TRANSFORM 66

I-66 CORRIDOR
IMPROVEMENTS PROJECT

OUTSIDE the Beltway

66

Multimodal Solutions - 495 to Haymarket

Tier 2 Environmental Assessment

Operations Concept Technical Report

193

Town of
Herndon

UD O
U
UQ U N
IER

50

DRAFT

267

Washington Dulles
International Airport
28

Tysons
Corner

286

7

McLean
309

West Falls
Church

L
FA OU
IR DO
FA U
X N
CO
.

Chantilly
Dunn Loring

123

Fair Lakes

66

15

Haymarket

Gainesville

66
234

MA

IAM
LL
WI
IER
QU

AS
SS
NA

CE

215

236

Springfield

28

NA

SS

AS

PA
R

123

K

286

Ft. Belvoir

M AY 1 2 , 2 0 1 5
Prepared for

FAIRFAX
CITY

286

MA

IN
U
FA

234

50

Fairfax
Station

PR

29

Centreville

29

Manassas
National
Battlefield Park

29

Vienna

FALLS
CHURCH

Prepared by

Tier 2 Environmental Assessment

I-66 Operations Concept
Technical Report
Draft – May 12, 2015
Prepared for:

Virginia Department of Transportation
4975 Alliance Drive
Fairfax, Virginia 22030

Virginia Department of Rail and Public
Transportation
4975 Alliance Drive
Fairfax, Virginia 22030

Federal Highway Administration
400 North 8th Street, Suite 750
Richmond, Virginia 23219-4825
Prepared by:

Kimley-Horn and Associates, Inc.
11400 Commerce Park Drive
Suite 400
Reston, Virginia 20191

15010 Conference Center Dr, Suite 200
Chantilly, Virginia 20151

DRAFT May 12, 2015
I-66 Corridor Improvements Project – Operations Concept Report

May 2015

Table of Contents
Chapter 1 Purpose of Document ................................................................................... 1
Chapter 2 Project Overview ........................................................................................... 1
2.1

Background ......................................................................................................... 1

2.2

Purpose and Need .............................................................................................. 2

Chapter 3 Project Description ....................................................................................... 3
3.1

No-Build Alternative ............................................................................................. 3

3.1.1

Roadway ......................................................................................................... 3

3.1.2

Transit, Bicycle/Pedestrian, and TDM ............................................................. 5

3.1.3

Committed and Funded Roadway and Transit Projects ................................. 7

3.2

Build Alternatives ................................................................................................. 8

3.2.1

Roadway Cross Section .................................................................................. 8

3.2.2

Access Locations ............................................................................................ 9

3.2.3

Interchange Configuration ............................................................................. 10

3.2.4

Park-and-Ride Facilities ................................................................................ 10

3.2.5

Transit Service .............................................................................................. 12

3.2.6

Tolling ............................................................................................................ 12

3.2.7

Traffic Operations/ITS ................................................................................... 13

Chapter 4 Referenced Documents .............................................................................. 14
Chapter 5 Operational Needs and Goals .................................................................... 15
5.1

Corridor Users and Traveling Public ................................................................. 15

5.2

VDOT Operations Systems and Management .................................................. 15

5.3

Other Public Agency Stakeholders.................................................................... 15

5.3.1

Transit Agencies ............................................................................................ 15

5.3.2

Local Agencies .............................................................................................. 17

5.3.3

TDM ............................................................................................................... 18

5.3.4

Other Organizations ...................................................................................... 18

5.4

Potential Concessionaire .................................................................................. 18

Chapter 6 Concept for the Proposed System and Alternatives ............................... 19
6.1

Overarching Considerations .............................................................................. 19

6.1.1

Technology Life Cycle ................................................................................... 19

6.1.2

Connected and Autonomous Vehicles .......................................................... 19

6.1.3

Role of the Private Sector ............................................................................. 19

6.1.4

Managing Performance ................................................................................. 20

Transform 66 Outside the Beltway

i

DRAFT May 12, 2015
I-66 Corridor Improvements Project – Operations Concept Report
6.2

Incident Management Systems ......................................................................... 20

6.2.1

General Purpose Lanes ................................................................................ 20

6.2.2

Managed Lanes............................................................................................. 21

6.3

Connected Vehicles .......................................................................................... 22

6.4

ICM Systems ..................................................................................................... 23

6.4.2

Park-and-Ride Lots ....................................................................................... 23

6.4.3

Transit............................................................................................................ 24

6.4.4

Bike Share ..................................................................................................... 24

6.4.5

Parallel Arterials ............................................................................................ 24

6.4.6

Managed Lanes............................................................................................. 24

6.5

May 2015

Data Collection and Monitoring Systems/ Performance Management ............. 24

6.5.1

Traffic Flow Monitoring (Speed and Volume) .. Error! Bookmark not defined.

6.5.2

Safety .............................................................. Error! Bookmark not defined.

6.6

Communications ............................................................................................... 25

6.7

ATM ................................................................................................................... 25

6.8

Infrastructure Maintenance During Construction .............................................. 27

6.9

Tolling Systems ................................................................................................. 28

Chapter 7 System Recommendation .......................................................................... 28
7.1

Goals and Objectives of the System ................................................................. 28

7.2

Scope of the Project and Subsystems .............................................................. 29

7.2.1

Data Collection and Monitoring Systems ...................................................... 29

7.2.2

Incident Management .................................................................................... 30

7.2.3

ATM ............................................................................................................... 32

7.2.4

Tolling Subsystem ......................................................................................... 35

7.2.5

Connected Vehicles Subsystem .................................................................... 36

7.2.6

Communications Subsystem ......................................................................... 36

7.3

Infrastructure Maintenance During Construction .............................................. 37
Integration and Testing ...................................................................................... 38

7.4

38

7.5

ITS Architecture Requirements ......................................................................... 38

7.5.1

ITS Architecture Process ............................................................................... 39

7.5.2

Interfaces to the Systems .............................................................................. 39

7.5.3

VDOT ITS Architecture .................................................................................. 40

7.5.4

Compliance with VDOT Northern Region ITS Architecture ........................... 41

Chapter 8 Operational Scenarios ................................................................................ 41

Transform 66 Outside the Beltway

ii

DRAFT May 12, 2015
I-66 Corridor Improvements Project – Operations Concept Report
8.1

Normal Operations ............................................................................................ 42

8.2

Incident Conditions ............................................................................................ 43

8.3

Planned Events, Work Zone, or Maintenance Activities ................................... 46

8.4

Failure Conditions ............................................................................................. 47

8.5

During Project Construction Phase .................................................................. 49

Appendix A.

ATM Strategies in Existing Condition ................................................. 1

Appendix B.

ITS Architecture SERVICE PACKAGE DEFINITIONS ......................... 1

Transform 66 Outside the Beltway

May 2015

iii

DRAFT May 12, 2015
I-66 Corridor Improvements Project – Operations Concept Report

May 2015

CHAPTER 1 PURPOSE OF DOCUMENT
The purpose of this document is to describe the rationale for the expected operations of the I-66 corridor,
from US 15 in Haymarket to I-495 in Fairfax County, during and after the construction of improvements
that will include Express Lanes in both directions. The extent of construction along this 25-mile corridor
will require all existing technology-related infrastructure to be updated. These technology updates will
support incident management, traveler information, active traffic management (ATM), integrated corridor
management (ICM), and connected vehicles research. This operations concept report document is the
result of the Virginia Department of Transportation (VDOT) and stakeholder input regarding how the
corridor will operate so the right technology improvements can be included in the project.

CHAPTER 2 PROJECT OVERVIEW
2.1 Background
VDOT and the Virginia Department of Rail and Public Transportation (DRPT), in cooperation with the
Federal Highway Administration (FHWA), Prince William County, Fairfax County, Town of Vienna, and City
of Fairfax, is evaluating improvement alternatives for the I-66 corridor from US 15 in Prince William
County to I-495 in Fairfax County. The development of improvements in this corridor is following a tiered
National Environmental Policy Act (NEPA) process. The Tier 1 Final Environmental Impact Statement
(FEIS) was completed in November 2013, and FHWA issued a Record of Decision (ROD) on November
20, 2013, concurrent with publication of the Tier 1 FEIS.
As stated in the ROD, the transportation needs in this corridor cannot be met with a single stand-alone
improvement concept; rather, a combination of improvements will be necessary. Some of these
improvements can be implemented in the near term, while others can be realized over a longer term.
Because all of these improvements cannot be implemented simultaneously, the tiering process provides
for phased implementation of a variety of improvements as independent elements of an overall long-term
program of projects. Accordingly, VDOT has used the planning efforts, findings, and decisions from the
Tier 1 FEIS to frame the elements of this Tier 2 project, which represents a combination of concepts over
the 25-mile-long corridor.
Under the proposed Tier 2 project, I-66 would be improved to provide:



Three regular lanes in each direction
Two managed lanes (also referred to as Express Lanes) in each direction that would support:






Toll-paying customers
High-occupancy vehicle (HOV) users with 3 or more occupants, who are exempt from tolls
High-frequency and quality bus service

Direct or nearly direct access between the managed lanes and new or expanded park-and-ride
facilities

The above items constitute the I-66 Corridor Improvements Project, also referred to as “Transform 66
Outside the Beltway.” Together, these items will satisfy the following elements from the Tier 1 ROD:


Improving three general purpose lanes and adding auxiliary lanes between interchanges where
appropriate
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Repurposing a portion of the right-of-way to provide managed lanes, which should result in consistent
travel times for an enhanced transit service, HOV-3 users, and toll-paying customers
Fixing chokepoints
Addressing safety issues
Enhancing intermodal connectivity with the addition of new park-and-ride lots, expansion of existing
lots, enhancement to commuter bus services, addition of corridor-specific rapid bus service, and
investment in travel demand management (TDM) strategies
Integrating transportation communications and technology

It should be noted that these elements represent six of the 10 elements of the I-66 Tier 1 EIS ROD. One
of those 10 elements, the Virginia Railway Express (VRE) extension, is continuing; VRE is in the planning
phase for this extension. The remaining three elements of the ROD included dedicated travels ways for
Metrorail, light rail, and/or bus rapid transit. The proposed I-66 Corridor Improvements Project is
advancing so as not to preclude a future extension of Metrorail or other major transit investments within
the right-of-way.
This Technical Report provides information to support overall project documentation. It also provides
information to Commonwealth, regional, and local officials who are currently managing the operations of
the I-66 corridor and who will plan and oversee implementation of the improvements of the corridor from
an operations perspective—both during construction and following the opening of the managed lanes and
completion of the project.

2.2 Purpose and Need
Improvements in the I-66 corridor are needed to address:








Corridor Congestion. The corridor currently experiences significant vehicular congestion during
weekday peak commute periods as well as during peak periods on weekends. With continued local
and regional population and employment growth, traffic volumes are expected to increase and the
severity and duration of congestion will worsen without further investment in I-66. The Metrorail
Orange Line also experiences significant crowding during peak use periods, generally coinciding with
peak vehicular travel periods on I-66. Even with the planned transition to all eight-car trains on the
Orange Line, Metrorail is expected to remain crowded during peak periods in the future.
Corridor Safety Deficiencies. Many locations along the corridor suffer from geometric and
operational deficiencies that contribute to crashes along the corridor. With overall corridor demand
expected to increase, modifications are needed along the corridor to enhance corridor safety for the
traveling public.
Location-Specific Operational and Safety Deficiencies. In addition to corridor modifications, there
are a number of localized constraints or “chokepoints” in the corridor where geometric and
operational modifications are needed to improve traffic and bus operations.
Limited Travel Choices. The majority of transit service in the corridor is oriented to serve home-towork travel to the region’s core in the morning and work-to-home travel away from the region’s core in
the evening. There is no contiguous mid-day transit service in the corridor and very little weekend
transit service. More all-day and weekend transit service is needed that supports more origins and
destinations. Likewise, the network of bicycle and pedestrian facilities will need to be expanded to
support walking and bicycling along and across the corridor, supporting of transit access and
otherwise. In addition, travelers would benefit from receiving more information about the variety of
travel choices available to them, which include carpooling and vanpooling.
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Travel Reliability. Congestion in the corridor contributes to travel time being highly unpredictable in
the vast majority of the corridor. Modifications to the corridor are needed (including infrastructure,
technology, programs, and services) that mitigate the effects of vehicular congestion, incidents,
events, and inclement weather as well as offer more travel choices to increase reliability.

In response to these needs, the goals for improvements in the I-66 corridor are to:






Reduce congestion on I-66
Provide new, predictable travel choices
Enhance safety and travel predictability
Deliver innovative transportation solutions in a timely manner that are cost-effective
Align technology with the avoid obsolescence and take advantage of the growth in connected
vehicle/autonomous vehicle technologies

CHAPTER 3 PROJECT DESCRIPTION
The following sections describe the alternatives analyzed in the Environmental Assessment (EA) for the I66 Corridor Improvements Project. In brief, the project analyzed a No-Build alternative and two Build
alternatives. Each of these alternatives is briefly described below, and additional information is provided
in the sections that follow:




No-Build Alternative. The No-Build alternative is defined as the existing transportation system in the
project corridor with committed and funded roadway and transit projects, as documented in the
regional Constrained Long-Range Transportation Plan (CLRP).
Build Alternative. Through the project development process, two Build alternatives were developed
and analyzed for the project (after narrowing down many alternatives that were considered). The
proposed Build alternatives assume the implementation of projects within the No-Build alternative and
also two new managed lanes and three general purpose lanes in each direction of I-66 from US 15 to
I-495. Build alternatives also include park-and-ride facilities (new and expanded existing), new and
expanded existing transit service, transportation program support, and bicycle and pedestrian
infrastructure improvements. Build alternatives are designated as 2A and 2B. From a roadway
perspective, the two alternatives differ in the width of the mainline cross section and the location of
Express Lane access points. The final Build alternative is likely to be a hybrid of 2A and 2B.
VDOT will use the NEPA evaluation process to select the preferred elements of each
alternative to carry forward as the Preferred Alternative.

3.1 No-Build Alternative
The No-Build alternative is defined as the existing transportation system in the project corridor with
committed and funded roadway and transit projects, as documented in the regional CLRP. Elements of
the No-Build alternative are defined below.

3.1.1 Roadway
The I-66 corridor from US 15 in Prince William County to I-495 in Fairfax County has interchanges as
shown in Table 2.1.
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Table 2.1: I-66 Interchanges in Prince William and Fairfax Counties
Prince William County

Fairfax County

US 15

US 29

US 29

Route 28

Route 234 Bypass

Stringfellow Road (HOV
access to/from the east)

Route 234 Business

Monument Drive (HOV access
to/from the east)
Fairfax County Parkway
US 50
Route 123
Route 243
I-495

The lane configuration and associated operating characteristics of I-66 vary within the study corridor, as
shown in Figure 2.1 and summarized below.






