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8.1 Introduction

Managed lanes have been in existence for nedblyears and represent a family of operational
strategies designed to address a wide array of transportatigectives The term itselfaries

from state to stateandmanaged lanesan mean different thingt different stakeholders in

the transportation industry. One key aspect that all managed lane facilities share in common is
active demand and system management. Oftentimes, the development of managed lanes has
come from the realization that high demand existing facilities necessitates the efficient
management of those facilities. This holds especially true in situations where options for
constructing new capacity are limited.

The purpose of this chapter is to provide introduction to the topic omanagedanes ando
serve as a resouraghich incorporates the latest practices, strategies and technologiés.
reader will have an understandimg the appropriate conditions for which to consider managed
lanes, the range of benefits that may be a@xtuo both the system and to users, and tinany
complementary strategies and design tradedffat can impact the performance of the
managed lanes facility

Following this introductory section, background information is provided regarding the context
for considering managed lanes and their relationship to other management and apeahti
treatments for freeways. As managed lanes have different implications at the system, corridor,
and project levels, this section concerning the context for managed laglps the reader

address these implications at the appropriate scale and time of development.

The remainder of the chapter identifies the primary elements of managed lanes, including their
ability to meet freeway management needs. Two conditions aregred for managed lane
strategies: dedicated lanes to be managed, and, corridor management of all lanes. Operational
and design considerations encourage the reader to consider all facets of implementation
concerns. The planning and implementation setiguggests a strategic evaluation of managed
lanes' role in overall freeway system planning. Finally, case studies of different types of
managed lanes as implemented in the U.S. and the U.K. illustrate the challenges and benefits
from managed lane impleemtation.

In suammarythis chapter provides:

e A systematic approach to the development of a managed lane subsysgithin a
freeway management progranmncluding the identification of operational needs and
the application of appropriate strategies

e Asummary and description of various managed lane strategies and technglsgéxsal
issues in design and implementation, and complementary actions for improving
effectiveness

e Insight nto developing and operatinanaged lane subsystems througkamplecase
studies.



8.1.1 Managed Lanes Defined

Various federal and state agencies have customized managed lane definitions to meet their
particular needs Examples are offered in references 1, 2 and\B.definitions, though, contain
these key elements:
o Highway facilities where operational strategies are proactively implemented
¢ Active management to optimize traffic flow and vehicular throughput
e Combination of operational and design actions that meet local and regolility
objectives

Although the definiton of managed lanes varies from oleeale andagency to the next,
managed lanef this manuatan generally be defined &zeway laneshat areset asideand
operated using a variety difked and/or realtime strategiesresponding to local goals and
objectivesthat move traffic more efficiently in those laneés a result, travelers hawgptionsto
traveling on a congested freewajanaged lanes argypicallydifferentiated anddistinct from
traditional freeway lanes lmuse their operations can be actively managed and allowed to
change over time in response to changing neelgommon element in the definitions is
inclusion of a broad range of potential strategies and user grolipsre is also an emphasis on
achievingan enhanced operational condition within the managed lanes, as either explicitly
stated in the definitions (such as freeway efficiency, reduction in congestion, optimized
throughput) or through implicit qualities (such as travel time savings, trip riitighree-flow
speeds, or highetomparablespeeds tharor adjacent general purpose lanes)

From the 1960s to the 1990s, the most prevalent form of mandgeiitieswere High
occupancy Vehicle (HOV) lar{seeFigure )}, although the HOV applicatios only one of many
managed lane approaches that currently exiBtiority treatments for HOVs have proven to be
one of the most flexible, cost effective alternatives $oistaining and in many casiesreasing
the persormoving capacity of congested meprolitan transportation systems¢iowever, he
concept of HOMNly laneshas evolvednto other facilitiesthat offer more choiceand more
flexibility for a wider range of freeway userbhis is evident by the emergence of facilities that
combine HOV and jming strategies by allowing vehicles thikt notmeet minimumpassenger
occupancy requirements to gain access to HOV lanes by payingvaeallcapacity allows

Managed lanefvolve theregulation warning, guidanceand redistributionof traffic to meet
such overall goals as:

e Improve traffic operations

e Facilitate movement of people and goods
e Enhance performance and efficiency

¢ Promote air quality goals

e Improve safety

e Address return on investment
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Figurel: HOV lane on-405, Orange County, iforia

The spectrum of projects that fall within the definition of managed lanes continues to widen as
new combinations of management strategies are employdte followingare several examples

of facility typesthat can be considered managed lanes if they are designed and operated to
preserve enhanced travel conditions:

e HOVianes

e Highoccupancy/Toll (HOTanes

¢ Dynamic boulder lanes

e Expressanes

e Truck lanes

e Interchangebypasdanes (usually transit, HOV uck only)

e Dual roadways in which at least one of the roadways is managed
e Separate express lane tollways constructed within freeways

Many different definitions associated with many of these applications are found in Section 8.3.

Strategies for managg lanes typically fall into one of three categori@hese include vehicle
eligibility restrictions, access control, and priciiige followindist showssome of the common
strategies that fall within this classification

Eligibility
e Occupancy restrictions
e Vehicle type restrictions (e.g., buses, vanpools, taxis, carpools)



Access

Express lanes with limited access
Contraflow lanes

Reversible lanes

Ramp and mainline metering

Pricing
e Decal or sticker registration for use
e Congestion pricing on managed lanes
o Fixed or variable electronic tolling

Activetraffic managemen{ATM) generally represented as traffic control applications that
promote safer and more efficient operatiorcan be used tsupport the above strategies
Examples include:

e Speed advisories drcontrols

¢ Dynamic lane assignment

e Dynamic lard shoulder running

e Dynamic route diversion

Most managed lane implementation incorporatee application ofnultiple management
strategies Figure2 shows the many manifestations of facilities that fall under the broad
definition of managed lanes and how lane management strategies are utilized in their
implementation In almost cases, maged lanes are located within the freeway rigtitway,
2FGSYy 2y GKS STl 2NJ aKAIK ALISSRE lane®RS 2 7F
shoulderlane forshort distances

Pricing
HOT Lanes

HOV Lanes Inco_rporates
Vehicle  Tryck Lane Restrictions n":::;%z'f;i
Eligibility Use of HOV lanes by strategies

other vehicle group

Lane Management Strategy

Access
Control

Increasing complexity with active management e

Figure2: Managed Lane ImplementatioStrategies (3)
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Agencies often combinkane management strategies and applications of variotedligent
transportation systemslTS and traffic control devices to addredsoth safety and operation
needs Examples include:

+ Employing stic signing to notify dversof eligibility to use a dedicated lane and times
indicating when restrictions are in place

e Utilizingoverheadlane control signals and/or changeable message signs to
accommodatehighly directional demandn reversibleor contraflowlanes.

e Employing access treatment and lane separation strategies to manage the speed
differential often associated with managed lanes

¢ Increasing the level gfutomated and orsite monitoring enforcementand incident
response capability to help assure travehd reliability and safe operations.

¢ Implementingvariablepricingthroughelectronic tagshat varytolls by time of day or by
demandto more efficiently utilize lane capacity.

8.1.2 Context for Application

The presence of traffic congestion is a fundamaéprerequisitefor considering many different
congestion management strategies in this Handbook, and for contemplating managedaaes
subsystenin particular While other chapters address specific applications for addressing
recurring and nosfrecurring congestion, the policy framework supporting the consideration and
implementation of managed lanes relies on a need to aggressively manage designated lanes to
an operational threshold that guantees a certain level of travel performance and reliability

The supporting context for this rationale usually includes one or more of the following:

¢ A mobility policy that encourages commute choices, either by changing modes to
ridesharing or transitor willingness to pay a toll or abide by an increasing level of
automatedtraffic management

¢ A need to allocate limited spatial resources to a higher and better level of performance,
at least during hours of greatest demand when congestion is most pravale

¢ An inability to manage the lane(s) or roadway through numaventional strategies
common to freeway operation and adopted traffic management principles.

¢ A willingness to segregate and prioritize some lanes to meet a variety of regional goals,
including improvements in air quality, person and freight movement, and performance.

e Alack of other options for more conventionally expanding capacity among one or more
transportation modes (i.e., managed lar@®vide greagr efficiency, and therefore
usually @e includedwhenthere is insufficient space to meet demand conventionally or
their implementationpostponesthe need for adding capacity

e A desire to flexibly address demand over time due to changing traffic and corridor
conditions, often beyond the reggtive project design year.

e A need for the respective project to cover some of its operation and implementation
cost due largely to limited funding.

Although managed lanes have traditionally been added as new capacity, the concept does not
explicitly require capacity expansiorinstead,the focus of managed lanes isgiceserve a

reliable trip that is viewed as a preferable alternative over congestion that exists in the general
purpose lanesTherefore the correctobjectivefor managed lanes is noecessarilycongestion
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relief, but rather, improved management of congestidnat provides relief to users and nen
users

The rationale of implementation does not suggest that incorporation of managed lanes should
be a stanehlone strategylndeed, the best applications are ones in which managed lanes are an
integral component of a comprehensive congestion management prograomporatingan

array of other treatment@nd strategiesThese treatments may includamp metering, incident
managenent, traffic demand managemenTPOM) such as rideshare promotioand associated
programs that are both complementary and synergistic to overall regiooaility goals For
example, restricted lanes for buses and carpools only make sense and drawrsuiftienage
when parallel programs including transit servicearkandride lotsand rideshare matching are
implemented Ramp and connector metering offers the opportunity to provide bypass lanes for
transit and other rideshare modes to attract demand.

The rationale for application is predicated on an understanding of the specific operational
problem evidenced and forecastto exist The design should not define the operational need
but ratherrespond to theintendedoperation and attempt tdit within the specific corridor
constraints that areften present For example, highly directional congestion (i.e., inbound in
the morning and outbound in the evening) maydmdressedy a variety of different
treatments such as concurrent, reversible or convafoperatiors, and each will require a
different design that may or may not fit within the corriddthepresence of congestion in both
directions during the same daily commute may suggest oblydirectional,concurrent flow
operation(e.g., one dedidad lane operating in each directiois) appropriate Similarly, the
specific operational attributes of homany hourghe managed lane iactive where access is
applied and who can use it are determined in successive levelsatfatingthe observedand
forecastoperational problens.

In order to build a case for managed landgs approach suggests the following questions are
answered in the order presented:

First: Are prerequisiteperational needs for managed lanes evidenced?
¢ Isregular and recuing congestion present or foreca®tr whichan alternative lane
or roadwaycan provide a meaningful benefitpfovided?
¢ Is there enough demand for any type of managed lane?
e Are therepotentialways of implementing a managed lane without adversely
affecting thedesign omperation of other freeway lanés

Second: What types of managed laperations and designare most appropriate?

e When is demand evidenced and in what directions?

e What are unique user origidestination need$oth within the corridor ad
regionally as reflected from otheprograms angolicies related to transit,
ridesharing and potentiallgnixed traffic ortrucking interests?

e What are the operational and design attributes that need to be accounted for?

¢ What other freeway management stiegies are in place or plannditat managed
lanes could benefit from or be complementary with



Third: How will managed lanes be implemented and what will be the impac®& and in
the future?

¢ What is the specific design and its impact on the exigtinglanned roadway?

e What are the operational attribute.g.,hours of operationdirectionality, user
requirements and business rul@s

e How will the lanes be enforced?

e What role shouldeach of the managemerstrategies(i.e., eligibility, access and
pricing play?

e What are costs and benefits associated with specific operation strategy and
design?

e What are environmentahipacts and benefits?

e What partnersshould sponsor, fundmplement operate, maintain and enforée

e What consistencyconnectivityand phasing issues arise at a corridor or system
level?

¢ What are corridor and regiondkenefits andmpactson traffic, other modes,
mobility, safetyetc.?

¢ What are the comlementarycomponents that comprise the managed lane and
congestion management progm?

¢ What locallyspecific issues need to be accounted for?

¢ Does the identified concept have public and political support?

