used by HOV vehicles. In particular, on May 4, 1977, the inside
lane of a four-lane freeway (3 regular lanes and 1 breakdown lane) was
converted into an HOV (“diamond") lane to be used by buses and 3+ person
carpools. (Strict enforcement of the lane did not begin until October 1977,
however.)

On the worksheets presented here for this example, the reduction in capacity
due to eliminating one general purpose lane is recorded on Worksheet 2 under
"proposed capacity” (i.e., C16P = 5,300, compared to an existing capacity

of 7,000 YPH). The reduction in capacity is.also captured in the computation
of the eligibility factor on Worksheet 3. Since a lane is taken out of
service, travel speeds will continue to operate under the forced-flow
conditions (i.e., service level F).

The remaining worksheets are completed in a relatively straightforward
fashion. The reader should be able to follow the logic of the remaining
calculations that are presented. (The "Technical Supplement” report presents
additional information on the development of the models used in the
worksheets and compares forecasts obtained with the worksheets to actua1
before-and-after data for other HOV sites.)

Below is a summary of the predicted and actual peak hour travel volumes for
the Southeast Expressway HOV Lane Project. :

Actual Yolumes

Mode Before After Predicted Volume
Nonpriority Auto 5,504 4,306 | 3,909 VPH
HOV Carpool ; 388 641 737 YPH
HOV Bus 2,000 2,124 2,124 PPH
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WORKSHEET 1:

T OO0TNTEAS T EAVTESSUWE (U 1/ )
N [

BASELINE TATA

égcc.i@c@ﬂ 0f Twnilal /Befove Data

VOLUMES (Peax- Hour)

* Autowmobiles, nonpviovity

* Autowebiles, priovity eligible
*Cavpools on ROV lawne(s)

* Buses, Friovﬁ-y eligible

* Buses en ftoy |awne(s)

* Bus Fassengevs (Ro\{ or priority d;s:\,k) Vo

* Bus load Facter
* TyucKs

TOTAL TRAVEL TIME (Peac-trour)

« Autowobiles , nonpriovit y

s Avtomobiles, .?r:ovi{ﬁ elksiblc
'C.o«-?oo\s on toY lane(s)

- Buses (oY ov Fy:ov‘.l-f elzglb[c)

SPEEDS (AvERAGE Fear Bour)

- Geneval Povoose Lave (s)
« oV Lave(s) - Cavpools
- HOV Lawne(s) - Buses

EVISTING SUPPLY/CAPAATY

- No. ol Geneval Povgese [Lanes

- No. ot HoV Lanes

® CQQCLL{%‘Y} 9e_ncr°.\ Puvpesc [anes
. Co;?ar.:{-f/ oV kaves

40

N = _550% ey
V{: =__388 vym
Ve = O __ \en
F° - ___ S0 e
g = N/~ BPA
= 2000 PPR
12 = H40. pPB
Vo =__ N/~ ven
-r:?.. - 35— . Mm,
= =_35 Mam
= N/A M
™ = _35. Min.
o= 2L MPH
S, = __NPL__ Men
Sf B NPL MPH
DO
L™ = o
& = _7000 VPR
CY = __ O upH
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WORKSHEET 2 @ HOV POLICY AND (AITIAL CALCULATIONS

(chezr ons)
~ HoV Altevvnative : [ B8us Owl
B2 Bus anmd Covpeol (Qd(?oﬂl Siye: 3 )

HOV Lewadh: 8.0 Miles

PROPOSED _SUPPLY [CAPACITY

D

-1

— 2300 yPu
/1S00  ypH
AN BPW

*No of Geneval Porpose Laves

*Ne. o HOV Lawes

* Cagocity , gener\ puvpese |aves

* Capacity, HoV. laves

* Buses Per Hour (\Q Qﬁ‘OSE“OUSlY J:'!rtml\f\cﬁ)