I-495 to US 50. This section accommodates six vehicular travel lanes (three in each direction). The
inside lane (median side) is a concurrent HOV-2 (two occupants or more) lane in the peak travel
direction between the hours of 5:30 to 9:30 a.m. and 3:00 to 7:00 p.m. on weekdays. The median in
this section is occupied by Metrorail from west of Route 243 through the eastern extent of the study
corridor. The shoulder (outside) is used as a general purpose travel lane in the peak travel direction
from 5:30 to 11:00 a.m. and 2:00 to 8:00 p.m. on weekdays. The posted speed limit is 55 miles per
hour (mph).
US 50 to US 29 (Gainesville). This section accommodates eight vehicular travel lanes (four in each
direction). The inside lane (median side) is used as a concurrent HOV-2 lane in the peak travel
direction between the hours of 5:30 to 9:30 a.m. and 3:00 to 7:00 p.m. on weekdays. This section of I66 has a median as well as shoulders. The posted speed limit is 55 mph in Fairfax County and
transitions to 65 mph in Prince William County.
US 29 (Gainesville) to US 15. This section accommodates four vehicular travel lanes (two in each
direction). It does not have HOV restrictions. A planned project by VDOT will widen the cross section
to eight vehicular travel lanes (four in each direction). Upon completion of the widening, the innermost
lane will become a concurrent HOV-2 lane in the peak travel direction between the hours of 5:30 to
9:30 a.m. and 3:00 to 7:00 p.m. on weekdays. The widening is planned to be complete by 2016.
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Figure 2.1: Existing Lane Configuration on I-66 within Study Area

3.1.2 Transit, Bicycle/Pedestrian, and TDM
Transit along the corridor consists of commuter, regional, and local bus service that uses I-66 vehicular
travel lanes and access points. VRE service operates along the Norfolk-Southern Railroad corridor and
the Metrorail Orange Line operates in the median of I-66 on the eastern end of the corridor. These
services are supported by existing park-and-ride lots at various locations nearby and within the corridor.
An overview of the different corridor transit resources is below, and many of these services are shown in
Figure 2.2.


VRE. VRE commuter rail connects the Northern Virginia suburbs to Union Station in Washington, DC.
VRE’s Manassas Line generally runs parallel to I-66, approximately 5 miles to the south. The
Manassas Line’s westernmost station is Broad Run/Airport in Bristow, continuing east with stations at
Manassas, Manassas Park, Burke Centre, and Rolling Road outside of the Capital Beltway. VRE
operates during weekdays and runs six eastbound trains and one westbound train along the

Transform 66 Outside the Beltway

5

DRAFT May 12, 2015
I-66 Corridor Improvements Project – Operations Concept Report







May 2015

Manassas Line during the morning peak period. The Manassas Line averages 8,600 daily trips (VRE,
October 2014).
Metrorail Orange Line. The Washington Metropolitan Area Transit Authority (WMATA) operates the
Metrorail Orange Line on two tracks in the I-66 median at the eastern end of the study corridor,
continuing east through Falls Church into Arlington County and the regional core. Two Metrorail
stations are located within the study corridor: Vienna/Fairfax GMU Station (just west of Route 243),
which is the Orange Line’s westernmost station, and the Dunn Loring-Merrifield Station (just west of I495). In June 2012, WMATA initiated a new “Rush+” service, which includes six additional trains in
both directions (three per direction) along the Orange Line, for a total of 19 trains in each direction per
hour. The Orange Line is Metrorail’s second busiest, accommodating approximately 180,000
passenger trips on a typical weekday; peak hour trains on the Orange Line between Courthouse and
Rosslyn Metrorail stations carry more passengers per car than anywhere else on the system
(WMATA, 2012).
Local and Regional Bus. Local and regional bus service operating along I-66 and on adjacent
roadways is provided by five different transit agencies: City-University-Energysaver (CUE) (City of
Fairfax); Fairfax Connector (Fairfax County); Loudoun County Transit; OmniRide (Potomac and
Rappahannock Transit Commission [PRTC]); and WMATA. Combined, the corridor bus services total
approximately 130 a.m. peak period bus trips in the I-66 corridor between US 50 and I-495.
Park-and-Ride Facilities. There are 21 park-and-ride facilities located within a 5-mile radius of the
study corridor. The park-and-ride facilities are served by a variety of bus services and also can be
used by carpools and vanpools. Two of the park-and-ride facilities are at VRE stations and two
facilities are at Metrorail stations. Ten of the facilities are utilized at a rate of 90 percent or greater: the
Metrorail stations at Vienna/Fairfax-GMU and Dunn Loring/Merrifield; the VRE stations at Stone
Road/US 29, Manassas Park, Manassas, and Broad Run/Airport; and the facilities at Stringfellow
Road and Limestone Drive.

Bicycle and Pedestrian Facilities. I-66 is a high-speed controlled access facility that does not allow
bicycles to operate within its limits. One short section of I-66 near Stringfellow Road has an existing trail
located within the right-of-way (the Bobann Drive trail), but this trail is separated from the roadway.
Several of the bridges carrying arterial roadways over or under I-66 have bicycle paths and/or sidewalks.
TDM Programs. TDM programs and services are in place to support transit use and other ridesharing
activities, as well as reduce overall travel demand in the Washington, DC area. These services—operated
by federal, state, county/city, and private agencies—include park and-ride lots, carpool ride-matching and
incentives, Guaranteed Ride Home programs, vanpool ride-matching and subsidies, commuter stores,
telework programs, car-sharing services, traveler information services, and commercial site plan review.
(Corridor-specific strategies were identified in the 2009 I-66 Transit/TDM Study for implementation by
2015 and by 2030.)
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Figure 2.2: Metrorail and VRE Transit Services

3.1.3 Committed and Funded Roadway and Transit Projects
The No-Build alternative assumes the existing transportation system as well as all projects funded for
construction in the National Capital Region's 2014 CLRP (October 14, 2014). Regionally significant and
corridor-specific projects include:












Direct access ramps from I-66 HOV to Vaden Drive to provide access to Vienna Metrorail station
(http://www.virginiadot.org/projects/northernvirginia/vienna_metro_access_ramps.asp)
Diverging-diamond interchange (DDI) on US 15 at I-66
(http://www.virginiadot.org/projects/northernvirginia/i-66_and_route_15_interchange.asp)
I-66 and Route 28 improvements, which include widening Route 28 to eight lanes with interchanges
and also redesigning the I-66 interchange (to be coordinated with the ongoing Route 28/I-66
Interchange Project managed by VDOT)
I-66 and Route 29/Linton Hall Road interchange improvements
I-66 widening to four lanes between US 29 in Gainesville and US 15 in Haymarket
Route 234 Bypass/Relocation at Balls Ford Road Interchange
I-95 HOV/HOT lanes from Garrisonville Road to north of Edsall Road
Route 286 HOV: widen and upgrade to six and eight lanes between Route 267 and I-66
Route 234 Bypass: construct four lanes between Route 234 Bypass at I-66 and US 50
Metrorail Silver Line between East Falls Church and Route 772 in Loudoun County

A full list of projects is available at http://www.mwcog.org/clrp/projects/highway.asp.

Transform 66 Outside the Beltway

7

DRAFT May 12, 2015
I-66 Corridor Improvements Project – Operations Concept Report

May 2015

3.2 Build Alternatives
Two Build alternatives are under consideration. They are designated as Alternative 2A and Alternative 2B.
The principal difference between the two alternatives is in the width of the mainline cross section and the
location of Express Lane access points. It should be noted that the final Build alternative is likely to be a
hybrid of Alternative 2A and 2B. VDOT will use the NEPA evaluation process to select the desirable
elements of each alternative to carry forward as the Preferred Alternative.
Common to each Build alternative is the assumption of the inclusion of existing infrastructure and
committed projects contained in the No-Build alternative, as well as the following:








Two managed (Express) lanes in each direction of I-66 within the project limits lanes
Three general purpose lanes in each direction of I-66 within the project limits
Modification to interstate access to accommodate interstate mainline changes
Park-and-ride facilities accommodating multiple travel modes
Commuter bus service and rapid bus service (RBS) along the corridor
Bicycle facilities across and along segments of the corridor
Enhanced TDM programs and services

Operation of the Express Lanes would be managed using a combination of congestion-based variableprice tolling and vehicle occupancy policy. The HOV requirement would be three or more per vehicle.
Buses and carpool and vanpool vehicles with three or more passengers would travel free of charge in the
Express Lanes. Non-HOV passenger vehicles would have the choice of driving free of charge in the
regular lanes or paying a toll to use the Express Lanes. The change in corridor HOV requirement (from
two occupants to three) is consistent with the region’s CLRP, which recommends HOV-3 on I-66 by 2020.

3.2.1 Roadway Cross Section
3.2.1.1 Build Alternative 2A
This alternative’s roadway cross section (shown in Figure 2.3), which has a typical section width of 246
feet from edge of shoulder to edge of shoulder, would provide the following:





Two Express Lanes and three general purpose lanes in each direction with a flexible barrier between
the two sets of lanes
Twelve-foot shoulders on the right and left sides of the roadway
Where feasible, a 42-foot median for future fixed guideway transit
Auxiliary lanes (shown as a clear arrow in Figure 2.3) where needed
Figure 2.3: Alternative 2A Typical Section
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3.2.1.2 Build Alternative 2B
This alternative’s roadway cross section (shown in Figure 2.4), which has a typical section width of 206
feet from edge of shoulder to edge of shoulder, would provide the following:





Two Express Lanes and three general purpose lanes in each direction with a flexible barrier between
the two sets of lanes
A full shoulder on the left side of the Express Lanes and a full shoulder on the right side of the general
purpose lanes
A barrier (concrete) median between opposing direction travel lanes
Auxiliary lanes (shown as a clear arrow in Figure 2.4) where needed
Figure 2.4: Alternative 2B Typical Section

3.2.2 Access Locations
Under Build Alternatives 2A and 2B, the locations of access to the general purpose lanes would remain
the same as the No-Build alternative. The two Build alternatives would differ in the location of access to
the Express Lanes, as shown in Figure 2.5.

Figure 2.5: Locations of Access to the Express Lanes
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3.2.3 Interchange Configuration
Proposed configurations of interchanges with general purpose lanes and Express Lanes are being
evaluated and are the subject of the I-66 Tier 2 Alternatives Technical Report.

3.2.4 Park-and-Ride Facilities
Park-and-ride facilities are an essential part of the transit, TDM, and ICM support infrastructure in the I-66
corridor. These facilities will offer people direct access to transit services, facilitate people’s transition from
one mode to another, and support ridesharing operations and carpooling opportunities. The nature of
existing and future development along the I-66 corridor is such that much of the transit demand in the
corridor will be generated by park-and-ride activity and through coordinated local transit and corridor
RBS.
New and expanded park-and-ride facilities will have direct or nearly direct access to the Express Lanes
and are recommended in key locations in the corridor as part of the I-66 Corridor Improvements Project:








Haymarket, west of the I-66/US 15 interchange (new facility)
Gainesville, off of University Boulevard (new facility)
Route 234 Bypass (Cushing Road), east of the I-66 interchange (expansion of existing facility under
Alternative 2B)
Balls Ford Road, west of Route 234 Business (new facility)
Stringfellow Road (expansion of existing facility is currently underway by Fairfax County; additional
expansion as a result of the I-66 Corridor Improvements Project is not anticipated in this location)
Monument Drive/Fairfax Corner (new facility, likely structured parking; delivery method to be
determined)
Vienna Metrorail Station (possible improvements of access to existing facility)

Park-and-ride facility locations that will be modified or created by the project as well as other park-andrides adjacent to the I-66 corridor and a part of consideration within the Tier 2 EA are shown in Figure
2.6.
The following services and elements are recommended at the existing and proposed park-and-ride
facilities:















Park-and-ride parking for privately-owned vehicles
Real-time parking availability information
Kiss-and-ride accommodation
Dedicated space for transit operations (bus bays and station/stop facilities)
Waiting area for buses (e.g., shelters, sidewalk, plaza area, etc.)
Waiting area for carpools, vanpools, and casual carpooling (depending on anticipated demand)
Lighting (for waiting areas and parking lots)
Static and real-time transit service information
Landscaping
Pedestrian walkways
Covered bicycle racks and bicycle lockers
Interconnecting transit service (e.g., local feeder services and RBS on I-66)
Direct or nearly direct access to/from I-66 managed lanes via new ramps
Multimodal access to/from arterial street network (including pedestrian and bicycle access)
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Working in coordination with VDOT operations of the corridor, including intelligent transportation system
(ITS) elements of the I-66 Corridor Improvements Project, transit and TDM recommendations for parkand-ride facilities also are likely to include the development of infrastructure for the delivery of real-time
information to travelers about park-and-ride facility utilization and transit service information.
Figure 2.6: I-66 Park-and-Ride Facilities
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3.2.5 Transit Service
The 2009 I-66 Transit and TDM Study and additional work currently being completed as part of this Tier 2
EA have led to a set of infrastructure, program, and service recommendations for transit in the corridor.
These recommendations for transit are documented in more detail in the I-66 Tier 2 Transit and TDM
Implementation Plan Report.
A combination of existing local and new or expanded corridor-focused transit services will serve weekday
and weekend peak and off-peak hour demand intersecting with and along the I-66 corridor. Commuter
bus service will be expanded, and new I-66 RBS will increase service efficiency and effectiveness, while
increasing the convenience and utility for many trip purposes and travel periods. The Tier 2 EA
documents the recommendation for a mixture of the following transit services:




Commuter Services: Services delivering one-seat rides along strategic routes to enhance
connectivity to major destinations in DC, Arlington, Vienna, Merrifield, Tysons, Fair Lakes, Reston,
Herndon, Centreville, and Manassas. Commuter services will operate primarily in the peak
commuting direction during peak commute periods. New and proposed commuter service will operate
in the managed lanes where feasible.
I-66 RBS: Service specifically for the I-66 corridor operating as a bus extension of/complement to the
Metrorail Orange Line. The I-66 RBS will operate on several route patterns to offer frequent
headways and all-day and weekend service to and from park-and-ride facilities with direct ramp
access to/from managed lanes. RBS will operate in the managed lanes to provide users with a
reliable, convenient transit choice seven days a week. RBS would not be subject to tolls or fees for
using the Express Lanes.

Baseline study assumptions for transit in the I-66 corridor were as follows:





Interconnecting Local, Regional, and Commuter Bus Services. Existing and planned local,
regional, and commuter bus service route patterns could be modified to better integrate overall transit
service connecting to and within the I-66 corridor. Affected service providers are likely to include
PRTC (Omni Ride and Omni Link), Fairfax Connector (Connector), and WMATA (Metrobus). All
publicly-accessible local, regional, and commuter buses would be able to use the Express Lanes
without charge.
Integrated Interface Between I-66 Transit Services and the Metrorail Orange Line. I-66 corridor
transit services would be coordinated with the Metrorail Orange and Silver Lines where possible.
Integrated Interface Between I-66 Transit Services and VRE. I-66 corridor transit services and
facilities would be coordinated with existing and future VRE facilities to the extent reasonable (e.g.,
cost, feasibility, effectiveness, etc.).