These questions typically are addressed in a study of conaleasibility, and refined in the
course of the project development peess if feasibility is found favorabléthe core principles
supporting any type of managed lane are not in evidence, themlaiening and development
process may stop at each of the successive stages outMaeibus checklists have been
developed baed on HOV and HOT lane guidance documents that offer further clarity in the
performance of managed lane feasibilignd these may be tailored to a specific geographic
context(4).

8.1.3 Anticipated Benefits

Managed lanes address problems similar to those specified for other fremaaggement
subsystems. These include excessive peak period demand thasiestoingestion, lack of trip
reliability associated with recurring congestion and crashes, and excessive vehicle emissions
emanating from stopped traffic that degrade the air quality of a regionr& hee otherspecific
benefits thatmanaged lanesan provide including

e Provide more mobility options: Implementing a lane or roadway and managing its use
to maintain freeflow operationfor some users

e Promote and sustain transit service: Dedicating lanes to transit and supporting facilities
along the corrido that give transipatronsa travel advantage over other modes.

¢ Reduce dependence on single occupant travel by promoting ridesharing: Allowing high
occupancy vehicles (HOVs) to be eligible users on the managed lane, and providing
ridematching services angark-and-ride lots that encourage ridesharing.

e Enhancedravelreliability: Operating the managed lane to a héglevel of service by
greater investment in IT8nforcement, maintenancend incident management
services



e Address air quality: Giving preénce tolow emitting vehiclesrideshare and transit
modes thatencourage greatefuel efficiency andehicle occupanciesith
commensurate reduction in single occupamticletravel.

e Improve safety: Separating the managed lane from adjacent traffipemdding
separate dedicated access treatments

e Enhance trucking and commerce: Dedicating lanes for trucking operatiwheffering a
preferential level of service to these users

e Augment transportation funding: Pricing managed lanes to both manageafholw
generate revenue

e Improve user information: Through dynamic signing anddwvabed information,
allowing users to make informed choices about which alternate lane or roadway to take,
and what benefits (i.etravel times) are gained from those choices

e Expand throughput: Maximizing vehicle and/or person thrqugtby establishing
policies thateffectivelyaddress corridor needs

¢ Reduce travel delajlanaged lanes have the ability to reduce delay without adding
capacity

o Generate revenue: to cover ingrhentation and higher relative costs of operating,
enforcing and maintaining managed lanes.

8.1.4 Local and Stakeholder Considerations

A key consideration in the initial examination of managed lane opportunities is the requisite
understandingpf the local institutional environment antthe identification ofkeystakeholders.

The institutional environment includecknowledgment of whatan realistically beerformed

in the realm of managed lasgthe receptivity to innovation and new ways of doibgsiness,
the willingness tasponsor andnvest in managed lane solutions, anolw local laws and
regulations may impadhe waymanaged lanesan be operated and enforcedo properly
perform a needs analysis and complete a concept of operatietermindion, the stakeholders
or potential partners inmplementing, operating, and maintaining the managed lamesst be
identified. Ultimately a consensuss reached as tavhat the project orsystem willaddress and
how it shouldoperate.Some lane managemerstrategies require legislation and enforcement
to implement.

Stakeholders involved in managed lanes will vary depending on the identified problems and
treatments but will likely include:

o Federal, smate, regionaland locadepartments of transportation (D).

e State and local law enforcement agencigth current roles on the affected roadways
e Metropolitan Planning Organizations (MPOSs)

e Police agencies

e Transitandrideshareagencies.

e Public:elected officialsadvocacies, affected communities and neighimds

e Private partners as part of Public Private Partnerships (PPP).

After identifying theaffectedstakeholders, a consensus about the problems and need for
solutionsis developed. Early on, it equallycritical to establish support from elected officials

8



and the general public for managed lane concepts. This is particularly impéotananaged

lane concepts that may not affect aflotorists equally by the actions that may be implemented
such as eligibty restrictions, tolls and changes in accesdternatives that adversely impact
some motorists to the advantage of other motorists have typicadigded a greater level of
specificity and investigation of how impacts are mitigated and otherwise ageldeslternatives
that involvetolling havecommonlymet resistanceand need to be fully and transparently vetted
with affected agencies and stakeholdeFiese alternativetypicallyrequire more public
outreach and political interaction among the stakddhars to ensure that they wille accepted
andprove successful if implemented.

8.2 Determining Operational Needs

8.2.1 Demand

The most important prerequisite condition necessary for managed tlereand to materializés

the presence of recurring traffcongestion Managed lanes are by definition a congestion
management strategy and have benefits that ardy fully realized in the context of frequent

traffic congestiorthat causes significant travel time delaysd uncertainty over trip time

reliability. Although there is no broadly accepted definition of what constitutes traffic
congestioncongestionis generally identified astareakdown in the flow of traffianda

reduction invehicle speedsaused by traffic demand approaching or exceedivgilable
roadwaycapacity These situations generally correspond to a level of service (LOS) of D or worse
and average travel speeds of 30 mph or Jedthough this does not mean that other scenarios

are not suitable for managed lane strategiés common expecti#on for managed lanes applied
along a corridor is that they will generate about a half minute of travel time savings per mile

(i.e., they can be managed to operate at about 60 mph if adjacent lanes are operating at 30 mph
or less)

Demand for a singldedicated lane needs to meet two threshalds

1. Enoughneafl SN a2LISyAy3a &SIFNE YAYAYdzY RSYlYR
acceptanceand
2. Demand for the longeterm shouldbe present to justifmplementation

The thresholds for demand can vary lmncept and by the two timelines indicatelhitial

demand needs to be sufficient to make the lane adequately utilized, or general traffic will
attempt to enter and violate lane restrictionBublic support from the appearance of a near
empty lane can advsely affect supportLonger term, demand needs to be present at a rate

that meets project goald-or example, if a goal is moving more people in the lane than a general
purpose lane at capacity, then the longer term demand threshold would be enough $breca
HOVs to accomplish this revenue goal for pricing might be meeting a demand threshold that
more than breaks even by a given yéag., the cost to operate and maintain pricing
infrastructureis equato or less than the revenue generatdéijhe proS O Q& 3I2F+ f A &
mobility and lane efficiency
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Thespecific characteristics of the traffic demand that exists in a corridor are particularly
important when considering managed lane strategi€saffic demandn urbanroadways is
typicallyvariable and changedepending on the timef day, day of the week, antly seasonlt

is common for demanad some radial corridor® be highly directionalwith demand for
facilities leading int@ central business district oftdseinghighest in the maning peak periods
and demand for outbound directiorseinghighest in the afternoon periodghese patterns
cause an imbalance of dematitht require solutions that are flexible in their ability to
accommodatevariable and directional traffic volumeRouges that connecsuburban trips may
exhibit bidirectional demand and be congested for more prolonged periods, so the selected
concept needs to recognize thlBemand may exist for one particular mode, say transit for a
radial corridor, and not for anotheEach type of demand should be separately analyzed, even if
they will share the managed larfacility.

Cther traveldemand attributes also serve as critefia determining which managed lane
strategies may be appropriate for a given corridfite originand desthation patterns of
vehicles wilinform the appropriate design and operational components for a manageddade
determine whether enough of the demand has common trip characterisfibés attribute is
particularly critical for managed lanes sirntbé concept does not work well for frequent
entering and exihg movements unless the treatment can be safely applied to right side
shoulders A vast majority of concepts are located on the left side of the roadway next to the
median and typically sendenger distance trip patternsasmost managed landrategies
involving dedicated lanequire that triplengths bdong enougho guaranteesufficient and
reliable travel time savings to encouraggatialchange modal shiftsor toll paying customers
Also, the ability to efficientlyhandle weavingn and out of a managed lane with minimal
disruption can be compromised by the need to provide frequent access points to serve short
distance tripsThe level of transit and HOV damd must also be taken intmnsideration,
particularly ifagoal is to providdenefitsfor these modes

8.2.2 Capacity

The primary impetus causing metropolitan areas to consider managed lanes is the inability to
alleviate current or projected congestion through traditional capatitprovements, whether

due to insufficient funding sources, lack of available rigfavay, environmental concerns,
limitations on the ability to employ more aggressive traffic constedtegies, oother reasons
When these constraints exist, the neasirhanage demand to ensure maximum utilization of
limited capacity becomes important

Managing demandoes notmean allowing the lane to reach its vehicle carrying capadihe

capacity a single directional lane can catogs nd assure travel réhbility as the flow rates

become unstable at this point, and speeds and throughput can suddenly deteriorate. This value

varies ands affected by the vehicle mix, road geometry, prevailing conditions and a variety of

other factors, aslefined in theHighway Capacity Manual (HCNihis value is the observed

maximum vehicle carrying capacity and cannot be sustained to preserve speed and operational
reliability. Managing flow below capacity can better assure travel benefitsgoing research

sponsoredoy NCHRP is defining the appropriate values associated with difier@maged flow

ratesLy (GKS YSIFy(dAYSs (GKS aNMHzZ S 27F ( Kdaviandgedd | NR 2 dza
flow threshold ofapproximatelyl600 to 160 vehicleshour/lane (vphpl) for a shgle managed
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lane assuming a vehicle mix composed largely of passenger cars, some buses and no heavy
trucks This value generally supportenditions corresponding thOS C or better for most
conditions Observed maximum flow rates on geometrically rietéd HOV lanes typically range
from 1500 vplpl to 1750 vplpl. Multi-lane treatments may obtain somewhat higher values
approachindgl700 to1900vphplsince there is less friction in flow and no constraints caused by
the slowest moving vehicleA single maaged lane that is access restricted from other lanes is
subject to flow rates governed by the slowest moving vehicle, so the observed capacity in this
lane is always lower than would be associated with the adjacent freeway lgimedly, the
applicationof certain management strategies across all lanes of traffic, including active traffic
management, volume metering, and access controls, may affect the managed flow rates of not
only the managed lanes but also general purpose lanes.

Managing vehicle demamiiSt 26 ¢ KIF G GKS Lzt A0 asSSa la afSaa
and deserves special considerati@ertainly HOV goals of moving more people than vehicles

(resulting in lanes that look empty but still camore people than if they were opened td)a

and preserving future vehicle carrying capacity on a lane by not trying to fill it up has presented

difficulty in sustaining public and political suppoitiowing other traffic toaccessuch facilities

by adding congestion pricing has beenommorresponseMore fundamentally, the illusion

presented to motorists that a managed lane is not being fully utilized if not full represents an

ongoing education and outreach need, in which the value of performance monitoring becomes

key. Figure3 below providesa good exampleThedualmanaged lanes on the left are moving

Y2NB @GSKAOfSAa GKIYy GKS 3ISYySNIf LzNLJ aadd f I ySa OF c
they are moving this flow at a much higher average spétmvever the publicmaysee the left

roadway adeingable to move more vehicles than it currentlyAdlowing more vehiclesnto

the managed lanessks a substantial degradation in LL@8 the operates manage and price

the lanes to achieve the highest flow rate without allowing it to degrddes public perception

component associated with managed lanes also needs to be managed with proper awareness

and transparency of available data.

8.2.3 Corridor and System Context

Congestion management strategies in general, and managed lanes in particular, are strategies
that may be only appropriate at a corridor level in a region where congestion is limited in
RdzNJ GA2y FyR SEGSY( 2 ynlargeSaredtBiReleraffiocongésid® B o & & & & (
systemic to the freeway network and may regularly recur for many hours, a regional context to
determining operational
needs may be appropriate
Regional considerations for
managed lanes may be
associated with maaged lane
systems, whereby a network
LOS F=1400 of managed lanes attempt to
vph/lane at 25  serve markets that may utilize
mph multiple corridors.

