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CHAPTER 1. EXISTING CONDITIONS 

1.1 Roadway Network 
The project study area extends more than 25 miles between US 15 and the Dulles Toll Road along I-66. 
The character of the corridor changes significantly from west to east and includes roadways of varying 
types, ranging from urban interstate to urban minor arterial. These roadways are configured with as few 
as two lanes in an undivided condition to as many as eight lanes in a divided, free-flow environment. The 
following sections describe the conditions of the primary roadways considered in project analyses. 

1.1.1 I-66 Corridor 
I-66 is classified as an urban interstate by FHWA and serves as a major east-west corridor that provides 
direct access to Washington, DC. The stretch of interstate evaluated as part of this study travels through 
the counties of Prince William and Fairfax in the state of Virginia. In addition, the easternmost portion of I-
66 in Fauquier County was considered to be within the area of influence for this study. At the western 
study limits, I-66 is a four-lane roadway with a wide grass median, and at the eastern study limits, it is an 
eight-lane barrier-separated roadway with the Metrorail Orange Line running down the median. Below is a 
progressive description of the I-66 corridor from west to east, identified by mile markers (MM). Figure 1.1 
provides an overview of the I-66 corridor, including the number of lanes, median treatment, shoulder 
lanes, and posted speed limit. 

 MM 31 – MM 39: I-66 is a four-lane divided highway (combination of grass and barrier-separated 
median) from Old Tavern Road to approximately 1 mile west of US 15.  There are no high-
occupancy vehicle (HOV) lanes on this segment of I-66, and the speed limit is 70 mph. In the 
eastbound direction, the outside shoulder varies in width between 12 and 16 feet, and the inside 
shoulder varies between 3 and 7 feet in width. In the westbound direction, the outside shoulder 
varies in width between 6 and 8 feet, and the inside shoulder varies between 1 and 4 feet in 
width. Within this segment, access is provided to Old Tavern Road. 

 MM 39 – MM 42: I-66 is a four-lane divided highway (grass median) from approximately 1 mile 
west of US 15 to Catharpin Road, an overpass west of US 29 (Gainesville).  There are no HOV 
lanes on this segment of I-66, and the speed limit is 65 mph. In the eastbound direction, the 
outside shoulder varies in width between 12 and 16 feet, and the inside shoulder varies between 
3 and 7 feet in width. In the westbound direction, the outside shoulder varies in width between 6 
and 20 feet, and the inside shoulder varies between 4 and 10 feet in width. Within this segment, 
access is provided to US 15.    

 MM 42 – MM 44: I-66 transitions from a four-lane highway to an eight-lane divided highway 
(grass median) between Catharpin Road and University Boulevard, an overpass east of US 29 
(Gainesville). HOV lanes terminate at the US 29 overpass (MM 43), at which point the general 
purpose lanes transition to a four-lane cross section in the direction of US 15. In the eastbound 
direction, the outside shoulder is 10 feet wide, and the inside shoulder varies between 6 and 10 
feet in width. In the westbound direction, the outside shoulder varies in width between 8 and 15 
feet, and the inside shoulder is 4 feet wide. Within this segment, access is provided to US 29 
(Gainesville). 

 MM 44 – MM 47: I-66 is an eight-lane divided highway (grass median) from University Boulevard 
to Route 234 Business. A single inside HOV lane and three general purpose lanes are provided 
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in each direction. The speed limit is 65 mph west of MM 47. The speed limit is reduced to 60 mph 
at MM 47, the Route 234 Business interchange. In the eastbound direction, the paved shoulders 
are 10 feet wide on either side of the travel lanes. In the westbound direction, the outside 
shoulder varies in width between 8 and 10 feet and the inside shoulder varies between 4 and 6 
feet in width. Within this segment, access is provided to Route 234 and Route 234 Business. 

 MM 47 – MM 52: I-66 is an eight-lane divided highway (barrier separated median) from Route 
234 Business to US 29 (Centreville). A single inside HOV lane and three general purpose lanes 
are provided in each direction. The speed limit is 60 mph west of MM 51.5. The speed limit is 
reduced to 55 mph at MM 51.5, approximately 0.5 miles west of the US 29 interchange 
(Centreville). In the eastbound direction, the outside shoulder varies in width between 10 and 13 
feet, and the inside shoulder is 10 feet wide. In the westbound direction, the inside and outside 
shoulders both vary in width between 6 and 10 feet. Within this segment, access is provided to 
US 29 (Centreville). 

 MM 52 – MM 58: I-66 is an eight-lane divided highway (combination of grass and barrier-
separated median) from US 29 (Centreville) to US 50. A single inside HOV lane and three 
general purpose lanes are provided in each direction, and the speed limit is 55 mph. In the 
eastbound direction, the outside shoulder varies in width between 10 and 12 feet, and the inside 
shoulder is 12 feet wide. In the westbound direction, the outside shoulder varies in width between 
3 and 12 feet, and the inside shoulder varies between 4 and 15 feet in width. Within this segment, 
access is provided to Route 28, Stringfellow Road (HOV-only directional access ramp), Fairfax 
County Parkway, Monument Drive (HOV-only directional access ramp), and US 50. 

 MM 58 – MM 62: I-66 is a six-lane divided highway (combination of grass and barrier-separated 
median) from US 50 to Vaden Drive. A single inside HOV lane and two general purpose lanes are 
provided in each direction, and the speed limit is 55 mph. The outside shoulders function as 
general purpose travel lanes in the peak direction of travel. The eastbound shoulder lane is open 
to all traffic weekdays between 5:30 a.m. and 11:00 a.m., and in the westbound direction, 
between 2:00 p.m. and 8:00 p.m. In the eastbound direction, the outside shoulder varies in width 
between 16 and 17 feet, and the inside shoulder varies between 8 and 12 feet in width. In the 
westbound direction, the outside shoulder is 13 feet wide, and the inside shoulder varies between 
3 and 8 feet in width. Within this segment, access is provided to Route 123 and Vaden Drive. 

 MM 62 – MM 64: I-66 is a six-lane divided highway (Metrorail Orange Line in the median) from 
Vaden Drive to approximately 1 mile west of I-495. A single inside HOV lane and two general 
purpose lanes are provided in each direction, and the speed limit is 55 mph. The outside 
shoulders function as general purpose travel lanes in the peak direction of travel. The eastbound 
shoulder lane is open to all traffic weekdays between 5:30 a.m. and 11:00 a.m., and in the 
westbound direction, between 2:00 p.m. and 8:00 p.m. In the eastbound direction, the outside 
shoulder is 16 feet wide, and the inside shoulder is 12 feet wide. In the westbound direction, the 
outside shoulder is 13 feet wide and the inside shoulder is 8 feet wide. Within this segment, 
access is provided to Route 243 (Nutley Street). 

 MM 64 – 67: I-66 transitions from an eight-lane divided highway (Metrorail Orange Line in the 
median) to a four-lane divided highway at the interchange with I-495. West of I-495, a single 
inside HOV lane and three general purpose lanes are provided in each direction, and the speed 
limit is 55 mph. In the eastbound direction, the outside lane functions as an auxiliary lane that 
becomes an exit onto I-495 southbound. East of I-495, I-66 operates as an HOV-only facility in 
the peak direction of travel. In the eastbound direction, the outside shoulder varies in width 
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between 12 and 16 feet, and the inside shoulder varies between 12 and 20 feet in width. In the 
westbound direction, the outside shoulder varies in width between 0 and 8 feet, and the inside 
shoulder varies between 2 and 8 feet in width. Within this segment, access is provided to I-495 
and Route 7 (Leesburg Pike). 

1.1.2 Interchanges and Intersecting Roadways 
Within the project’s area of influence, there are 13 grade-separated interchanges that provide direct 
access to I-66, some of which are restricted to HOV use only during peak travel periods. Three additional 
interchanges are considered to be within the area of influence of the project study area (Old Tavern 
Road, Route 7, and the Dulles Toll Road). Thirteen roadways intersect the I-66 corridor but do not provide 
direct access to the interstate. The following are brief descriptions of the roadways that bisect I-66, 
presented from west to east. Figure 1.1 provides an overview of the I-66 corridor interchanges and 
Figure 1.2 provides an overview of the intersecting roadways. 
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Figure 1.1: Existing Conditions Roadway Network (Interchanges) 
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Figure 1.2: Existing Conditions Roadway Network (Intersecting Roadways) 
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1.1.2.2 Fauquier County 
Old Tavern Road: Old Tavern Road is oriented in a north-south direction and is a four-lane divided 
roadway classified as a rural major collector.  Its interchange with I-66 is approximately 9 miles west of 
US 15.  The posted speed limit along Old Tavern Road is 55 mph at its interchange with I-66. 

John Marshall Highway: John Marshall Highway (Route 55) is oriented in an east-west direction 
and is a four-lane divided roadway in the vicinity of its crossing with I-66. It is classified as a rural major 
collector and has a posted speed limit of 55 mph in the vicinity of I-66. John Marshall Highway passes 
beneath I-66 approximately 3.5 miles east of the Old Tavern Road interchange. 

1.1.2.3 Prince William County 
US 15: US 15 is oriented in a north-south direction and is a four-lane divided roadway classified as an 
urban minor arterial.  The posted speed limit along US 15 is 40 mph at its interchange with I-66. US 15 is 
a primary connecting roadway between Route 7 to the north and US 29 to the south. 

Old Carolina Road/Jefferson Street: Old Carolina Road/Jefferson Street is oriented in a north-
south direction and is a two-lane undivided roadway in the vicinity of its crossing with I-66. It is an 
unclassified, rural local roadway and has a posted speed limit of 25 mph. Old Carolina Road/Jefferson 
Street passes over I-66 approximately 1,800 feet east of the US 15 interchange. 

Catharpin Road: Catharpin Road is oriented in a north-south direction and is a two-lane undivided 
roadway in the vicinity of its crossing with I-66. It is an unclassified, rural local roadway and has a posted 
speed limit of 40 mph. Catharpin Road passes over I-66 approximately 1.5 miles east of the US 15 
interchange. 

US 29 (Gainesville): US 29 is designated as a north-south route, but in the vicinity of I-66 in 
Gainesville, the roadway is oriented in a northeast-southwest direction. It is currently under construction 
as part of a significant roadway improvement project to create a grade-separated interchange at its 
intersection with Linton Hall Road, located less than 1 mile to the south of I-66. US 29 is classified as an 
urban principal arterial south of I-66 and an urban minor arterial north of I-66. In October 2014, US 29 
was configured as a four-lane divided roadway with a posted speed limit of 45 mph south of its 
interchange with I-66 and 55 mph to the north. 

University Boulevard: University Boulevard is oriented in a north-south direction and is a four-lane 
divided roadway classified as an urban collector. University Boulevard passes over I-66 approximately 
0.75 miles east of the US 29 (Gainesville) interchange and provides a connection between US 29 and 
Wellington Road.  It has a posted speed limit of 45 mph. 

Route 234 Bypass: Route 234 Bypass is oriented in a north-south direction and terminates at its 
interchange with I-66. It is a four-lane divided roadway classified as an urban principal arterial.  The 
posted speed limit is 45 mph in the northbound direction approaching the interchange with I-66 and is 55 
mph to the south. Route 234 serves as a critical link through Prince William County, connecting I-66 to 
the north with I-95 and US 1 to the south. 

Groveton Road: Groveton Road is oriented in a north-south direction and is a two-lane undivided 
roadway classified as an urban collector. Groveton Road passes over I-66 approximately 1.25 miles east 
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of the Route 234 interchange and provides a connection between US 29 (Gainesville) and Balls Ford 
Road.  It has a posted speed limit of 35 mph. 

Route 234 Business: Route 234 Business is oriented in a north-south direction and is classified as 
an urban minor arterial.  It is a four-lane divided roadway north of I-66 and a six-lane divided roadway to 
the south. The posted speed limit along Route 234 Business is 45 mph at its interchange with I-66. 

1.1.2.4 Fairfax County 
Bull Run Drive: Bull Run Drive is oriented in a north-south direction and is a two-lane undivided 
roadway in the vicinity of its crossing with I-66. It is an unclassified rural local roadway. Bull Run Drive 
passes over I-66 approximately 2 miles east of the US 15 interchange. 

Compton Road: Compton Road is oriented in a north-south direction and is a two-lane undivided 
roadway classified as an urban collector. Compton Road passes beneath I-66 approximately 3.25 miles 
east of the Route 234 Business interchange.  It has a posted speed limit of 35 mph. 

US 29 (Centreville): US 29 is designated as a north-south route, but in the vicinity of I-66 in 
Centreville, the roadway is oriented in an east-west direction. It is a four-lane divided roadway classified 
as an urban minor arterial south of its interchange with I-66 and a six-lane divided roadway classified as 
an urban principal arterial to the north.  The posted speed limit is 50 mph south of the interchange with I-
66 and 40 mph to the north. 

Route 28: Route 28 is oriented in a north-south direction and is a six-lane divided roadway classified as 
an urban principal arterial.  It has a posted speed limit of 45 mph south of its interchange with I-66. North 
of I-66, the roadway transitions to a predominantly limited access facility with a posted speed limit of 55 
mph and connects with Route 7 at its northern terminus. 

Stringfellow Road: Stringfellow Road is oriented in a north-south direction and is classified as an 
urban minor arterial. It is a two-lane undivided roadway to the north of its interchange with I-66 and a four-
lane divided roadway to the south. In October 2014, the roadway was under construction to widen from a 
two-lane undivided facility to a four-lane divided facility between I-66 and US 50. The posted speed limit 
along Stringfellow Road is 35 mph at its interchange with I-66. The I-66 interchange at Stringfellow Road 
operates as an HOV-only access point to and from the interstate during weekday peak periods. 