3.2.6 Tolling
The two Express Lanes in each direction of I-66 within the study area would operate as managed lanes
24 hours a day. Section 1121 (codified at 23 USC 166) of the Safe, Accountable, Flexible, Efficient
Transportation Equity Act: A Legacy For Users (SAFETEA-LU) allows for tolling of HOV facilities. In
accordance with the legislation, buses, carpools (HOV-3), motorcycles, and emergency vehicles would
have free access to the new Express Lanes. Drivers of vehicles, including small and medium trucks, with
fewer than three occupants could choose to pay a toll to access the Express Lanes. Tractor-trailer trucks
would be prohibited in the Express Lanes.
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Tolls for the Express Lanes would vary according to traffic conditions to regulate demand and keep them
operating at an acceptable level of service at all times of the day. As managed-lane traffic volumes
increase, tolls would increase to temper demand for the lanes. Likewise, as traffic volumes decrease, tolls
would decrease to make the lanes more attractive.
Fully electronic tolling would require customers to pay tolls with E-ZPass. There would not be toll booths
supporting the facility. Electronic signs would display toll rates to help drivers decide whether to access
the Express Lanes. Drivers would lock in their toll rate for the specific toll segment when they enter the
Express Lanes. Under provisions of 23 USC 166(d), annual certification must be made thlat operational
performance monitoring programs and enforcement programs are in place to ensure that the performance
of the facility is not degraded and that the facility is operated in accordance with the restrictions and
requirements of 23 USC 166.

3.2.7 Traffic Operations/ITS
VDOT uses technology to manage traffic on the I-66 corridor. From the McConnell Public Safety
Transportation Operation Center (MPSTOC) in Fairfax, VDOT monitors traffic conditions through
surveillance cameras, dispatches Safety Service Patrol (SSP) vehicles, and provides incident,
construction, and congestion information to the public through the 511 phone service and co-branded
website and mobile app.
This project will necessitate the reconstruction of all the roadside technology components. This section
identifies the components currently in place and briefly identifies plans for replacement or enhancement.


ATM System. A project is currently under construction to introduce ATM system infrastructure to the
corridor from the Washington, DC line to US 15 in Haymarket. When complete, this will include:









Full-span gantries with lane-by-lane overhead dynamic message signs (DMS) to alert drivers
of closed lanes ahead, including the status of the shoulder lane that opens to traffic during
peak periods, and variable speed limits to warn drivers to slow down when approaching
congestion
Cameras with video analytics to monitor for stopped traffic on the shoulder lane
Adaptive ramp metering, where on-ramp metering rates adjust in response to current traffic
flow rates and ramp queues (this system will be replaced in a modified form, without the
shoulder lane)

Other ITS Devices. The corridor is instrumented with devices common to the rest of the freeway
network, which includes 54 surveillance cameras, 42 DMS, 193 vehicle detectors (a combination of
in-pavement inductive loops and pole-mount side-fire radar detectors), and one Environmental
Sensor Station (ESS) at US 15. These devices will be replaced, though specific locations and spacing
will be dictated by the final design.
Connected Vehicle Roadside Units. As cars become better equipped with communications
technologies for mobility and safety applications, departments of transportation (DOTs) are
researching ways to leverage that information to better manage traffic and improve safety. VDOT has
an active research project in the I-66 corridor with 48 roadside units (RSUs) installed on camera poles
with radios that can communicate with equipped vehicles. These devices will remain operational
during construction and be replaced when relocated.
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Fiber Optic Communications Backbone. VDOT has a fiber optic communications backbone in a
redundant ring over I-66, I-395, I-95, and VA-234 that transmits data to and from all field devices back
to the MPSTOC. If any part of that is cut, data traffic is re-routed in the opposite direction. The I-66
portion of that backbone has 96 strands and three shelters with aggregation points. In line with
industry trends, the demand for communications bandwidth is expected to increase substantially in
the future. The backbone will be kept intact during construction and additional bandwidth and
redundancy will be added.

CHAPTER 4 REFERENCED DOCUMENTS
The following documents were used as references in the development of this report.









Tier 1 Environmental Impact Statement and Tier 1 Record of Decision for Interstate 66 from US US
15 in Prince William County to Interstate 495 in Fairfax County, VDOT, DRPT, FHWA, November
2013
Scoping Framework Document for Tier 2 NEPA Traffic and Transportation Technical Report and
Interchange Justification Report, VDOT, 2015
VDOT Business Plan for Fiscal Year 2015
COG/TPB Draft National Capital Region Congestion Report, 2nd Quarter 2014
I-95 HOV/HOT Lanes Project DRAFT Technical Requirements REV-7, March 2012
VDOT Northern Region Operations (NRO) ITS Architecture
I-66 ATDM High Level Concept Plan, July 2011

The following studies and documents will support the overall I-66 Corridor Improvements Project:











Tier 2 EA, VDOT. This study will develop the scope/specifics of the improvements to meet the needs
of the study corridor and document impacts of proposed modifications to I-66 as a part of the I-66
Corridor Improvements Project.
Corridor Study and Systemwide Interchange Justification Report (IJR), VDOT. The IJR will
request approval for new and modified interstate access associated with corridor improvements
related to general purpose lanes, Express Lanes, and transit facilities.
Transit/TDM Implementation Plan, DRPT and VDOT. This study will document transit demand and
facility and service needs as inputs to the I-66 Corridor Improvements Project.
Preliminary Engineering of I-66 Corridor Improvements, VDOT. This study will prepare
preliminary engineering plans of infrastructure and facility modifications to support defined corridor
needs.
Traffic and Revenue Study, Virginia Office of Public-Private Partnerships (VAP3). This study will
document traffic and revenue forecasts associated with Express Lane operations along I-66 in
coordination with the I-66 Corridor Improvements Project.
I-66 HOT Lanes Study, VDOT. This study is currently under preparation, and will determine the
feasibility of implementing variably-priced, HOT lanes inside the Capital Beltway. For the purposes of
the I-66 Corridor Improvements Project, the following assumptions are being used regarding the I-66
HOT Lanes Study:




Assume opening year of 2025 for the third lane phase of the I-66 HOT Lanes Study.
The I-66 HOT Lanes Study will be documented under an EA.
Project termini will extend eastward from the Capital Beltway. The study will evaluate the
current HOV terminus at Route 29 and consider an eastern terminus at the DC line, if the
study shows that a DC terminus captures additional HOT traffic.
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Toll operations will be contracted out by VDOT to a private party, which is to be determined by
others outside of the I-66 HOT Lanes Study.

I-66/Route 28 Project. VDOT was developing a project to improve access for Route 28 at I-66 and
within the corridor north of I-66; this project is now incorporated into the I-66 Corridor Improvements
Project and includes a new Poplar Tree Road/Stonecroft Boulevard Overpass and E.C. Lawrence
Park Entrance, removal of the ECL Park entrance traffic signal along Route 28, the extension of
Poplar Tree Road from its existing terminus east of Route 28 to Stonecroft Boulevard, and associated
improvements at the Westfields Boulevard interchange.

Other data—including current and forecasted traffic volumes, transit service options, and crash
analyses—can be found in these and other referenced documents.

CHAPTER 5 OPERATIONAL NEEDS AND GOALS
5.1 Corridor Users and Traveling Public
I-66 is largely a commuting corridor, though it also serves as a gateway to I-81 and rural points to the
west on the weekends. Weekday traffic is bi-directional; many residents of Arlington and Fairfax Counties
and DC commute west to the Dulles Corridor or to other suburban office parks.
Travelers in this area tend to be well-educated and affluent compared to national averages. Many work
for the federal government or contractors, and many commute long distances to find relief from high
housing prices. From an operations standpoint, the majority of travelers on the road are familiar with the
area and travel the route on a regular basis. Operational strategies should be geared toward the habitual
traveler who has ready access to technology, with consideration for travelers of all income levels and
means.

5.2 VDOT Operations Systems and Management
VDOT operates and maintains I-66 as one of the region’s main arteries. Its objectives are to keep traffic
flowing as well as possible by dispatching Safety Service Patrols to respond to and clear incidents,
provide traveler information and provide real-time shoulder usage and HOV status information. VDOT
also maintains the road by clearing snow and debris.
VDOT facilities are operated and maintained in part by VDOT’s contractor SERCO. General purpose land
devices, equipment, and systems added or modified for this project should be fully integrated into the
Northern Virginia Transportation Operation Center's (TOC's) central software system.
General purpose and Express Lane systems must be capable of providing the performance measures
required by the Moving Ahead for Progress in the 21st Century Act (MAP-21) (incident duration and
vehicle-hours of delay).

5.3 Other Public Agency Stakeholders
5.3.1 Transit Agencies
The following transit agencies operate in and around the limits of the I-66 Corridor Improvements Project
and will be impacted by the proposed changes to the corridor:


WMATA
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Virginia DPRT
Northern Virginia Transportation Authority (NVTA)
Virginia Regional Transit (VRT)
PRTC
VRE
Metropolitan Washington Airports Authority (MWAA)
Fairfax County Connector
City of Fairfax CUE
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A Transit Technical Advisory Group (TTAG) was created for this project, which convened several meetings
during the planning process. TTAG members represent local jurisdictions, transit operators, TDM
agencies, and transportation organizations. Table 5.1 lists the groups that were invited to participate in
the TTAG:
Table 5.1: Entities Invited to Participate in the TTAG
Federal Highway Administration

Arlington County Commuter Assistance Program

Federal Transit Administration

Arlington County Transit

Virginia Department of Transportation

Arlington Transportation Partners

Virginia Department of Rail and Public
Transportation

Fairfax County

Metropolitan Washington Council of Governments

Fairfax County Department of Transportation

Metropolitan Washington Council of Governments
Commuter Connections

Fairfax County Ride Sources

Washington Metropolitan Area Transit Authority

Loudoun County Transit/Commuter Services

Potomac and Rappahannock Transportation
Commission

Prince William County

Rappahannock-Rapidan Regional Commission
Commuter Services

City of Alexandria

Virginia Railway Express

City of Alexandria Transit Company (DASH)

Northern Shenandoah Valley Regional
Commission

City of Fairfax

Northern Virginia Regional Commission

City of Falls Church

Northern Virginia Transportation Authority

City of Manassas

Northern Virginia Transportation Commission

City of Manassas Park

Dulles Area Transportation Association

Town of Haymarket

Vanpool Alliance

Town of Vienna

The operation of these agencies involves, but is not limited to:







Providing traveler information to customers
Tracking fleet vehicle location
Monitoring fleet vehicle diagnostics
Fare collection
Maintenance yard operations
Incident management

These agencies will be most impacted where the above overlaps with VDOT operations, such as in
providing traveler information.

5.3.2 Local Agencies
The limits of the I-66 Corridor Improvements Project fall within Fairfax and Prince William Counties, the
City of Fairfax, Town of Vienna, and Haymarket. The operations of these counties and municipalities
overlap with VDOT on various levels, including the following:
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Developing transportation plans
Programming funds
Design elements and oversight
Public interaction and awareness
Political support
Communication layer for permitting

5.3.3 TDM
TDM services in Virginia are typically provided by a single locality or by a group of jurisdictions acting as a
transportation district to facilitate regional transportation solutions to problems that transcend individual
localities’ borders. TDM services are generally aimed at increasing mobility and transportation choice
throughout the greater Northern Virginia region and helping to eliminate or shift single-occupant vehicle
(SOV) trips to other modes or times of the day. The transit and TDM services provided in the study
corridor are described in the following sections.
The I-66 study area is served by the following TDM agencies:







Fairfax County. Fairfax County’s RideSources program is a division of the Department of
Transportation.
PRTC. PRTC’s OmniMatch program serves Prince William County. PRTC also oversees Northern
Virginia’s Vanpool Alliance Program.
Metropolitan Washington Council of Governments (MWCOG). MWCOG’s Commuter Connections
coordinates regional activities in their network, which includes Fairfax and Prince William Counties.
DRPT. DRPT supports local, regional, project-specific, and statewide services, and administers the
state’s telework program.
VDOT. VDOT supports regional and statewide serves, administers Virginia’s 511 network, and
manages some of Virginia’s park-and-ride facilities.
Federal agencies. Federal agencies have employee transportation and telework coordinators. They
also administer the federal commuter benefit program.

TDM is presented in greater detail in the Transit and TDM Technical Report.

5.3.4 Other Organizations
The NVTA is a private-sector organization whose mission is "to advance transportation improvements of
greatest regional significance in Northern Virginia." Like the TDMs, NVTA may influence the outcome of
the project through garnering political support.
The Northern Virginia Transportation Commission (NVTC) is a public organization that was established to
manage and control the functions, affairs, and property of the Northern Virginia Transportation District.
The NVTC overlaps with VDOT because it creates a policy forum and allocates funding to member
jurisdictions.

5.4 Potential Concessionaire
If a P3 approach is selected for this project, the concessionaire/design-builder will be cost sensitive and
will construct to the minimum required specifications, particularly on the general purpose lanes, which do
not contribute to toll revenue. While the design-builder may introduce innovations on the managed lanes
to attract riders, VDOT will require the concessionaire to follow all technical requirements for general
purpose lanes prescribed by VDOT to maintain operations during construction of this project and to
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achieve operational objectives for the general purpose lanes following construction. Therefore, the
concessionaire will need to gain an understanding of the existing system and coordinate closely with
VDOT on the operation of the general purpose lanes.

CHAPTER 6 CONCEPT FOR THE PROPOSED SYSTEM AND
ALTERNATIVES
6.1 Overarching Considerations
With respect to technology life cycle, connected and autonomous vehicles, the role of the private sector,
and managing system performance, the following overarching statements will guide VDOT’s operations
concept for the corridor:

6.1.1 Technology Life Cycle
As the rate of changing technology continues to increase, it is anticipated that many current technologies
will be obsolete in about 10 years. To mitigate this risk, VDOT must consider technology solutions that
allow for this probability of obsolescence.
The level of detail should consider the rate of technology change and adoption of new legislation related
to connected vehicles during the time between the request for proposals (RFP) (anticipated to be
December 2015) and construction (2017 through 2020). Therefore, the corridor operations vision should
be functional and outcomes-based, using performance metrics (or matrices).
Fiber optic communications is as close to a future-proof technology as exists at this time. Demand for
communication bandwidth will only increase with in-vehicle technologies. Therefore, VDOT will invest in a
high-capacity, redundant fiber optic backbone.

6.1.2 Connected and Autonomous Vehicles
Connected and autonomous vehicles are the future. Roadside infrastructure and applications are still in
research and development and therefore rapidly evolving. VDOT should plan to invest and re-invest in
roadside infrastructure to stay at the forefront of this rapidly emerging technology.
VDOT will still need “traditional” ITS technologies and operations paradigms while connected vehicle
technologies mature to the point where they can start to replace those technologies, including enough
vehicle penetration with on-board equipment to take full advantage of the technology.

6.1.3 Role of the Private Sector
The private sector is leading the way in terms of the end-user experience. VDOT should therefore focus
less on heavy ITS infrastructure and more on the acquisition of data and making that data available to
third parties to incorporate into third-party applications and services.
Recognizing that the private sector is inclined to be creative with respect to the revenue-generating
portion of the project (i.e., managed lanes), VDOT may need to be more descriptive of its intentions for
the general purpose lanes of the I-66 Corridor Improvements Project.
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6.1.4 Managing Performance
The United States Department of Transportation (USDOT) is leading the nation in managing system
performance through MAP-21. Given USDOT requirements, VDOT will measure volumes and travel times
to support the calculation of congestion performance measures such as vehicle-hours of delay and travel
time reliability.
VDOT Northern Virginia District’s Public Safety and Traffic Operations Center (PSTOC) will continue to
manage operations for the overall I-66 corridor.