LOS €=1600 vph/lane at 60 mph

Figure3: Comparison of Flow Rates on SR 91, Orange County, California
(courtesy of Orange Couniyansportation Authority) 11



Whether at the corridor osystemlevel, managed lanes need to address specific travel patterns
and user groupsThe specific operation and desighould provideopportunities to create new
capacity to manage without significaatlversities to existing traffic operationRegardless of

the corridor orsystemfocus, the policy context in which congestion management strategies are
being considered and implemented nedtd be examined holistically, so that they can
complement one anther. For example, local ramp metering, incident management and a
variety of other strategies for general purpose lanes can work harmoniously with managed
lanes, but each strategy serves a different set of ne€gpically strategies to improve overall
traffic flow have been implemented before managed lanes are considered, and often managed
flrySa FNB (GKS aGNIGiS3e 2F daf I anaccepldevbldfé oKSy Al
travel for all freeway userd\ggressively managing lanes through cohtf who uses them, how
access is afforded to them, and employing tollsédp regulate demand represents a quantum
jump in methods to regulate flow so as to maintaireiablelevel of serviceThesystem

context must take into account support firese steps in locally accepted policies, concurrently
address demand management strategies to get more effective use out of a managedridne,
assure that the rules and regtians can be safgland effectively enforced he flexibility of

usingall appopriate management tools and understanding the market needs and corridor
opportunities and challenges helps frame the appropriat@naged lanatrategy.

Another common objectiveften statedat acorridor, systemor regionallevel isconsistency

The apfication of consistency has potentially different interpretations including design,
operation,regulations andusiness rules, etHistorically, HOV lane design standards have
generallybeen consistent in some regions like Los Angétéeenix Houston andhe Bay Area

but not in othersas different projects have been implemente8ince the vast majority of HOV
lane users are repeat commuters, few elements of consistency have posed safety or operational
challenges to any of the affected regmrbut as more projects emerge that address a wider
range of potential users, consistenfoy such topics as selection of toll transponders and signing
becomes increasingly importanfonsistency should be attempted where possible so tleat
customers cabecome familiar with managed lan€khis means that different jurisdictions
sponsoring projectm the same regiothat may prefer variances in the design, operation and
identifying elements of their projects shoupdirtner andstrive to meet a common agpach
Converselyuniquecorridor design constraints and operating needs may justify different types
of managed lane treatments for the same region, and perhaps even within the same corridor
Experience has shown that operational safety is not compromisathking these prudent
trade-offs.

Parameters typically influencing the specific choice of operation and design include:

1. The regional policy context: Is this the only managed lane project or are others needed
or operating in a region? How do marketjuirementsvary from one corridor to
another?

2. System connections: Will managed lane projects be enhanced by connections to one
another? Will the extra cost of providing direct connections be supported by significant
demand?

3. Freeway management versus individual dedicated lane management: Have strategies
to improve mobility to all commuters or freeway users been exhausted with mobility
still lacking? Are trip patterns supportive of mutiodal demand management
strategies?

12



Directionality: Is the observed congestion problems only prevalent in the peak direction,
or in both directions?

Duration: Is the observed congestion problem only limited to a finite number of hours in
the typical peak commute periods, or does congesf{i@turrent and norrecurrent)

exist or be forecast to exist for longer durations throughout many of the daylight hours
along a given corridor, and is congestion isolated to bottlenecks or systemic along the

corridor?

6. Market: What markets need mobility ief? Whatarethe most important
transportation markets for the corridor and region?

7. ITS roles: Have various ITS strategies been demonstrated to improve traffic before
moving forward with managed lanes? An expanded companion investment in ITS is
likely o be neededvith mostmanaged lang

8.3 Managed Lane Strategies - An Expanding Universe of Options

Historically, managed lane implementation in the US and Canada has involved setting aside a

dedicated lane or lanes, at least during the respective peakhuater period, and restricting use
to accomplish desired mobility goala Europemore aggressive lane management is practiced
on the entire freeway to achieve these same goals for an expanded number of Betrs
approaches have distinct advantages amavebacks from a safety, performanaad
implementation perspective (s€Eablel).

Tablel: Advantages and Disadvantages of Dedicated Lane@adidor Management

Approach

Advantages

Disadvantages

Dedicated Lanes

Limited impact to traffie-
reserves only a small portion ¢
the roadway to aggressively
manage use, and assumes all
other lanes may experience
congestion regardless of other
strategiesapplied

Keeps at least one lane

2 LISNI G A yHEf 24ié ¢
congested periods

Speed differential between segregate
traffic streams which often requires
physical separation

Not all users can benefit given the
limited capacity provided

ManagingAll Lanes

Achieves improved mobility
benefits for all users

Lower cost than adding new
lane capacity

Requires greater management
restrictions (such as more restrictive
metering and speed management) an
still does not assure a breakdown in
LOS during peak demd periods

Can be costly and requires a dedicate
and ongoing operationmaintenance
and enforcement program

Dedicated lane and corridor management strategias be complementary on a given freeway
or region as exhibited most recently in Minapolison I-35W. Specific applications can address

mobility from a number of perspectiveBiscussions and examples of each of these approaches

are provided in the folloimg subsections.
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8.3.1 Dedicated Lanes

As presented earlierhe primarystrategiesused to maage demand on dedicated lane facilities
generally fall into one of three categories: eligibility, access, anthgriEach of these
strategiesand example lane treatmenis described belowDefinitions are highlighted in
Section 8.3.2.1.

8.3.1.1 Eligibility

One of the most commonly usdane management toolfor the past 40 yearis restrictinguse
based on vehicleligibility. Eligibility can be defined in terms of vehicle type (i.e. buses, trucks,
motorcycles, or hybrids) or by the number of apants in a passenger vele, such as two or
more HOV2+ ) or three or moreHOV3+ ) in a vehicleThe latter definitiorrepresentsthe vast
majority of managed lanes found in the US and Camadgh-occupancy vehicle (HOV) lanes
The selection of a tee eligibility policyrequires carefulanalysis taensure thatrestricted use will
result insufficientutilization of the managed laner a benefit for users that justifighe
restrictions One of the goals ofehicle eligibility restrictions is to encage the use of transit or
other highoccupancy modes, or modes that place less of a burden on the transportation system
or the environment, such as motorcycles and hyhridss is accomplished by providing priority
treatment for eligible vehiclegartiaularly during congested peak perigdglowing these
vehicles to enjoy travel time savings and more predictable travel tilk@such, reasures of
utilizationandof the benefitsrealized fromeligibility restrictionsshouldbe expresseih a way

to determine whether specific goals of the lane management strategy are being achidwe=g
measures typically include, but are not limited to:

e person throughput

e average number of persons per vehicle
e travel time savings

e average speeds

o level of servicdor transit operationsand
e air qualityimpacts

A further componenbf eligibility restrictions isvhether they areput into effect parttime or
full-time. The ability to control restriction by timeof-day preserves managed lane capacity
during peak priods and makes it available to all users during other peribdis added

flexibility can help ensure that conditions on the managed lane are maintained according to a
specified set of sindards when demand is at its highest by allowing eligibility ic&ins to go

into effect during such period®erhaps just as importantly, lifting eligibility restrictions during
non-peak periods opens up otherwise unutilized capacity ttraffic and potentially avoids
situations wherecriticismis leviedtowardsa policy thatdoes not make sense in naongested
periods

The following are examples of manadade strategies involving eligibility restrictions.
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HOVLanes

High-occupancy vehicle (HOV) lanes provide preferential treatment for transit, vanpools,
carpools, and other designated vehiclestyyyicallydedicating dane orportion of theroadway
for their exclusive uséseeFigured). The primary goal of HOV lagis to increase th@eople
moving capacity of a corridor and allow for more efficient use of freesgyiscreasing the
number of occupants per vehicl€his is accomghed byproviding travel time savings and
reliability for high occupancy modes tocentivizecarpooling and the use of transit

Figured: Example of HOV Lanes in Virgir{@ourtesy Virginia DOT)

HOV lanesire present ormore than 120MNorth Americarfreewayroute-miles Figureb), and

are by far the most common form of managed lake dedication of lang®r exclusiveuse by
busestrucks, or otherspecificvehicle types is less common as these vehicles typically do not
constitute a large enougtdemand omercentage of the traffic stream during significant portions
of the day to warrant a dedicated lan&ll HOV lanesiccommodatébuses, and sometimes other
vehicles such as motorcycles and hybrids since the combined demand of each of these modes
can usuallype accommdatedby a single laneThevast majorityof HOV laneare restricted to

two or more occupants per vehicle, and tpisctice has been prevalent for many yedfgj(ire

6).

The majority of HOV facilities exist as single lanes that are concurrent with adjacent general
purpose freeway lane$-{gure4 above. Most commonly, HOV lanes are separated from mixed
use lanes by a painted stripe or buffer, although some are separated bys&ahyarrier, either
fixed or moveableDepending on the design, H@Ahes may have continuous access to
concurrent flow lanegpreviousFigure4) or traffic may ony be able to enter and exit at
designated access locatio(fSgure7). Some HOV lanes are reversible to serve directional
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demands at different times of the day; tre$acilities are separated bypgrmanentbarrier and
are accessed via exclusive ranfpgyure 8). Contraflow HOV lanes borrow anrpeffik direction
lane for peak commute purposes, and they use placement of pylons or moveable barriers to
safely segregatereoming traffic flow Figure8). (Desigrreatments used for HOV and other
managed lanes are covered laterSection 8.5)
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Figure8: Examples of Reversible (tgfand Contraflow HOV Lanes (right)

Eligibilityrestrictionsserve aghe primary means to managaneHOV langerformance The
policiesthat guide these restrictionsan be modified in several ways to make the H&Wé
operate more efficiently Eligibility can be varied by time of day and within the peak pefod
example, 110 in Los Angelesnce operationalwill restrict use to HOB+and priced vehicles in
the peak hours and HQ4and priced users in the offeak periodsSome lanes are restricted
to exclusive use by buses (see next section on buswdgsjever, nanyHOV lanes allow other
eligible vehicles including motorcyclegrtified hybrid or alternative fuel vehicles

The performance of an HOV kis governed by nmy factors Theseinclude:

e length of facility

e design;

e accessnd other desigreatments

e rates of HOV violatics)

e presence ofind coordination withransit srvices;

e availability ofsupport facilities such gsark-and-ride lotssupporting the dferent
modes; and
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e supporting programs and services including rideshare matching, preferential parking
and related services

Experience with DV lanes around the country has generatlipwn them to bean effective

strategy toprovidetraffic congestiorrelief when other options are not feasibla have already

been implementedEffective HOV lane operations provide greater person throughput volumes
than adjacent general purpose lanétowever, since these lanes are managed to have less

actual vehicle volume than other lanes at capacity, they are often perceived as being
underutilitized by the publit KS G SN)XY aSYLJié flFyS a@8yRNRBYSE NBTFSN
underutilization of HOV lanam heavily congested corridors leads to public criticismi998 a
20-mile segment of HOV lanes opened €28l in New Jerseynderutilization of the lanes

during peak periods caused such a negative drop in public opinion that the governor announced
the elimination of the HOV lanesn this and a nearby successful corridarsurvey of HOV

operators revealed that underutilization is a common issue that has resulted in policy changes
across the countrys).

Fixed eligibility restrictions do not always work well in dynamic settings where lane utilization
cannot be fully managed in real tim&or this reason other tools are increasingly being applied
in conjunction with eligibility to gain improved effectiveness in lane performarta/
performance issues such as underutilization have traditionally been addressed by changes in
occupancy requirements and hours of operatidtiowever, banges in occupagaequirements
canresult in dramatic outcomes fgrerformance These changes often do not allow for the
optimal redistribution of road capacity and can cause HOV facilities to operate at conditions that
are less than ideakven if they are meeting or egeding person movement goakss an

example, he reversible HOV lane on th&0 Katy Freewayin Houstorwasoriginallyrestricted

to buses and vanpools when it opened in 1984 response tdhe appearance of
underutilization,registeredcarpoolscartying a decalvere also permitted to use the facilitfhe
occupancy requirements for carpools started at HB\Mn 1985, but were soon dropped to HOV
2+ in 1986without the registrationprocess By 1998 high traffic volumes during the morning
peak periods were causing conditions on the HOV lane to deterioratajrsmum occupancy
requirements were raisetb HOV3+ during the peak hourémmediately after the conversion to
HOV3+, the total mornig peak volumes on the lane dropped 62 percégdving the lanes once
againunderutilized ).