Fairfax County Parkway: Fairfax County Parkway is oriented in a north-south direction and is 
classified as an urban principal arterial. It is a four-lane divided roadway south of its interchange with I-66 
and a six-lane divided roadway to the north. Arterials intersecting with Fairfax County Parkway 
immediately to the north and south of I-66 are grade-separated interchanges. The roadway is a regionally 
significant roadway between Route 7 to the north and I-95 to the south. The posted speed limit is 50 mph 
at its interchange with I-66. 

West Ox Road: West Ox Road is oriented in a north-south direction and is a six-lane divided roadway 
classified as an urban minor arterial.  It is a parallel facility to Fairfax County Parkway, linking Route 7 to 
the north with US 29 to the south.  West Ox Road passes over I-66 approximately 1 mile east of the 
Fairfax County Parkway interchange. The posted speed limit is 45 mph in the vicinity of I-66. 

Monument Drive: Monument Drive is oriented in a northeast-southwest direction and is a four-lane 
divided roadway classified as an urban minor arterial. It connects Fairfax County Parkway to the 
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northwest with US 29 to the southeast. The posted speed limit along Monument Drive is 35 mph at its 
interchange with I-66. The I-66 interchange at Monument Drive operates as an HOV-only access point to 
and from the interstate during weekday peak periods. 

US 50: US 50 is oriented in a northeast-southwest direction and is classified as an urban principal 
arterial. It is a six-lane divided roadway north of its interchange with I-66 and a four-lane divided roadway 
to the south. US 50 provides an east-west travel route between the City of Fairfax and the City of 
Winchester and is roughly parallel to Route 7. The posted speed limit along US 50 is 45 mph north of I-66 
and 35 mph to the south. 

Waples Mill Road: Waples Mill Road is oriented in a north-south direction and is classified as an 
urban minor arterial.  It is a two-lane undivided roadway to the north of I-66 and a four-lane divided 
roadway to the south. Waples Mill Road passes over I-66 approximately 0.5 miles east of the US 50 
interchange. The posted speed limit is 35 mph to the north of I-66 and 30 mph to the south. 

Jermantown Road: Jermantown Road is oriented in a northeast-southwest direction and is classified 
as an urban minor arterial.  It is a four-lane divided roadway to the north of I-66 and a two-lane undivided 
roadway to the south. Jermantown Road passes over I-66 approximately 1.25 miles east of the US 50 
interchange. The posted speed limit is 35 mph in the vicinity of I-66. 

Route 123: Route 123 is oriented in a north-south direction and is a four-lane divided roadway 
classified as an urban principal arterial. Route 123 is a primary arterial that links northern Arlington 
County at George Washington Memorial Parkway to southern Fairfax County at US 1. The posted speed 
limit is 35 mph to the north of I-66, 30 mph to the south of I-66, and 45 mph through the interchange itself. 

Blake Lane: Blake Lane is oriented in a northwest-southeast direction and is classified as an urban 
minor arterial.  It is a four-lane divided roadway that functions as the continuation of Jermantown Road 
east of Route 123 and terminates at Main Street in the City of Fairfax. Blake Lane passes over I-66 
approximately 1.5 miles east of the Route 123 interchange. The posted speed limit is 35 mph in the 
vicinity of I-66. 

Vaden Drive: Vaden Drive is oriented in a north-south direction and is a four-lane undivided roadway 
in the vicinity of its crossing with I-66. It is an unclassified, urban local roadway and has a posted speed 
limit of 25 mph. Vaden Drive passes over I-66 approximately 2 miles east of the Route 123 interchange 
and provides access to I-66 eastbound and from I-66 westbound via the Route 243 interchange. Vaden 
Drive provides access to Vienna Metrorail station parking garage facilities. 

Route 243: Route 243 (Nutley Street) is oriented in a north-south direction and is classified as an 
urban minor arterial. It is a four-lane divided roadway to the north of I-66 and a six-lane divided roadway 
to the south. Route 243 connects US 29 to Route 123 and provides direct access to the Metrorail Orange 
Line from I-66. The posted speed limit is 35 mph at its interchange with I-66. 

Cedar Lane: Cedar Lane is oriented in a north-south direction and is a two-lane undivided roadway 
classified as an urban minor arterial. Blake Lane passes over I-66 approximately 1 mile east of the Route 
243 interchange. The posted speed limit is 30 mph in the vicinity of I-66. 

Gallows Road: Route 650 (Gallows Road) is oriented in a north-south direction and is a four-lane 
divided roadway classified as an urban minor arterial. Gallows Road passes over I-66 approximately 2 
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miles east of the Route 243 interchange and provides access to the Dunn Loring-Merrifield Metrorail 
station. The posted speed limit along Gallows Road is 35mph in the vicinity of I-66. 

I-495: I-495 is a major regional freeway, classified as an urban interstate, which circumnavigates 
Washington, DC, through various cities and counties in Virginia and Maryland. At its interchange with I-
66, access between the two interstates is provided in all directions, with the exception of westbound I-66 
to northbound I-495 and southbound I-495 to eastbound I-66. Similar access between the two interstates 
is provided for general purpose and I-495 Express Lane movements. The posted speed limit along I-495 
in the vicinity of I-66 is 55 mph within the general purpose lanes and 65 mph within the I-495 Express 
Lanes. Four general purpose travel lanes and two Express Lanes are provided in each direction. 

Route 7: Route 7 is oriented in a northwest-southeast direction and is a four-lane divided roadway 
classified as an urban principal arterial. Route 7 is a primary arterial that links northern Arlington County 
with the City of Leesburg and points further west and is a secondary route to the Dulles Toll Road. The 
posted speed limit is 35 mph to the north of I-66 and 25 mph to the south. 

Dulles Toll Road: The Dulles Toll Road is oriented in a north-south direction in the vicinity of I-66 and 
is a four-lane divided roadway classified as an urban freeway. The Dulles Toll Road begins as a four-lane 
divided roadway with the Metrorail Silver Line located in the median at its junction with I-66. At the I-495 
interchange to the north, the roadway widens to provide four travel lanes in each direction, with the 
interior four lanes serving as a direct means of access to Dulles International Airport and the exterior four 
lanes serving as a means for access to local roadways. Travel along the interior lanes is free, while travel 
along the exterior lanes requires payment of a toll in order to access the local roadways. The posted 
speed limit is 55 along the entire stretch of the Dulles Toll Road. 

1.1.3 HOV and Commuter Facilities 

1.1.3.1 HOV Lanes and Access Points 
The I-66 corridor currently provides a single lane of travel dedicated for HOV-2 use in each direction to 
the east of US 29 (Gainesville). The hours of HOV restricted use outside of I-495 are Monday through 
Friday between 5:30 a.m. and 9:30 a.m. in the eastbound direction and between 3:00 p.m. and 7:00 p.m. 
in the westbound direction. Outside of these hours, the lanes are available for use by all vehicles. The 
HOV lanes are not barrier-separated but are painted with white skip lines throughout, identical to the 
general purpose lanes. The HOV diamond symbol is provided in the center of the lane at approximately 
750 foot intervals.  

To discourage lane change maneuvers at the Route 123 and Route 243 interchanges, both heavily 
traveled junctions with I-66, the lane line between the HOV lane and innermost general purpose lane is 
striped with a double solid white lane marking. The marking begins approximately 700 feet prior to the 
first exit gore and continues for a distance of approximately 1 mile. Signs in advance of the markings are 
in place to inform drivers of the restricted lane change condition ahead. While this special pavement 
marking condition affects the HOV lanes, the restricted maneuver is in effect at all times. 

Two interchanges along I-66 provide exclusive HOV-2 access during peak periods: one at Stringfellow 
Road and another at Monument Drive. Directional ramps between these arterials and the interstate 
provide access to and from the HOV lanes in the peak direction of travel. Gates in the westbound 
direction of travel prohibit egress from I-66 during the weekday morning peak periods. Use of these 
ramps is restricted to HOV-2 vehicles in the eastbound direction between 5:30 a.m. and 9:30 a.m. and 
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between 3:00 p.m. and 7:00 p.m. in the westbound direction. Outside of these hours, the ramp is 
available for use to all traffic in the westbound direction. 

1.1.3.2 Shoulder Lanes 
At the western limits of the study area, three general purpose lanes are provided in addition to the one 
HOV lane. At the US 50 interchange, the number of general purpose travel lanes is reduced from three to 
two, diminishing the capacity of the roadway during HOV restricted use hours. During weekday peak 
periods only, the shoulder is open to general purpose traffic to maintain similar capacity as the western 
section of I-66 between the US 50 interchange and I-495. The shoulder lane is open between 5:30 a.m. 
and 11:00 a.m. in the eastbound direction and between 2:00 p.m. and 8:00 p.m. in the westbound 
direction. East of the US 50 interchange, the shoulder lane is painted red to delineate the special purpose 
of the travel lane and discourage motorists from traveling in the shoulder lane outside the designated time 
periods. Where the shoulder lane functions as part of an interchange exit or entrance, a colored 
application is not provided. 

1.1.3.3 Park-and-Ride 
Park-and-ride facilities are provided at a number of locations along the I-66 corridor, ranging from surface 
parking lots to multilevel parking garages with bus transfer facilities. The following is a summary of the 
available park-and-ride facilities within 0.5 miles of I-66 and the number of spaces: 

 Fauquier County – Old Tavern Road: 14 spaces, no transit service available. 
 City of Manassas – Cushing Road: 433 spaces, transit service available. 
 Fairfax County (Centreville) – Stone Road: 356 spaces, transit service available. 
 Fairfax County – Stringfellow Road: 404 spaces, transit service available. 
 Fairfax County Government Center – Government Center Parkway: 170 spaces, transit service available. 
 Vienna Metrorail station: 5,169 spaces, transit service available. 
 Dunn Loring-Merrifield Metrorail station: 1,329 spaces, transit service available. 
 West Falls Church Metrorail station: 1,947 spaces, transit service available. 

Ease of access to and from I-66 varies among these locations, despite being less than 0.5 miles from an 
interchange. The Old Tavern Road, Cushing Road, and Vienna Metrorail station facilities each have at 
least one access point to or from I-66 that does not require travel through a controlled intersection. Others 
require minimal travel along the arterial street network. The Dunn Loring-Merrifield Metrorail station lot, 
while directly adjacent to I-66, is not readily accessible from I-66; however, it provides quick access to bus 
and Metrorail Orange Line transit options. 

Figures 1.1 and 1.2 provide an overview of the park-and-ride facility locations along with the location of 
HOV and shoulder travel lanes. 

1.2 Traffic Volumes and Operations 
This section summarizes assumptions and methodologies employed for the analysis including the 
calibration of the traffic simulation models, as well as the summary of results for both peak periods. In 
addition, the section describes the methodology used for the estimate of vehicular demand and routing 
data for the entire network. Extensive data collection was done in order to understand traffic 
characteristics of the corridor, peaking patterns, and to develop the field data sample used in the 
calibration of the different models. 
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1.2.1 Data Collection 
In support of the project, an extensive data collection effort and subsequent data review was completed 
during the months of June, July, and August 2014. Intersection turning movement counts (TMC) and 
average daily traffic (ADT) counts were collected at nearly 300 locations along the study corridor. TMC 
data was collected during a 13.5-hour period on a weekday and a 4-hour period on a Saturday. ADT 
count data was collected over 7 consecutive days at each of the identified ramps, mainline interstate, and 
arterial count locations. In addition, travel time runs were conducted during peak periods on I-66 and I-495 
freeway segments within the study area. Complementary to the data collection, the project team 
conducted several field observations of the corridor during peak periods on both weekdays and 
Saturdays. A summary of the data collection effort is discussed in the following sections. The I-66 
Corridor Improvements Project – Existing Conditions Report discusses the data collection program in 
additional detail. 

1.2.1.1 Traffic Counts 
Traffic data was collected by a number of data collection groups during the first 2 weeks of June. 
Altogether, 284 locations were identified to collect TMC and ADT counts. Mainline and ramp ADTs were 
collected along I-66 between Old Tavern Road and the Dulles Toll Road and along I-495 between Route 
650 (Gallows Road) and Route 7 (Leesburg Pike). In addition, arterial interchange ramp ADT data was 
collected at select locations along primary arterials that intersect with I-66 and I-495. TMC data was 
collected in order to understand the daily distribution of volume at intersections that impact I-66 and I-495.  

1.2.1.2 INRIX Data and Field Observations 
The project team conducted site visits to the I-66 study area of influence on Wednesday, June 18; 
Saturday, August 9; and Saturday, August 16, 2014. Prior to the site visits, the project team reviewed 
yearly corridor speed data provided by INRIX on the University of Maryland’s Regional Integrated 
Transportation Information System (RITIS) database.  

1.2.1.3 Travel Time Runs 
Travel time data were collected on four major routes, including I-66 eastbound and westbound directions 
and I-495 northbound and southbound directions. These four routes were chosen for calibration 
purposes. Both the general purpose lanes (GP) and the HOV lanes included different samples of travel 
time runs. Similarly, both the GP lanes and Express Lanes were measured separately on the I-495 
routes. All counts were collected during the first and second week in October 2014. Travel time runs were 
conducted on Tuesdays, Wednesdays, and Thursdays. Travel time data were collected using the floating 
car method, where drivers traveled with the prevailing traffic. On I-66 and I-495 mainline segments, the 
breakpoints were the off-ramps, and times were recorded at the off-ramp gores. Travel times were only 
collected for freeway segments within the study area as they were the focal point of the calibration needs.  