P"i!‘i P’:I‘l- Q

EXISTING TRAVEL TIMES ~-OVER HKI\CHWAY BooNDED BY ROV L.hNES#
- Avtowmobiles, noapriovity <™ 229 Min
*Avtowobiles, pPriovity eligible t *_22.9 M
“Buses (#oV ov prioviky eligible) ty *_229 Mm

ExisTING TRAVEL TIMES ~~ OEF WIGRWAY BouNDED BY HAY LANES

AU“'@W\Ob lC$ nm?lf\of.{'r “e‘._t‘f‘ - -t’éh? = ’2.{ Mi“_
- Aotewobiles, priovity eligible T. -te = 4% =120 M
e Buses (HO‘J ov pﬂaf{'\f e.lla;b[e) T t: = ‘C‘:ﬁ( = 121 Min.

*Fc“mu\m= I.\{ckide.s own 3e_~m.fu.\ Porpese lanes (Before Peviod)

wov
Lenalthn

't; = x &0 = 22.9  Minuvtes

SGP

%
Formula : Vehicles on YoV lanes (Before ?U:oé)
oV Lensklhy

b C\ v 6O = T Minotss
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WORKSHREET 3 : EsTMATE [RAVEL TImeS —- FOREAST Period

BusEs ON OR EL\GWLE To VST KON LANES

1 Buses alveady on BV, use:
h c.v../ b _ b
%\P:-C T‘ = To = MlHU‘\'C’b

® Buses will be eligible to Lse ROV, Lse:

.t:_& HoV Length
b ¥
T = b 2 L00- 217 Mindtes
"
£shimated Speed ¥

AUTOS ON OR _ELIGIBLE To USE KOV LANES

0 Autes alvesdy on koV, use:

—fa ¥oV
Che=X Y To
one \

& Autos will be eligible fouse ‘AQVJ vse:

i oV Levghh

. @ .

(5o ]

= Mwmutes

xOO = 217 Mmutes

SE or Eshimaled S?eccl‘.

xI{ cskm«hnj Spced, Usc 50 MPH Unless other data indicates othowise

C.o\r\k\nuté.
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WORKSWEET 3 (Conkinued)

AUTOS ON GENERAL PURPOSE LANES

. & Capqci+7 Redvekion ov Bos Ov\l\{ oV Lowne

Checx ___\_!npa\ = T, = 35.0 Mmukes (i.c/-?-ofce_—{—\m Caw‘r\nUQt_)
one i

A Cg_;par.‘.{-;/ Same awnd Co.v‘?oc\.s Gvawred %f.‘ori'!‘f

*Assome Qvee-Llow '\hlkm\\j unless daba wdicates olhenwice

EsMATE FREE- Flow SPEEDS AND TRAVEL TIMES

S?P: g e = o oMPY
v \JJ‘“\’S
L1
[.O +
(=hes
, B
Cheex: TE S‘:’P>S§BJ Set sfP-—. %l = MPH

fa pov Lengthn j

g n
' Totc
s T * |etete v

Mm oS

SGP

COMPUTE “EUG\B\LITY FACTOR'

— Pa

P nPa Peb>

Vo Ve Bo
) |5504) + i&BB\ + 2.0x{50] oan

a




WORKSHEET 4: ForecasT NoxFrioiTy AuTo VoruMeE

—nPa

Fa2.
Ly T

A, = ~O6 -10S3 =AY« Lo X\ _
2D
2 B3

lo "l"'?“"?'

T>

- Pas/y

EFCT

R
ro.2|{ =8 _| | +0278 | vo.qaq\e) =-02

?_fsu,:.,
o

—b

le

T e oA
A“%_ ™ -0.29

A\?ﬂ-

V:‘p" - \lo+ ‘ - _2909 vypH

—_—

.,} ENALUATE REsSOLTS

B T& fowee-Clow cowdilons

, pwceed to Wovksweet 5§
= <
e -
TE Box 2 checked, \InIiAg{'t Sevvice Level ,5\-950&\?5!10713
COMPUTE  VoLuME / CrorcTy RATIO-- ForecasT FerioD
nex
AR W
ke \ \ ‘
' -\l Cc:nlr{Y\\JCA
7
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WoRkSREET 4 (Continved)