The breadth of the HOV topic is far too great todogered in detail in this Handbogso the
following guidancereferences are provided for additional information:

e FHWAttp://www.ops.fhwa.dot.gov/freewaymgmt/hov.htm

e NCHRP Report 41gublishel 1998)

e HOV Boled Fund Sudy: http://hovpfs.ops.fhwa.dot.gov/

e ¢CNIYALRNIFGAZ2ZY wSaSINOK . 2FNRQa /2YYAGGSS 2y
http://www.hovworld.com/

e Transit ©operative Research Program Report 95: Chapter 2

L1 {1 ¢hQa& D dakdrgancy \ZNdlelFacHtigaiblished 2003)
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Bus Lanes

The HOV concept first manifested itself in the fornabls-only freeway laneThe first HOV

lane implemented in the United States wihg 495 Express Bus Laf¥BL ppproaching the
Lincoln Tunnel in northern New Jersey in 1@egure9). This lane borrowed an offeak

direction lane for busnly use, and today still moves more passengers per hour than any other
bus corridor in the nation(See case study at the end of this chapter for more informatiéigo

in 1969 an interinbus-only lanewas opened through a construction work zomethe Shirley
Highway @395)in northern Virginia neawashington D.QFigure9). This project served such a
high volume of buses thatwhen the corridor reconstruction was completed, dual express lanes
were opened and restricted to buse$he term busway isommonlyusedto refer tofacilities

that are reserved for exclusive use by bugebuslane, more commonlyocated on a major
arterial or roadway on separate rigbf-way, isusually a component of a Bus Rapid Transit (BRT)
system and as a result the terrhaslane, busway, and BRife sometimes used synonymously
However, therasadistinction between danededicated to exclusive use by busesl BRT,

which may include various operational improvemeatsl station design features provide

high quality service foexpressbus trips The type of service may also be substantially different,
focused on limitegexpress stops enroute or poltd-point nonstopservice.

Figure9: Early BugOnly Lanes on Freeways in the US
Route 495 XB(left) andI-395Shirley Highway Interim Bus Lariguring Construction (right)
(right photo courtesyf Northern Virginia Transportation Commission)

Busoperation needs today are normally addressed and integrated into ld@&g on freeway
corridors that experience high levels of congestion hade highuse orpotential forbustransit
servicesThe purpee ofbus lanes and supporting facilities (e.g., transit stations,-packride
lots and direct access treatmenis)to providemorereliablebus service by cutting down the
delay that buses would have to otherwise incur in congested trdffereby inceasing service
efficiency by allowing more peak trips by the same bus and providing patrons a fastBusip
laneson freeway corridors are usualhared with HOVs and other designated vehisliase
buses generally use little capacifyn exanple is te I-110Harbor Transitway that carries buses
and HOW2+ vehicles in the mediaof the freeway Thee are six bus stations along the
Transitwaythat servemanybus routes including a BRdute. Although the Transitwagerves all
types of HOVs and will soamcorporatesolo vehicle pricingt includesseveral ectionswhere
busonly lanes and separate roadwawyo stationsfor busesexist Houston has a similar
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approach to serving expressistransit on revesible HOV laneand express toll lanesith
direct access ramps connecting stations and aréride lots.

The use of freewasight side breakdowshouldes by buses is permitted in several stat€se
Minneapolis/St. Paul metropolitan area has the mibgs-only shouldes in thecountry (Figure

10). Early implementatioaof busonly use ofshoulders in the region were limited to arterial
roads, butthe concept wasoon expandedo freeways after they wereshown to besafe and
hugely successfuhs of 2006, there were 27usonly shoulder milesn freewaysn the
Minneapdis/St. Paul metropolitan areg®). The Minnesotd>OThas instituted a series of
guidelines that goverthe use of freeway shoulders tyises These guidelines allow buses to
use the shoulder only when mainline speeds ars than 35 mph and prohibit buses from
exceeding the speed of adjacent traffic by more than 15 mph, up to a maximum speed of 35
mph.

Figurel0: Bus on Shoulder Lan#Minneapolis Minnesota(courtesy Minnesota DOT)
Truck Lanes

The goals of various forms of truck lanes are to improve traffic operatonsafety, and
facilitate the flow of goods7). Truck lanes fall into the following categories:

e Lane restriction®n existing mixed use lanes
e Separatechnd dedicatedoadways

e Interchange bypass lanes

e Climbing lanes
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Lane restrictionsypically prohibit trucks from using the far left lanéa freeway At leastthree
travel lanes are normally needed to implement lane restrictidviany stateshaveadopted this
type of lane restriction becausepromotes a more orderly mix of traffic artdereby improves
throughput, increases sight distance in leftmost lanes, generally improves safety, and still
permits the orderly movement dfucks. Lane restrictions through construction zones are used
to move the trucks away from workers and frdeftmost lanesthat may be narrower than
outside lanesSometimedruck restrictions are implemented on entire corridors to limit trucks
by weight, number of axles, or to completely prohibit them from using a corriekample

signing is shown iRigurell.

Figurell: Example Signing for Truck Restrictions

Separated roadwaylr trucks are less commorOneexample is the New Jersey Turnpittes
northern portion ofwhich features completely separateial roadways, one reserved for
passenger cars only, and the other open to both commercial anecoormercial trafficAccess
ramps are provided to both roadwa at major interchange$igurel2). Light trucks are
considered as eligible vehicles on soH®BV lanes they carry the requisite persons.eRtrided
geometrics on many existirgpncurrent leftmost mediatanes limit opportunities to serve large
commercial trucksand sight distance and other freeway lane prohibitions typically mean these
vehicles cannot use leftmost lane treatments unless a separsdway is provided with a
minimum of two travel lanes

Dedicated roadwayor trucks arebeing studied and in at least several cagesposed, but no
freeway examples currently exist the USThere are truck lanesn European motorways
leading in andbut of the ports in Rotterdam in the Netherlandslissouri is currently
considering usindedicated roadways for trucks d+¥0 across the state, and sevetalS port
cities are examining truck lanes and roadways.
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Figurel2: New Jersey Turnpike Dual Roadways Segregating Truck Movenfeotstesy New Jersey
Turnpike Authority)

Climbing lanefor truckstypically are built to improveafeoperations on grades by separating
slow moving heavy vehicles from the rest of traffic. Jdh&anes have become a common
practice and AASHT®) (provides established criteria.

Interchange bypass lanésr truckshave been implemented in Southern California and Portland,
Oregonto improve safety byoutingtrucks around a majointerchange typically containing left
hand rampsThs design approacimprovesthe merge condition affectingaffic operations at

the interchange Similar ramp options are provided for trucks on this separate roadway system
as are provided for the mainlanes.

8.3.1.2 Access

Regulating access is another tool to manage the flow of trafficroaraged landacility.

Limiting accesallows traffic to movevith minimal disruptive impacts caused by vehicles
frequentlyentering and exitingAccess to a facility can lienited usingdirect access ramps,
physical separationr lane markingsvith appropriatesignageLimiting access is often one
componentof a broaderset of lane management strategidsor example, HOV lanasaylimit
ingress and egress testrict sidefriction with adjacent lanesBarrier separated HOV lanes
(concurrent or reversibledre typically accessagsing gradeseparated ramps which can provide
controlledaccess for vehiclesonnecting withpark-andride lots andtransit centersin this way,
access treatmentsan have thdime savingdenefit ofavoiding freeway interchanges burdened
by other traffic Typical examples are shownkigurel3 andFigurel4. Another important
application of direct access ramps is connecting oa@aged lane to another in a regional
system.
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Figurel3: Direct Accss Ramip ConcurrentHOV LanesSeattle Washington(courtesy Sound Transit)

s
Figurel4: Direct Access Ramps a ReversibleLane Houston Texagqcourtesy of Texas Transportation

Institute)

Express Lanes

There are a variety of terms applied to managed lanes employing pricing which are highlighted
on the next page.The terméexpress laneshas commonly been usddr decadedo referto
freewaylanes that are segregated from general purpose traffic andsat@part by limiting

access to themHigurel5). Express lanes may operatediiectionallyas a duatiual roadway

like the Dan Ryan Expressway in Chicago, or they may be reversible (also known in Europe as
tidal flow lanes) The reversible lanes orblin Seattle and94 (Kennedy Expressway) in Chicago
employ gated access ramping as the sotd to manage flow into and out of the landsxpress
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lanes have a reduced number of entry and exit locations
as compared to the general purpose langmst of the
express lanes or roadways designed into freeways are not
e Lamesn Mifies e of actively managed,; they _rel_y_ on tlaecess desigto

lanes within an expressway cross section [ better flqw. By I|m|t_|ngwe number of access

where multiple operating strategies are points, demand is metered into the laneSome access
utilized, and actively adjusted as needed, ramps, like those on3 in Seattle, are restricted to HOVs
for the purpose of achieving pmefined to give preference onto the express lar€gurelb).
performance objectives (1,25).

Definitions

Express Lanesll types of limited access
expresswayanes or roadwaywhich are
often separated from adjacerdeneral
purposelanes. HOV lanes with limited
access employing tolling aedso called
GSELINBaa fIydag 2y &

Express/Toll Laned.imited access
expressway lanes or roadways separated
from adjacent general purpose lanes and
employing payment of tolls to manage
demand.

Highroccupancy/Toll (HOT) LanékdV _
lanes that dbw lower occupant vehicles Figurel5: Reversible Express Lanes &b North, Seattle
that do not meet occupancy restrictions Washington

established for a HOV lane to use it
through payment of a to19).

Highroccupancy Vehicle (HOV) Lanes:
HOV lanes are intended to maximize the
personcarrying capacity of the roadway
by altering the design or operation to give
preference to carpools, vanpools and
buses (21).

Truck lanesLanes or roadways which
primarily serve trucking needs, although
general purpose traffic may be permitted
to use these lanes. These facilities may
employ tolling.

Figurel6. HOV Direct Access Ramp, Seattiéashington

The termda S E LINS &isiincredsiggy Being used to
refer to all limited accessnanaged landacilities that
provide an enhanced level of service through pri¢see
subsequent section oHOTlanes) and the new 2009
Manual on Uniform Traffic Control Devi¢gb8JTCD)
recognizeshis identifier for all such facilities on signing.
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Bypass Ramps

HOVand busonly ramp meter bypasse®present the most widely applied form of HOV lane
treatment, found on a majority of freeway ramps in metropolitan areas like southern California
Thisoperational strategy is used to provide priority treatment for HOVs at metered freeway
rampsand in some cases, metered freeway connectbigyrel?). Typically, tis is

accomplished by providing a separate lamethe ramp whiclallows HOVs to bypaskd queue
that forms as a result of meteringdOV ramp lanes can also be meterbdt at a more relaxed

rate so HOVs are still offered a time savitd®V bypass ramgsn also be successful at
mitigating queue spillbacks at ramps by increasing the capacity and discharging vehicles at a
faster rate.