1.2.1.4 Signal Timing Data 
Synchro models, provided by VDOT, were the source for signal timing data and the initial determination of 
unsignalized intersections. Many of the individual timing plans in the original Synchro file were revised 
and updated based on field observation. 

1.2.2 Historical Traffic Trends 
I-66 within the project corridor (between US 15 and I-495) is a multimodal facility serving many localities 
and major destinations including the Washington, DC, area. Although traffic within the project corridor has 
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distinctive peak periods and peak directions, increasing congestion has prolonged peak periods and 
spilled traffic to parallel routes such as US 29 and US 50. The corridor demonstrates a typical commuting 
traffic pattern where morning peak occurs in the eastbound direction due to work trips from suburban 
areas to the Washington, DC, area. Afternoon peak then occurs in the westbound direction due to the 
returning work trips. As traffic demand increased, transportation infrastructure was expanded to include 
heavy rail transit with the Metrorail Orange Line extending into Vienna and time-of-day HOV lanes within 
the project corridor. Congestion and extensive delays often occur within the peak periods on I-66 mainline 
lanes, and at certain locations, congestion even extends to the off-peak periods. 

1.2.3 Daily Traffic Volumes 
Existing average weekday daily traffic was estimated from traffic counts collected during the first two 
weeks of June 2014. Seven consecutive days of 24-hour traffic counts were collected at 36 mainline 
locations and 171 ramp locations along I-66 and I-495. Average weekday daily traffic shown in this report 
represents the average of data collected on a Tuesday, Wednesday, or Thursday. Additional 
modifications to the data was performed in order to balance the traffic along the study corridor.  

Figure 1.3 (a, b, and c) show ADT values for the entire corridor for ramps and mainline segments.
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Figure 1.3a: I-66 Corridor – 2014 Average Daily Mainline and Ramp Volumes 
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Figure 1.3b: I-66 Corridor – 2014 Average Daily Mainline and Ramp Volumes 
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Figure 1.3c: I-66 Corridor – 2014 Average Daily Mainline and Ramp Volumes 
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1.2.4 Peak Period Traffic Volumes and Peaking Patterns 
One of the early findings from the data collection and field observations was the fact that a single peak 
hour for the entire system does not exist. The peaking patterns along the corridor vary significantly during 
the peak period in terms of absolute peak volume, location, and duration. Furthermore, lane use and 
vehicle restrictions vary along the corridor during the analysis hours (e.g., HOV restriction inside or 
outside I-495 and shoulder lane use during several hours and in the direction of the peak flow). As a 
result, a multi-hour analysis including the peak period, but extending beyond the peak period to include 
the shoulder periods of the peak, was required for the analysis. The focus of the project is to improve 
freeway operations during the peak periods. While there is midday congestion in some locations in the 
corridor, the analysis has been focused on the peak periods and the hours before and after the peak 
period where lane restrictions change along the corridor. 

Based on average speed data obtained from INRIX (collected between June 2013 and May 2014), 
congestion mapping was developed to highlight the changes in average travel speeds during the AM and 
PM peak periods in the eastbound and westbound directions of I-66. The mapping indicated notable 
reductions in average travel speeds within the typical peak-period timeframes, as shown in Figure 1.4 
and Figure 1.5. The spread of travel speed reductions below the posted speed limit varied in duration 
along the corridor, with the greatest spread noted in the eastbound direction at the US 50 interchange 
between approximately 6:00 a.m. and 10:30 a.m. and in the westbound direction at the Route 243 
interchange between approximately 1:30 p.m. and 8:30 p.m. 

The peak analysis period (AM or PM period used for the traffic analysis) was identified based on the 
review of traffic counts and INRIX traffic data and specifically considering the change in mainline volumes 
in the project study area during the peak analysis periods. For the purpose of the traffic analysis and the 
traffic simulation modeling, the AM peak analysis period was defined from 6:00 a.m. until 10:00 a.m., with 
an additional period from 5:00 a.m. to 6:00 a.m. intended for network seeding in the simulation. For the 
PM peak, 3:30 p.m. until 7:30 p.m. was identified as the peak analysis period, again dedicating an 
additional hour from 2:30 p.m. to 3:30 p.m. to seeding the network in the simulation model. These time 
periods include the “shoulder” periods of the peak before and after the peak period when the shoulder 
lane is open to traffic in the peak travel direction and HOV lanes are open to all motorists for a limited 
duration of the period. Figure 1.6 and Figure 1.7 below provide a graphical depiction of the proposed 
analysis (seeding and recording) periods and the associated corridor operation restrictions for HOV and 
shoulder lanes. For the purpose of the analysis, “representative hours” were defined for the AM and PM 
peak periods. The representative hours (also called “system peak hour” in this report) were determined 
based on the INRIX speed data. The representative hour is defined as the hour within the peak period 
when speeds are at the lowest point from an entire corridor standpoint. The hours from 7:00 a.m. to 8:00 
a.m. and from 4:30 p.m. to 5:30 p.m. were selected as representative (system peak) hours for the AM and 
PM peak periods, respectively. 
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Figure 1.4: I-66 Definition of Peak Period and Representative Hour – AM Eastbound Direction 
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Figure 1.5: I-66 Definition of Peak Period and Representative Hour – PM Westbound Direction 
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Figure 1.6: I-66 Eastbound Corridor Operations - AM Peak Period 

 

 

Figure 1.7: I-66 Westbound Corridor Operations - PM Peak Period 
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Figure 1.8 (a, b, and c) and Figure 1.9 (a, b, and c) show ramp and mainline volumes for the 
representative system hour for the AM period and PM period, respectively. The complete and detailed 
volume balancing results for the existing conditions are included in Appendix C of the Existing Conditions 
Report. The I-66 Corridor Improvements Project – Existing Conditions Report discusses the methodology 
for balancing the existing count data.
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Figure 1.8a: 2014 AM System Representative Hour Ramp and Mainline Volumes 
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Figure 1.8b: 2014 AM System Representative Hour Ramp and Mainline Volumes 
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Figure 1.8c: 2014 AM System Representative Hour Ramp and Mainline Volumes 
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Figure 1.9a: 2014 PM System Representative Hour Ramp and Mainline Volumes 

 

 
 

  

Transform 66 Outside the Beltway 1-24 



 DRAFT  
I-66 Corridor Improvements Project – Transportation Technical Report  May 12, 2015 

 
 

 

 

 

Figure 1.9b: 2014 PM System Representative Hour Ramp and Mainline Volumes 
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Figure 1.9c: 2014 PM System Representative Hour Ramp and Mainline Volumes 
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1.2.5 Baseline VISSIM Model 

1.2.5.1 Corridor Characteristics and Challenges for Microsimulation 
I-66 is the main east-west interstate highway in Northern Virginia and serves the District of Columbia, 
Arlington County, Fairfax County, Loudoun County, Prince William County and points west, the Cities of 
Fairfax, Falls Church, Manassas, and Manassas Park and the Towns of Vienna and Haymarket. The 
study corridor is a complex, comprehensive transportation facility that includes general purpose and high-
occupancy vehicle (HOV) highway facilities, heavy rail, local and regional bus service, and bicycle and 
pedestrian facilities. 

The analysis network for the I-66 corridor VISSIM microsimulation is larger and more complex than the 
networks for most simulation efforts. The key variables for a simulation are the number of vehicles, the 
size of the network (number of links and/or intersections), the level of congestion, and the duration of the 
analysis period. The I-66 corridor microsimulation study is more complex on most of these measures, 
especially for the level of congestion (10-12 hours a day in several parts of the corridor) and high freeway 
traffic volumes. 

1.2.5.2 Microsimulation Model Development and Calibration 
VISSIM Version 5.4, Build 12 was used for the comprehensive network traffic analysis performed within 
the study area limits. (Reference analysis tool selection matrix, VDOT Traffic Operations Analysis Tool 
Guidebook V1.1 – August 2013 – Figure 19, Appendix C.)  

Surface street intersection operations were evaluated through a combination of Synchro 8 (in order to 
develop preliminary optimization for phasing and signal timing) and VISSIM (for microsimulation and 
analysis). Transit routes and stops were coded into the study area VISSIM network where they affect or 
could affect I-66 and related facility operations. 

Given the extent and the complexity of the network, the following key calibration target criteria were 
selected: 

 Route choice: measured through goodness of fit between travel demand model seed matrix 
and VISUM final assignment. 

 Mainline travel times: measured for the entire corridor (both directions) and between 
consecutive interchanges.  

 Traffic flow rates: measured for the entire corridor and for aggregated portions of the corridor 
for both mainline and ramps and compared with traffic counts through the GEH statistic index, 
R-square, and the Root Mean Square Normalized Error (RMSNE). 

 Travel speeds: measured on the mainline along the corridor every half mile and compared to 
INRIX data. 

 Bottleneck locations, length and duration of backups: compared to INRIX data and field visual 
inspections.     

Since freeway congestion has a significant impact on operations throughout the corridor, the calibration 
measures focused primarily on the freeway operation. However, arterial throughputs and queue lengths 
at critical movements at key intersections were also compared to field measures during the calibration. 
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Appendix D of the Existing Conditions Report documents the development and calibration of the existing 
conditions VISSIM model. It reviews specialized procedures for developing origin-destination routing for 
the VISSIM models and presents the results of each calibration measure. 

1.2.6 Traffic Operations Results and Findings 

1.2.6.1 Measures of Effectiveness 
The following measures of effectiveness (MOEs) were used for the operational analysis of the roadway 
network under existing conditions. 

Freeway Performance Measures 
Simulated Average Speed (mph). 
Simulated Average Density (vehicle/lane/mile, color-coded similar to the equivalent Density-Based LOS 
Thresholds). 
Percent of Demand Served. Simulated Volume (processed volumes) divided by Actual Volume (input 
volumes). 
Simulated Ramp Queue Length. Reported for 50th and 95th percentiles (feet). 
Simulated Travel Time. Reported for select network O-D travel paths (minutes). 
Congestion Heat Maps. Incremental speeds reported for aggregated lanes, by time interval (mph). 

Arterial/Intersection Performance Measures 
Simulated Intersection Level of Service (LOS) and Average Control Delay. Reported by approach 
and by intersection (sec/veh, color-coded in similar fashion as the equivalent HCM Delay-Based LOS 
Thresholds). 
Simulated Intersection Approach Queue. Reported by movement (feet). 

Based on the results from traffic simulation analysis, the existing traffic operations in this I-66 corridor are 
summarized below: 

1.2.6.2 Overall Corridor Operating Conditions 
This corridor along I-66 is a heavily congested commuter corridor with a clear traffic pattern. Passenger 
cars account for most of the traffic with the percentage of heavy vehicles ranging between 6 and 8 
percent during the peak hours. The eastbound direction is the peak direction during the AM peak period, 
and the westbound direction is the peak direction of travel during the PM peak period. However, in the 
eastern segment between I-495 and Route 28, there is heavy-to-moderate congestion in the opposite 
direction, as well. Considering that only three general purpose (GP) lanes and the shoulder lane in the 
peak direction are open to all traffic with a restricted HOV lane during peak hours, corridor peak direction 
capacity is fully utilized. 

1.2.6.3 AM Peak Freeway Traffic Operations Findings 
Figure 1.10 (a, b, c, and d) and Figure 1.11 (a, b, c, and d) illustrate the density and speeds results 
from the VISSIM models for the I-66 mainline segments of the entire corridor for the AM peak period. In 
Figure 1.10, the centerline diagram laid over the aerial depicts the average density for the mainline 
segment during the peak hour (7:00 a.m. to 8:00 a.m.) in both eastbound and westbound directions. The 
average densities are color coded based on the congestion levels as depicted in the legend. The boxes 
on the top and bottom depict the densities in in each direction for the entire peak period including the 
shoulder periods before and after the peak hour (6:00 a.m. to 10:00 a.m.). Similarly, Figure 1.11 
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illustrates the average speeds along the corridor and is color-coded to show the different ranges of 
speeds.  

Density 
In the AM peak period, the shoulder lane usage is permitted in the peak direction (eastbound). It can be 
seen from the exhibits that the eastbound segment between I-495 and Route 234 Bypass operates 
mostly under congested conditions during the entire peak period. The congestion starts west of the Nutley 
Street (Route 243) interchange and continues to the Fairfax County Parkway interchange. This entire 
segment operates under congested-to-severely congested conditions for the entire peak period. At the 
interchange of Route 28 there is another bottleneck along I-66 eastbound which spills back up to Route 
234 Bypass in the early hours of the peak period and then starts to relieve at the end of the peak hour to 
east of the Route 234 Business interchange. West of Route 234 Bypass, there is no congestion in the 
eastbound direction.  

In the westbound direction, the segment between US 50 and I-495 operates under moderate-to-heavy 
congestion levels mostly from 7:00 a.m. to the end of the peak period. The westbound direction is the off-
peak direction, and the shoulder lane usage is not allowed during the AM peak period. Beyond US 50, 
there is no congestion in the westbound direction.  

Speeds 
The results from VISSIM for average speeds show similar patterns as seen from the density diagrams. 
Average speeds in the eastbound direction start to break down from west of the Route 123 interchange 
up to the Fairfax County Parkway interchange. Average speeds in this segment are below 35 mph with 
some segments operating at below 20 mph (queue condition). The speeds again drop to below 35 mph 
west of the Route 28 interchange. West of the Route 234 Bypass interchange average speeds are similar 
to free-flow speeds. In the AM peak period, the left-most lane in the eastbound direction operates as an 
HOV-only lane. However, the HOV lane is not a barrier-separated lane. Hence the average speeds 
reported by VISSIM include this lane which generally travels at a faster speed. 