6.2 Incident Management Systems
Crashes account for a significant share of overall vehicle hours of delay; therefore, effective surveillance,
rapid response, and efficient scene management will be needed to reduce the impact of incidents. The
PSTOC, as the entity responsible for incident management on the I-66 corridor, must have accurate realtime data to efficiently respond to highway incidents on general purpose lanes. A P3 concessionaire
would be responsible for incident management on managed lanes.

6.2.1 General Purpose Lanes
6.2.1.1

Full Visual Coverage at PSTOC

Closed-circuit television (CCTV) cameras are the best means of surveillance of the corridor, and provide
visual confirmation of incidents. When the PSTOC can remotely see exactly the severity and type of
incident, the dispatcher can effectively put together a team of required personnel to clear the incident and
quickly improve traffic flow. Vital ocular information can only be provided by a full fleet of CCTV cameras
along the entire length of the corridor. Thus, the suggested minimal infrastructure need is Pan-Tilt-Zoom
(PTZ) cameras at 1-mile spacing.
In times of low visibility, such as night-time or foggy or stormy conditions, video images become unusable.
To eradicate the problem of low lighting, lighting should be installed along the entire length of the corridor.
I-66 currently has sufficient lighting, but lighting fixtures should be replaced after tear-down during the
construction process. The P3 concessionaire must replace lighting in-kind at a minimum, or may install
upgraded lighting.
Automatic incident alerts are possible with video analytics technology; however, this technology is
unproven in outdoor environments and produces many false alarms. For this reason, video analytics will
not be used on the general purpose lanes, and will only be used on managed lanes if desired by the
concessionaire.

6.2.1.2

Traveler Information

En-route and pre-trip traveler information allow motorists to make informed travel choices when incidents
occur. This information should be made available via the Internet, mobile applications, and/or in-vehicle
displays.
En-route traveler information can be disseminated to the road user visually or audibly while he or she is
driving. DMS is used extensively throughout the corridor as a part of the ATM. There are overhead lane
control signal gantries every 1/3 mile on I-66. By using the ATM gantries to reduce speeds upstream of a
congestion point, drivers are allowed adequate response time and reduced likelihood of rear-end
collisions due to a sudden halt. Also, mobile applications like GPS routing apps can alert drivers of
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upcoming congestion, and allow them a choice of remaining on their current path of travel or taking a
potentially faster route. As in-car navigation systems become smarter, along with future connected vehicle
technology, drivers can also be delivered this information through in-vehicle displays. These en-route
traveler information sources can alleviate delays caused by incidents.
Similarly, pre-trip traveler information empowers road users to make informed choices about their paths of
travel. With the mobile applications and in-vehicle displays mentioned above, travelers are capable of
choosing the fastest path to their destination, often avoiding delays caused by incidents. Travelers also
can access VDOT’s 511 service to learn of speeds and delays on their route. VDOT has developed a
robust 511 traveler information app and website to allow users to make informed choices easily.
Through the I-95 Corridor Coalition, VDOT has access to probe vehicle data, which provides speeds
across the state without any infrastructure deployment. This data is accurate enough for most
applications; however, this type of service relies heavily on smartphone positional data, which is currently
not accurate enough to differentiate between drivers travelling in general purpose lanes and managed
lanes. Often, travel in managed lanes is much faster than general purpose lanes, and mixing the two data
sets misrepresents both conditions. But, this may be a temporary shortcoming. Smartphone GPS
technology is limited by the form factor and battery life of the phone. Other types of portable GPS units
(e.g., running or biking watches) are more accurate. Therefore, as GPS, smartphone, and battery
technology improves over time, probe vehicle data may become accurate enough to differentiate a
driver's position by lane. Cars also are adding more advanced technologies each year and these types of
connected vehicle technologies could introduce greater levels of positional accuracy as well.
Another potential source of traveler information is Waze. Waze is a smartphone app that uses
crowdsourcing to gather incident and travel delay information. More than 10 public agencies in the United
States and Europe have entered formal partnerships with Waze to exchange information. Florida DOT, in
particular, is both receiving and sharing real-time incident information with Waze so that users of FDOT’s
511 and Waze receive the same information. VDOT could consider this type of partnership to supplement
its own surveillance.

6.2.1.3

Weather Information

VDOT has one ESS in the corridor at US 15 in Haymarket. This ESS must be maintained during
construction and must be replaced in-kind to provide the same data to VDOT. A minimum of three ESS
should be installed within the corridor to collect pavement temperature, wind speed, and accumulation, at
a minimum.

6.2.1.4

Support for CAD Dispatch of Safety Service Patrol

Dispatch of SSP will be limited to the managed lanes but will otherwise not be impacted by the project.

6.2.2 Managed Lanes
The P3 concessionaire is envisioned to provide incident management on the I-66 Express Lanes. Though
details would be determined after contract award, VDOT will require the concessionaire to retain systems
and infrastructure required to support incident management.
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Incident Response

On managed lanes, the concessionaire can choose their incident detection and response method in order
to meet the contract requirements. The concessionaire will be required to respond to incidents within the
time duration specified in the contract.

6.2.2.2

Full Visual Coverage at Traffic Operations Center (TOC)

To maintain daily operations and respond to incidents in managed lanes, the concessionaire should staff
a TOC. This TOC should be of minimal size and expense—only what is necessary to meet contract
requirements.

6.2.2.3

Traveler Information

The P3 concessionaire will collect traffic speed, traffic volume, and real-time toll rate data on the
managed lanes. The concessionaire will need to provide a real-time feed with this data to VDOT. VDOT
must have free and open access to the data the concessionaire collects on the managed lanes, and
VDOT shall not be restricted from freely sharing this data with the public or any third party.

6.2.2.4

Weather Information

Pavement temperature information is required on the managed lanes. A real-time feed with this data must
be provided to VDOT, with no restrictions on use or redistribution.

6.2.2.5

Support for CAD Dispatch of Safety Service Patrol

The concessionaire's incident management will need a radio system that is compatible with the State
Police's Statewide Agencies Radio System (STARS). Towing of disabled vehicles on managed lanes
should be provided by a list of providers with a fixed contract price. Emergency situations on the
managed lanes should have emergency response vehicles at the scene in the shortest possible
timeframe.

6.3 Connected Vehicles
A portion of I-66 is being used as a test bed for connected vehicle systems and there are plans to expand
the limits of the testing area. The Virginia Center for Transportation, Innovative, and Research (VCTIR) is
currently leading a pilot connected vehicle/autonomous vehicle (CV/AV) project on I-66 and will submit an
application for a USDOT pilot project. Regardless of whether the corridor is selected for a USDOT pilot
project, however, VDOT will continue to invest in Connected Vehicles Operations and research on this
test bed.
Existing roadside units with dedicated short-range communications (DSRC) radios for Vehicle to
Infrastructure technologies must be kept operational during construction. These units are installed along I66 and parallel arterials between Gainesville and I-495, with plans to extend to Route 15 in Haymarket.
This equipment is currently located on existing CCTV poles, drawing power from roadside ITS cabinets.
VDOT will accept a short-term downtime for a limited number of existing CV equipment (i.e., less than 48
hours).
With CV infrastructure on this corridor, the focus at this phase will be on work zone management, incident
management, dynamic merge assist, and signal operations enhancements. Although the National
Highway Traffic Safety Administration’s (NHTSA) may issue a rule requiring vehicles include CV
technology, in the meantime equipped vehicles will generally have aftermarket units on board and
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participation will be on an opt-in basis. It is estimated that a minimum suite of CV technologies will be on
all vehicles between 2025 and 2040. CV equipment will need to be mounted to gantries and guide signs,
and pricing information will need to be displayed on signs at transition points.

6.4 ICM Systems
The goal of an ICM system is to make effective use of all travel modes and parallel routes in the corridor
to effectively move people and goods. This is done by minimizing infrastructure investment and
maximizing data collection, communication, integration, and provision of data to the private sector.
This allows VDOT to leverage the innovation capabilities of the private sector to develop traveler
information applications. VDOT does not anticipate any ICM field equipment being deployed as part of
this project. The focus will be to share any information collected on the corridor to the public, giving the
private sector adequate information to build useful and reliable traveler information applications. For this
reason, the P3 concessionaire should make collected data available to the public or allow VDOT to share
the collected data without restrictions.
Any data collected on park-and-ride lots, transit, bike share, parallel arterials, and managed lanes should
be disseminated to private application providers, existing ATMS, and existing advance traveler information
system (ATIS) applications.
A concept of what ICM could include in the corridor is shown in Figure 6-1. This is shown for illustrative
purposes only, and is included to give some context to the discussion. By providing information—in this
example travel times—on multiple modes, travelers can make informed choices and the corridor capacity
can be better utilized.

Vienna Metro
INTERSTATE

66

VIA
VIA
VIA
VIA

Express Lanes
Transit
Next Bus

45
35
40
50

MIN
MIN
MIN
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Figure 6-1. ICM Concept (for illustrative purposes only)

6.4.2 Park-and-Ride Lots
VDOT will be performing a pilot project that collects parking availability data from park-and-ride lots on I95 in Dale City and pushes the information to 511 and interstate signage. After implementation and
review, VDOT will release a Draft Report of Findings, and will include this in the enhanced 511 system.
The goal of this project will be to provide information regarding available spaces on 511 and DMS on the
interstate, which will allow lot users to make informed decisions on which park-and-ride lot to use along I95. VDOT also will be relying on parking information apps from the private sector.
Park-and-ride lots are to be included in the I-66 Corridor Improvements Project and will have information
systems for bus arrivals and parking availability. Each park-and-ride located along the corridor should
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have a shelter installed with an equipment cabinet and access to power and fiber communications to
enable dissemination of real-time information to the users.

6.4.3 Transit
Arrival and departure information in real-time for bus transit and Metrorail transit also will be integrated. If
collected, seat availability on each of these transit vehicles will also be shared with the public. Accurate
and real-time information about transit vehicle service along the I-66 corridor will be beneficial to road
users, giving them a choice about which park-and-ride location to use and efficiently catch the next bus or
train.

6.4.4 Bike Share
Similar to transit, if the P3 concessionaire and/or VDOT agree to provide bike share availability at
locations near the corridor (e.g., at park-and-ride lots), as well as bike rack space availability on buses,
this information should be shared freely.

6.4.5 Parallel Arterials
Parallel arterial travel time information may be collected by existing and future count stations on parallel
arterials. This information also may be available through smartphone applications using GPS location
services. By making count station information available to mobile applications and in-vehicle computers, a
traveler along the I-66 corridor may choose to avoid congestion on the freeway and take a parallel
arterial, saving time without paying for the Express Lanes. This information will also be detrimental to the
concessionaire's cost model, and should be provided by VDOT, if VDOT so chooses.

6.4.6 Managed Lanes
The managed lanes are part of an integrated corridor. In addition to the information on parking, transit,
bike sharing, arterials, and the general purpose lanes, the provision of travel times and toll rates on the
managed lanes will be an important part of enabling travelers to make their best travel choices.

6.5 Data Collection and Monitoring Systems/
Performance Management
As part of upcoming MAP-21 performance measure requirements related to congestion reduction and
system reliability, VDOT has developed a process for calculating and reporting system performance
statewide. Currently, VDOT is reporting on:




Vehicle-hours of delay
Incident duration
HOV lane performance

The contractor will be required to report on these measures for the managed lanes. Under provisions of
23 USC 166(d), annual certification must be made that operational performance monitoring programs and
enforcement programs are in place to ensure that the performance of the facility is not degraded and that
the facility is operated in accordance with the restrictions and requirements of 23 USC 166. In addition,
the corridor will be required to operate with the performance criterion established by the contract.
VDOT needs speed and volume to calculate vehicle-hours of delay. This data currently comes from a
combination of INRIX and vehicle counts stations. As part of this project, it is assumed that speed data
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can come from INRIX or another third party probe vehicle data provider, but it will be incumbent on the
concessionaire to determine the best source of data to meet VDOT’s needs. Volume data must come
from count stations along the corridor, but as long as the data is provided, the concessionaire may use
any available technology or service.
On managed lanes, speed monitoring should be a priority for the concessionaire. The definition of
minimum operating speed based on the Federal Degradation Standard on managed lanes should be 45
mph on an HOV facility with a speed limit of 50 mph or greater, and not more than 10 mph below the
speed limit if the HOV facility has a speed limit less than 50 mph. To avoid degrading the facility, the
vehicles must maintain a minimum average operating speed 90 percent of the time during a consecutive
180-day period during morning or evening weekday peak hour periods. However, VDOT recommends a
minimum average operating speed of 55 mph on the managed lanes, and will consider 55 mph as the
performance target for maintained free flow speed.
To enable private companies to develop reliable traveler information, the data collected must be shared to
VDOT and available to the public, with no restrictions on use. The travel time data collected on the
general purpose lanes will be displayed in real time on DMS along the corridor, while the travel time on
managed lanes will not be required to be displayed.

6.6 Communications
I-66 requires a highly reliable, secure, and available communications network serving both general
purpose and managed lanes. The concessionaire will be expected to build the fiber optic backbone to
support communication needs for up to 30 years in the future. The concessionaire will need to provide
redundant conduit duct banks with sufficient separation so that if one is damaged, the other is not
affected.

6.7 ATM
The ATM system currently being constructed on I-66 will need to be removed based on the proposed
footprint, and the corridor will need to accommodate a different ATM system. The ATM system currently
allows VDOT to dynamically open HOV and shoulder lanes in response to traffic, incidents, and special
events. VDOT will allow hard shoulder running under the new project. However, unlike the current ATM
system, this will only be done in localized areas under incident conditions.
Making the shoulder lane available would create four general purpose lanes on I-66. The benefits of this
would include:




Prince William County considers losing one general purpose lane after project implementation as a
degradation of the corridor. Opening the shoulder lane will preserve the number of lanes for general
purpose users.
General purpose lanes will experience less congestion.

The challenge would be to ensure safe operations in the merge areas.
An option for providing shoulder lane usage while minimizing the financial impact to the project includes
limiting shoulder usage to incident or special event scenarios only, where traffic demand far exceeds
available capacity and Express Lanes demand is minimally affected. The control at the ramp junctions
would need to be designed carefully in these cases. It should also be noted that this scenario should only
be considered with an incident blocking the left lane(s). Emergency crews will generally not allow traffic to
pass on both sides of an incident – this poses a huge safety risk to the responders and those involved in
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the crash. This was the general consensus from emergency responders when discussing a similar system
for the Michigan Department of Transportation.

Figure 6-2. Concept of shoulder use during normal (left) and incident (right) conditions
A concept of the lane indications rendered on top of the existing roadway is shown in Figure 6-33. Note
that static or dynamic signs could be places on the structure over the lane control signs.
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Figure 6-3. Concept of lane control signs and indications

6.8 Infrastructure Maintenance During Construction
A Transportation Management Plan (TMP) is needed for the construction and post-construction periods. A
formal TMP will be fully fleshed out between the concessionaire and VDOT after the RFP is awarded. The
TMP will include:





Maintenance of traffic (MOT) that is examined early in the project development process.
Options for TDM during construction that include implementing HOV-3 during construction, possibly
for 24 hours a day.
A plan for using the shoulder lane as a general purpose lane.
Emphasis of work zones for increased safety and capacity for both managed lanes and general
purpose lanes.