DETERMINE WRICH COnNDITioN APPLIES

O =5 V™™ 2] - then

Compte 57 < & = MPH
s
()
uhh/c?r
Check , '
one o ¢ Sf'p = S,"P p C%\::[l‘b\.‘\b“ achieved, Go 4o Werksheet §
Checx
owne

O ¢ \J:w‘/c?' =1 Y tuen,
Repest ca.nn’yqs with '1':'"':"k Lased ow &-'qu_..ﬁ.lw conditions

e = Minohes , Redo Worksheet 4

o
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WORKSHEET 5: FoRECST Prismimy AUTo VOLUME

A & For c.x'\sfmsc_-nx-?ool:. ov priovity aufos with 3% or 4" pevsons:

P —%
) @ L
'-:::k d-ﬁt'z -0.203 =17 _\ + 48 @ - \ = +0.90
oY
o =s] =]

i g o |
FFor cxisig carpools, Substihte THev” Fertpal

B. 1 For priority avtos with 2 persons allowed onto HOV lanels):
a __ b
i T

Am._.__o.zos-(,.'l K____l__\ +4.8 D—l.
R e B

-

= TS -
° la
COMPUTE PRWRITY AUTe VOLUME - Pa
Pa Au?ﬂ.. VO
VTP o] . _7mum
/ COMPUTE _TOTAL carPoolLS ON YOY LAMNE

Poy \)"?k ‘Am :04 -
v, & -@-@.0‘1‘ E) X E}-& = 137 NP®

CRECK SERVICE LENVEL ASSUMPTIONS
» “@J ﬂ"\‘
v Bo,i

V . s M*'@_\ . 0.52
' !c'l\w - \DSOO

c
oy
g 1t V/C“. Z 0.80 2 T \h:\:‘-l E.?-er_l asSOmf 'c\'O‘ﬂ‘» (S\ } are Vulid.

Cheox Y

onge F

Hav
! VICFW > 0.60, Yc.pg.;{- mlysts with S, - Lo <
1+ ["lcnq
r 1 :
Cheek: TE ST "-5:-: set S?w: f = ~ mMed

\:‘ NOTE = =T¢ Vh““ vemamns > 0.95, WoX < tvakesy may nek be c\rfm?v:a.i'c.
_'/ e
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WORKSI-\EET G: FORECAST PRIORITY BUS VOLUME

AU Bus Oui\( ow HOV Lane (bus Su??ir dedermaned c.n:[og&\nausjy)
—b
L,

_ A, = —1.404 _Q_ -
Ll

Tb
B. O Bus Owly onm ®oY Lane (bus supely determined t:.sogf.nous‘y)
R B

Ay = -0.208 D-L +0.422 T
B C

——

¥ g BPeS
c. R Buses awd 3 6V+ Pevsow C-AV?@\S on HOVY Lane
Tﬁ\
o = +0.227 + 0.435 =1t = “+0.062
-re?-.

D. 8© Buses awd 2+ Person Cnv?m\s ovn YOV Lane
- =

Ay = +0.227 + LTI D -

-

CaMPUTE PRIORVTY 'BUS VOLUHt‘.

= (t.o + m _2129  7py
i |
Bf:c"( = ____5__3___ 3 o

L_ﬁ

(U\nl ess E xoy v.v-cus‘-y Tetermm c.«D

4?'"

R e Sk



WORKSREET 7t SUMMARY RESULTS

VOLUMES ( Peax-Hour)

* Automobiles, nm?*iof?+)‘ \I:\PR = 3909 vypH
o C,n.v?ocls. on ROV Lane(s) \le'cNr = 737  \PH
* Buses on RoV Lone ) i =____53 wru
* Bus Passengers on HoV Lanels) i = _ 2124 ppu

TOTAL TRAVEL TIME (Peax-Wour)

» Automobr ‘cs, nmpv:ovll'y -T;h'r‘q s EXW Min.