In the westbound direction, the average speeds range from between 50 to 60 mph east of the US 29 
(Centerville) interchange. West of that, the westbound I-66 corridor operates under free-flow conditions. 

Demand Served  
Figure 1.12 depicts the comparison between demand served or throughputs (simulated number of 
vehicles traveling on specific segment in the corridor during a specific time period) in the system 
representative hour and the actual demand (vehicles intended to travel on the same segment and during 
the same time period) for the AM eastbound direction. The figure shows that many segments in the 
corridor experience significant capacity constrains where the demand served is as low as 85 percent. 
This is indicative of several bottlenecks in the system where traffic is metered during the peak period. 
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Figure 1.10a: I-66 Corridor – AM Peak Period Densities (veh/ml/ln) 
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Figure 1.10b: I-66 Corridor – AM Peak Period Densities (veh/ml/ln) 
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Figure 1.10c: I-66 Corridor – AM Peak Period Densities (veh/ml/ln) 
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Figure 1.10d: I-66 Corridor – AM Peak Period Densities (veh/ml/ln) 
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Figure 1.11a: I-66 Corridor – AM Peak Period Average Speeds (mph) 
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Figure 1.11b: I-66 Corridor – AM Peak Period Average Speeds (mph) 
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Figure 1.11c: I-66 Corridor – AM Peak Period Average Speeds (mph) 
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Figure 1.11d: I-66 Corridor – AM Peak Period Average Speeds (mph) 
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Figure 1.12: AM I-66 Eastbound Freeway Demand vs. Throughput and Percentage of Demand 
Served 

 

1.2.6.4 Traffic Operations Findings 
Figure 1.13 (a, b, c, and d) and Figure 1.14 (a, b, c, and d) illustrate the density and speeds results 
from the VISSIM models for the I-66 mainline segments of the entire corridor for the PM peak period. In 
the PM peak, westbound I-66 is the peak direction with heavily congested segments and breakdown 
speeds. The left-most lane is restricted to HOV-only traffic and the use of shoulder lane is permitted in the 
westbound direction. Similar to AM Peak, the centerline diagram in Figure 1.13 depicts the average 
density for the mainline segment during the peak hour (4:30 p.m. to 5:30 p.m.) in both eastbound and 
westbound directions. The boxes on the top and bottom depict the densities in each direction for the 
entire peak period from 3:30 p.m. to 7:30 p.m. Similarly, Figure 1.14 illustrates the average speeds along 
the corridor and is color-coded to show the different ranges of speeds.  

Density 
In the PM peak period, it can be seen from the exhibits that in the westbound direction, there is severe 
congestion from US 50 that spills back up to the I-495 interchange from the beginning of the peak period 
through the end. Going west, the congestion at the Route 234 Business interchange starts to spill back at 
the beginning of the peak hour and by the end of the peak period, spills back up to the US 50 
interchange. West of the Route 234 Business interchange and inside I-495, the I-66 westbound 
movement operates at acceptable operating density levels.   
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In the eastbound direction, all travel lanes are open, and the shoulder lane is closed for travel. Except for 
a few pockets between I-495 and US 50, which operate under heavy or congested conditions, all other 
segments along I-66 eastbound operate under light-to-moderate density levels.  

Speeds 
The results from VISSIM for average speeds show similar patterns as seen from the density diagrams. 
Average speeds in the westbound direction start to break down from just west of the US 50 interchange 
to the I-495 interchange at the beginning of the peak period. Average speeds in this segment are below 
35 mph with some segments operating at below 20 mph (queue condition). In the later hours of the peak 
period, the speeds again drop to below 35 mph west of the Route 234 Business interchange going up to 
US 50. West of the Route 234 Business interchange, average speeds are similar to free-flow speeds. In 
the PM peak period, the left-most lane in the westbound direction operates as an HOV-only lane, and 
since the HOV lane is not a barrier-separated lane, the average speeds reported by VISSIM include this 
lane which generally travels at a faster speed compared to the other lanes.  

In the eastbound direction, the average speeds range from between 50 to 60 mph east of the US 29  
(Centerville) interchange. West of that, the eastbound I-66 corridor operates under free-flow conditions. 

Demand Served  
Figure 1.15 depicts the comparison between demand served or throughputs (simulated number of 
vehicles traveling on specific segment in the corridor during a specific time period) in the system 
representative hour and the actual demand (vehicles intended to travel on the same segment and during 
the same time period) for the PM westbound direction. The figure shows that many segments in the 
corridor experience significant capacity constrains where the percentage of unserved demand is between 
5 percent and 10 percent. This is indicative of the existence of bottlenecks in the system where traffic is 
metered during the peak period. 
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Figure 1.13a: I-66 Corridor – PM Peak Period Densities (veh/ml/ln) 
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Figure 1.13b: I-66 Corridor – PM Peak Period Densities (veh/ml/ln) 
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Figure 1.13c: I-66 Corridor – PM Peak Period Densities (veh/ml/ln) 
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Figure 1.13d: I-66 Corridor – PM Peak Period Densities (veh/ml/ln) 
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Figure 1.14a: I-66 Corridor – PM Peak Period Average Speeds (mph) 
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Figure 1.14b: I-66 Corridor – PM Peak Period Average Speeds (mph) 
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Figure 1.14c: I-66 Corridor – PM Peak Period Average Speeds (mph) 
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Figure 1.14d: I-66 Corridor – PM Peak Period Average Speeds (mph) 
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Figure 1.15: PM I-66 Westbound Freeway Demand vs. Throughput and Percentage of Demand Served 
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1.2.6.5 Arterial Traffic Operations Findings 

Arterial Level of Service Definition 
For signalized intersections, level of service (LOS) is defined in terms of the average total vehicle delay of 
all movements through an intersection. Vehicle delay is a method of quantifying several intangible factors, 
including driver discomfort, frustration, and lost travel time. Specifically, LOS criteria are stated in terms of 
average delay per vehicle during a specified time period. Vehicle delay is a complex measure based on 
many variables, including signal phasing (i.e. progression of movements through the intersection), signal 
cycle length, and traffic volumes with respect to intersection capacity. For unsignalized intersections LOS 
criteria can be further reduced into two intersection types: all-way, stop-controlled and two-way, stop-
controlled. All-way, stop-controlled intersection LOS is expressed in terms of the average vehicle delay of 
all of the movements, much like that of a signalized intersection. Two-way, stop-controlled intersection 
LOS is defined in terms of the average vehicle delay of an individual movement(s). Table 1.1 shows LOS 
criteria for signalized and unsignalized intersections (both all-way and two-way, stop controlled) as 
described in the Highway Capacity Manual 2010. 

Table 1.1: Level of Service Criteria for Intersections (HCM 2010) 

LOS Signalized 
Intersection Unsignalized Intersection 

A ≤10 sec ≤10 sec 

B 10–20 sec 10–15 sec 

C 20–35 sec 15–25 sec 

D 35–55 sec 25–35 sec 

E 55–80 sec 35–50 sec 

F ≥80 sec ≥50 sec 
 

Table 1.2 (a and b) summarizes average vehicle delay and intersection LOS for all intersections within 
the study area for both AM and PM system representative hour. Figure 1.16 summarizes the overall 
arterial operation in terms of percentage of intersections operating at LOS A through D, LOS E, or LOS F. 
Additional detail on arterial traffic operations, including intersection approach delay and LOS is 
summarized in Appendix I. 

AM Arterial Findings 
As shown in Table 1.2 and Figure 1.16, most intersections operate at adequate level of service during 
the AM system representative hour (7:00 a.m. to 8:00 a.m.). Approximately 9 percent of the intersections 
operate at LOS E, while 4 percent operate at failing conditions of LOS F. It is important to note that while 
many of these intersections operate at adequate overall control LOS, many of the individual approaches 
operate at failing conditions. (See Appendix I for approach intersection delay and LOS.)  

PM Arterial Findings 
In the PM system representative hour (4:30 p.m. to 5:30 p.m.), more intersections than those of the AM 
peak operate at failing conditions. Approximately 25 percent of all the intersections operate at LOS E or 
worse, while 13 percent operate at LOS F.  
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Table 1.2a: Overall Intersection Delay and Level of Service 

 

Intersection 
Delay 

(Sec/veh)
LOS

Intersection 
Delay 

(Sec/veh)
LOS

1 Unsignalized Old Tavern Road /Route 55 8.31 A 9.68 A
2 Unsignalized Old Tavern Road /I-66 WB Ramps 1.18 A 4.37 A
3 Unsignalized Old Tavern Road/I-66 EB Ramps 2.31 A 0.9 A
4 Unsignalized Old Tavern Road/Harrison Road 0.36 A 0.52 A
5 Signalized US 15/Heathcote Blvd 18.72 B 21.64 C
6 Signalized US 15/I-66 WB Ramps 12.57 B 19.05 B
7 Signalized US 15/I-66 EB Ramps 21.72 C 15.55 B
8 Signalized US 15/ Route 55/Washington Street 27.53 C 56.71 E
9 Signalized US 29 (Gainesville)/Route 55/Linton Hall Road 65.58 E 93.03 F

10 Signalized US 29 (Gainesville)/ I-66 EB Temporary Ramp 4.07 A 5.2 A
11 Signalized US 29  (Gainesville)/I-66 WB Ramps/Heathcote Blvd 21.61 C 65.36 E
12 Signalized US 29 (Gainesville)/University Blvd 11.61 B 15.17 B
13 Signalized Heathcote Blvd/Heritage Hunt Dr 11.54 B 23.88 C
14 Signalized University Boulevard/Wellington Road 19.52 B 30.49 C
15 Signalized Route 234/Balls Ford Road 60.48 E 68.05 E
16 Signalized Route 234/Bullock Dr/Battleview Pkwy 16.82 B 37.18 D
17 Signalized Route 234/I-66 WB Ramp/Vandor Lane 12.67 B 20.27 C
18 Signalized Route 234/I-66 EB Ramps 42.15 D 6.37 A
19 Unsignalized Route 234/Automotive Drive 7.25 A 1.21 A
20 Signalized Route 234/Balls Ford Rd 61.33 E 74.3 E
21 Signalized US 29 (Centreville)/Stone Rd 64.09 E 102.85 F
23 Unsignalized US 29 (Centreville)/O'Day Dr./Parking Lot 25.15 D 3.83 A
24 Signalized US 29 (Centreville)/I-66 WB Ramps 50.53 D 34.33 C
25 Signalized US 29 (Centreville)/I-66 EB Ramps 121.76 F 43.29 D
26 Signalized US  29 (Centreville)/Trinity Pkwy/Machen Rd 47.54 D 38.39 D
27 Signalized Route 28/Ellanor C. Lawrence Park 6.87 A 117.87 F
28 Signalized Route 28/Braddock Rd/Walney Rd 15.61 B 50.99 D
29 Signalized Route 28 & I-66 WB Ramp 14.6 B 10.37 B
30 Signalized Route 28 & Sully Senior Center/I-66 EB Ramp 22.02 C 19.91 B
31 Signalized Stringfellow Road /Fair Lakes Blvd 9.5 A 119.3 F
32 Signalized Stringfellow Road/Park-and-Ride 2.92 A 9.34 A
33 Signalized Stringfellow Road /HOV Ramps 1.16 A 7.89 A
34 Unsignalized Stringfellow Road/Westbrook Dr 1.73 A 2.17 A
35 Signalized Stringfellow Road /Centreville Farms Rd 14.84 B 10.48 B
36 Signalized Monument Drive/West Ox Road 28.69 C 36.12 D
37 Signalized Monument Drive/Fair Lakes Parkway 24.44 C 30.44 C
38 Unsignalized Monument Drive/Fair Lakes Promenade Dr 0.66 A 3.48 A
39 Signalized Monument Drive/HOV Ramps 5.88 A 7.21 A
40 Signalized Monument Drive/Government Center Parkway 15.03 B 20.94 C
44 Signalized US 50/Waples Mill Road 92.27 F 126.41 F
45 Signalized US 50/Jermantown Road 52.19 D 153.34 F
46 Signalized Route 123/Jermantown Road 73.85 E 98.14 F
47 Signalized Route 123/Rose Forest Dr/White Granite Rd 56.2 E 58.22 E
48 Signalized Route 123/Eaton Pl/Oak Pl 22.88 C 61.61 E
49 Signalized Route 123/Fairfax Blvd (US 50/US 29) 64.18 E 110.08 F

50 Signalized Country Creek Rd/I-66 WB Off-Ramp/Village Spring 
Lane

9.02 A 8.41 A

51 Signalized Country Creek Rd/Virginia Center Blvd/Vaden Drive 16.19 B 19.15 B
52 Unsignalized Vaden Dr/Metro Parking Garage (North of 66) 0.67 A 1.61 A
53 Unsignalized Vaden Dr/Metro Parking Garage (South of 66) 1.66 A 5.39 A
54 Signalized Vaden Dr/Saintsbury Dr 15.39 B 13.38 B
55 Signalized Nutley Street /Virginia Center Blvd/Marshall Rd 35.13 D 50.08 D
56 Signalized Nutley Street /Saintsbury Dr/Swanee Ln 11.47 B 11.92 B
57 Signalized Nutley Street/Hermosa Drive 17.47 B 11.95 B
58 Signalized Nutley Street /US 29 (Merrifield) 41.86 D 73.41 E
59 Signalized Route 7/Idlywood Road 68.1 E 68.05 E

Overall Intersection Level of Service - Existing Conditions

Intersection Name

7:00 - 8:00 AM 4:30 - 5:30 PM Figure 
Intersection 

ID
Signalization
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Table 1.2b: Overall Intersection Delay and Level of Service 

 

Figure 1.16: Summary of Arterial Operation for AM and PM Existing Conditions 

 