Technical requirements will be developed for the maintaining of assets during each construction phase
with the goal of keeping the assets functional for the longest duration of time possible. Technical
requirements will include:











A possible advance project depending on the details of the I-66 project, including the elements that
will be constructed and during which construction phases.
Installation of temporary fiber lines during construction at the edge of the right-of-way, which may
require temporary overhead installation.
Power distribution relocations.
Other ITS/communications relocations.
Concessionaire to coordinate with Serco team who are involved with the TOC and ATMS.
Maintenance of tolling signs for advance warning during construction prior to I-495.
Operational requirements for the concessionaire during construction and post-construction.
Cost analysis of relocating existing cameras after construction instead of replacing them with new
devices.
Requirements for maintenance of existing infrastructure during the construction of new infrastructure.
Requirements for replacing lighting in-kind.

Operational strategies for infrastructure maintenance during construction include:


Data Management






Operational





Collection and integration of construction information and data
Dissemination of construction information and data
Integration of construction information with ATMS and CV data dissemination components

Shoulder operating all the time during construction
Consider shoulder as travel lane

VDOT will require all ITS components be up during peak periods. Therefore, devices may be taken
down in the off-peak and overnight during construction hours, but unless given express approval by
VDOT they must be back up for the peak.
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Currently, VDOT has a low level of confidence with as-built level of data for the ITS underground
infrastructure. As-built level of data will need to be confirmed prior to the development of technical
requirements.
Lessons learned from the ATM project currently under construction include knowledge of:




ATM elements that were re-used during the construction phases and after construction.
Impacts of the ATM elements from the construction phases.
Benefits from re-using ATM elements during the construction phases.

6.9 Tolling Systems
The I-66 toll concessionaire must operate with a transponder that is supported by tolling systems
operated by other agencies/concessionaires, and that provides a seamless experience to the user. These
other toll systems include I-95, I-495, I-66 inside the Beltway, the Dulles Toll Road, and the Dulles
Greenway.
The portion of I-66 inside the Beltway will be Express Lanes only during peak hours, and will be HOV-2
until 2020, when all toll lanes will convert to HOV-3, per the region's CLRP. VDOT will operate the tolling
inside the Beltway, Transurban will operate the tolling on I-495, and a third concessionaire may operate I66 outside the Beltway. So that no interface between systems is needed, vehicles must be identified at
the entry and exit points to the adjacent tolling systems so each system can maintain its own tolling back
office systems.
The concessionaire will be responsible for operating and maintaining the Electronic Toll Collection (ETC)
system on managed lanes.

CHAPTER 7 SYSTEM RECOMMENDATION
This chapter presents an overview of the proposed ITS system to be developed. It describes the goals
and objectives of the system and the scope of the project for each project element, including the general
requirements, the users of the system, the planned capabilities, the system architecture, and interfaces to
the system. It provides a structure for describing the operations in terms of where they will be carried out,
and the lines of communication.

7.1 Goals and Objectives of the System
During the project development phase, the following overall system deployment goals were identified that
have been incorporated in the project scope:









The users of the system should get real-time information to make informed decisions.
Operations of the I-66 corridor, regardless of the managed lanes or general purpose lanes, should be
seamless to users.
Effective response to crashes and incident management will help reduce congestion; therefore,
CCTV cameras and detectors should be provided throughout the corridor.
The combination of ATM and ICM is necessary to fully manage the operations of the corridor.
Lane Control Signs (LCS) and DMS should be used to warn motorists of incidents ahead.
Information should be shared across agencies for successful ICM.
ATM deployment should use the current lower investment costs similar to the deployment along the I95 corridor. The concessionaires submitting on the project should continue existing operations.
VDOT must be able to maintain operations at all times during construction.
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VDOT should take full advantage of ATM improvements currently underway.
ICM should include parking and multimodal travel information at park-and-ride lots, transit
information, and enhanced arterial operations during major freeway events.
VCTIR is using a portion of I-66 for a CV test bed and will be applying for funds to expand the limits,
regardless of the outcome of this project.
Though CV technologies will continue to be deployed on I-66, it is not enough to warrant not installing
traditional ITS devices for operations as part of the project.
Though future technologies are unknown, the need for more bandwidth is constant, therefore capacity
should be provided in this project to support future ITS, CV, and AV deployments
This project needs to have the ability to provide performance measures required by MAP-21 or used
in the CV pilot program

7.2 Scope of the Project and Subsystems
The I-66 project would include seven major ITS subsystems as described in detail in the following
sections:
1.
2.
3.
4.
5.
6.
7.

Data Collection and Monitoring (DCM) subsystem
Incident Management subsystem
ATM subsystem
ICM subsystem
Tolling subsystem
CV subsystem
Communications subsystem

7.2.1 Data Collection and Monitoring Systems
The data collection and monitoring subsystem will include system elements that are required to collect
real-time information about the corridor, the status of the corridor including the general purpose lanes and
managed lanes, and monitoring capabilities for incident and system management. The following are the
requirements for the general purpose and managed lanes. Data collection requirements for other
agencies are included in the ICM subsystem.

7.2.1.1

General Purpose Lanes

Information about the status of the general purpose lanes should be collected throughout the corridor to
measure speed, occupancy, and volume as described below:
Element
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Full speed detection coverage
of the corridor (multiple sources
for redundancy)

Utilize third-party probe data

Real-time speed, occupancy,
volume between interchanges

Install detection at ¼ mile
spacing.

Concessionaire will get and
store data on general purpose
lanes and share with VDOT and
the public.
Develop models/algorithms to
support performance
measurement.

7.2.1.2

Managed Lanes

The concessionaire should collect information about the conditions of the managed lanes as required for
their business case as described below:
Element
Free flow speeds must be
maintained on the managed
lanes.

Requirement(s)

Infrastructure

Maintain 55 mph at all times
through the corridor.
Contractor will have to report on
the performance of the
managed lanes per the
requirements in MAP 21.

7.2.2 Incident Management
Incident Management is one of the primary goals of VDOT. Incidents account for a high percentage of
delays along the project corridor. Both VDOT and the concessionaire have responsibilities toward incident
management for the general purpose lanes and the managed lanes, respectively. To provide a viable
incident management system, the following are required:







Full visual coverage at PSTOC
En-route traveler information
Pre-trip traveler information
Weather information
Support for computer-aided dispatch (CAD) of SSP
ATM system

The following are the elements that would create the required incident management components for
general purpose and managed lanes.
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General Purpose Lanes

7.2.2.1

Element
Full visual coverage at PSTOC

Requirement(s)

Infrastructure

Full visual coverage of the
corridor via CCTV

Cameras at approximately 1mile spacing

Replace lighting in-kind on
entire length of corridor

Lighting replaced in-kind

VDOT must have full control of
camera
En-route traveler information

Pre-trip traveler information

Provision of en-route traveler
information on signs, via mobile
applications via in-vehicle
displays

ATM from US 50 to I-495

Provision of pre-trip traveler
information via the Internet,
mobile applications, and invehicle displays

511 + commercial systems

ATM needs to have the
capability to provide additional
spacing based on volume and
capacity available

Store 7-days’ worth of data; will
not lose data in event of loss of
communications.
Provide weather information

Replace pavement temperature
probes

Replace ESS at US 15 with
equivalent sensors and install a
minimum of 2 additional ESS
within the corridor. All ESS
should capture pavement
temperature, wind speed,
visibility, and accumulation.

Support for CAD dispatch of
SSP

No project requirements –
central systems integration only

No field infrastructure for CAD

ATM system

Lane control signs with standard
variable speed limit signs

Lower level of investment per
gantry

Junction Control (US 29, Prince
William County, VA 234 Bus, VA
28, US 50)

LCS Gantries at ½-mile spacing.

Ramp Meters (US 29 Fairfax
County, VA 286, VA 123, VA
243)
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Managed Lanes

The concessionaire is required to coordinate with VDOT and the State Police for IM. The concessionaire
will be required to provide a 10-minute response time and collect and disseminate information to VDOT
and the State Police for incident management coordination. The following are the general requirements
for the managed lanes.
Element
Concessionaire is responsible
for incident management on
Express Lanes

Requirement(s)
Make pavement temperature
information available to VDOT
VDOT is responsible for snow
clearance, and wants the data
(currently collecting ambient and
pavement temperatures)

Infrastructure
Install ESS a minimum of two
ESS within the corridor. All ESS
should capture pavement
temperature, wind speed,
visibility, and accumulation.

State Police-compatible systems
(STARS radio)
Currently using State Police for
towing. Include fixed contract
prices with providers listed

7.2.3 ATM
ATM will allow both VDOT and the concessionaire to operate the I-66 corridor in real-time conditions and
with changing of traffic patterns to respond to incidents and provide incident management. In addition, it
would provide ability to dynamically manage lanes by closing lanes due to incidents, construction-related
activities, planned events, or lane-reversible operations. If available, shoulder lanes can be opened or
closed through lane control signs.

7.2.3.1

General Purpose Lanes ATM Requirements

VDOT will manage the ATM system along the general purpose lanes. Speeds and volumes are
continuously monitored and, when required, speed limit signs will dynamically change to alert the drivers
of the changing conditions. In advance of queuing or incidents, speed limit signs will change dynamically
to alert the drivers of the changing conditions. A speed harmonization algorithm will be required to
automatically activate the speed harmonization regime.
In addition to changing of the speed limit signs, the lane control signs can be changed from a green arrow
(open) to red X (closed) conditions. These lane control signs will allow VDOT to actively manage lanes by
closing lanes in advance of incidents or for construction-related or other planned activities.
DMS will notify travelers of changed conditions and provide other traveler information, such as alternate
route information (if available) or incident location. DMS will only be installed prior to major decision points
or approximately every 3 miles.
The ATM gantries will be lower-cost frame structure, similar to the I-95 system, and will span the entire
directional segment of the corridor, along the same cross section as the managed lanes.
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The ATM for the I-66 will be a lower infrastructure investment with smaller LCS signs and DMS signs,
similar to the I-95 corridor. The following are the requirements for the general lanes ATM subsystem:
Element
Lane controls

Requirement(s)
Provide indications of lane
closures ahead

Infrastructure
Full span gantries every ½-mile
Red X or green arrow over each
lane
Simpler, lower-cost LCS signs

Shoulder-lane usage

TBD

Additional shoulder-specific LCS
indications for approximately ¼mile spacing of shoulder lane
indications.

DMS

Provide traveler Information

Prior to critical decision point or
approximately every 3 miles

Shoulder-lane usage

TBD (If needed)

Additional shoulder-specific LCS
indications for approximately ¼mile spacing of shoulder lane
indications.

Ramp meters

Support future ramp meter
installations

Install junction boxes near each
ramp stop bar and coil backbone
fiber optic cable for later splicing.

Variable Speed Limit (VSL) signs

All speed limit signs should be
variable.

Use dynamic speed limit signs
(static sign with dynamic speed
limit inset) to allow for variable
speed limits at any point in the
future.

7.2.3.2

Managed Lanes ATM Requirements

The concessionaire also needs an ATM system due to the lack of shoulder on the outside lane. It will
show a red X over blocked lanes and green arrows to indicate which lanes are open. Speed limit signs
also will change, depending on the roadway conditions and operational conditions deemed appropriate
and safe by the concessionaire. The DMS signs ahead of the entry points show the toll cost as well as the
entry point designated. The intermediate DMS signs will identify any pricing addition for subsequent
segments if applicable.
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Infrastructure
Full span gantries every ½-mile
Red X or green arrow over
each lane
Simpler, lower-cost LCS signs

Speed Limit

DMS

7.2.3.3

Provide appropriate speed limit
information

On each gantries every ½-mile

Provide toll pricing information

Prior to the entrance to the
managed lanes and prior to any
other locations where additional
tolls are to be charged.

Cut-out DMS inside static
speed limit sign

ICM Subsystem Requirements

VDOT will be responsible for collection and dissemination of all multimodal system elements in the
corridor. Information from the I-66 corridor will be shared with the partner agencies and relevant transit
and parking information will be displayed on DMS signs on the freeway. In addition, transit and parking
information will be available at the parking facilities. The ICM subsystem requirements include the
following elements:
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Requirement(s)

Infrastructure

Share available parking
availability at park-and-ride lots.

Equipment shelter at each parkand-ride lot.

Share available real-time RBS,
bus transit, and Metrorail
arrival/departure information as
well as seat availability.

Connection to VDOT’s fiber
optic communications network.

Share bike share availability at
locations near the corridor as
well as bike rack space
availability on buses.
Bike locker availability in realtime may be considered.

Power connection.
In-and-out counter system at
access and egress points to
parking areas.
CCTV cameras in sufficient
number and locations to enable
remote viewing of all parking
spaces.

Share available parallel arterial
travel time information.
Share available managed lane
travel time and toll rate
information.
Disseminate data via CV
application, private application
providers, and existing
ATMS/ATIS applications.
Elements will not have to be all
available on day 1 of the
managed lanes operating.

7.2.4 Tolling Subsystem
The tolling subsystem will be the responsibility of the concessionaire. The tolling equipment must be
compatible with other managed lane facilities in Virginia, including I-495 and I-95. The tolling system must
allow the system to be switched off for the HOV+3 users of the system. It must also include enforcement
provisions to allow the State Police to enforce the following violations. There is flexibility in the tolling
technology to allow the concessionaires to apply innovative concepts for the managed lanes in support of
their business case.

7.2.4.1

Tolling Subsystem Requirements

The following are the minimum tolling requirements:

Transform 66 Outside the Beltway

35

DRAFT May 12, 2015
I-66 Corridor Improvements Project – Operations Concept Report

Element
Seamless integration with
other toll roads in the region

May 2015

Requirement(s)

Infrastructure

Users shall not need a new type
of transponder to use the Express
Lanes that is not compatible with
other toll roads in the region.

7.2.5 Connected Vehicles Subsystem
VDOT is currently operating CV technologies in the corridor. In addition, the VCTIR is planning an
expansion of existing infrastructure along the I-66 corridor through a future grant application. In any event,
the CV technology is expected to grow in the future with the adoption of CV standards and AV initiatives.
It is expected that within the next 40 years most of the traveler information will be disseminated to the
highway and transit users via CV or AV technologies; however, the growth and penetration of the CV and
AV technologies will grow during the life cycle of the project, so the project should integrate the existing
technologies and allow for seamless integration of future systems to further enhance traveler and incident
management capabilities along the corridor.

7.2.5.1

Connected Vehicle Subsystem Requirements

Since a number of initiatives and standards are in the process of being adopted, all requirements for CV
are not yet available. Given this, the following are the minimum requirements for the CV subsystem that
should be incorporated in the system:
Element

Requirement(s)

V2I Communications
Infrastructure for managed and
general purpose lanes

Complete communications
coverage along I-66 between
Gainesville and I-495

Integration with ATMS for enroute traveler information

Contractor should be aware that
they need to maintain power and
communication and replace inkind

Integration with managed lane
systems for en-route traveler
information
Coordination with TMP/MOT
scheme

Infrastructure
Maintain availability of existing
DSRC Radios (at approximately
¼ mile spacing) between US
123 and I-495.