Figurel7: Examples oHOVRamp Meter Bypasses on Freeways
8.3.1.3 Pricing

Electronic picing is an appealing component ofreanaged lane strategy for several reasons
First,pricing serves as a tool to firene managed lanetrategiesthat rely on elgibility and
access restrictiong hese restrictions alongo not always ensure the mosffieient allocation of
managed lane capacigs demand changes over tinfeurthermore, electronic tibcollection
technology dowsfor collectionwithout the delayscostsand spaceequirementsassociated
with manual toll collectionAnother reason formiterest in pricing is the potential to generate
revenue that can be used mugment costs obperations ad possiblecapital recoveryhat
would otherwise be affored using existing revenue sources
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Pricing strategiesn managed lanesan take orseveral forms listed below:

e Dynamic tollg; The toll charged to users varies basedrealtime traffic conditions on
the facility.

e Timeof-daytolls ¢ The toll level changes according to a fixed schethdeoften
reflects demand by time of day and peyts, day of week

e Flat tollg The toll charged to users is constant on a {dp or per-mile basis

o Flat rateq Users pay a flanonthly fee for unlimited use of the facilityThis approach
can be implemented by a vehicle sticker or decal in lieu aitedaic toll tag)

The first two pricingtsategieslisted above are often referred to as congestjmicting but the
terms value pricing and variable pricihngvealso commonlypeenused Congestion pricing
chargesusers more during congested peak peri@agl usesthe power of the markefor
shiftingdemandfrom rush hour trips to other modes or to other less congested timebh®tay
(9). Congestion pricinganalsohelpensure a high level of service omanaged lanéacility by
allowing the toll to vary based agpical or realtime traffic conditions The flat toll and flat rate
pricingoptionsdo not provide the same level aianagementlexibility, but areeasier to
implement may address other needsnd have served aspreliminary step toward the
adoptionof congestion pricing on facilitiés San Diego and Salt Lake City

Pricing as a managed lane strategy has other benéii@ddition to incentivizingravel during
off-peak periods, toll policies on managed lane facilities can also encourage transit and carpool
use by providing free or discounted travel for these moddso, charging users a toll has the
potential to generate a revenue source that damused locally to finance operations coatsl

fund future improvementslt should be emphasized, howevéhnat the primary goal of pricing

on managed lanes is to ensure efficient operatiofise potential for and magnitude of revenue
generated by a preict is dependent upoa multitude offactorswhichshould be analyzed

carefully to ensure any financial goalsa projectare feasible.

High-Occupancy/Toll Lanes

In ahistoriccontext, pricing ha typicallybeenappliedas a toolon HOV lane® utilize existing
capacity that is availableither as a result of underuse or changmeade in creatingapacity

such asvidening the existing HOV facility or raisimgrupancy rulesThis strategy, referred to as
High-Occupancy/Toll (HOTgnes,allowslower occyant vehicles that do not meet occupancy
restrictions established for a HOV lane to itgrough payment of toll. The toll is set to
ensure that the lane remains free flovgnn this way, HOT lanes give drivers the option to pay
for reliable andime-savingtravel or to continue to travel on the general purpose freeway lanes
The term ExpessLaneis appliedto addressall projects that incorporate lane pricing including
HOTlanes, at least on signing to help address consistency in how motaestnsl use these
lanes, since all projects of this type restrict access in order to toll users at specific locations
AlthoughHOT lanesave traditionallypermitted all designatedHOVs to go freesome recent
applications have investigatezhargng lower two-occupantcarpools or potentially charge all
HOVs a reduced tadls is now applied on Bay Bridge HOV bypass.|laXiedOT langrojects
currently in operation alloveither 2+ or3+ HOVSs free usgith some conditions such as a
requirement to carry aransponder Links to project websites are provided on the next page.
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Example websites where HOT lane projects provide information include the foll¢adogssed
December 2010)

e [|-25 HOV/Tolled Express Lanktp://www.coloradodot.info/travel/tolling/i-25-hov-
expressianes

e 1-394 MnPass Express Lanetsp://www.mnpass.org/394/index.html

e Utah's Express Landstps://secure.utah.gov/expresslanes/action/public/index

¢ QuickRidehttp://www.quickride.org/about _quickride.stm

e SR 167 HOT Landstp://www.wsdot.wa.gov/Tolling/SR167HotLanes/default.htm

Table2: Carpool Pricind\pplication on Operational and Pending Managed Lanes

HOV 3+

Carpool Preference Free Off Discount

o Free Peak
CombInations Free 24/7 Periods Pea_Lk LSO
Periods Pay All

Cirl)7 Only Other Times

Pay 24/7

-15 (CA)
1110 (CA)
1680 (CA)
1-25 (CO)
1-394 (MN)
1-35W (MN)
-15 (UT)

SR 167 (WA)

Free 24/7

Free Peak Periods

only -10 (TX)

Free OfPeak I-10 (CA)
Periods Only US 290 (TX)

Discount Peak Only 1-30 (TXj
Pay All Other Time 1-635 (TX)

SR91 (CA)
195 (FL)
1595 (FL) * TBX (FL)
1-495 (VA) Lp1 (TXY
195 (VAY
1-395 (VA)

Pay 24/7

* = Pending managed lane facility as of September 2010.
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Interest in HOTaneshas been growing in recent yedrs a variety of reason$OT lanes have
been implemented in seven states and are being considered by metropolitan transportation
agencies and state departments of transportation around the coufftigurel8).

B HOT Lanes

Figurel8: Locations of HOT Lar@peratiors in the USs ofDecember2010

The use of electronic collection permitslis to be collected from users with minimal disruption
to travelers Some of thebenefitsassociated wittHOT lanegclude(10):

o Offering alternatives to congested travel

e Improvingfreeway efficiency

e Providing incenves for alternative modes of travel

e Sustaining reducettavel times and improvedrip reliability
e Reducing emissions

e Generating revenue

The first HOT lane projettvolving adapting mexisting HOV lane wadb in San Diego

California(Figurel9). The eightmile long project originally built in the late 1980s was a good

candidate because it operated as reversible lanes behind concrete barriers, allowing for the

implementation of one tolling zone to address all users. The introduction of pricing started

AAYLIE AadAOrtfte Fa I GaRSOFfé& LINBANIY FEt26Ay 3 AR\
decal for unlimited use on a monthly basidecEonic toll collectionwas subsequently deployed

through the use of windshield mounted transponders, and then a much more ambitious

program was undertaken to expand and lengthen the project.
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Figurel9: I-15 Express LaneSan DiegpCalifornia

SomeHOT lane projects have incorporated the ability to vary toll levels based otimeal

traffic conditions These projects rely on monitoring equipment such as loop detectors to
collect traffic data on the general purpose lanes mndHOT lane(s)Canputer algorithms are

then used to raise or lower the toll rate to achieve specified conditibtust often, the

algorithms are programmed to vary the toll rate to ensure a target speed is maintained on the
HOT facilityWhen speeds begin to drop due tacheased traffic volumes, toll levels increase to
discourage more drivers from entering the lar@onversely, toll levels are lowered when traffic
levels on the HOT facility are low to encourage more drivers to switch from the general purpose
lanes The $394 and 435W MnPass Express Lanes in Minneapolis, Minneamaxamplesf
facilities that vary tolls in real timgSee case study at the end of this chapter for more
information.)

Express Toll Lanes

Express Toll Lanes (ETLs) are another examplioé ricing strategy. ETL is similar to HOT
lanesexcept that all vehicles are charged a toll to use the lahese facilities are essentially
access restrictetbllroads within the freeway righof-way that are actively managed to

preserve freeflow operating conditionsEnforcement is simplified for ETLs. Just like a traditional
toll facility, every vehicle must pay, thus the enforcement centers around toll evasion.
Enforcement can be automatdtirough license plate readers. Business rules dictate whether
those that are detected as not paying will be sent an increased toll charge or a violation notice.
ETLs offer a much greater opportunity for revenue generation to be used as a source for
repaynent of capital costs.

The first newly constructed toll express lane to be introduced in the US was & Bkpress
Lanes in Orange County, California. Thisnbéle project was constructed in an available
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median and includes four managed lanes (tweach direction) surrounded by eight general
purpose lanes. The managed lanes are separated by a paintefbfaiusuffer and pylons (see
Figurel9). Access to the las is provided only at the termini to provide express service to long
distance travelers traveling through the Santa Ana Canyon between Orange and Riverside
Counties. All vehicles are required to carry toll tags to use the lanes. Vehicles with threesor mor
occupants are able to use the facility for free duringpsfik hours and at a 50 percent discount
during the most congested peak hours. Tolls or®$Rary according to a published schedule,

with the highest tolls being charged during the morning artdrabon peak periods. Each

project has unique business rules to address the corridor and market needs. For SR 91, the toll
LRftAOCe ff2ga (G2ffta (G2 0S AYyONBFraSR HBN Fye (AYS
traffic volumes are consistently above the predetermined Super Peak levels then tolls can be
raised, provided that travelers are notified ten days in advance.

B\ “' gt O
Figure20: SR91 Express Lane, Orange County, Califofo@urtesyOrange County Transportation
Authority andCalifornia Department of Transportatipn

TheNorth Tarrant Express in DalBs Worthis an example of an ETL project currently under
developmentthat will be mostly elevated above the existing freew@&jgure21).

Proposed
ETL |

| Proiect

J

% 4 !\,

F'i.gu're21: E)ipress Toll Laneson S

o

H 1820, Ft Worth, Tekacourtesy oNorth Tarrant Expre3s
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8.3.2 Corridor Management of All Lanes

Outside the boundaries of dedicating specific lanes for aggressive management, many freeways
overseas aggressively manage all freeway lanes using a varietyoofelit8d tools just now
being adopted in the UShese tools arériefly explained in the following secticend include:

e Variable speed limitand queue warning
e Lane controls

e Dynamic lanes

e Metering (covered in Chapter 7)

e Junction and access controls

8.3.2.1 Variable Speed Limits and Queue Warning

Variable speed limits (VSL) are intendednanagetraffic flow to improve safety and congestion
relief by gradually adjusting the speed limit in reaction to factors sudtaffic conditions,
weather conditions, castruction or maintenance activities, and other factors. With the
exception of school zonem arterialsand a few weathebased applicationsuse of variable
speed limits in the Bhas been limited, although many transportation agencies have expressed
interest in them.Results from European applications have proven to be positive and have
spurred the recent development of similar applications within the US in Minneapolis and
Seattle. Results from these two early applications will provide more detadsmserns over
compliance, enforcement, safety benefits, and operational bendfltsre information on US
applications can be founid the followingFHWAsynthesis report).
http://www.ops.fhwa.dot.gov/publications/fhwahop10031/fhwahop10031.pdf

Soeed limis that are responsive tohanging conditions anmore credible and may result in
improved compliancéased on international experiencincertain conditionsthe postedspeed
limit may be too high foprevailingconditions, and a variable speed limérgprovideadded
safety.

Variable speed limitev/SLuse traffic speegdvolume detection, weather information and road
surface condition technology to determine appropriate speeds at which drivers should be
traveling, given current roadway and traffic condiits (L2). These advisory or regulatospeeds
are usually displayed on overheadside mountchangeable message signs (CMS) Egere
22). In the U.S. VSL are deployed in ColoradiassachusettdMinnesota,Missouri,Nevada,
New Jersey and Washington StateftenVSlare part of larger incident management,
congestion management, weather advisory, or motorist warning systentsuropean coumies
the VSL installations may be advigsor regulatory in naturéFigure 23)(See case study at the
end of this chapter for more information)f regulatory, electronisensors aneéverhead
cameras can capture license plates of errant drivers and citatandeissued by mail.
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Figure22: Variable Speed Limit Signith Lane ControlsSeattle, Washington
(courtesyWashington State Department of Transportation)

Figure23: Variable Speed Limit by Lane, Rotterdam, Netherlands

An example deployment is on the New Jersey Turnpike where enforceable variable speed limit
signs have been in use since the late 1960s to provide early warning to motorists of slow traffic
or hazardous road conditions. Approximately 120 signs are instaed148 miles of roadway.

The posted speed limits are based on average travel speed and are displayed automatically
(manual override used for lane closures and construction zones). The posted speed limit can be
reduced from the normal speed limit in fareph decrements, to 30 mph. The posted speed

limit can be reduced for six reasons: accidents; congestion; construction; ice; snow; and fog. The
speed warning signs display, "Reduce Speed Ahead" and the reason for the speed reduction.
When appropriate, thelistance between the warning sign and the beginning of the congestion

is displayed on theynamicwarning sigrthat otherwise provides guidance to one of the two
roadways (Figure 24The New Jersey Turnpike Autholtigglievesthat the signs are effective

and provide motorists with information on unusual roadway conditions that dictate the need for
speed reduction.State Police enforce the reduced speed limits by issuing summonses to those
motorists found to be in violation.
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Figure24: New Jersey Turnpike Queue Warning Signag&amp(courtesy New Jersey Turnpike
Authority)

8.3.2.2 Lane Controls

Laneusecontrol signals (LCS) are fixggid changeable messages sidhat use both color and
pictogramsymbols to convey informatiomhe2009MUTCDdefines LCS as special overhead
signals that permit or prohibit the use of specific lanes of a street or highway or that indicate the
impending prohibition of their use. L@%re most commonly used for reversibdae control,

but are al® used in norreversible freeway lane applicatiorSther applicationganinclude(13,

14):

e Special eventraffic management or parking control

e Restricting traffic from certain lanes at certain hours to facilitate merging traffic from a
ramp or other freewayalsocalled junction control)

e Conrolling lane uset toll booths,

e Controlling dynamic lane assignmenttomnels and bridges,

e On afreewayn ATM applicationgo indicatethe need to merge out of a lane thatay
be temporarily blocked by a crash, breakdown, construction or maintenarinétias.