 

Intersection 
Delay 

(Sec/veh)
LOS

Intersection 
Delay 

(Sec/veh)
LOS

60 Signalized Route 7/I-66 EB Ramps 4.97 A 11.57 B
61 Unsignalized Route 7/Metrorail Lot/Dale Drive 0.36 A 0.53 A

62 Unsignalized Route 7/ Mary Ellen Henderson MS Entrance/Chestnut 
Street

0.97 A 1.04 A

63 Unsignalized Route 7/ George Mason HS Entrance/Chestnut Street 3.73 A 5.71 A

64 Signalized Route 7/Haycock Road/Shreve Rd 44.45 D 47.09 D
65 Signalized US 29 (Centreville)/Trinity Pkwy/Centrewood Drive 34.46 C 39.26 D

66 Signalized US 29 (Centreville)/Route 28 SB On-Ramp/Newgate 
Shopping Center Entrance

6.1 A 59.62 E

67 Signalized US 29 (Centreville)/Route 28 NB Ramp 5.06 A 10.7 B

68 Signalized US 29 (Centreville)/Old Centreville Road/Braddock 
Road

21.58 C 68.59 E

69 Signalized Fairfax County Parkway SB Ramps/Monument Drive 10.21 B 13.67 B
70 Signalized Fairfax County Parkway NB Ramps/Monument Drive 26.74 C 24.47 C

71 Signalized Fairfax County Parkway SB Ramps/Fair Lakes 
Parkway (North Intersection)

13.66 B 11.15 B

72 Signalized Fairfax County Parkway NB Ramps/Fair Lakes 
Parkway (North Intersection)

20.81 C 29.98 C

73 Signalized Fairfax County Parkway SB Ramps/US 29 (Centreville) 18.55 B 36.25 D

74 Signalized Fairfax County Parkway NB Ramps/US 29 (Centreville) 11.45 B 50.72 D

75 Signalized West Ox Road/US 29 (Centreville) Off-Ramp 6.61 A 197.79 F

76 Signalized US 29 (Centreville) WB Off-Ramp/Fairfax County 
Parkway SB On-Ramp

18.15 B 11.65 B

77 Signalized US 29 (Centreville) WB On-Ramp/Fairfax County 
Parkway NB Off-Ramp

8.16 A 13.17 B

78 Signalized West Ox Road/US 29 (Centreville) On-Ramp 19.75 B 17.54 B
79 Signalized West Ox Road/US 50 SB Off-Ramp 9.04 A 17.75 B
81 Signalized Route 7/Express Lanes Ramps/I-495 NB On-Ramp 48.76 D 23.92 C
82 Signalized US 29 (Merrifield) /I-495 Express Lanes Ramps 16.31 B 16.86 B
83 Signalized Gallows Road/I-495 SB Off-Ramp/Woodburn Road 34.83 C 195.53 F
84 Signalized Gallows Road/I-495 Express Lanes Ramps 22.36 C 26.1 C
85 Signalized Gallows Road/I-495 Express Lanes Ramps 83.02 F 26.02 C
86 Signalized Westfields Boulevard/Park Meadow Dr/Newbrook Dr 17.26 B 31.25 C
87 Signalized Westfields Boulevard/Stonecroft Boulevard 22.32 C 117.4 F

Overall Intersection Level of Service - Existing Conditions

Intersection Name

7:00 - 8:00 AM 4:30 - 5:30 PM Figure 
Intersection 

ID
Signalization

75%

12%

13%

Existing PM Peak Hour 
Intersection LOS Summary

LOS A-D LOS E LOS F

87%

9%

4%

Existing AM Peak Hour 
Intersection LOS Summary

LOS A-D LOS E LOS F
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1.2.7 Summary of Roadway Deficiencies 
Based on the results from the traffic simulation analysis, the corridor travel demand is higher than the 
existing capacity. This is reflected in the high densities and low speeds found in many segments of the 
corridor in the peak directions. General characteristics of congestion on the corridor include: 

 Significant multi-hour queues in both directions.  
− Bottlenecks created by lane drops and major merge areas. 
− Reverse commute traffic has continued to grow and, in some areas, is starting to show 

signs of congestion in off-peak directions during both peak periods. 
 Heavy volumes entering and exiting I-66 at the Route 28 interchange affect traffic in both 

directions for extended periods. 
− Queue lengths originating in the Centreville area can quickly reach 5 or more miles in 

length due to impacts from on-ramps and off-ramps. 
 In many areas, HOV lane traffic is severely impacted by vehicles weaving in and out from 

general purpose lanes. 
− Differences in speed along the length of the HOV lanes reduces effectiveness of 

operations and reliability of trip duration. 
− Wide variations in speed along HOV lanes is creating rapid-moving shock waves of 

stopped or much slower traffic. 

1.2.7.1 Hours of Congestion 
Existing travel demand generate significant congestion during the highest peak hours of the day. Table 
1.3 summarizes the number of hours of congestion that motorists currently experience in the corridor. As 
shown in Table 1.3, peak-period congestion in the eastern portion of the corridor east of US 50 roughly 
represent 8-10 hours of congestion per day (in each direction). Similarly, in other portions of the study 
corridor: 4 hours of congestion (in each direction) in the middle section of the corridor and roughly 2 hours 
in the western portion.  

Table 1.3: Hours of Congestion in the I-66 Corridor  

Segment 
2014 (Hours) 

Eastbound Westbound 

Old Tavern Road to Route 234 Bypass 2 Less than 1 

Route 234 Bypass to US 29 (Centreville) 4 4 

US 29 (Centreville) to US 50 4 4 

US 50 to I-495 8 11 

I-495 to Route 7 10 3 
 

1.2.7.2 HOV Operation 
The existing HOV lanes in the corridor are intended to provide smoother flow and provide the incentives 
that come from reduced travel time for those who use bus service and for travelers who form carpools. 
Table 1.4 summarizes average speeds during the AM and PM peak periods for both HOV and general 
purpose (GP) freeway segments at key locations in the corridor. The results from the traffic analysis 
shows that the HOV lanes operate in general at better conditions than the general purpose lanes. 
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However, the lack of barrier separation on the existing concurrent lane configuration allows motorists to 
easily move into and out of the HOV lanes, resulting in reduced speeds in the HOV lanes and increased 
difficulty in enforcing the HOV restrictions. During the peak period in peak directions between US 29 
(Gainesville) and I-495 on I-66, eastbound HOV commuters save approximately 20 minutes in the AM 
peak, while westbound HOV commuters save approximately 21 minutes in the PM peak, compared to 
drivers in the general purpose lanes. The HOV lanes operate approximately 10 mph faster in both peak 
directions during peak periods. Speeds in both directions, however, are well below posted speeds or free-
flow speeds as they average roughly 50 mph. 

Table 1.4: HOV vs. GP Average Speed Comparison  

Segment  Posted 
Speed 

AM Peak Period 
(Eastbound) 

PM Peak Period 
(Westbound) 

GP Lane 
Speed 

HOV Lane 
Speed 

GP Lane 
Speed 

HOV Lane 
Speed 

US 29 (Gainesville) - US 29 (Centreville) 60 35 53 51 58 

US 29 (Centreville) - US 50 55 33 40 35 46 

US 50 - I-495 55 50 53 30 44 

Overall Corridor (Start to End of HOV Lane) 37 48 40 49 
 

1.2.7.3 Major Points of Congestion 
In addition to the need for overall transportation capacity in the I-66 corridor as presented in previous 
sections, traffic operations are adversely affected by points of constraint based on either capacity or 
geometric issues. There are a number of localized constraints (chokepoints), where daily peak period 
congestion occurs that affects both cars and bus transit operations: 

Route 234 Bypass Interchange  
The merge area on I-66 for the northbound Route 234 Bypass movement to the eastbound I-66 operates 
at low speed and moderate to high densities in the 6:00 a.m. – 7:00 a.m. hour, before the system 
representative hour. As demand increases in the future, this locations is expected to operate at capacity 
with deteriorating conditions. 

Route 234 Business Interchange 
Operational analysis indicates that the on-ramp to eastbound I-66 performs poorly in the AM 
representative hour conditions due to short acceleration lanes. The maximum queue length at this 
location (1,320 feet) exceeds the available storage capacity for this ramp (325 feet). 

US 29 (Centreville) Interchange  
The merge and diverge areas on I-66 operate at poor conditions with speeds below 35 mph and high 
densities during the entire peak period and in both peak directions of flow. Close proximity of signals on 
US 29 periodically causes operational problems when one signal is above capacity and queues extend 
back to adjacent signals. 
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I-66 between US 29 (Centreville) and Route 28  
The eastbound direction of I-66 slows down due to the heavy entering traffic from US 29 and the heavy 
exiting traffic at  Route  28  due  to the  lack of  a  weaving lane  to  accommodate  the  heavy weaving 
movements. 

Route 28 Interchange  
The off-ramps from I-66 operate poorly during the peak periods in the peak direction of travel. The 
southbound Route 28 to eastbound I-66 movement is accommodated by a left-turn phase at a signal. The 
demand at times during the PM peak period exceeds the storage provided, and queues extend back into 
the southbound Route 28 mainline impacting through movement. Queues often extend back beyond the 
signal at Braddock Road. The signal at Braddock Road/Walney Road is within the interchange influence 
area. To accommodate the left turns originating from westbound I-66, an intermediate signal is provided 
for cross-over movement from the ramp to the left-turn bay, which impacts northbound Route 28 flows. 
This also causes a significant queue to develop on the I-66 westbound off-ramp to Route 28 northbound. 
The queue can extend for almost a mile during the later hours of the AM peak period operations and 
generating safety issues on the right-most lane of I-66.  

Fairfax County Parkway Interchange 
The merge/diverge areas on I-66 to/from the collector-distributor (C-D) roads operate at speeds below 20 
mph and densities above 45 veh/mi/ln during both peak periods in the peak direction flow. 

US 50 Interchange 
At this interchange, I-66 transitions from an eight-lane facility to a six-lane facility (with the shoulder lane 
being used as a fourth lane in the peak direction).  In the eastbound direction, congestion reoccurs daily 
at the merge from US 50 due to the heavy volumes merging. In essence, a four-lane I-66 merges with a 
two-lane on-ramp from US 50 to feed a four-lane section downstream. Part of the merging issue is 
caused by short acceleration lanes. The close proximity of the access points of Fair Oaks Mall also 
impacts this interchange. 

Route 123 Interchange 
Acceleration lane lengths that do not meet current standards cause poor merging operations, which then 
impacts travel speeds on I-66. 

Route 243 (Nutley Street) Interchange 
Operational analyses of the I-66 merge and diverge areas into/from the C-D roads indicate that the 
existing demand at these locations currently exceeds capacity resulting in congestion for both cars and 
buses.  Over-capacity operations also exist on the C-D roads. 
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CHAPTER 2. TRANSIT/TRANSPORTATION DEMAND MANAGEMENT 
[The text for transit is subject to final approval by DRPT, but this is the latest in-progress 
language.] 

This chapter provides information regarding the transit service, park-and-ride facilities, and transportation 
demand management (TDM) elements of the I-66 Corridor Improvements Project. Following the receipt 
and resolution of comments on the Environmental Assessment, transit and TDM recommendations will be 
refined accordingly and documentation reissued as both a revised Transit/TDM Technical Report and the 
I-66 Transit/TDM Implementation Plan. 

2.1 Existing Conditions 
Existing transit services and TDM strategies help reduce the volume of single-occupant vehicles in the I-
66 corridor. In general, existing transit service in the corridor consists of feeder service to Metrorail and 
Virginia Railway Express (VRE) stations; commuter service to Tysons, Arlington County, and the District 
of Columbia; regional service along parallel arterials; and local transit service in the communities along I-
66. Existing transit consists of: 

 Rail service provided by the Metrorail Orange and Silver Lines and the VRE Manassas Line.  
 Bus service provided by Potomac and Rappahannock Transportation Commission (PRTC), 

Fairfax Connector, Metrobus, CUE, and privately-owned shuttle buses. 

During peak periods, the US 50 to I-495 segment of the I-66 corridor (including parallel routes one mile to 
the north and one mile to the south) has approximately 300 buses operating. The Route 28 to US 50 
segment is the second heaviest and has approximately 200 trips (Figure 2.1). Although these two 
segments carried the most passengers during peak hours, 7,200 and 4,700, respectively (Figure 2.2), the 
Route 234 to Route 28 segment was the most productive, carrying more than 38 passengers per trip 
during peak hours, primarily on buses operated by PRTC. 
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Figure 2.1: Peak Period Bus Trip Volumes on the I-66 Corridor 

 

Note: Trips include routes on parallel roadways within one-mile of I-66. 

Figure 2.2 Peak Period Bus Ridership on the I-66 Corridor 

 

Note: Ridership includes routes on parallel roadways within one-mile of I-66. 
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There are twenty park-and-ride facilities located in the study area (between US 15 and I-495) and two 
additional at Metrorail stations east of I-495, which offer capacity for approximately 12,000 vehicles. 
Approximately 9,000 of the park-and-ride spaces are located at Metrorail or VRE stations and are almost 
100 percent occupied during the average weekday. Total average occupancy of other facilities is 
approximately 50 percent, but facility-to-facility use varies widely. Park-and-ride facilities at Stringfellow 
Road, Stone Road, Vienna Metrorail station, Dunn Loring Metrorail station in Fairfax County and at the 
Limestone Drive facility in Prince William County are at capacity.   