Heavy consideration in
development of TMP

Development of near-term
cellular solution

7.2.6 Communications Subsystem
The communication system is the backbone for data and video transmission for the corridor. There is
currently a fiber optic communication system available for the entire corridor; however, there is a need for
redundant communication to provide additional reliability for the system operations. The need for data and
video communication will increase in the future, so adequate capacity should be accommodated for the
future growth requirements.
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Communications Subsystem Requirements

The following are the minimum communication subsystem requirements:
Element
Highly reliable and available
communications network
Highly secure communications
network
Overbuild the fiber optic
backbone to support
communications needs for up to
30 years into the future.

Requirement(s)

Infrastructure

Maintain full redundancy in the
communications network during
all phases of construction.

Install duct bank on each side of
the corridor

Provide advanced redundancy
for full build-out.
Provide 100% spare fiber
throughout the fiber optic
backbone.
Provide 100% spare bandwidth
availability within utilized
communications channels.
Utilize Gigabit communications
to the edge, and 10 Gigabit
communications at the
distribution level.

Install separate fiber optic cable
for managed lanes system and
general purpose lanes system
Install 100% spare fiber.
Develop advanced network
architecture, using secure
communications hubs
throughout the system.
Use fiber infrastructure only to
support security, bandwidth, and
redundancy requirements.

Deploy layer 3 network routing
at the distribution level.
All toll signs must be connected
to fiber (no wireless last mile)

7.3 Infrastructure Maintenance During Construction
The concessionaire is required to maintain the existing ITS equipment along the I-66 corridor during
construction. In addition, the current ATM system that is being constructed must support MOT-related
activities. The gantries must be moved, if required, to accommodate the widening, but the infrastructure
must be maintained throughout the construction duration. In addition, the current CV infrastructure must
be remain in place and remain functional.
The following requirements must be met by the concessionaire for the existing equipment along the I-66
corridor:
Element
Uptime requirements for each
infrastructure component
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Integration of construction
information with ATMS and CV
data dissemination components.

Operations of shoulder all the
time during construction.
Consider shoulder as travel lane
(currently unresolved)

7.4 Integration and Testing
Element

Requirement(s)

Infrastructure

Managed Lanes

Managed lanes system shall be
integrated with the
Concessionaire TOC and VDOT
MPSTOC

Through the fiber optic
backbone with required network
interconnectivity

GP Lanes

GP Lanes infrastructure shall be
integrated with the VDOT
MPSTOC ATMS system

Through the fiber optic
backbone with required network
interconnectivity

ICM Sub-System

ICM interfaces shall be
integrated with various transit
agencies and ISPs for data
exchange requirements

Through wireless connectivity as
required

Connected Vehicles

CV equipment shall be
integrated with the VCTIR and
VDOT as required

Through wireless network as
required

Software Integration

Concessionaire shall prove all
system functionality using
vendor software at PSTOC.

Test workstations, test software.

Accepting testing will be a multistep process and will include a
factory acceptance test, system
acceptance test and a trial
operations test period.

7.5 ITS Architecture Requirements
The USDOT also requires that any ITS project funded through the Highway Trust Fund must conform to
the National ITS Architecture and applicable standards. These requirements are codified in the Code of
Federal Regulation (CFR) Title 23-Highways, Part 940-Intelligent Transportation Systems Architecture
and Standards. ITS projects are defined as any project that in whole or in part funds the acquisition of
technologies or systems of technologies that provide or significantly contribute to the provision of one or
more ITS user services as defined in the National ITS Architecture. Conformance to the National ITS
Architecture includes the use of the National ITS Architecture to develop a statewide or regional ITS
architecture and the subsequent adherence of the project to that statewide or regional ITS architecture.
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This this project is not federally-funded; however, compliance with the National ITS Architecture and
VDOT ITS Architecture will ensure compliance with the statewide requirements and information
integration with other systems in operation today.

7.5.1 ITS Architecture Process
To ensure that ITS deployments are coordinated and integration opportunities are maximized, the USDOT
requires the development of an ITS architecture. The ITS architecture helps to identify opportunities for
interagency communication to better coordinate deployment efforts and to support integration activities of
multimodal transportation services. ITS architecture typically includes the following components:






Subsystems
Equipment Packages
Service Packages
Interconnects
Information flows

Subsystems represent the various ITS management centers (at TOCs), field infrastructure (DMS, CCTV,
LCS, and other equipment), and communication system. Equipment Packages represent discrete
functional capabilities of each subsystem. Equipment Packages produce, receive, or process information
that supports transportation services, which are known as Service Packages. Service Packages are
comprised of multiple Equipment Packages and subsystems that interact to provide traffic management
and other ITS services.

7.5.2 Interfaces to the Systems
Project Interfaces will include connections identified for information sharing between all the project
stakeholders, which would include:


















VDOT
Future concessionaire
I-95 and I-495 concessionaire (Transurban)
Fairfax County
Prince William County
WMATA
DPRT
NVTA
VRT
PRTC
VRE
MWAA
Dulles Area Transportation Association (DATA)
LINK (Reston Area)
Transportation Association of Greater Springfield (TAGS)
VCTIR
Private Information Service Providers (ISPs)

Transform 66 Outside the Beltway

39

DRAFT May 12, 2015
I-66 Corridor Improvements Project – Operations Concept Report

May 2015

7.5.3 VDOT ITS Architecture
In January 2014, VDOT completed an update of the Northern Region ITS Architecture. The geographic
boundaries of VDOT’s Northern Region include all of the transit agencies and local agencies along the I66 corridor as stakeholders. Stakeholders developed the Regional ITS Architecture based on a 20-year
vision of how they wanted to implement and operate ITS in Northern Virginia. The Regional ITS
Architecture was based on Version 7.0 of the National ITS Architecture, and an accompanying Turbo
Architecture database also was developed using Version 7.0 of the Turbo Architecture. This version adds
several features to support transportation planning through project development. Also, Version 7 was
updated to align with new focuses and direction to include additional service packages for ATM strategies
and CV technologies. The Regional ITS Architecture and Turbo Architecture database files can be found
on the Commonwealth of Virginia Statewide and Regional ITS Architecture project website, currently
maintained by VDOT’s consultant at the following website:
http://local.iteris.com/virginiaitsarchitecture/architectures/northern/index.html
As part of the systems engineering process and federal regulations regarding federally-funded ITS
projects, the I-66 Corridor Improvements Project should align with the associated regional ITS
architectures. The I-66 corridor is included within the Northern Virginia (NV) Regional ITS Architecture.
Table 7.1 summarizes the project-specific Service Packages and their conformance or applicability.
Based on the February 2011 version, the identified I-66 Service Packages are in conformance and as well
as those that require additional updates.
For more information on each service package noted in the table below, refer to Appendix B.
Table 7.1: VDOT Northern Region ITS Architecture Flow Diagram
Service Package

Service Package

Included in
Architecture?


Network Surveillance

ATMS01

Traffic Probe Surveillance

ATMS02

X

HOV Lane Management

ATMS05



Traffic Information Dissemination

ATMS06



Regional Traffic Management

ATMS07



Traffic Incident Management System

ATMS08



Traffic Decision Support and Demand Management

ATMS09



Electronic Toll Collection

ATMS10



VSL

ATMS22

X

Dynamic Lane Management and Shoulder Use

ATMS23

X

VMT Road User Payment

ATMS25

Emergency Call –Taking and Dispatch

EM01

X


Emergency Routing

EM02



Roadway Service Patrols

EM04



Road Weather Data Collection

MC03



Weather Information Processing and Distribution

MC04



Winter Maintenance

MC06



Roadway Maintenance and Construction

MC07
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Work Zone Management

MC08



Transit Fixed-Route Operations

APTS2



Multimodal Coordination

APTS7



Broadcast Traveler Information

ATIS01



Interactive Traveler Information

ATIS02



ITS Data Mart

AD01



ITS Virtual Data Warehouse

AD03



Vehicle Safety Monitoring

AVSS01

X

Driver Safety Monitoring

AVSS02

X

Longitudinal Safety Monitoring

AVSS03

X

Lateral Safety Warning

AVSS04

X

Intersection Safety Warning

AVSS05

X

Pre-Crash Restraint Deployment

AVSS06

X

Driver Visibility Improvement

AVSS07

X

Advanced Vehicle Longitudinal Control

AVSS08

X

Advanced Vehicle Lateral Control

AVSS09

X

Intersection Collision Avoidance

AVSS10

X

AV Operations

AVSS11

X

Cooperative Vehicle Safety Systems

AVSS12

X

*Note -  denotes the SP aligns with the architecture; “X” denotes the SP requires updating/adding to the current
architecture.

7.5.4 Compliance with VDOT Northern Region ITS Architecture
Within the regional architecture, the concessionaire will communicate directly with VDOT, and VDOT in
turn will communicate with the transit and local agencies. It is important to note that the Regional ITS
Architecture is considered a living document. As the I-66 Corridor Improvements Project is finalized, it will
be necessary to modify the ITS Service Package to reflect how the system will be deployed and operated.
The VDOT Northern Region ITS Architecture describes the process that should be used for documenting
changes to the regional architecture to account for ITS deployments that differ from the Regional ITS
Architecture. The most important component of these changes is that all impacted stakeholders are in
agreement on the changes and have an understanding, and, if necessary, an agreement in place, for
future maintenance and operations of the system.

CHAPTER 8 OPERATIONAL SCENARIOS
This section provides a detailed description of the operational concepts anticipated after the completion of
the I-66 Corridor Improvements Project construction. It describes the roles and responsibilities of VDOT,
stakeholders, and the concessionaire. Each scenario describes a sequence of events that consists of
activities carried out by the user, the system, and the environment. It specifies which triggers the
sequence, who or what performs each step, when communications occur and to whom or what, and what
information is being communicated. The scenarios will cover some examples of normal conditions, stress
conditions, failure events, maintenance, and anomalies and exceptions. It also shows what expected
stakeholder roles will be during project construction.
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Normal Operations

Normal operation is considered the periods where there are no planned events, incidents, software or
system failures, disasters, special events, or other unusual conditions. It can be described as normal
recurring conditions, with or without congestion.
Operations for the I-66 corridor are expected to be a joint operation between the concessionaire, who will
be responsible for the managed lanes, and VDOT, which will be responsible for the general purpose
lanes. Information collected by the Concessionaire will be transmitted to VDOT, which, in turn, will display
the information to the public and/or transmit the information to other stakeholders (e.g., cities, counties,
WMATA, etc.) and third-party ISPs for their use.
During normal conditions, the concessionaire will set the pricing for the managed lanes operation, control
the dynamic lane control signs and message signs to direct the traffic to the appropriate use of the lanes
(depending on the travel direction), and monitor traffic conditions along the managed lanes—all based on
pre-defined and set protocols. In a similar manner, VDOT will monitor the general purpose lanes, set the
appropriate message signs on the DMS, and control the lane-use signals for the ATM system application.
VDOT will adjust the VSL signs in response to downstream congestion to slow traffic approaching the
back of queue.
Information transmitted to VDOT by the concessionaire will be transmitted automatically to other
stakeholders and third-party users. VDOT also disseminates traveler information via its 511 system and
website. Table 8.1 shows the role and responsibilities for normal operations among the major system
operators: VDOT, the concessionaire, State Police, WMATA, emergency responders, other stakeholders
(cities and counties), and ISPs.
Table 8.1 – Normal Operations System Control/Application
Agency

Lanes

Device/System Control
CCTV

DMS

VDOT

General
purpose
lanes

Application/Usage
Monitor conditions
Set messages (travel times/advisory
messages)
Post park-and-ride and parking space
availability (if available)

LCS

Control lane use changes (normal conditions
open)

VSL signs

Apply speed harmonization (for congestion
management)

Detection System (DS)

Transmit speed, volume, and travel times to
others

511 System

Post speeds and road conditions on the
website
Provide telephone roadway conditions

Concessionaire

Managed
lanes
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Lanes

Device/System Control

May 2015

Application/Usage

LCS

Set lane usage directional control

VSL

Speed limit management (normally off)

Toll Rates

Set pricing based on requirements

DS

Transmit speed, volume, and travel times to
VDOT

SSP

Dispatch SSPs for roadside assistance when
needed

State Police

Both

Standard Patrol

Normal conditions

Emergency
responders

Both

None

None
Post information on website

Other stakeholders
(cities/counties)

N/A

Information dissemination

Post freeway travel times at park-and-ride
facilities
Transmit park-and-ride space availability to
VDOT (if available)
Post information on website

WMATA

N/A

Information dissemination

ISPs

N/A

Information dissemination

Post freeway travel times at transit stations
Transmit parking availability to VDOT (if
available)
Disseminate information via third party apps
and web services

8.2 Incident Conditions
Incident conditions are defined as periods when a traffic abnormality occurs. Incidents include nonrecurring events that cause a reduction of roadway capacity or an abnormal increase in demand. Events such
as traffic crashes, disabled vehicles, and spilled cargo are classified as incidents. By this definition, incidents
are non-planned events. Planned events (e.g., highway maintenance and reconstruction projects) and special
non-emergency events (e.g., ball games, concerts, or any other event that significantly affects roadway
operations) are describe later in the Planned Events Conditions section.
During incident conditions, either in the managed lanes or general purpose lanes, incident management
is the responsibility of both VDOT for the general purpose lanes and the concessionaire for the managed
lanes. Incident information, collected by the concessionaire, will be transmitted to VDOT, which in turn will
transmit it to the public via the roadside DMS signs, 511 system, and website. Furthermore, VDOT will
transmit the information to other stakeholders (e.g., cities, counties, WMATA) and third-party ISPs for their
use and dissemination.
Prior to the onset of incidents, both VDOT and the concessionaire will be monitoring the roadway
conditions via CCTV. Abnormal drops in roadway speeds will trigger alarms at the ATM system to alert
the operators to verify conditions using nearby CCTVs. Information received by the State Police or 911
system will be transmitted by VDOT to the concessionaire electronically as well as manually, if
appropriate, to allow operators to verify incident type and location.
Once an incident is detected, either VDOT or the concessionaire will execute an appropriate incident
response plan, depending on the nature of incident. Either the SSP will be dispatched for assistance with
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minor incidents, or emergency response teams will be notified and dispatched depending on the nature of
the incident. State Police will respond to incidents as appropriate for both the managed lanes and general
purpose lanes. Incident clearance will be the responsibility of the concessionaire along the managed
lanes, and VDOT for the general purpose lanes. Both VDOT and the concessionaire must have a
responsible Incident Manager Supervisor at their respective operations center to coordinate activities at
all times. An Incident Response supervisor is required on a 24x7 basis for VDOT and during managed
lanes operational periods for the concessionaire. The incident response team leaders will in in contact
during the incident response period.
During the incident response period for the managed lanes, the concessionaire will need to change the
overhead lane control signs to the appropriate symbol (green arrow or red X to indicate open or closed)
and the speed limit signs will be changed to alert the drivers about the roadway conditions ahead.
Advance DMS signs will display incident information and, if appropriate, alternate route or guidance
information will be provided. The shoulder within the managed lane section will be opened as a travel lane
to preserve the available capacity.
In conjunction with the managed lanes closure, VDOT would post appropriate information on advance
DMS to notify the highway users of the incident conditions and, if appropriate, provide alternate routes or
other traveler information. VDOT will also utilize the LCS to either close or open lanes, as appropriate,
based on the incident conditions and management procedures. Overhead speed limit signs will be
changed automatically to alert the drivers of the changed conditions based on the speed harmonization
algorithm. If available, shoulder lanes will be opened using overhead lane control signs to allow
temporary use of shoulders to provide additional capacity and options. Moreover, incident information
received by the concessionaire will be transmitted by VDOT to the other stakeholders and to ISPs
automatically.
During the incident response period for the general purpose lanes, VDOT would post appropriate
information on advance DMS to notify the highway users of the incident conditions and, if available,
provide alternate routes or other traveler information. VDOT also will utilize LCS to either close or open
lanes, as appropriate, based on the incident conditions and management procedures. Overhead speed
limit signs will be changed automatically to alert the drivers of the changed conditions, based on the
speed harmonization algorithm. If available, shoulder lanes will be opened using overhead lane control
signs to allow the temporary use of shoulders to provide additional capacity and options. Furthermore,
incident information will be transmitted by VDOT to the other stakeholders and to the ISPs automatically.
Table 8.2 shows the roles and responsibilities during incident operations for the major system operators:
VDOT, the concessionaire, State Police, WMATA, emergency responders, other stakeholders (cities and
counties), and ISPs.
Table 8.2 – Incident Conditions Control/Application
Agency