¢ Carposls on HOV Lane(s) ™ =217 Mia

« Buses ow BON Lane(d) Tk = 287 wia
SPEEDS (Averace Peax Wour)

* Geneval Purpese Lavie(s) g . 21 MPH

* Hov LQV\Q(_ﬁ) S:kw =__ 50  mMPH
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WORKSHEET 1: BASELINE PATA

§Ec.if-icc'x'\'i0'd o§—=:f.ni§&l /Br_ﬁc Pata

VOLUMES (Pene- our)

« Automobiles, nonpviovity

* Autowobiles, priovity eligible
*Carpoo\s on ROV lane(s)

* Buses, ?v;ov1+7 eligible

» Buses on Hoy |ane(s)

* Bus Fassengers (#oV or priovity eligi b't)

* Bus Load Facter
® T\’ch.s

ToTAL TRAVEL TiME (Peac-tkour)

- Actowobiles, nonpriovit ¥

= Automobiles, priovity eligible
'CO.T?OO\S on KoY \ane(s)

- Buses (1Y ov priovity eligi ble)

SPEEDS (AverAcE Foac thour)

. Gene:m\ Povpose Lave(s)
- Kov Lawne(s) —C&v?oa\s
. HO\[ Lawne(s) = Buses

EYISTING SUPPLY/CAPAQTY

* No. o—{: Geneval Povpese Lanes
-No. of HOV Lanes

+ Capecily, genern\ puvpese [anes
-C::;g«.:%—f, oV kaves

50

<
3
It

=
o

i

<
&4
1]

n
L
n

\PH

. yPR

\ PR
BPH
BPA

PPR

yPH

Mw.
M.

Min.

MPR
MPH
MPH

VPR
\IPH




WORKSHE?_-T 2 1 HQY PoLICY AND /NITIAL CALCULATIONS

(cheeons)
HOV Altevvative : [ 8w ol
C0 Bus and Co.v?co\ (an?ml '5.'7c:

#HoV Lewnath: Miles

PROPOSED _SuPPLY /CAPACITY

*No. of Geneyal Porpose Lanes s
*No. ot HOVY Lawies o o=
:Cﬂ-?u‘-ii'y, gmtﬁl ?uv?f?tse- lcmcs ) cf" = VPR
Capgacity, HOV lanes ' & = VPH
* Buses per Hour (i€ excgenously determined) g = BPA
EXISTING TRAEL TIMES -- OVER WH\GHWAY 'éour{DEb BY hov Lmes*
- Automobiles , nonpriarity 1™ = - Miw
* Aotowobiles, Priovity eligible S _ Min.
*Buses (1-!.0\( ovr przo-d\-j e.l:giblc') t:' = Min
ExisTING TRAVEL TIMES -~ OFE BIGUWAY BouNDED BY HAY LANES
e AU'}QMD'C?\.“CS, nmfrs'io%{'f T:P"-t:h = -{::,:“ = Min.
* Avtowobiles, priovity eligible To -ty = £ - Min.
* Buses (HoV or pr:ovt{-y eligivle) T - t: = g% = Min.

*FOM\.-I‘_LQI‘- Venicles on 3e.'ntf=.1 Purpese lanes (Belore ?r.v-'ori)

wov
Lenath

R T A

= =S Min \J*‘rx:S

@
5=

tFawnu\o.: Vehicles on HOV lo'-\nc‘.» (Before Peviod)
woV Lewvakly

_t'o _ \ ] N Q,O - Mimo—=s

L)
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WORKSHEET 3 : ESTWMATE |RAUEL TMES ™" ForecasT Perwod

Buses ON OR ELGBLE To USE KOV LANES

_ /D Buses alveady on g.\o\{) uses
%E:\C:’-K Tv.b = T.b N Minutres

{1 Buses will be eligible to Use WOV, LS

.t? o pov Lensth

.lez D-t- Dx60=.
)