TDM strategies are targeted at increasing mobility and access to transportation choices throughout the 
region. They help to eliminate or shift SOV trips to other modes or times of the day. The Northern Virginia 
region is served by TDM providers including Fairfax County’s RideSources program, PRTC’s OmniMatch 
and VanPool Alliance Program, MWCOG’s Commuter Connections program, DRPT, VDOT, and federal 
agencies. 

2.2 Summary of Public Surveys 
To better understand the needs and preferences of commuters who travel this corridor regularly and to 
better predict commuter response to potential new and improved products and services, the study team 
took into consideration the results of three main survey efforts: 

 2009 I-66 Transit/TDM Study Market Research Survey. This market research survey found 
strong potential support in the corridor for highly reliable and reasonable cost transit services. The 
market research also showed the importance of employer and institutional TDM support to 
encourage use of modes other than single-occupancy vehicles (SOVs). 

 2014 I-66 Attitudes and Perceptions Survey. The primary goal of this survey was to identify 
current traveler attitudes, perceptions, and levels of support for planned I-66 improvements. The 
majority of respondents expressed that they recognize the benefit of improving the corridor. 
Approximately 50 percent of respondents support the project. Approximately 25 percent of 
respondents stated that they would change their travel behaviors based on proposed changes to 
I-66. These commuting changes include taking the bus, carpooling, vanpooling, and using toll or 
carpool lanes. 

 On-board Transit Ridership Surveys for Major Transit Operators (2013–2014). Survey 
results suggested that many of the current transit riders within the I-66 study area use the service 
to commute to work, especially those traveling from western sections of the corridor.  

The findings from these three studies informed the development of the transit services and Transportation 
Demand Management (TDM) strategies, as these services and strategies must meet commuters’ needs 
and preferences to be successful. 

2.3 Plan Development Process 
The development of the draft preferred transit/TDM service was collaborative with the region’s 
jurisdictions, transit operations, transportation organizations, and members of the community. The 
analysis process built from and refined the recommendations of the 2009 I-66 Transit/TDM study.  

To build from previous recommendations, regional travel patterns and forecasted population and 
employment growth projections from MWCOG’s regional forecasts were analyzed in the consideration of 
the need for future transit service and park-and-ride facilities for the I-66 corridor outside the beltway. 
Utilizing varying combinations of connections to existing or planned transit services and providing one-
seat rides to major destinations, three initial transit scenarios were developed.  
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Through close coordination with members of the Transportation Technical Advisory Group (TTAG) as well 
as the public, a draft preferred transit/TDM plan was developed. The draft preferred plan is presented in 
five-year increments and designed to be flexible over time. As the project process continues, the draft 
preferred transit/TDM plan will continue to be refined. The following section provides details about the 
elements of the transit service proposed within the plan. 

2.4 Transit Service Types  
The recommended plan consists of a combination of existing local and new or expanded corridor-focused 
transit services. These services will accommodate weekday and weekend peak- and off-peak-hour 
demand intersecting with and traveling along the I-66 corridor. Commuter bus service will be expanded 
and a new I-66 Rapid Bus Service (RBS) is proposed that will enhance existing services by providing 
more frequent service and operate in the off-peak periods and directions. The following transit services 
are recommended: 

 Commuter Bus: This service would provide one-seat rides on routes serving major activity 
centers such as the District of Columbia, Arlington, Merrifield, Tysons, Fair Lakes, Westfields, 
Reston, and Herndon. Services would originate in Haymarket, Gainesville, and Manassas. 
Commuter services would operate primarily in the peak commuting direction during peak 
commute periods and in the Express Lanes where possible. 

 Rapid Bus Service: This service would be I-66 corridor focused and act as an extension of the 
Metrorail system. Differing from the recommended commuter bus operation, the RBS would have 
fixed headways during peak and off-peak periods and operate bi-directionally on weekdays, 
Saturdays, and in the future, on Sundays. During peak and off-peak periods, the service would 
use the Express Lanes where possible. 

Table 2.1 outlines the key differences between the two types of transit service planned for the I-66 
corridor.  

Table 2.1: Key Attributes of Commuter Bus vs. Rapid Bus Service 

Characteristic Commuter Bus Rapid Bus Service 
Type of Vehicle Over-the-road coach Low-floor urban transit bus 

When Service is Provided Weekday morning and afternoon 
peak periods 

Weekday morning and afternoon 
peak periods 
Weekday mid-day and evenings 
Saturdays (all day) 
Sundays (in the future)  

Direction of Service Morning Peak: eastbound 
Afternoon Peak: westbound 

Bi-directional (eastbound and 
westbound) all-day 

Off-Peak Service Offered No 
Yes – On weekdays and 
Saturday; Sundays in future 
years 

Direct between Origin and 
Destination Yes Limited number of on-route stops 

 

Transform 66 Outside the Beltway  2-4 



DRAFT  
I-66 Corridor Improvements Project – Transportation Technical Report May 12, 2015 

 
2.5 Draft Preferred Transit/TDM Plan 
The primary elements of the draft preferred Transit/TDM plan are in three areas: transit service, park-and-
ride facilities, and TDM strategies.  

2.5.1 Transit Service  
The draft preferred transit service plan is a mixture of commuter bus and rapid bus services. These 
services will connect and interact with the existing transit services in the corridor that are expected to 
continue. The draft transit service plan was developed in coordination with the proposed interstate access 
along I-66 and with the Express Lanes and the location of park-and-ride facilities.  

This Transit/TDM report presents phased recommendations in five-year increments. From project opening 
to 2040, incremental changes will occur such as: 

 The number of origins and destinations served with one-seat rides is planned to increase. 
 Frequency of service is increased to coincide with forecast increases in demand. 
 Sunday service is added in 2035. 
 Some commuter routes are converted to RBS. 

Table 2.2 shows the buildup of services over time including the addition of new routes, increasing 
frequency, and conversion of some routes from commuter bus to RBS. Potential daily ridership for the 
routes described in this draft plan ranges from 4,400 to 5,800 in 2025 and 6,400 to 8,500 in 2040.  

Figure 2.3 shows the full network of future bus services in the I-66 corridor. It shows existing and 
proposed service. The lines represent recommended connections between origins and destinations, not 
the specific routes the services would follow. 
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Table 2.2: Draft Preferred I-66 Transit Service Phasing 

Route Interim Stops Similar Existing  
Commuter Bus Route 

Proposed Headways (Minutes) 
Opening Year 2025 2030 2035 2040 

Haymarket to Tysons None   
   

60 45 
Haymarket to Downtown DC Ballston   60 45 35 35 35 
Gainesville to Westfields None   

 
45 45 25 25 

Gainesville to Chantilly/US 50 None   
   

60 45 
Gainesville to Reston None   25 25 25 25 25 
Gainesville to Herndon/Monroe Innovation (Fairfax County)   

 
45 45 30 25 

Gainesville to Chantilly/Herndon None   
   

60 45 
Gainesville to Tysons*** Monument PRTC Linton Hall Metro Direct 30 20 15 15 15 
Gainesville to Tysons* Manassas P&R, Monument   

 
40 40 40* 40 

Gainesville to Downtown DC*** Monument, East Falls Church PRTC Gainesville OmniRide 20 20 15 15 15 
Gainesville to East Falls Church* Manassas P&R, Monument   40 40 40 40* 40 
Gainesville to Merrifield None   

 
35 35 35 35 

Manassas to Reston None   
  

60 60 45 
Manassas to Tysons None PRTC Manassas Metro Direct 30 30 30 15 15 
Manassas to Downtown DC East Falls Church PRTC Manassas OmniRide 20 20 15 15 15 
Manassas to Merrifield None   30 45 45 45 45 

Monument to Westfields** None   
  

60 60 60 
Total Buses Required Including Spares (Rapid & Commuter)   38 52 65 77 80 
Total Annual Revenue Hours (Rapid & Commuter)   53,490 73,220 88,280 103,500 105,270 

Key Operating Period Direction 
Rapid Bus (Peak) Weekday Peak Periods Bidirectional 

Rapid Bus (Off-Peak)  Weekday Off-Peak & Weekends* Bidirectional 

Commuter Bus Weekday Peak Periods Peak Direction** 

Notes: 
*Saturday Only Service for off-peak rapid bus service until Sunday service begins in 2035. 
**Monument to Westfields commuter bus service operates in both directions. 
***Peak Rapid Bus Service increased in 2030 to accommodate for expected demand in the Centreville area with stops at Monument Park-and-Ride. 
Service shown represents total proposed future service levels. Revenue hours and number of buses shown may include buses and services already in operation. 
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Figure 2.3: Draft Preferred I-66 Transit Service (2040) 
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2.5.2 Park-and-Ride Facilities 
The existing park-and-ride facilities along the I-66 corridor are heavily used today and many of the major 
facilities have convenient access to high-quality transit services. Park-and-ride improvements as part of 
the draft preferred transit/TDM plan are designed to provide additional capacity and add new locations 
along the corridor. Improvements are recommended for the two existing park-and-ride facilities at 
Gainesville (Cushing Road/Route 234) and Monument (Monument Drive) and constructing three new 
facilities at Haymarket (US 15), Gainesville (University Boulevard), and Manassas (Balls Ford Road), as 
shown in Figure 2.4. The new and improved park-and-ride facilities are intended to provide additional 
support for transit using the I-66 Express Lanes along the corridor as well as additional opportunities for 
carpooling and vanpooling. At these five park-and-ride facilities, by 2040, the draft plan recommends over 
5,400 spaces.  

Figure 2.4: I-66 Corridor Park-and-Ride Facilities 

 

2.5.3 Transportation Demand Management  
Transportation Demand Management (TDM) is the practice of providing services that promote the use of 
transportation options other than driving alone. TDM strategies developed specifically for the I-66 corridor 
will supplement ongoing TDM efforts in the region, including those in Fairfax County and Prince William 
County, and will promote both the new I-66 transit service and park-and-ride facilities as well as 
ridesharing opportunities with the opening of the I-66 Express Lanes. The three categories of TDM 
strategies are recommended and summarized in Table 2.3. 
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Table 2.3: I-66 Project TDM Strategies 

Program Type Description 

Marketing and 
Advertising 
Campaign 

Marketing, 
Branding, 
Materials, and Ad 
Development 

Develop corridor-wide brand for new TDM and transit services 
and branded, standardized TDM promotional materials and 
advertisements for local newspapers, online news sources, and 
radio ads targeted at commuters. 

Commuter 
Incentives 
 
 

Transit Incentive Provides one-time incentives to try new transit service on I-66 
corridor. 

Vanpool Incentive Provides temporary fare buy-down for new vanpool users on the 
I-66 corridor. 

Carpool Incentive Provides temporary cash incentive for new carpool users on the 
I-66 corridor. 

Vanpool 
Formation and 
Assistance 
 

Vanpool Alliance Promotes Vanpool Alliance participation, which provides financial 
and administrative assistance to vanpools in the region. 

VanStart/VanSave Provides temporary VanStart/VanSave subsidies to vanpools 
using the I-66 corridor to cover the cost of empty seats. 

2.6 Summary and Next Steps 
The following summarizes some of the benefits of the draft plan: 

 Increased number of one-seat rides to destinations around the greater northern Virginia region. 
 Reliable transit travel time due to the use of the Express Lanes.  
 Flexible, all-day, bidirectional rapid bus service and new commuter bus service.  
 Transit service levels that increase incrementally as travel patterns change over time. 
 Expanded and new park-and-ride facilities with multimodal access and connections. 
 Expanded transportation choices.  
 Support and incentives for non-single-occupant-vehicle travel. 

Figure 2.5 summarizes the main elements of the draft preferred transit/TDM plan and how the elements 
of the plan are proposed to be implemented over time. 

The draft preferred transit/TDM plan was developed in coordination with the project Build Alternatives 2A 
and 2B and represents a work in progress. As the environmental and public process continues and a 
preferred alternative is developed, the draft preferred transit/TDM plan will need to be modified to fit the 
preferred alternative. The location of access points to the Express Lanes and the specific locations of 
park-and-ride facilities, for example, will impact transit recommendations. The recommendations of this 
draft preferred plan will continue to be refined over time with further analysis of travel patterns and 
stakeholder coordination.
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Figure 2.5: Summary of Draft Preferred Transit/TDM Plan Phasing 
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CHAPTER 3. LOCAL AND REGIONAL TRANSPORTATION PLANS 
Improving mobility within the I-66 corridor is vital to ensuring that regional transportation demands are 
satisfied. To achieve this goal, local and regional transportation plans have made recommendations that 
include new roadway connections, widened roads, and intersection enhancements. Current plans that 
endorse improvements to the regional transportation system or recommend improving the I-66 corridor 
are discussed below.  A detailed list of each plan’s specific objectives can be found in Appendix C 

3.1 Fairfax County Comprehensive Plan 
The Fairfax County Comprehensive Plan (2013) sets out a series of specific goals to address increasing 
transportation demand. An enhanced corridor study is proposed to consider the need for additional rail 
stations along the entire I-66 corridor. The plan also proposes site-specific improvements to existing 
transportation facilities, such as widening I-66 within Fairfax County, in order to accommodate new 
residential and commercial facilities. 

3.2 Fairfax County Transportation Plan 
The Fairfax County Comprehensive Plan, 2013 Transportation takes into account forecasted increases in 
travel demand as a result of an increase in population. To combat deteriorating traffic conditions, 
countywide objectives and policies include increased use of public and non-motorized transportation, as 
well as enhanced roadway capacity. At the same time, the plan recommends steps to be taken to ensure 
that improvements to the transportation system are cost effective and that land use and transportation 
policies are complimentary. In addition, a Bicycle Program is proposed to make bicycling a viable mode of 
transportation along the I-66 corridor. 