VDOT

Lanes

General
purpose
lanes

Device/System Control
CCTV

Verify incidents/monitor conditions

DMS

Display incident information in advance of
incident
Provide alternate routes, if applicable

LCS
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Lanes

Device/System Control

May 2015

Application/Usage

VSL signs

Reduce speed limits per incident management
guidelines

DS

Transmit speed, volume, and travel times to
others

511 System

Post speeds and road conditions on the
website
Provide telephone roadway conditions
Post incident notification

SSP

Dispatch SSPs for roadside assistance

CCTV

Verify incidents/monitor conditions

DMS

Provide information regarding managed lanes
use
Display incident information when required

Concessionaire

Managed
lanes

LCS

Open the shoulder to preserve capacity during
incident conditions

VSL

Change speed limits as appropriate

Toll rates

Set pricing based on requirements

DS

Transmit speed, volume, and travel times to
VDOT

SSP

Dispatch SSPs for roadside assistance

X Lane

Incident information must be transmitted to 511
directly

State Police

Both

Respond to incidents

Incident management

Emergency
responders

Both

Respond to incidents

Incident management
Post incident information on website

Other stakeholders
(cities/counties)

N/A

Information dissemination

Post freeway travel times and incident
information at park-and-ride facilities
Transmit park-and-ride space availability to
VDOT, if available
Post information on website

WMATA

N/A

Information dissemination

ISPs

N/A

Information dissemination
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8.3 Planned Events, Work Zone, or Maintenance Activities
Planned events, work zone, or maintenance activities are planned events that include non-recurring events
that cause a reduction of roadway capacity or an abnormal increase in demand. Planned events include
highway maintenance and reconstruction projects, special non-emergency events (e.g., ball games, concerts,
or any other event that significantly affects roadway operations), or similar activities.
Planned-event notification should be transmitted by either party in advance of the event for planning
purposes. Longer advance notice should be issued for major events to allow a coordinated planning and
execution of the event management strategies. Event management strategies should be developed in
advance in accordance with the required traffic management strategies, in coordination with the State
Police. VDOT will be responsible for notifying the public and transmitting the information to other
stakeholders (e.g., cities, counties, WMATA, etc.), third-party ISPs, and the 511 system in advance of the
event. During a planned event, traffic management is the responsibility of VDOT for the general purpose
lanes and the concessionaire for the managed lanes.
The planned event scenario has many similarities to an incident management; however, the necessary
actions and steps are pre-planned and coordinated in advance. In many situations, the State Police is
heavily involved in the planning, including the work zone management and maintenance activities. Event
managers should be on-duty during these periods for both VDOT and the concessionaire.
During the event management for the managed lanes, the concessionaire will execute the pre-planned
strategies, change the overhead lane control signs to appropriate symbol (green arrow or red X for open
or closed), and change the speed limit signs to alert the drivers about the roadway conditions ahead.
Advance DMS signs will display event information and, if available, alternate route or guidance
information will be provided.
During the event management period, the general purpose lanes will be managed conjunction with the
managed lanes closure. VDOT would post appropriate information on advance DMS to notify the highway
users of the event conditions and, if available, provide alternate routes or other traveler information.
VDOT also will utilize the LCS to either close or open lanes, as appropriate, based on the event
conditions and management procedures. Overhead speed limit signs will be changed manually to alert
drivers of the changed conditions. If available, shoulder lanes will be opened using overhead lane control
signs to allow the temporary use of shoulders to provide additional capacity and options.
If a non-planned incident occurs during an event, the normal incident management procedures will be
followed in addition to the ongoing event management.
Table 8.3 shows the role and responsibilities during event management operations for the major system
operators: VDOT, the concessionaire, State Police, WMATA, emergency responders, other stakeholders
(cities and counties), and ISPs.
Table 8.3 – Event Management Conditions Control/Application
Agency

VDOT

Lanes
General
purpose
lanes

Device/System Control

Application/Usage

CCTV

Monitors conditions

DMS

Display event information in advance of
segment/location
Provide alternate routes, if applicable
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Device/System Control
LCS
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Application/Usage
Change to open or closed, as appropriate
Open shoulder lanes, if available

VSL signs

Reduce speed limits, if applicable

DS

Transmit speed, volume, and travel times to
others

511 system

Post speeds and road conditions on the
website
Provide telephone roadway conditions
Post event notification

SSP

Dispatch SSPs for roadside assistance when
needed

CCTV

Monitor conditions

DMS

Provide information regarding managed lanes
use
Display event information

Concessionaire

Managed
Lanes

Toll rates

Set pricing based on requirements

DS

Transmit speed, volume, and travel times to
VDOT

SSP

Dispatch SSPs for roadside assistance when
needed

Planned incident
information

Transmit information to 511 directly and to
VDOT

State Police

Both

Event management

Event management

Emergency
responders

Both

Upon notification

Incident management, if needed
Post event information on website

Other stakeholders
(cities/counties)

N/A

Information dissemination

Post event information at park-and-ride
facilities
Transmit park-and-ride space availability to
VDOT, if available
Post event information on website

WMATA

N/A

Information dissemination

ISPs

N/A

Information dissemination

Post event information at transit stations
Transmit parking availability to VDOT, if
available
Post event information via third party apps and
web services

8.4 Failure Conditions
Failure conditions are non-planned events when partial or complete system failures occur. A partial
system failure may include software failure or system shut-down, and a complete system failure may
occur due to major catastrophes or disruption of service that would affect multiple systems, software, or
physical roadway systems. In the event of a major disaster, VDOT will follow its standard emergency

Transform 66 Outside the Beltway

47

DRAFT May 12, 2015
I-66 Corridor Improvements Project – Operations Concept Report

May 2015

management procedures, where system operation will be delegated to other regional transportation
management centers (TMCs) that are in operation. In the case of partial system occurs, there needs to be
an assessment by VDOT and concessionaire operations managers to evaluate if there are any impacts to
the I-66 corridor operations. If there are no impacts to the I-66 operations, then normal operations will
follow as appropriate.
In the event of partial systems failure, VDOT may choose to shut-down the ATM operations for the
general purpose lanes. Both VDOT and the concessionaire will be responsible for notifying the public and
transmitting the information to other stakeholders (e.g., cities, counties, WMATA, etc.), third-party ISPs,
and the 511 system in the event of managed lanes closure or other incident conditions.
Table 8.4 shows the roles and responsibilities during an event management operation among system
failure for the major system operators: VDOT, the concessionaire, State Police, WMATA, emergency
responders, other stakeholders (cities and counties), and ISPs.
Table 8.4 – Failure Conditions Control/Application
Agency

Lanes

Device/System Control
CCTV

DMS

Application/Usage
Monitors conditions, if operational
If operational, display event information in
advance of segment/location. Provide alternate
routes if applicable
If non-operational, will leave blank

LCS
VDOT

Concessionaire

General
purpose
lanes

Managed
Lanes
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If operational, change to open or closed as
appropriate
Open shoulder lanes if available
If non-operational, leave blank

VSL signs

If operational, reduce speed limits if applicable
If non-operational, leave blank

DS

Transmit speed, volume, and travel times to
others, if operational

511 system

If operational, post speeds and road conditions
on the website. Provide telephone roadway
conditions. Post event notification

SSP

Dispatch SSPs for roadside assistance when
needed

CCTV

Monitor conditions, if operational

DMS

If operational, provide information regarding
managed lanes use. Display event information

LCS

If operational, set/change lane usage
directional control

VSL

If operational, change speed limits as
appropriate

Toll rates

Set pricing based on requirements (May be
non-operational)
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Application/Usage

DS

Transmit speed, volume, and travel times to
VDOT, if operational

SSP

Dispatch SSPs for roadside assistance when
needed

State Police

Both

Event management

On high alert

Emergency
Responders

Both

On notification

Incident management on high alert
If available, post event information on website

Other stakeholders
(cities/counties)

N/A

Information dissemination

Post event information at park-and-ride
facilities
Transmit park-and-ride space availability to
VDOT, if available
If available, post event information on website

WMATA

N/A

Information dissemination

ISPs

N/A

Information dissemination

Post event information at transit stations
Transmit parking availability to VDOT, if
available
If available, post event information via thirdparty apps and web services

8.5 During Project Construction Phase
During project construction, the operation of the corridor will be a coordinated effort between VDOT and
the concessionaire, and standard work zone management will be in effect based on pre-approved MOT
plans approved by VDOT. It is expected that the MOT plans developed by the concessionaire will
integrate the existing ATM system already in place along portions of the corridor to manage the
construction activities. The concessionaire will be required to keep the ATM system and CV equipment
operational. The concessionaire must not disrupt the operations and maintain system operations, as
prescribed elsewhere in the document.
Work zone management strategies would be developed in advance in coordination with the State Police
and VDOT and in accordance with the required MOT plans. VDOT will be responsible for notifying the
public and transmitting the information to other stakeholders (e.g., cities, counties, WMATA, etc.), thirdparty ISPs, and the 511 system in advance of the construction activities. Work zone management will
have many similarities to incident management; however, the necessary actions and steps will be defined
in the MOT plans and coordinated in advance. The State Police will be heavily involved in the planning,
including the work zone management and maintenance activities. Event managers should be on-duty
during these periods for both VDOT and the concessionaire.
During the construction period, VDOT would implement the ATM components of the MOT plans from the
PSTOC as prescribed and in response to the concessionaire arriving on site. VDOT would post
appropriate information on advance DMS to notify the highway users of the event conditions and, if
appropriate, provide alternate routes or other traveler information. VDOT also will use the LCS to either
close or open lanes, as appropriate, based on the event conditions and management procedures.
Overhead speed limit signs will be changed manually to alert the drivers of the changed conditions. If
available, shoulder lanes will be opened using overhead lane control signs to allow the temporary use of
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shoulders to provide additional capacity. If a non-planned incident occurs during an event, the normal
incident management procedures will be followed in addition to the ongoing event management.
Table 8.5 shows the roles and responsibilities during the construction phase work zone operations among
the major system operators: VDOT, the concessionaire, State Police, WMATA, emergency responders,
other stakeholders (cities and counties), and ISPs.
Table 8.5 – Project Construction Work Zone Management Conditions
Agency

VDOT

Device/System
Control

Lanes

All
lanes

Application/Usage

CCTV

Monitors conditions

DMS)

Display construction information in
advance of segment/location
Provide alternate routes, if applicable

DS

Transmit speed, volume, and travel times
to others

511 system

Post speeds and road conditions on the
website
Provide telephone roadway conditions
Post event notification

SSP

Dispatch SSPs for roadside assistance
when needed

Contractor/concessionaire

All
lanes

Work zone management

Monitor conditions. Maintain traffic and
public safety. Furnish MOT plans to VDOT

State Police

All
lanes

Event management

Event management

Emergency responders

All
lanes

On notification

Incident management if needed

Other stakeholders
(cities/counties)

N/A

Information dissemination

Post construction information on website

WMATA

N/A

Information dissemination

Post construction information on website
Post construction information at transit
stations

ISPs

N/A

Information dissemination

Post construction information via third
party apps and web services
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ITS ARCHITECTURE SERVICE PACKAGE
DEFINITIONS

Service Package
Name

Description

Traffic Management Service Area
ATMS01

Network Surveillance

Collects and transmits data to a traffic management center from
devices such as traffic detectors, closed-circuit television (CCTV)
cameras, and other surveillance equipment.

ATMS02

Traffic Probe
Surveillance

Provides road network conditions such as average speed and
congestion conditions using position and speed information from probe
vehicles.

ATMS03

Traffic Signal Control

Provides the control and monitoring, communications, and signal
control equipment to support local street and/or arterial traffic
management. Consistent with urban traffic signal control systems.

ATMS04

Traffic Metering

Provides the control and monitoring, communications, and field
equipment to support metering of traffic. Such strategies include ramp,
interchange, and mainline metering. It also incorporates
instrumentation from ATMS01 to support traffic monitoring so
responsive and adaptive strategies can be implemented.

ATMS05

HOV Lane
Management

Manages high-occupancy vehicle (HOV) lanes by coordinating freeway
ramp meters and connector signals with HOV lane usage signals.

ATMS06

Traffic Information
Dissemination

Provides drivers with traffic information using roadway equipment; most
frequently dynamic message signs (DMS) or highway advisory radio.
Information can include road conditions, closures, detour information,
incident information, emergency alerts, and advisories.

ATMS07

Regional Traffic
Management

Shares traffic information and control among traffic management
centers. Examples include: coordinated signal operations across
jurisdictional boundaries; coordination between freeway operations and
arterial signal control; and sharing of congestion or incident information.

ATMS08

Traffic Incident
Management System

Manages both unexpected incidents and planned events by
coordinating with other agencies to support traffic operations personnel
in developing an appropriate response to minimize the impact to the
transportation network and traveler safety. Includes coordination with
emergency management and roadway maintenance agencies to
support a coordinated response.

ATMS09

Traffic Decision
Support and Demand
Management

Recommends courses of action based on an assessment of the current
and forecasted road network performance as well as information on
special events, parking, or transit operations if applicable. Example
responses include predefined incident response plans, transit
strategies, and congestion management strategies.

ATMS10

Electronic Toll
Collection

Provides the ability to collect tolls electronically and detect and process
violations. Toll tags and roadside readers also can be used to collect
road use statistics for highway authorities.

ATMS11

Emissions Monitoring
and Management

Collects and monitors air quality data collected by wide area or point
emissions monitoring sensors.

ATMS12

Roadside Lighting
System Control

Monitors operational conditions along the roadway to vary the amount
of light that is provided along the roadside.

ATMS13

Standard Railroad
Grade Crossing

Manages highway traffic at highway-rail intersections (HRIs) where
operational requirements do not dictate more advanced features
(typically where rail operational speeds are less than 80 mph).
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ATMS14

Advanced Railroad
Grade Crossing

Manages highway traffic at HRIs where operational requirements
demand advanced features (typically where rail operational speeds are
greater than 80 mph).