Esbimaded Speed ¥

AUTOS ON OR _ELIG\BLE To USE HOV LANES

O Autes alvesdy on ROV, Use:

Che=X
one

Y, = = Mwotes

0 Actos will be elgible foose WAV, vse:

; pa. woN Lewnsth

x 60 =

L]

SQB or Estimated See-cd.‘

*T{ eskmating Speed, Use

Conk\f\u&&
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e Minutes

= M mU{'t:‘_»

50 MPH Unless other data mc’;a-!'cs othowise

TR



WORKSKEET 3 (conlﬁnucd)

AUTOS ON GENERAL PURPOSE LANES

. Q3 Co»po.r.c-'ry Redvckon ov Bus Owly HOV Lone

' npa
Check ‘\"lhp‘\ = T = Mmutes (i_c,,{-ovr.ugw Cun]ﬁt\UtsD
one

2.0 Capocily Same awnd Carfosls Grawted Priority

‘Assome Lree-Clow '\h'.-\-im\\j unless daka wdicates olherwise

ESTIMATE ErEE- Flow SPEEDS AND TRAVEL TIMES

S.GP: ‘. 6O - Mt
» Gnh voh_\ls B
1% -
[.O +
,_.,_;} Cf’P
.8
Cheew: TF sF 5 <® st 8- 50 = MPH

t':: Bov Lewnath )

_r:!Po. - D " : % GO — MMU"'&%

kP
COMPUTE "EVIG\BILITY FACTOR'
P Pl
i Vel Ve Ba
- T+ r20T]
EHCTR = —— X -
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WORKSHEET 4: ForecasT NowFrrority AuTo VoLuMeE

L
An?m;_ 0.916 —/.053 _Q__\’ + 1.]90 D___ i T
| | ;@’U Ll

—Paz
!

- h?&&su N -V OSO
1

> 84 EFCTR
0, 122 D +0.278 D

s, Vo f-O.cH‘ch_, :
}, 9 (50

- e
v @H Tl = 4= v

EVALUATE RESOLTS

O L& fovee-How covdiXions ; Pvocedd Yo Wovksheet 5

Chec
© TL Box 2 checked, \Jqll"l([!‘t Sevvice Level k;sun?‘-ong
COMPUTE  VolumE / caPacity TRATIO-- ForecasT FerioD
nfa
i S
o~

C.on% wucd
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\WoRkSHEET 4 (Cowtinued)

DeTERMINE WERICH <ConNDITiaN APPUES

O I¢ Ve 2] then,

!
. o . MPH
C.OM?\J*& S. = e s
(1)
Pa
Tde/ard
g o g™ ko achieved, Go Yo Workshect
one o 4 S‘G = 8 E’tu;[,bﬂ_ n achieved, Go s
Checy ,
: = T 1o < £ %7 Repak with 5;77, Go o Werksheeh 3,2
¢

O ¢ V/E =1 the,
ihens
Re?“ﬂr c.nafyqa with T:“?ek based ov -go-rm-ﬂw conditie

* T = 1\ = Hihull‘C$, Redo V‘{’ovKSMCC‘l'Ar
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Check ) A F -0.203 1.7 E _‘ + 4.8 __‘:_ -—l. o

WORKSKEET 5 ForREwsT PrisarTy AuTe VoLUME .

A O For exicting Caxpools ov pPriovity aufos with 3% or 47 pevsons:
-
'T‘R,“ T

owne fae ¢ ' e
[+) o
o\ L L
i — Pu?< -b
"Forc:.is'ﬁvg ca.rpook., 5ub5l:-(!,\,§-c “Hoy" for "pa’ e
B. O Fer priority autos with 2 persons allowed onto BHOVN lawne(s):
b -
Am_ - -0.203 "6.-’ D __l *'4"8 -_.___....D —‘. = ——