In addition,someagencies us&CS to indicate to motorists thabaeakdownshoulder can be

used as a travel lane during peak travel periods. | 66 in Virginia uses the left most lane as an HOV
lane during the peak periods; therefore, theeakdovn shoulder is used during this period to

allow the same number gfeneral purposéanes for trafficThe priced dynamileft shoulder

lane (PDSL) o8BW in Minneapolis also uses LCS to indicate when the shoulder lane can be
usedby designated traffi¢Figure 25) In Virginia466 allows inbound traffic to operate in the

right shoulder when HOVs simultaneously use a left general purpose lane during peak periods
(Figure 26).(See Section 8.8.8asestudy for more discussion of this project.)
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Figure25: Lane Control Signal ove3bW DSI.Minneapolis Minnesota

Figure26: Lane Control Signain 66, Virginia
Signage overight shoulder lane (left) with leftmost lane restricted to HOVs ight)

8.3.2.3 Dynamic Lanes

Thenumber anddirectionality of feeway lanesaind shouldergan be dynamically managed to
serve variable traffic patternsCommon examples include:

¢ Contraflow lanes

¢ Reversible lanes

e Parttime shoulder lanes

e Dynamic asignmenbf bridge and tunnel lanes

A contraflow lane is a freeway lane in the-p#fak direction of flow (normally adjacent to the
median) that is designated for use byses oHHOVs traveling in thpeakdirection for a portion
of the day(Figure 27) Normally,the contraflow lane iseparatedirom the offpeak (or
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opposite) flow by insertable pylons or movable concrete barriémghe offpeak pylons are
removedor the barrier is stored next to the median, so that the lane configuration returns to its
normalcondition Contraflow offers the opportunity to gain another peak direction lane with
rather low capital cost, if an effeak lanés)can be borrowed and not degrade the -g@i¢ak
direction

Figure27: H1 HOV Contraflow Lanéjonolulu, HawaiicourtesyHawaii Department of Transportation)

Reversible lanes are dedicated freeway lanes that serve directional peak period defimands
inbound morning trips and outbound afternoon trip3hese laneare physically separated from
general purpose lanes argpically operate on a set schedute provide consistency for
travelers and operators

Dynamic shoulder lanes, such as those on {88W PDSL, allow use of the hardened shoulder
(either leftside a right side)for use by traffic during peak periodshese shoulder lanes are
implemented concurrently with lane control signals and often with variable speed limits.
Appropriate measures should be used to make surstaiedvehicles are removed from ¢h
shoulders prior to opening them to traffic.

Manydynamiclane applications on bridges and tunnels, including contraflow lanes, employ
moveable barrier technology to control traffic and minimize hesdcollisions. Moveable

barriers also tend to keep thdynamiclane speeds at free flow conditions, thus providing lane
users with time savingsvloveable Barrier Technology (MBT) provides the opportunity to
change the direction of a freeway lane while providing continuous positive protection between
opposingflows of traffic(Figure 28)MBT can accomplish these changes quickly, making it
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possible to respond to changes in traffic volumes that occur within a day. Therefore, MBT
provides a strategy to change the capacity of a freeway in the peak directionygaickleasily,
with a resulting reduction in congestiohs).

Figure28: Moveable Barrier Technologn Honolulu, Hawaiiand Dallas, Texa@eft photocourtesy
Hawaii Department of Transportation)

8.3.2.4 Metering

Metering refers to the use of traffic signatscontrol the flow of vehi@s This strategy is most
often used to manage the flow of vehicles coming onto a facility ataomps, but it can also be
used to manage traffic on the facility mainlind$is topic is covered in Chapter 7

8.3.2.5 Junction and AccessControls

Historically, both US and European experience has seen isolated experimentation with active
management of ramps beyond more traditional ramp meteripgr closing local access ramps
during peak demand periods, gates of one soraoother have been applied to dynamically
perform this function For interchanges, the downstream balance between mainlane and
connector merges may justify closing lanes on one approach upstream to ensure better merging
(Figure29).
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Figure29: Example of Junction Control lllustration from Europe
(courtesy of the FHWA 2006 scan tour of managed lanes in Europe)

These approaches to ramp andcerge management are typically sispecific and work in
conjunction with other active management strategies in promoting better throughput and safe
merging Such examples found from pasiSfreeway experiences are shownkigure30.

Figure30: Junction (left) and Ramp Closure Controls (right)

8.4 Managed Lane Operational Considerations

In operating managed lanes, each of the tqmisviously presented play both unique and
interrelated roles These include vehicle and user classification, operation period and managing
access, and pricing.

8.4.1 Vehicle and User Classification (Eligibility)

Traditionally, managed lanes focusing oonmpoting person movement (i.e. HOV lanes and bus
lanes) haveappropriatelyrestricted usebased orvehicle and user eligibilitYDperating a

37



managed lane based primarily on user restrictions has been and continues to be the most
commonly practice@pproachin the US, Canada and overseHsis approach also has held the
greatest promise in getting more commuting efficiency out of a single lane of pavement and in
promoting modal shiftsWhile a lane restriction by vehicle and user classificatiaynot be
regponsive to reatime and changing traffic conditions, it is considered relatively easy to
enforce, exhibits a low cost to operate and has the longest track record histori€ally€31).
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Figure31l: Lane Restrictions based on Eligibility

In congested settings all available lanes have an important contribution and utility to the
transportation network While lanes dedicated to specifiehicles and users may meet high

levels of performance, if they appear empty even during limited periods, public and political
credibility in the investment can be lost or eroded over tirhberefore, developing an operating
philosophy that is flexible isetting hours of operation, as well as occupancy requirements is
important to effectively manage the facility. It has to be realized that both hours of operation
and occupancy requirements cannot be changed in real firoenaximize modal and route shift
opportunities, wth have to be set and established such that drivers know what they are prior to
leaving for a trip. It should also be recognized that changing either of these parameters can also
have a profound change in the operations of the facilityusTihis important to have in place a
policy for making changes, but in practical terms changes should be rather infrequent.

Transit is one of the biggest beneficiaries for managed lanes, regardless of whether the lanes are
operated as a busway, HOV, HOMETLANy of these strategies offer a reliable trip that is
advantageous for transit use and schedule adherembe. level of friction associated with other
modes, both enroute and on the downstream (employment) end of the trip regarding parking

cost ard availability, can drive mode shifting if transit service meets market needs and is quick
and convenientThis often means introducing or augmenting express bus services and park &
ride facilities in conjunction with freeway managed lane treatments

HOVlanes and transportation demand management (TDM) have a very complimentary (and in
many cases required) relationship insofar as providing a dedicasaivayfacility to move

carpools and vanpools and having programs that help form and sustain tGemvesely,

relying on other forms of transit investments and not providing facilities that encourage
carpooling and vanpooling for employment not easily served by transit misses an important
component in an overall TDM and congestion management progfaom example, it is hard to

expect vanpools and carpooling to be as successful with only a preferential lane incentive unless
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preferential parking, ridematching services, financial incentives, employer outreach and related
programs are in place to encourage matefting Many successful examples exist in Houston,
Minneapolis Virginiaand Seattle where average vehicle occupancies (AVO) in affected corridors
have climbed from 2.3 to 2.9 or higher as a result of such synergistic proghéitheut such
treatmentsand programs, similar corridors in these cities have seen no such changes in AVO
rates

8.4.2 Operation Periods and Managing Access

Determining operation periods and managing access often go hand in Tiaisds because a
part-time managed lane operatioreverts back to general purpose freeway use during parts of
the day, making it necessary that all freeway lanes during these periods look and function the
same Otherwise, driver confusion becomes a concern, and this may result in erratic
movements thatould adversely affect safety

Operating periods for managed lanes often vary in two primary wetysy either target

operation restrictions to peak periods of demand and open to all traffic at other times; or they
are open during most daylight hoursnift on a 24/7 basis<Good policy principles support both
approaches, and there are widespread examples of both throughout the US as néigdrie
32below, which conpares operation hours on all managed lane projects overge3® period
About the samenumber of projects habkistorically supported full time operation as pditne
which is largely oriented to peak commute periods ohlgwever, the facility designa}s a role

in whatever approach is taken.

024 hour
OPart-Time

Route-Miles

1983 1993 2000

Figure32: Comparison of Operating Periods for Managed Lanes, 12700(38)

Targeting a designated peak period provides the managed lane benefits when it is most needed,
thereby reducing operation cost and enforcement presence outside these peBoatlen so
doing,lane benefits cannot be realized for noecurrent eventslf the off-peak period is not
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congested, then there is not a strong rationale other than presence of an empty lane syndrome
that can influence why general flow traffic should need the |arreereare other factors

including facility design that can influence the selection of a particular operation pé&itod
example 177 in Charlotte reflects a 2dour operation since a portion of the concurrent HOV

lane configuration separates from the mainlariesircumvent an interchange, and allowing
general purpose traffic to use the leftmost lane during raperating periods would have

created a potential safety concern by confused motorists where roadways split

Access into and out of the managed lane dddee continuous for paftime operation because
the lane serves general traffigor full time operations, access can be either open or restricted
to designated locationdHistorically, about 60 percent of HOV lamdesin the UShave been
unrestrictedor openaccess, anthe other40 percent have restricted accessdesignated

weave zonegargely through pavement marking38). Various safety studies conducted

through the years suggest that both approaches to access can be safe and functiGomell
access restricted managed lanes are moving toward open access in southern California, while
adding tolling to other HOV lanes is creating the need to restrict admetsveen toll zones
Justifications supporting access restrictions include the desire or need to control ingress and
egress at designated locations, reduce unnecessary weaving, distmshgrt distance trips

from using the laneand limiting violationdy queue jumpers]ustifications for allowing open
access include allowing greater flexibility in asel allowing weaves and merges to occur at any
location

8.4.3 Pricing Considerations

Pricing can address many different objectives including incrgashicle throughput (without
adversely impacting person movement goals), cost recovery for improved incident management
and enforcement, revenue generation for other transportation improvements, improved real
time management on a lane that otherwise ralien eligibility and access restrictions and better
public perceptions of utility and equity of uddowever, introducing electronic pricing can be
politically divisive and can be costly both from a capital and operation/maintenance perspective,
particulaty for single managed lane settingse level of use, nature of demand and costs to
implement need to be weighed as issues to determine a best strat@ogls need to be clearly
communicated

The first pricing demonstrations dating from the mid 198@se been well doguented in

various case studig46, 17, 18) with supporting guidance in several treatis&8)( Most early
demonstrations ook several attempts to obtain public support, and following implementation
were generally well accepted based on survey dgtious issues, including where excess
revenue is expended, who uses the lanes and associated-soaimmic equity concerns, and
impacts on transit and ridesharing have been tracked and documenhtest early projects

added pricing to existing HOV lanes that were barrier separated and had available capacity to
toll. A wide array of business rules have been apipieeeach project Hiectingwho is free and

who pays, how tags are administered, when lanes are open and how transactions are processed
and debited from user accountEhese terms of operation need to be carefully considered in
light of potential uimntended consequence&orexample, 425 in Denver sestminimum toll rates

in peak periodsuch that toll users would not be paying less than transit us&esenue leakage
and violations have been reduced through applications of hgckcense plate recognition
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(LPR¥ystems commn to many tollroads and use of permanently placed pylons to separate the
parallel traffic streams