ATMS15

Railroad Operations
Coordination

Provides an additional level of strategic coordination between freight
rail operations and traffic management centers. Could include train
schedules, maintenance schedules or any other anticipated HRI
closures.

ATMS16

Parking Facility
Management

Provides enhanced monitoring and management of parking facilities.
Service package assists in the management of parking operations,
coordinates with transportation authorities, and supports electronic
collection of parking fees.

ATMS17

Regional Parking
Management

Supports communication and coordination between parking facilities as
well as coordination between parking facilities and traffic and transit
management systems.

ATMS18

Reversible Lane
Management

Provides the management of reversible lane facilities. Includes the field
equipment, lane access controls, and associated electronics.

ATMS19

Speed Warning and
Enforcement

Monitors the speeds of vehicles traveling through a roadway system
and warns the driver when their speed is excessive. This service can
also support notifications to an enforcement agency to enforce the
speed limit and roadside safe speed advisories based on current
roadway conditions.

ATMS20

Drawbridge
Management

Supports systems that manage drawbridges at rivers and canals and
other multimodal crossings. Includes control devices as well as traveler
information systems.

ATMS21

Roadway Closure
Management

Closes roadways to vehicular traffic automatically or using remote
activation when driving conditions are unsafe, maintenance must be
performed, or in other situations where access must be prohibited.
Includes gates or barriers to control access, control and monitoring
systems, and field devices.

ATMS22

Variable Speed Limits

Sets variable speed limits (VSL) along a roadway to create more
uniformed speeds, promote safer driving during adverse conditions,
and reduce air pollution. This service monitors traffic and environmental
conditions along the roadway to then calculate and set suitable speed
limits. Can be monitored and controlled by a management center or
autonomous.

ATMS23

Dynamic Lane
Management and
Shoulder Use

Provides lane configuration changes on the roadway according to traffic
demands and lane destination along a section. Can be used to allow
temporary or interim use of shoulders as travel lanes. Lanes can be
designated for use by special vehicles (buses), HOV, or special event,
etc.

ATMS24

Dynamic Roadway
Warning

Provides warning to drivers of approaching hazards on the roadway
dynamically. Warnings can be warning signs, flashing lights, in-vehicle
messages, etc. This service does not include speed warnings
considered by roadway geometry limitations – see ATMS19.

ATMS25

VMT Road User
Payment

Supports charging fees to vehicle owners traveling on a specific
roadway with potentially different rates based on a number of
considerations – time of day, roadway used, class of vehicles, etc.
Owners register with a single payment entity and pay according to the
policy set in place.
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Mixed Use Warning
Systems
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Supports the sensing and warning systems used to interact with
pedestrians, bicyclists, and other vehicles that operate on the main
vehicle roadway, or those that intersect with the main roadway. These
systems are either automated warnings or active protection for the
user.

Emergency Management Service Area
EM01

Emergency Call –
Taking and Dispatch

Provides basic emergency call-taking and dispatch services. Includes
emergency vehicle equipment, dispatch centers, communications, and
coordination between emergency management agencies.

EM02

Emergency Routing

Provides special priority and other specific emergency traffic control
strategies to help improve the response of a vehicles en-route as well
as coordination between emergency management agencies. Includes
traffic information, road conditions, and signal preemption.

EM03

Mayday and Alarms
Support

Supports user request for emergency assistance. The assistance
includes gathering information about the location and incident, and then
determining the appropriate response.

EM04

Roadway Service
Patrols

Provides roadway services to vehicles for minor incidents, such as flat
tires, cars that run out of gas, etc. Incident information is collected and
shared with traveler information systems, traffic management, and
maintenance and construction.

EM05

Transportation
Infrastructure
Protection

Supports monitoring of transportation infrastructure such as bridges,
tunnels, and transportation management centers (TMCs) for potential
threats and provides safeguards against them or strategies to minimize
the impact if one should occur.

EM06

Wide-Area Alert

Provides information about alerts to the public in emergency situations
such as child abductions, severe weather, or other life-threatening
situations.

EM07

Early Warning System

Monitors and detects potential or actual natural or man-made disaster
and notifies appropriate responding agencies.

EM08

Disaster Response
and Recovery

Supports the coordination of emergency response plans to address
natural or man-made disasters. It identifies key points of integration
between agencies and their basic responses to address the
transportation system and maintain awareness.

EM09

Evacuation and
Reentry Management

Supports coordination of evacuation plans of the general public for all
types of disasters. Information is shared amongst all agencies involved
to implement specific strategies to effectively implement resources at
the right time and right place.

EM10

Disaster Traveler
Information

Provides disaster-related information to the public during a disaster. It is
used to assist the public by providing evacuation route information,
emergency instructions, roadway conditions, and other traveler
information.

Maintenance and Construction Management Service Area
MC01

Maintenance and
Construction Vehicle
and Equipment
Tracking

Tracks the location of maintenance and construction vehicles and other
equipment to ascertain the progress of their activities.

MC02

Maintenance and
Construction Vehicle
Maintenance

Performs routine and corrective vehicle maintenance scheduling using
on-board sensors that automatically perform diagnostics on the
vehicles.
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MC03

Road Weather Data
Collection

Collects current road and weather conditions from sensors placed
alongside the roadway. Data may also be requested or received from
other meteorological systems (i.e., National Weather Service)

MC04

Weather Information
Processing and
Distribution

Uses the environmental data collected to help detect hazards, such as
icy roads, high winds, or dense fog. The data can be used to help make
decisions and keep operators updated on current condition information.

MC05

Roadway Automated
Treatment

Automatically treats a section of road based on conditions detected by
environmental sensors. Treatment options could include anti-icing
chemicals or fog-dispersion techniques, among others.

MC06

Winter Maintenance

Supports winter road maintenance. Monitors environmental conditions
and weather forecasts and uses the information to schedule winter
maintenance activities.

MC07

Roadway Maintenance
and Construction

Supports management of scheduled and unscheduled maintenance
and construction services on the roadway.

MC08

Work Zone
Management

Manages work zones by monitoring traffic conditions, coordinating with
other agencies, and providing speed and delay information to the public
prior to the work zone.

MC09

Work Zone Safety
Monitoring

Detects intrusions in the work zone and warns workers of the potential
hazards. Crews are monitored to warn those who leave the designated
safety zone. Supports both mobile and stationary work zones.

MC10

Maintenance and
Construction Activity
Coordination

Supports the dissemination of maintenance and construction activity to
centers that can utilize it as part of their operations. (e.g., traffic
management, transit, emergency management, etc.)

MC11

Environmental Probe
Surveillance

Collects real-time data from on-board vehicle systems about
environmental conditions on the roadway.

MC12

Infrastructure
Monitoring

Monitors the condition of pavement, bridges, tunnels, associated
hardware, and other transportation-related infrastructure using fixed
and vehicle-based monitoring sensors.

Public Transportation Service Area
APTS1

Transit Vehicle
Tracking

Monitors current transit vehicle locations using an automated vehicle
location (AVL) system. Location data may be used to determine real
time schedule adherence.

APTS2

Transit Fixed-Route
Operations

Performs automated dispatch and system monitoring for fixed-route
and flexible-route transit services. This service performs scheduling
activities including the creation of schedules, as well as operator
assignment.

APTS3

Demand Response
Transit Operations

Performs vehicle routing and scheduling, as well as operator
assignment and system monitoring for demand response transit
services.

APTS4

Transit Fare Collection
Management

Manages transit fare collection on-board transit vehicles and at transit
stops using electronic means.

APTS5

Transit Security

Provides for the physical security of transit passengers and transit
vehicle operators. Includes on-board security cameras and panic
buttons.

APTS6

Transit Fleet
Management

Provides on-board monitoring of vehicle status. Information is
processed and transmitted to schedule preventative and corrective
maintenance.

APTS7

Multimodal
Coordination

Establishes two-way communications between multiple transit and
traffic agencies to improve service coordination and operating
efficiency.
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APTS8

Transit Traveler
Information

Provides transit information for those at transit stops and on-board
transit vehicles. Also provides transit trip itineraries and other tailored
information services that may occur pre-trip.

APTS9

Transit Signal Priority
(TSP)

Determines the need for transit priority on routes and at certain
intersections and requests transit vehicle priority at these locations
through coordination between traffic and transit management centers.

APTS10

Transit Passenger
Counting

Counts the number of passengers entering and exiting a transit vehicle
using sensors mounted on the vehicle and communicates the collected
passenger data back to the management center.

APTS11

Multimodal Connection
Protection

Supports the coordination of multimodal services to optimize the travel
time of travelers as they move from one mode to another mode (or
different routes within a single mode). Agencies coordinate routes so
passengers have the opportunity to transfer with minimum wait time to
either another route or mode of transportation.

Commercial Vehicle Operations Service Area
CVO01

Carrier Operations and
Fleet Management

Provides the capabilities to manage a fleet of commercial vehicles.
Vehicle routing and tracking as well as notification of emergency
management of any troublesome route deviations (such as a HAZMAT
vehicle) are part of this service package.

CVO02

Freight Administration

Tracks the movement of cargo and monitors the cargo condition.

CVO03

Electronic Clearance

Provides for automatic clearance at roadside check facilities. Allows a
good driver/vehicle/carrier to pass roadside facilities at highway speeds
using transponders and dedicated short range communications to the
roadside.

CVO04

CV Administrative
Processes

Provides for electronic application, processing, fee collection, issuance
and distribution of CVO credentials, and tax filing.

CVO05

International Border
Electronic Clearance

Provides for automated clearance at international border crossings.
Works in coordination with the electronic clearance (CVO 03) services
to gather data about the vehicle, cargo, and driver.

CVO06

Weigh-In-Motion

Provides for high speed weigh-in-motion with or without automated
vehicle identification (AVI) capabilities. Works in conjunction with
CVO03.

CVO07

Roadside CVO Safety

Provides for automated roadside safety monitoring and reporting by
automating commercial vehicle safety inspections at the roadside
check locations.

CVO08

On-board CVO Safety

Provides for on-board commercial vehicle safety monitoring and
reporting as well as roadside support for reading on-board safety data
via tags.

CVO09

CVO Fleet
Maintenance

Supports maintenance of CVO fleet vehicles with on-board monitoring
equipment and automated vehicle location capabilities by recording
vehicle mileage, repairs, and safety violations.

CVO10

HAZMAT Management

Supports coordination between incident management response and
commercial vehicle tracking to ensure HAZMAT materials are
effectively treated during an incident.

CVO11

Roadside HAZMAT
Security Detection and
Mitigation

Provides the capability to detect and classify security sensitive
HAZMAT on commercial vehicles using roadside sensing and imaging
technology. Credentials information can be accessed to verify if the
commercial driver, vehicle, and carrier are permitted to transport the
identified HAZMAT.

CVO12

CV Driver Security
Authentication

Provides the ability to detect when an unauthorized driver attempts to
drive a vehicle using stored identity information. If an unauthorized
driver has been detected, the commercial vehicle can be disabled.
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Provides tracking, and monitoring of the commercial vehicle, freight
equipment, and commercial vehicle driver during a shipment.

Traveler Information Service Area
ATIS01

Broadcast Traveler
Information

Collects traffic conditions, advisories, general public transportation
information, toll and parking information, incident information, roadway
maintenance and construction information, and air quality and weather
information for dissemination through wide area digital broadcast
services such as using radio or Internet websites.

ATIS02

Interactive Traveler
Information

Provides the traveler with current information regarding traffic
conditions, roadway maintenance and construction, transit services,
parking management, detours and pricing information based on the
request made by the traveler. 511 services are included in this service
package.

ATIS03

Autonomous Route
Guidance

Enables route planning and detailed route guidance based on static,
stored information.

ATIS04

Dynamic Route
Guidance

Offers advanced route planning and guidance that is responsive to
current conditions.

ATIS05

ISP-Based Trip
Planning and Route
Guidance

Provides pre-trip route planning and route guidance based on traveler
preference and constraints. May or may not utilize real-time network
conditions.

ATIS06

Transportation
Operations Data
Sharing

Provides current traffic and travel conditions to transportation system
operators to facilitate information exchange between agencies.

ATIS07

Travel Services
Information and
Reservation

Provides travel information and reservation services to users through
multiple ways of accessing information.

ATIS08

Dynamic Ridesharing

Provides near real-time ridesharing/ride-matching services to travelers.

ATIS09

In-Vehicle Signing

Provides sign and signal information directly to drivers through invehicle devices. Information includes static sign information and
dynamic information.

ATIS10

Vehicle Infrastructure
Integration (VII)
Traveler Info

Provides location-specific information including travel times, incident
information, road conditions, and emergency traveler information to
travelers in vehicles using VII.

Archived Data Management Service Area
AD01

ITS Data Mart

Houses archived data from a single agency/organization. Data is
typically focused on a single transportation mode or one jurisdiction.

AD02

ITS Data Warehouse

Includes all data collection and management of ITS Data Mart, but
includes data from multiple agencies/organizations across modal and
jurisdictional boundaries.

AD03

ITS Virtual Data
Warehouse

Includes all data collection and management of ITS Data Warehouse,
but supports access between several archives in different physical
locations.

Advanced Vehicle Safety
AVSS01

Vehicle Safety
Monitoring

Monitors the vehicle’s condition, performance, on-board safety data,
and display information using on-board sensors.

AVSS02

Driver Safety
Monitoring

Monitors the driver’s condition, performance, on-board safety data, and
display information using on-board sensors.

AVSS03

Longitudinal Safety
Monitoring

Utilizes safety and collision sensors to monitor in front of and behind
the vehicle to warn the driver of potential hazards.

AVSS04

Lateral Safety Warning

Utilizes safety and collision sensors to monitor the sides of the vehicle
to warn the driver of potential hazards.
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AVSS05

Intersection Safety
Warning

Monitors potential conflicts between approaching vehicles to an
intersection and provides a warning to those vehicles involved using
short range communications and/or signs/signals in the intersection.

AVSS06

Pre-Crash Restraint
Deployment

Monitors the vehicle’s local environment using in-vehicle sensors and
on-board communications to determine collision probability. If needed it
will deploy a pre-crash safety system.

AVSS07

Driver Visibility
Improvement

Enhances the driver’s visibility using an enhanced vision system. Onboard display hardware is needed.

AVSS08

Advanced Vehicle
Longitudinal Control

Utilizes safety and collision sensors to measure longitudinal gaps and a
processor for controlling the vehicle speed and throttle.

AVSS09

Advanced Vehicle
Lateral Control

Utilizes safety and collision sensors to measure the vehicle’s lane
position and lateral deviations and a processor for controlling the
vehicle steering.

AVSS10

Intersection Collision
Avoidance

Utilizes roadway sensors and communications equipment to assess
vehicle locations and speeds near an intersection to determine the
probability of a collision. Timely warnings are provided and avoidance
actions are taken.

AVSS11

Automated Vehicle
Operations

Enables communications between vehicles and between vehicles and
supporting infrastructure for check-in and check-out from the
automated highway system.

AVSS12

Cooperative Vehicle
Safety Systems

Enhances stand-alone warning systems by exchanging messages with
surrounding vehicles and roadside equipment. Special messages from
approaching emergency vehicles also may be received and processed.
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