[ N

lo

COMPUTE PRWRITY AUTo VOLUME Pa
Za Apa Ye
A (7% | [ e I %
2
COMPUTE  ToTAL CARPoOLS OM YOV LANE
121 HoN ‘
m V‘ AHW VO
e L e ) s v
CRECK SERVICE LEVEL ASSUMPTIONS
3 HoN
V.w Bo,
+
VA H L B
~ L1
; o
Yy
g z$ V/Ch-r‘f ‘:?_0_50 » +then \“‘,ktk s?cc.l a.ss:.myln'ows (5, > arce Valid.
Checx <
one, s
$ kaw > 0.80, Yr.pgd- n.mfysts wity S‘H‘w: ___(.'_o._. i@
El i*[vlcuq
tﬁ-v‘ L] & !
Cheext TE ST 287" gt V= <5 = MPY
i NOTE : <% Ve ay vewawns »0.95,  WoN _sk-u‘ccw may nek be agpvopriate. e
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) YWORKSHEET G: FORECAST PRIORITY BUS VOLUME

A.Ud BRus O\r\l‘f ow HOV Lane (bus SU?QJY de wmed :nc!ojeuws.ly)
< *b =
1y

A, = —-1.404 ___g_. _-[
L1

Tb
B. O Bus Ov\ly on ©oY Laune (bus Sufply determined t.x.ogmw:‘y)
_T‘\, E:h‘(

sy = -o30s| LL | ool B2 .
L L

'Tb B?zS
C. O Buses awd 3+ev+* Peysewn C.a.v?cu\sﬁon Hovy Lone

T A= +O.227 + 0.435 D W,

D. 1 Buses awd 2° Persan Cavposls ow YOV Lanme
y Pa

i 1

Ay = +0.227 + L.TIO D Ll =

L)

-TPQ-
CoMPUTE  PRIOCRITY BUS VOLUME o
ﬁ.\, [
b X i \.\
o (o T T
M

gj‘w _ : 2PN

= ——— el - (L_,\,\lqg E-m-: twaSlY Cﬂ.“‘tm;atl_\/




WORKSREET 7

VOLUMES ( Peax- WoUR)

* Automebiles, nmfviori'!‘y

« C&vyool& on WOV LQHE(S)

* Buses on ROV Lane(®

+ Bus Passengers on HoV Lave(s)

TOTAL TRAVEL TIME (Peax- Bour)

e Automobiles, hmp«".oﬁ{'y
¢ Carposls on KON Lane(s)
» Buses ow WO\ Lane(s)

SPEEDS ( Averace Peax \-\ou&)

« Geneval Purpose Lane(s)
* HOV Lane(s)

58

SUMMARY RESULTS

Moo= Ve
VAR S |
B\““ O it —— BP“
N = PPH
T‘m = Min.
T.R = ' Min.
T‘b = -Min.
8 = MPH

s* - mPd
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Worksheet for ”Predicting Travel Volumes for HOV Priority Treatments”

w8

Based on Charles River Assoclates, April, 1982 Report

Worksheet #1 Worksheet #2
Initlal/Belore Data HOV Policy
V-o-npa 7230 Defn 3
V-o0-pa 240 HOV Lgth 8.99
V-o-hov 0 L-1-gp 4
B-o-peb 30 L-1-hov 1
B-o-hov 0 C-1-gp 7800
V-0-b 1500 C-1-hov 1500
L-o-b 50 B-1-hov 35
V-0-T 0 t1-0-npa 3g’s,
t-0-pa (38.5{
T-o-npa 60 t-o0-b 138.5}
T-0-pa 60 i
T-o0-hov t-off-npa 31.5
T-0-b = 60 t-off-pa l21.5
o t-olf-b 21.5
S-o-gp 14 -
S-0-c Worksheet #3
S-0-b Travel Times
L-o-gp 4 T-1-b
L-o-hov 0 Est Spd 50
C-o-gp 7800 T-1-b 3273
C-o-hov 0 T-1-pa L‘"']
Est Spd 50
: T-1-pa 2.
ForcdFlo T-1-npa ‘ 60} J)
FreeFlo  S-1-gp ' 30,6
ad)std 19.5 4 .13
T-1-npa (d0.1) J¢
ChooseForcdFlo(G31)orFreoi-lo(G34)
T-1-npa 19.1 Jé
S-1-gp D)
EFCTR LL_‘O:\