3.3 Prince William Comprehensive Plan 
The 2008 Prince William County Comprehensive Plan includes specific design policies intended to 
improve County infrastructure with respect to both aesthetics and functionality. The plan also proposes 
five major gateways for study, including I-66 from the Fauquier County boundary to the US 15 bridge, and 
recommends various improvements to each as follows: attractive and informative signage, extensive 
landscaped buffers and roadway medians, new or additional pedestrian walkways/trails, the buffering or 
elimination of visual blights, and additional or replacement lighting. Emphasis is also placed on the need 
for air quality studies along major transportation corridors, as well as potential actions which could be 
taken to improve air quality. Finally, specific measures are enumerated to ensure that various public 
goods and services will be effectively maintained and operated for the foreseeable future. 

3.4 Prince William Transportation Plan 
The goal of the Prince William Transportation Plan (2013) is to create an environmentally friendly, 
multimodal transportation system that meets demands for intra- as well as inter-county trips. To help 
accomplish this goal, the plan recommends that I-66 be widened within Prince William County and 
improvements be made to existing interchanges along the I-66 corridor. The County’s transportation 
network aspires to be safe and efficient while maximizing cost effectiveness and minimizing conflicts with 
environmental and cultural resources. 
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3.5 Long-Range Transportation Plan for National Capital Region 
The 2015 Constrained Long Range Plan (CLRP) outlines the National Capital Region’s transportation 
priorities. The plan calls for almost 650 additional lane-miles by 2020 and an additional 538 lane-miles by 
2040. Forty-four miles of transit rail are also scheduled to be completed by 2020. Specific 
recommendations are made regarding I-66, including adding additional lanes, widening both HOV and 
general purpose lanes, and reconstruction of the I-66/US 15 interchange. 

3.6 Transportation Vision Plan 
The Transportation Vision Plan lists the Washington metropolitan region’s eight transportation goals. The 
objective of this plan is to provide reasonable, cost effective transportation that enhances the quality of 
life for everyone in the region while protecting the region’s natural environmental quality, as well as its 
cultural and historic resources. The plan’s strategies include developing a transportation system that will 
utilize the best available technology and strive to achieve better inter-jurisdictional coordination of 
transportation and land use planning. Improvements to I-66 would meet several of the policy goals 
outlined in the aforementioned plan by providing reasonable access to everyone in the region, developing 
an interconnected transportation system that promotes a strong regional economy, and utilizing 
technology to maximize system effectiveness. 

3.7 TransAction 2040 
The TransAction 2040 Northern Virginia Regional Transportation Plan is intended to provide a guide for 
funding future transportation projects in Northern Virginia. The plan includes a category of non-corridor-
specific improvements in addition to roadway, transit, bicycle, and pedestrian projects in the following 
eight corridors: the Route 7 and Dulles Toll Road Corridor, the Route 28 Corridor, Loudon County 
Parkway/Tri-County Parkway/Belmont Ridge Road/Gum Springs Road Corridor, Fairfax County Parkway 
Corridor, Route 234 Corridor, I-495 Corridor, I-95/I-395/US 1, and I-66/US 29/US 50. The plan specifically 
calls for reconstruction or improvement of several interchanges, as well as the implementation of Active 
Traffic Management (ATM), along the I-66 corridor. 
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CHAPTER 4. DEVELOPMENT OF ALTERNATIVES 

4.1 Introduction 
Chapter 4 provides detail on the development of alternatives throughout the Tier 1 Environmental Impact 
Statement (EIS). During Tier 1, the universe of possible alternatives that would meet the needs of the 
project were considered both along the I-66 corridor and parallel to it. A more detailed, refined analysis 
process then occurred as a part of Tier 2, focusing on a smaller subset of possible alternatives. 
Documentation for this development process is included in the following sections.  

4.2 Alternatives Developed During the Tier 1 EIS 
During the Tier 1 Environmental Impact Statement (EIS) process, the Virginia Department of 
Transportation (VDOT) and the Virginia Department of Rail and Public Transportation (DRPT) identified 
10 concepts that would increase capacity, provide multimodal options, improve individual interchanges, 
and address safety and operations. The improvement concepts were narrowed down to be located within 
the I-66 corridor from US 15 in Haymarket to I-495, rather than in new location corridors as was once 
considered.  

A variety of alternatives were developed based on considerations specific to elements of Purpose and 
Need and then prioritized based on viability and feasibility. The elements that were recognized throughout 
the I-66 corridor included:  

 Identifying the existing and future capacity deficiencies. 
 Improving spot locations and chokepoints. 
 Determining limited mode choices. 
 Identifying safety deficiencies. 
 Recognizing unpredictable travel times.  

Using these elements, potential improvement concepts were analyzed on their ability to meet the needs 
of the corridor, and were categorized into three groups: 

 Not meeting needs at all. 
 Partially meeting needs. 
 Fully meeting needs. 

The following sections provide more detail on the Tier 1 EIS alternatives development process and the 
narrowing of those alternatives prior to the Tier 2 EA. 

4.2.1 Recommended Improvement Strategies 
The Tier 1 project team, with participation and input from participating agencies, stakeholders, and the 
general public, developed a process for evaluating possible improvement concepts in the I-66 corridor, as 
shown in Figure 4.1. Based on the needs of the I-66 corridor, 14 improvement concepts were 
considered:  

 General purpose lanes. 
 Managed lanes. 
 Metrorail extension. 
 Light Rail Transit (LRT). 
 Bus Rapid Transit (BRT). 
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 Virginia Railway Express (VRE) extension. 
 Improved spot locations and chokepoints. 
 Corridor intermodal connectivity. 
 Corridor safety improvements. 
 Improvements in transportation communication and technology. 
 System-wide and out-of-corridor improvements to Metrorail. 
 Construction of/improvements to parallel facilities. 
 Transportation Demand Management (TDM). 
 No-Build. 

Figure 4.1: Tier 1 EIS Concept Development and Evaluation Process 

 

After an initial analysis, four improvement concepts were eliminated from the study because they did 
not directly address needs within the I-66 corridor across multiple dimensions (capacity deficiencies, 
major points of congestion, and travel time predictability). The improvement concepts eliminated include:  

 System-wide and out-of-corridor improvements to Metrorail. 
 Construction of/improvements to parallel facilities. 
 TDM.  
 No-Build.  

- Note: the No-Build concept was maintained in evaluation for comparison purposes only. 
While these improvement concepts were eliminated in full, certain aspects were incorporated 
into other improvement concepts that were carried forward. 
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No improvement concepts were determined to fully meet the needs of the I-66 corridor. The remaining 
concepts were identified as partially meeting needs and were categorized as either capacity 
improvements or non-capacity improvements. Capacity improvements were considered to have the 
greatest potential to affect the existing and future capacity deficiencies within the corridor. They were 
developed through five steps of analysis that included determining the overall segment demand 
throughout the corridor and assessing the person-carrying capacity of each of the alternatives. The 
following six capacity improvement concepts that were considered for evaluation could not stand alone 
and were combined into 47 improvement concept scenarios (ICS):  

 General purpose (GP) lanes. 
 Managed lanes. 
 Metrorail extension. 
 LRT. 
 BRT.  
 VRE extension. 

The capacity improvement concepts carried forward were developed through five steps of analysis.  

 Step 1: The total travel demand in person-trips for each segment of the I-66 corridor in year 2040 
was quantified.  

 Step 2: The range of improvement concepts for carrying person-trips in the corridor was identified 
through input from the public and various agencies.  

 Step 3: The generalized ability of each improvement concept to carry person-trips in the I-66 
corridor was quantified through base, reach, and maximum scenarios.  

 Step 4: The range of possible improvement concept combinations was identified. These 47 ICS 
represent all of the logical and consistent combinations of capacity-related building blocks within 
the I-66 corridor. Several key components to developing the 47 ICS included adding transit first to 
accommodate demand, with GP lanes added last to each ICS. Certain combinations of the six 
capacity improvement concepts cannot be carried out in tandem—for example, Metrorail 
extension, LRT, and BRT cannot coexist because of an overlap in service. Additionally, as 
multiple concepts for managed lanes were developed, it was determined that there could not be 
more than one concept in an ICS. 

 Step 5: Analysis was performed to determine the ability of a concept to meet demand and other 
evaluation measures that seek to enhance mobility and modal choices while minimizing footprint 
and cost. This analysis was broken down into three categories. First, each ICS was analyzed 
based on its ability to meet the qualitative evaluation measures and demand. Next, each ICS was 
analyzed based on its alignment to goals and objectives, input from the general public, and input 
from the cooperating/participating/scoping agencies involved. Lastly, each ICS was analyzed 
based on safety and the following abilities: 

− Accommodating demand. 
− Enhancing modal choices. 
− Supporting TDM and efficient land-use patterns. 
− Reducing the share of travel by single-occupant vehicles (SOV). 
− The generalized width of the concept. 
− Space efficiency (amount of persons moved within the generalized width of the concept). 
− Preliminary planning-level cost. 
− Composite score of evaluation and consideration measures. 
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The non-capacity improvement concepts partially meeting the needs of the I-66 corridor were identified as 
being distinct from the capacity improvement concepts and were able to advance independently.  
Considerations made in these concepts included: 

 Use of a single travel mode. 
 Amount of interaction between the concept and travel modes. 
 Geographic focus. 
 Lesser levels of potential impacts. 
 Whether the concept complements the capacity improvement concepts or serves in isolation.  

From these considerations, the non-capacity improvement concepts carried forward included:  

 Improving spot locations and chokepoints. 
 Safety improvements. 
 Improving/creating intermodal connectivity. 
 Improving transportation communication and technology. 

4.2.2 Tier 1 Alternatives Carried Forward to Tier 2 EA 
The previously discussed capacity improvement concepts and non-capacity improvement concepts 
combined to create 47 ICS that were evaluated based on seven criteria: 

 Ability to accommodate demand. 
 Ability to enhance modal choices. 
 Ability to reduce SOV share and support TDM.  
 Generalized physical width. 
 Space efficiency. 
 Generalized planning-level cost. 
 Cost per incremental person-trip accommodated.  

The top performing ICSs were advanced for consideration in the Tier 2 EA.   

4.3 Mainline and Access Point Alternatives Developed During the Tier 
2 EA 

In July 2014, the Tier 2 Environmental Assessment (EA) analysis began. Alternatives analyzed during the 
Tier 2 EA combine improvement concepts from the Tier 1 Environmental Impact Statement (EIS) with 
other safety and operational improvements. The Tier 2 EA evaluates site-specific conditions and the 
potential effects the proposed improvements would have on air quality, noise, neighborhoods, parks, 
recreation areas, historic properties, threatened and endangered species habitats, and wetlands and 
streams. VDOT is focused on minimizing the footprint of the project while determining the most effective 
and viable transportation solutions for the I-66 corridor.  

4.3.1 Range of Improvement Concepts Considered 
Amid the ICS carried forward from the Tier 1 EIS to the Tier 2 EA, focus remained constant along the 
following improvement goals: 

 Reduce congestion on I-66 by increasing capacity. 
 Provide new, predictable travel choices. 
 Enhance safety and travel predictability 
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 Deliver innovative transportation solutions that are cost-effective in a timely manner. 

4.3.2 Planning and Operational Assumptions  
Several assumptions were required to complete the analysis of improvement concepts carried forward 
into the Tier 2 EA. First, the general location of future highway and transit improvements were required to 
be within the I-66 corridor, with the exception of the Virginia Railway Express (VRE) extension 
improvement, which was not included as part of this study. Next, the concept must meet, at least partially, 
the Purpose and Need elements identified as part of the Tier 1 National Environmental Policy Act (NEPA) 
study. Additionally, all reasonable measures should be taken to minimize right-of-way impacts throughout 
the I-66 corridor. In accordance with NEPA, additional assumptions include: 

 For capacity improvement projects, the current number of regular lanes must be maintained 
during AM and PM rush hours. 

 Rapid Bus Service (RBS) will be advanced along with other bus service recommendations from 
the I-66 Transit/TDM Technical Report. 

 Safety and operational (non-capacity) improvements can move forward independently or in 
conjunction with capacity improvements. 

 The alternatives cannot preclude other concepts, including the consideration of Metrorail 
extension in the right-of-way. 

 The concept must be feasible to implement in a reasonable timeframe. 

The dimensions of design features (e.g., lane and shoulder widths) were guided by established design 
criteria for interstate highways and were used to develop typical cross sections for the proposed roadway.  
Potential access points to the Express Lanes were identified by considering existing access points to the 
current high-occupancy vehicle (HOV) lanes, existing interchanges, other existing crossroads where 
access to the Express Lanes might be advantageous, and, in several instances, locations where a new 
crossroad might provide an advantageous connection. Potential interchange improvements were guided 
by the need to provide adequate connectivity between crossroads and both the general purpose lanes 
and Express Lanes of I-66.   

Three specific types of alternatives testing occurred prior to the creation of the two Build alternatives. This 
included the consideration of mainline/cross-section alternatives, evaluation of possible locations and 
types of access along the I-66 corridor, and an assessment of possible interchange concepts at each of 
the selected access locations. 