When applied as a managed lane strategy, operational parameters for pricing can be
implemented in a variety of wayBlot all pricing strategies are suit&dh all settings as each
project has specific operational, logistical, institutional, and attitudinal barriers associated with
it. Therefore, a feasibility study must be undertaken prior to implementation to analyze each of
these components and choose tpecing regime that is likely to be the most successtbk
following tasks are typically conducted as part of the-ppnplementation efforts associated with

a pricing project:

o Statement of the particular problem to be addressed through the use of gricin

¢ Review of existing pricing projects and appropriate staft¢he-art technologies

¢ Attitudinal surveys of users to gauge reaction and sensitivity to pricing and value of time

o Organization of participating agencies and other stakeholder groups to determine
support and respective roles

e Conceptual design and implementation plan (including preliminary schedule and
identification of potential funding sources)

o Capital and operational cost estimates, implementation strategies and identifying next
steps moving fowvard

8.4.4 Enforcement Considerations

Because managed lanes require adherence to access, eligibility, and pricing restrictions,
effective enforcement policies are necessary to ensure these facilities operate as déhieed
ability of a managed lar&cility to offer improved travel conditions can be compromised
without an appropriate enforcement prograriviost successful managed lane projects
incorporate a variety of enforcement strategies that may require specific design, tolling or ITS
capabilities The specific strategies chosen depend largely on the design and operational
characteristics of the facilitfror example, the types of enforcement strategies that are effective
and appropriate for concurrent flow HOV lanes may not be needed or approjpoiabarrier
separated facilitiesThe type of offenses and goals for managing each may vanfHOV lanes,

an acceptecjoal2 NJ G NHz S 2F (Kdzyoé F2NJ YIye LINR2SO0a

violation rate Buffer separated facilities may have a redogrproblem of violators crossing the
buffer on a restricted access faciligpeeding and other offenses may need to be monitored
Pricing projects allows the back office to address toll evasion through LPR, but officers in the
field need to know who hagaid in order to manage occupancy offendddifferent tactics are
appropriate for each type of offense, and each police agency has preferences established
through their other traffic management duties.

Enforcement can be classified into four approactah: (

¢ Routine enforcemeng, utilizes existing patrols to monitor managed lane

e Special enforcemerg recruits dedicated resources to monitor managed lane

e Selectiveenforcementc targeted for special events or concerns

e Self enforcemeng relies on motorists to selfegulate by calling a number or going-on
line to report violators Figure33).

41

KT

a



_[v( Rl
HOV LANQ

VIOLATO

Figure33: Example of Enforcement Strategies (routine enforcemésit, self-enforcementright)

Enforcement strategieare made more complicated with the augmentation of pricing.
Provisionsfor supporting legislation, enforcement staff availability, complexity of operation
rules and design provisions that allow for ease of monitoring and apprehens&to be
addressedThe ability to sort out who is a free HOV user versus a paid customes hebe
easily and rapidly communicated to the officer in the fi&@drrently no technology has received
acceptance from respective policing or court systems that can definitively communicate the
number of occupants in a vehiclEhis level of automatiorif ever adopted, is not a near term
option. So the various strategies to address enforcement roles needs to account for the
respective business rules, police agency preferences and facility design that can accommodate
these requirementsPolice pesencen the field is an underlying benefit tesercompliance, but
all regulationswill exhibitsome level ofiolations.

Current practice is to provide monitoring for police in the vicinity of each toll ZBagy priced
projects on SR 91 in Orange Coui@gifornia), I-15 in San Diego;25 in Denver and10 in
Houston included rather elaborate self declaration lanes for separating, tolling and monitoring
free HOVs from other tolled traffic at tolling poinidost recent projects have dispersed with

this capital intensive strategy and focused more on business rules and strategies giving police
more electronic tools to enable them to determine potential violators

8.4 .5 Additional Considerations

Other operational considerations of pricing on an existing H@¥ or proposed lane being

added include not only the tolling strategy, but also addressing the intended level of demand
and guaranteed service being offerdd/pically the volume of traffic will be increased based on
infilling available lane capacityafconversion, since optimizing throughput is typically a
prerequisite goalThis means that managing lane operations requires that supporting functions
are able to address minor and major incidents in a responsive fashion and that the integrity of
operation is preserved to assure proper revenue collectiocident management, enforcement
and maintenance services play particularly important roles.
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Traditionally on HOV lanes, these roles are embedded within the context of overall freeway
operations, and feveuch managed lanes have dedicated services or frequencies of response
different from any other lanelincreasingly, priced lanes are being given priority and revenues
collected are applied to pay for this preferential level of attentibedicated enforcemat

presence often under contract asssr@ high level of compliancéncident management may

entail more frequent remotaletectionand dedicated backroom monitorinlylaintenance,
particularly for mission critical tolling systems and motorist communicatitay require a very
high reliability with performance responsiveness within an extremely short timefradhsuch
aspects frame the overall operational considerations for a priced [Emese aspects are acutely
more critical to address in an urban setliwhere the managed lane may not have the benefit

of all the desired geometric design features accommodated on traditionabads where
breakdown shoulders may not exist or where sight distances are linkwdexample, debris
blocking the managed laocated next to the median barrier is more likely to pose a hazard for
high volumes of traffic and thus, pose the potential to create a disruption to flow and LOS
Generated revenues are often used to address these shortcomings by commensurately
addresang and dedicating responsiveness capability of enforcement, incident management and
maintenance forces.

8.5 Managed Lane Design Considerations

This section provides a brief overview of the various issues that should be considered when
designing managelkhne facilitiesManaged lane strategies are intended to be highly specific

and adaptable for a broad range of project settings and designs reflect this wide range of
operational needst KSNBE T2 NE 3 2 PDNB S K QuRldnéefobtandadd lane

and shoulder widths in freeway settings represents best praciibere are various relatively

recent sources for specific HOV design applicagmamtaining to concurrent, reversible and
contraflow design practic€1, 22, 23), but there is limited available design guidance that is

specific toother specifiamanaged lan@lementssuch as pricing Further, since a vast majority

of managed lane designs have been implemented onto existing freeways in constrained design
settings, few projects have been able to address all of the desirable design attributes in a cost
feasible manneanddifficult trade-offs have been requiredMany project designs reflect these
compromises Snce all have operated safely and perform reasonably well in meeting their
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many places regional standards of design practice have emerged influenced by operation needs,
design constraints and driver expectations (and conversely resulting from driver behavior to the
adopted designs).

Each element of a managed lane ject should be designed to achieve specific operational
goals and fit within the context of a particuldesignsetting Considerations should also be

made to ensure that all design elements work in concert to achieve regional consistency and
efficiency The following design considerations are common to the implementation of managed
lanes:

e Lane orientation (left or right)

e Lane separation (if concurrerdr contralow)
e Access treatments and system connections
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e Tolling requirements

e Enforcement provisions
e Trarsit provisions

¢ Signings and markings
e General ITS provisions

8.5.1 Lane Orientation

Almost all managed lanes are locaital the left sidenext tothe median such that long distance
travel with limited access is facilitatedlong distance trips are more amable to generating the
time savings needed to create demardaffic, rightof-way, existing roadway infrastructure and
cost considerations generally dictate the design of dedicated roadway faciitieft side
orientation results in fewer conflictsithh mixed traffic since there are few locations were left
side ramps interveneA right side orientation frequently conflicts with local-and off
movements with the mainlanes, so therefore, either the usage of right side orientations needs
to be low tomitigate the magnitude of conflicts, or usage must be restricted to select drivers
and vehiclesuch as buses onlgdeFigure34 and 35for examples.

.

Figure34: Right Side HOVaneon SR520,Bellevue, Washington
Aside from ramp queue bypasses, left side oriented facilities generally fall into one of the
following categories:

e Concurrent flow

e Reversible
e Contraflow
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Figure35: Right Side HOV Lamm |-405, Bellevue, Washingtorgsince reconfigured on left)

A comparison of trends among HOV lanes for each of these categories can be found for prior
years in

Figure36. At least half the concurrent flow lanes in the US have been bisiégarated, and as
more lanes are priced, this percentaigexpecedto increaseDating from the miell980s,
concurrent flow lanes (buffer separated and neaparated) represented at least half of all lane
miles, and over time they have become the dominant dedRgversible flow and contraflow
designs today represent a smafid shrinkindraction (less than 15 peent) of all managed lane
designg38, 39).

Concurrent flowacilities operate in the same direction of travel. For garte operation they

often take the form of a leftmost general purpose lane that is restricted for use by eligible
vehicles for at least a portion of the day, employing median signing and diapawainent

markings as the primary means of communicating the restrictions on use. Exceptions are a
designated right side lane or shoulders that are converted to travel lanes during peak periods, as
is done in Seattle and Minneapolis. Concurrent flow laz@sprovide continuous access or can

be separated using a physical barrier or painted continuous access buffer or buffer with
designated access points. The hours of operation can also vary; the lanes can be operated full
time or can be restricted to peakepgods and revert to general use during other periods.

Concurrent flow lanes are best suited to situations where peak period demand is heavy in both
directions or directional demand is only addressed through a lane restriction on the leftmost
lane inboundn the morning period and outbound in the evening period. From a design
standpoint, concurrent flow lanes are the easiest configuration to implement since they do not
require rebuilding a freeway with centerline oriented bridge columns. Also, concuaees ldo

not require complex and costly measures to control directionality throughout the day.
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Figure36: Types of Managed Lane Designs: 1983 to 2(3&]

Conversely, the ease of accessing a concurrent flow lane also makes it much eastestand
to violate, complicating lane management strategies and typically requiring more police
presence. Incidents in adjacent lanes can akdftecta concurrent lane without barrier
separationsince mainlaine incidents can b®re effectively addressed by allowing general
traffic to use the managed lane where barriers between the parallel roadwaysaesent.

Reversible flodanes are most appropriate on facilities that experience large directional traffic
imbalances and are forecast to do so in perpetuityis characteristic is nédund on many

urban corridorsReversible facilities are best it for long distance trips with limited
intermediateaccesseeds along the affected route minimize traffic disruptions2d), because

any access requires barrier channelizafigating or flyover structure®\ directional split of

60/40 is commonly used as a threshold for the level of traffic imbalance neededrtan a
reversible facilityZ1). A limitation of implementing a reversibftow design is that it cannot
servecongestion that may be presentihe off-peaktraffic direction. If such is the case, then

some users, such as deadheading transit buses that need trip reliability to make a second peak
direction run during the commute period, will be adversely impactad freeway reversible

lanes must be separated BlyWS NE S& ¢ o6 F NNASNB Ay | KAIK &aLISSR NP
case on arterial treatments)They are typically constructed in the median of freeway facilities
and may be one, two or more lanes widénese characteristics have several associated
advantages and disadvantages facility that changes direction to serve morning and afternoon
traffic can be an efficient solution since it allocates capacity specifically to the most congested
direction of travel Reversible lanes offer a much higher guaead LOS for transit since side
friction from adjacent traffic is remove&ome locales, notably Houston, implemented
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reversible lanes to address the peak direction alone since width was not available to address
both directions of travel Adapting a revesible flow lane or roadway into a freeway typically
requires rebuilding most bridges with center columns.

Costs for reversible lanes may be lower or higher than other treatments that require
improvements in both directions, largely based on the infrasuitethat has to be negotiated
Many recent reversible lanes implemented in Minneapoi3od), Denver {£5) and San Diego
(I-15) were cost effective because the entire freeway was reconstructed at the sameTtmé
15 San Diego managed lane extensdopted a hybrid solution that involves up to four lanes
with a moveable barrier median, allowing 22r 31 configuration for different parts of the
day.