Worksheet #4

NPA Volume
DLTA-npa 0.078
V-1-npa 7795

If ForcdFlo Goto Wksht &6

Chock vic 0.999‘
If >1,Redo front F38™
w. ForcdFlo

Chk S1gp 30.1
If about 20
Golo 5, If not relle==""
from G33

Workshaet #5
Priority Auto Volume

DLTA-pa

V-1-pa

Check vic

It >.8 reduce spood to
and repeat

If vic>.95 IHOV Daln too high

Worksheot #6: Not Incorporated

Workshest #7
Summary Resulls

1. Volumes (Peak Hour)
Autos, Nonprlority

| Carpools
on HOV Lane

Busas on HOV Lane

2. Total Travel Time on Highway (mlnr

Autos, Nonprlority

HOV Lane

3. Speeds (mph)
Genl Purpose Lanes

HOV Lane

7795

513

35

27.7

10.8

19.5

50




Variable Definitions

* = Calculated by spreadsheet

1. Baseline (Initial/Before) Data

Peak Hour Volumes:
V-o-npa
V-o-pa
V-o-hov
B-o-peb
B-o0-hov
V-o0-b
L-o-b
V-0o-T

Autos, nonpriority, vph

Autos, priority eligible, vph
Carpools on existing HOV Lane, vph
Buses, priority eligible, bph

Buses on exlisting HOV Lane, bph
Bus Passengers per hour, pph

Bus Load Factor, ppb

Trucks, vph

Total Ave Travel Time, door to door, peak hour:

T-o0-npa
T-o-pa
T-o0-hov
T-0-b

Autos, nonprlority, min.

Autos, priority eligible, min.
Carpools on existing HOV lane, min.
Buses, min.

Speeds, average peak hour:

S-0-gp
S-o0-c
-S-0-b

Existing supply/capacit

L-o-gp
L-o0-hov
C-o-gp
C-o-hov

Gen'l purpose lanes, mph
Existing HOV lane, carpools, mph
Existing HOV lanes, buses, mph

y.

Number of gen'l purpose lanes
Number of HOV lanes

Capacity, gen'l purpose lanes, vph
Capacity, HOV lanes, vph

——

2. HOV Policy and Initial Calculations
Defn Proposed carpool definition (people/veh)
HOV Lgth Length of proposed HOV lane

Proposed supply/capacity:

L-1-gp  Number of gen'l purpose lanes:
L-1-hov Number of HOV lanes
C-1-gp  Capacity of gen'l purpose lanes,vph

C-1-hov, Capacity of HOV lanes, vph
B-1-hov  Buses/hr If exogenously determined
Existing Travel Times over hwy bounded by HOV lanes:

t-o-npa  * Autos, nonpriority, min.
t-o-pa * Autos, priority eligible, min.
t-o-b * Buses, min.

Existing Travel Times off hwy bounded by HOV lanes:

t-off-npa * Autos, nonprlority, min,
t-off-pa  * Autos, priority eligible, min.
t-off-b * Buses, min.

3. Travel Time Estimates for forecast period
Buses and autos on or eligible to use HOV lanes:

T-1-b * Buses, min,
T-1-pa  * Autos (carpools), min.
EstSpd  Suggests 50 mph in absense of better data

Autos on general purpose lanes:

T-1-npa * Autos, nonpriority, min.
S-1-gp  * Speed In gen'l purpose lanes
EFCTR  * "Eligibility Factor”

4. Forecast of Nonpriority auto volume
DLTA-npa * Parameter calculated by spreadsheet
v-i-npa * Nonprlority auto forecast, vph
5, Forecast of Priority Auto volume
DLTA-pa * Parameter calculated by spreadsheet
V-1-pa  * Priority auto volume in HOV lane
(= carpools In HOV lane when L-0-hov=0)