A disadvantage of reversible lanes is the ongoing cost of daily surveillance and lane/ramp
reversd activities These treatments must be designed to prevent wrong way movements,
requiring extensive and redundant ITS and traffic control device treatments for each opening,
plus a staff compliment who must visually inspect the roadway prior to each opeeiriod

Tolling and enforcemerns made easier by the barrienvironment in which a single field

location can be identified to monitor and/or toll all traffic flo@ther unique aspects of
reversible lanes require special design considerations such as:

o Ability of emergency personnel to respond to incidents on a facility with limited access
e Need for monitoring and proper deployment/closures during directional changes

e Signs and markings to indicate traffic directionality

e Provisions for enforcement andlting (if required)

Contraflowlanes, like reversible flow lanes, require perhaps even stronger peak period
directional demandThis is because a contraflow lane borrows arpefik direction lane(s) and
converts it to peak direction operation. Therefarentraflow designs can only be implemented

if there is unused ofpeak direction capacity. Creating congestion in this opposing direction is
not desirablenor is it publicly acceptableContraflow lanes are operated only during specific
periods, and the leftmost lanes revetb general use otherwiseDuring operational periods,
deployable pylons or moveable barriers are used to separate the contraflow lane from opposing
traffic flows Figure37 shows examplgof contraflow lanes where traffiis separated from

opposing flow using these two design strategies

Figure37: Examples of Contraflow Lanes on Route 4Blew Jerseynd 93, Boston, Massachusetts
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Contraflow lanes are an appealing option when excess capacity allows since the cost to
implement is relatively low compared to the construction of a dedicated.|Hiogvever, the
ongoing operating costs associated with deploying @emdoving the lane before and after each
peak period can potentially bsignificant If moveable is employed, MBT is probably the safest
approach (see previous section 8.3.2.3peficsupportingdesign features including a storage
garage in the mediais desired for a moveable barrier desiggeneral issues to consider when
designing contraflow facilities includ23):

¢ Median access points with channelizatiom faffic to safely crossover at entrance and
exit points,

e Changes in posted speeds both for the contraflow lane and opposing flow lanes

e Space to store deployable barriers and supporting equipment,

 Commitment by a team of personnel to deploy and take dolenoperation daily,

e Safety concerns associated with proximity of opposing flows at high speeds and incident
management if breakdown shoulders within the lane are not feasible

8.5.2 Lane Separation

The speed differential created by managed lalvested aljacent to other laness perhaps the
most important design aspect from a safety perspectid®V guidelines for many yedrave
advocated that the safegiperation can result with some form of barrier separatlmetween
concurrent traffic streamsandcrash rates for barrieseparaed projects do bear out a better
overall record than for noiseparatedane treatments all other factors being equal
Enforcement is also made easier with barrier separation

Taking away general purpose lanes for restriaied has not been politically or publicly feasible,
and risksadverse impacti early years of operation including higher levels of congestion and
loss of efficiency until volumes build baé&lor tHs reason, for many projects to move forward, a
softer farm of lane separation was applie@he most frequently applied best practice is a
narrow buffer that is nominallywo to four feet wide Figure38). The buffershoul provide
enough segregation of flow to improve sight distaaecelif at least four feet in width¢an
accommodate the installation of pylons where side friction and weaving is particularly
problematic Figure39). A buffer of six to 10 feet is not considered safe because it can be
construed as a refuge area for emergency breakdowhnseparated with pylons breakdown
shoulders can be considered part of the overalffér.

The type of separation treatment used for managed lanes is dictated in part by the intended
operation of the lanes. Facilities that are operated garte and revert to general use during
off-peak periods should not be separated in a way that ifeging to drivers during nen
restricted periodsZ3). The majority of HOV lanes that operate p@me are separated by a
painted line so that the lanes are easilycessible by general purpose traffic when HOV
restrictions are not in effect. A wider than standard pavement marking in this instance is
required to help differentiate the lane during its restriction.
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Figure39: Examples of Pylons Placed iMéde Buffer (left) andNarrow Buffer(right)

The degree of separation can also influence managed lane spgbenisghputand demand An
underdanding of the maximum differential for various designs must be part of any
determination of feasibility. Thirty years of experience has shown tlitaowt full barrier
separation, the maximum speed differential to be gained @oacurrentmanaged lane
separated only by pavement markingsabout 20 mph over the parallgeewaytraffic stream
Thus, iffreewaytraffic ismovingat an average of 20 mph, the managed lane traffic stream will
not likely achieve an average speed of more than 40.miRplysicabeparation may be preferable
for facilities that incorporate tolling to ensure that violation levels are kept to a minimum and
the integrity of the facility is maintained

8.5.3 Access Treatment

The design of access points has an impact on the operatmgcteristics of a managed lane
facility. Access to managed lanes can be unlimited (continuous) or can be restricted to
designated locationdn situations where access is limited, the number, location, spacing, and
type of access points are all importaagpects to consideAccess considerations not only affect
the performance of a facility, but also impact enforcement and safety example, close

spacing and/or frequent access points can degrade operating conditions and impair the ability to
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provide dfective enforcementZ5). Access on mosiccess restrictedoncurrent lanes is
provided at spacing less frequent than average spacing for the mainlanes

Accessgacing of two tahree milesis commorfor most restricted access treatmentsor
reversible operations, access ypically much further than thjsand for contraflow, the nature
of borrowing a lane precludes intermediate access from being consideredfiety reasons.

There are a variety of treatments that can be used for managed lane aé@eess can be

provided atgrade or employing gradseparated rampsAt-grade access is the most commonly
used treatment, either at designated locations or opemagl@ laneGrade separated

treatments are commonly reserved for specific high volume locations and where transit support
facilities are implementedrhe different access treatments typically employed are summarized
below:

e Openor ContinuousAccessg This ighe most commorapproachfor part-time
operations Open accesgses standard pavement markingsdaallows vehicles tonerge
into and out ofa managed lananywhere. This approacls the least expensive access
treatment since it does not requiras muctsigning but it is not effective for segment
based tolling where specific zones need to be created to toll uSeadfic signs and
pavement markings aremployedin accordance wit009MUTCD guidelines.

e Access Zone Restricting access to specific lacatsor zoness applied on darge
number of concurrent flow facilitie§-igure40). The accesgone(variously called weave
zone in some stategllows vehicles to entaand/or exitmanaged langs) from the
leftmost general purpose lanfreviousFigure 31)Traffic signs and pavement markings
are used to regulate access openings in accordance with Mdiid&ines(40). Based
on various guideline(22,39), the opening needs to be &ast 1000 feet and preferably
2000feet in lengthbased on recent research with broken lane lines to distinguish the
acceszone Access spacing needs to account for right side ramps, with a minimum 600
to 800foot merge interval for eachespective general purpodanefrom/to right-side
rampsto help assure that mainfe weaves can be accommodaté®, 39). Where high
accessing traffic volumes are anticipated, addimgeave lanebetween the @rallel
roadways Figure41) can be providedb allow vehicles entering and exiting to
accelerate or decelerate and to store potential vehicle quelibgre are fewexamples
of this design because of the required additional space, but as more dual lane facilities
are implemented, this approach will become more common

Figure40: DesignatedAccess Zondllowing Ingress and Egress
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Figure4l: IngressZonewith a Weave Lanéleft) and Egress Zon?dmgs Suffolk County, New York
(right)

o Slip RampgAt-grade slip ramps are generally used to provide terminal access to
facilities separated by a barrigincluding cacurrent and reversible langEigure42).
Slip ramps allow for one/ay ingress or egress movements, and therefore reduce weave
conflicts that occur at acce$scations that serve both movements simultaneously
Because slip ramps are providedgatide, they are relatively inexpensive to implement
Slip ramps for reversible lanes need gates installed to prevent wrong way movements.

Figure42: Slip RampProviding Terminal Aces to Managed Lanes, Dallas, Texas (left) and Seattle,
Washington (right)(3)

e Median Drop Rampg These gradeeparatal access ramps provide direct access for
eligible vehicles entering or exiting managed lane facilities located in the median of
general purpose langseeFigure43). These ramps may provide access to major streets,
park-and-ride lots, or transit stationsThis treatment is more costly than-gtade
alternatives, but can be effective in promoting transit use of managed laffefer to
section 8.5.6 for more detail otesigning for transit needs.)
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Figure43: Median Drop Ramg(elevatedeft, depressedright) (left photo courtesy Sound Transit)

o Direct Freewayto-Freeway Connectioq These facilities provide direct connections
from a managedane on one freeway to a managed lane on another free(\Fgure
44). This strategy is warranted when there are high volumes of vehicles anticipated to
connect fromone facility to anotherTo save cost and space, two directional ramps
often share the same structure and reflect left to left diverge and merge movements

Figure44: Freewayto-Freeway Tweway Connectorlong 5 in Orange Couty, California

8.5.4 Tolling Requirements

Managed lanes that incorporate pricing as a management strategy typically rely on electronic
toll collection (ETC) for the collection and processing of toll paymEfiS benefits motorists by
allowing them to payolls without having to stop and make physical transactions that would
otherwise consume time savingbhe basic components of an ETC system include:

¢ In-vehicle transponders (also called toll tags)
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e Transponder readers mounted on toll gantries over theelan

e Lane controllers to control lane equipment

e Telecommunications to a back office for administration

e Host computer system to serve as a central database to manage accounts in the back
offic

To record toll transactions, ETC technology utileaesn-boardwindshield mounted

transponder that communicatewith antennas mounted on overhead gantri&§hen a vehicle
passes under one of these gantries, thelmward transponder is activated and sends a signal to
the overheadreader(Figure 4%. This signal iencoded with an identification number that is

used to reconcile the transaction with the appropriate accolntforcement is commonly aided

by license plate recognition (LPR) cameras that capture the images of license plates (front and
rear) for vehiclestat are not read by the toll equipmenthe license plate information is used

to match a vehicle with an account or to identify toll violatofhen proactively administered
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vehicle owners, thereby eliminating the requirement that a motorist to carry a transponder
However, payby-plate is a more expensive method of toll collection for administration

purposes.

4
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Figured5: ElectronicToll Collection Gantry with LPR and Sample Transponder.

Congestion pricing requires additional infrastructure and communications abiffiese pricing

is used to maintain a specified operational threshold, the toll system needs to either be based
on aschedule that reflects typical peak demand curves, or it needs to be dynamic and receive
reaktime traffic input to calculate the toll ratel his reattime traffic information is obtained

using loop detectors or other devices capable of detecting chariatites such as traffic volume
and speedA tolling algorithm then uses these characteristics to calculate the appropriate toll to
charge The toll can be raised or lowered in response to traffic conditions as appropriate to
influence managed lane operatisrHowever, business rules need to advise customers of the
prevailing toll rate This is typically done upstream of entry points using dynamic signing
elements in accordance with guidance found in the 2009 MUBGJseeFigure 4. The

prevailing price @ustomer sees when makirggchoice to use the lane shaube guaranteed

once they enterFor this reason, the tolling system design opens a customer account at the
entrance point but does not process the transaction until the vehicle passes one or more
downstream tolling gantries.
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Figure46: Example Managed Lane Pricing Sign fritia 2009 MUTCIp40)

The implementation of pricing also requires a variety of considerations beyond the necessary
tolling infrastructure A marketing ampaign is heeded to inform the public how tolling will

work, including hours of operations, eligibility requirements, expected toll rates, and how tolls
will be collectedCustomer service support staff will be needed to manage distribution of toll
transponders, manage accounts, and respond to customer questions and concerns
Interoperability of toll technology implemented on a managed lane should also be considered,
particularly if a managed lane is implemented in an area with existing or proposed:ititiefs,

or if other projects are expected to come online in the futureeroperability requirements

may also be codified in state or mudtiate agreements and legislation

8.5.5 Enforcement Provisions

Enforcement on managed lanes has traditionbign accomplished by providing designated
enforcement areasEach type of operation and design offers different approaches to
accommodate these area®n concurrent flow lanes, this approach may require the placement
of enforcement areas at regular intefgeby widening or designating a monitoring and
apprehension area in the median, often by offsetting the median barfer reversible,
contraflow or queue bypasses, widenshoulders are often appliedrigure4?7). Concurrent flow
facilities are particularly difficult to enforce since motorists have the ability to freely enter and
exit at any pointTherefore, these facilities desirably require speatééntion to ensure
compliance with managed lane polici&eparated facilities provide more of a deterrent for
violators, so enforcement activities can be strategically concentrated at access. points

Figure47: Examplsof Enforcement Areas (concurrent floveft, reversible flowsright)
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