4.3.3 Mainline Roadway Configurations 
The conclusion of the Tier 1 EIS study determined the need to improve the I-66 corridor to at least a 10-
lane divided highway with improved interchanges and additional direct access at certain locations to 
alleviate congestion and improve safety. Various configurations of a 10-lane facility with improved 
interchanges and additional access were developed, analyzed, and evaluated for this study. The following 
five roadway configuration concepts were determined to be the top performing concepts for analysis:  

 Two managed lanes + Metrorail extension. 
 Two managed lanes + Metrorail extension + VRE extension. 
 One general purpose lane + two managed lanes + Metrorail extension. 
 Two general purpose lanes + two managed lanes + RBS + VRE extension. 
 Two general purpose lanes + two managed lanes + RBS. 
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Each concept was scoped with elements outlined contributing to the overall ICS. The two managed lanes, 
henceforth called Express Lanes, consist of converting the existing HOV lane and constructing an 
additional Express Lane, resulting in two Express Lanes. The existing HOV lane requirement will be 
converted from operating as HOV-2+ (requiring at least two occupants per vehicle) to operating as HOV-
3+ (requiring at least three occupants per vehicle) by 2020, consistent with the region’s Constrained Long 
Range Plan (CLRP).  

Mainline roadway configuration concepts/typical sections were narrowed down to two alternatives, 
Alternative 1 and Alternative 2. 

4.3.3.1 Alternative 1 
Alternative 1 consists of a 2-foot concrete barrier-separated section with 12-foot shoulders (total of 14 
feet) and a 42-foot center median for potential future center transit, with auxiliary lanes providing ramp-to-
ramp connections if needed. A total of four full shoulders would be provided in each direction. This typical 
section width is 266 feet from edge of shoulder to edge of shoulder, increasing to 290 feet with auxiliary 
lanes between interchanges. 

4.3.3.2 Alternative 2 
Alternative 2 has three configurations. Each configuration uses a 4-foot flexible bollard buffer-system to 
separate the Express Lanes from the general purpose lanes.   

 Alternative 2A consists of a 42-foot center median for potential future center transit and auxiliary 
lanes providing ramp-to-ramp connections, if needed. A total of two shoulders would be provided 
in each direction. The Express Lanes would have a full shoulder on the left and the general 
purpose lanes would have a full shoulder on the right. The Alternative 2A typical section width is 
246 feet from edge of shoulder to edge of shoulder, including auxiliary lanes between 
interchanges.  

 Alternative 2B consists of no median, with the bollard barrier separating eastbound and 
westbound travel lanes, and auxiliary lanes providing ramp-to-ramp connections, if needed. The 
Alternative 2B typical section width is 206 feet from edge of shoulder to edge of shoulder, 
including auxiliary lanes between interchanges.  

 Alternative 2C is similar to Alternative 2A but provides space for future Metrorail extension 
stations by increasing the median width from 42 feet from Alternative 2A to 60 feet in the 
locations future Metrorail stations are anticipated.  

The I-66 corridor is not expected to have the same alternative throughout the entire corridor. Figure 4.2 
shows the typical sections for each of the mainline alternatives considered. 
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Figure 4.2: Typical Sections of Mainline Alternatives 
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4.3.3.3 Mainline Alternative Configuration Evaluation 
The mainline alternatives were evaluated based on impacts to right-of-way, major utilities, and the 
environment, as well as safety implications, accommodation of future fixed guideway transit, geometric 
design feasibility, and relative cost.  

Due to the significant right-of-way impact, Alternative 1 was eliminated from further engineering 
consideration by project stakeholders. Alternative 2C was eliminated after Alternative 2A was modified to 
include the median “bump outs” to provide for future Metrorail stations, resulting in Alternative 2C being a 
redundant alternative. Alternatives 2A and 2B were advanced for further analysis. 

4.3.4 Direct Express Lane Access Points and Crossovers 
Access points to and from the Express Lanes will be needed to implement the Express Lanes element of 
the project. The screening of access point alternatives consists of three steps:  

1. A travel demand test.  
2. A geometric analysis of access point feasibility.  
3. A planning-level analysis of the alternatives. 

4.3.4.1 Access Locations Considered 
Twenty-one potential access point locations were identified throughout the I-66 corridor. These access 
point locations were compared against each other to determine which locations to carry forward in 
analysis and which to dismiss from further consideration. The 21 access point locations considered were: 

 US 15. 
 US 15 Slip Ramps (between US 15 and US 29 (Gainesville)). 
 US 29 (Gainesville). 
 University Boulevard. 
 Route 234 Bypass. 
 Balls Ford Road park-and-ride. 
 Route 234 Business (Sudley Road). 
 Slip Ramps between Route 234 Business and US 29 (Centreville). 
 US 29 (Centreville). 
 Route 28. 
 Slip Ramps between Route 28 and Stringfellow Road. 
 Stringfellow Road (east facing only). 
 Fairfax County Parkway. 
 Monument Drive. 
 US 50. 
 Slip Ramps between US 50 and Route 123. 
 Route 123. 
 Vaden Drive/Vienna Metrorail station. 
 Route 243 (Nutley Street). 
 Dunn Loring Slip Ramps (between Route 243 and I-495). 
 I-495 (general purpose lanes and Express Lanes). 
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4.3.4.2 Access Location Sensitivity Analysis 
A travel demand test was utilized to screen access point locations throughout the I-66 corridor. The travel 
demand test consisted of the Tier 2 Traffic and Revenue Model for the AM peak period and the 2040 No-
Build trip tables. If the access point possessed minimal demand, it was eliminated from further 
consideration. Geometric analysis also was conducted for access point feasibility. Access location, type, 
and number of ramp lanes all were considered as part of the geometric analysis. If a fatal flaw was 
discovered, the access point was eliminated from further consideration.  

The I-66 corridor access points were compared using a sensitivity analysis, presented in Figure 4.3. The 
following criteria were used to objectively measure the impact of each access point: 

 Traffic Demand on Express Lanes Ramps: 
− Worst: demand greater than 1,200 vehicles per hour. 
− Poor: demand from 900 to 1,200 vehicles per hour. 
− Medium: demand from 600 to 900 vehicles per hour. 
− Good: demand from 300 to 600 vehicles per hour. 
− Best: demand less than 300 vehicles per hour. 

 Traffic Operations (ratio of volume to capacity (V/C)): 
− Worst: V/C > 1 
− Poor: 0.84 < V/C < 1 
− Medium: 0.7 < V/C < 0.84 
− Good: 0.5 < V/C < 0.7 
− Best: V/C < 0.5 

 Transit Accommodations: 
− Connections to existing and planned transit stations or transfer points. 
− Connections to existing and planned park-and-ride facilities. 
− Facilitation of planned transit service  
− Existing or projected transit demand 

 Right-of-way impacts: 
− Worst: residential relocation. 
− Medium: other significant property impact. 
− Best: minimal land-only impact or no land impact. 

 Environmental Impacts: 
− Worst: major Section 4(f) and/or Section 106, etc. 
− Medium: wetlands, floodplains, etc. 
− Best: minor impacts. 

 Ramp Spacing (from ramp gore to ramp gore): 
− Worst: insufficient weave distance [low level of service (LOS)]. 
− Medium: sufficient weave distance (mid-level LOS). 
− Best: sufficient weave distance (high LOS). 

 Interchange Spacing (from arterial center line to center line): 
− Worst: requires design exception, less than 1 mile center line to center line. 
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− Medium: less than 1.5 miles but greater than 1 mile center line to center line. 
− Best: greater than 1.5 miles center line to center line. 

 Geometric Design Feasibility (constraints, utilities, etc.): 
− Worst: requires design exception(s). 
− Medium: requires design waiver(s). 
− Best: fully compliant design. 

 Relative Cost – order of magnitude: 
− Worst: more than $150 million. 
− Poor: from $100 million to $150 million. 
− Medium: from $50 million to $100 million. 
− Good: from $10 million to $50 million. 
− Best: less than $10 million. 

4.3.4.3 Results of Access Location Sensitivity Testing 
The results of the processes to screen various access points is shown in Figure 4.3. This sensitivity 
analysis table provides a high-level overview of the strengths and weaknesses of each existing and 
potential access point location.  
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Figure 4.3: Sensitivity Analysis at Access Points 
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In addition to the sensitivity analysis, further discussion occurred that detailed the pros and cons of each 
potential access point location. This overall screening process resulted in the narrowing down of potential 
access point locations used in two distinct corridor alternatives of access points studied as part of the 
system-wide traffic analyses. More detailed information of the pros and cons of each potential access-
point location is included in the Alternatives Development Report (Chapter 6).  

Following the discussion of pros and cons for each interchange location, direct access point comparisons 
were made between the following potential access point locations: 

 University Boulevard versus US 29 (Gainesville). 
 Route 28 versus Slip Ramps at Route 28. 
 Monument Drive versus US 50. 
 US 50 versus Route 123. 
 Direct access at Fairfax County Parkway versus Stringfellow Road/Monument Drive. 

The proximity between Stringfellow Road, Fairfax County Parkway, and Monument Drive does not meet 
the access management spacing requirements. As a result, an Express Lanes access point at Fairfax 
County Parkway would prevent access point locations at Stringfellow Road and Monument Drive. An 
access point at either Stringfellow Road or Monument Drive would minimize potential projects costs and 
impacts at Fairfax County Parkway.

Transform 66 Outside the Beltway   4-12 



DRAFT  
I-66 Corridor Improvements Project – Transportation Technical Report         May 12, 2015 

 
 

Figure 4.4: Express Lane Access Points Alternative 2A 
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Figure 4.5: Express Lane Access Points Alternative 2B 
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Following the evaluation of the 21 access point locations, several were dismissed from further 
consideration. Fully-directional access for all movements was dismissed at Fairfax County Parkway. 
Direct connections were dismissed at: 

 US 15 Haymarket. 
 US 29 (Gainesville). 
 Route 234 Business. 
 US 29 (Centreville) (to/from northwest of I-66). 
 US 50 east/south of I-66. 
 Route 123 Fairfax. 
 Route 243 Vienna. 

Slip ramp connections were dismissed between: 

 US 15 Haymarket. 
 Route 234 Business. 
 US 50 and Route 123 (proposed in lieu of direct access to/from US 50). 
 Route 243 and I-495 (proposed in lieu of direct connections at I-495 between general purpose 

lanes and Express Lanes). 

Upon further analysis and discussion with VDOT, the following access point locations in Table 4.1 were 
advanced for consideration in the final build alternatives: 

Table 4.1: I-66 Access Point Locations in Prince William and Fairfax Counties 

Prince William County Fairfax County 
US 15 (including slip ramp) Route 28 

University Boulevard Route 28 and Stringfellow Road (proposed in lieu 
of direct access to/from Route 28) 

Route 234 Bypass (Prince William Parkway) Stringfellow Road (HOV access to/from the east) 

Balls Ford Road Park-and-Ride Monument Drive (HOV access to/from the east) 

 US 50 

 Route 123 

 Vaden Drive 

 Route 243 (Nutley Street) 

 Dunn Loring 

 I-495 
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4.4 Interchange Improvement Concepts Considered During the Tier 2 

EA 
After determining the access point locations for further consideration, possible geometric configurations 
were considered and evaluated at each interchange location. There are 11 existing interchanges with full 
movements and two interchanges with east-facing access to and from the existing I-66 HOV lanes, and 
seven new proposed access point locations.  Multiple interchange configurations were considered for: 

 Locations recognized as existing chokepoints. 
 Locations with both general purpose lane and Express Lane access. 
 Locations with new Express Lane access only.  

4.4.1 Existing Interchange Locations 
The I-66 corridor from US 15 in Prince William County to I-495 in Fairfax County has interchanges as 
shown in Table 4.2.  

Table 4.2: I-66 Interchanges in Prince William and Fairfax Counties 

Prince William County Fairfax County 

US 15 US 29 (Centreville) 

US 29 (Gainesville) 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 first four interchanges are located in Prince William County, while the remaining nine are located in 
Fairfax County. Seven of the interchanges in Fairfax County provide access for the general purpose lanes 
and the remaining two interchanges serve HOV traffic to and from the east at Monument Drive and at 
Stringfellow Road. 

Two of the interchanges involve close coordination with others. The US 15 at I-66 interchange is a VDOT 
design-build project that is currently underway. The design at this location is set and accommodates the 
future widening of I-66 anticipated as part of this project. The consultant for the Route 28 and I-66 
interchange project developed preliminary layouts which included connections to the managed lanes on I-
66. Those concepts have been integrated into this project, and work on that project has ceased. Any 
future concepts, design, or construction of the Route 28 at I-66 interchange will move forward as part of 
this project.  

In addition to the 11 general purpose interchanges listed above, ramps serve HOV traffic to and from the 
east at Monument Drive and at Stringfellow Road in Fairfax County.  
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As a part of the interchange evaluation process, several studied interchanges are proposed to serve a 
combination of general purpose and Express Lane traffic. 

4.4.2 Proposed Interchange Locations 
In addition to the existing interchanges, new interchanges are proposed to serve corridor traffic at the 
following locations: 

 University Boulevard. 
 Balls Ford Road/Bull Run. 
 Vaden Drive. 

These interchanges were identified during the sensitivity analysis of the access points described in 
Section 4.3.4. 

4.4.3 Interchange Concepts Considered 
Several improvement concepts were developed for each interchange location using an incremental 
improvement approach to address safety, capacity, and operational requirements to minimize right-of-
way, environmental, and cost impacts.  

4.5 Alternatives Carried Forward for Further Analysis  
Each of the two corridor access point alternatives were combined with the two mainline cross-section 
alternatives, resulting in a distinct combination of what became Alternative 2A and Alternative 2B. These 
final alternatives were developed through a series of meetings with project stakeholders. The alternatives 
for Express Lanes access were developed, varying in terms of access location and type - slip ramps or 
flyover ramps between the general purpose lanes and Express Lanes, compared with direct access 
ramps serving arterials.  

The remaining potential access point locations were combined to derive the two draft access alternatives, 
including a substitution of flyover/slip ramps east of Route 28 for the creation of two tolling segments, 
instead of the previous option of slip ramps only without direct access to Route 28.
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Figure 4.6: Preliminary Express Lanes Access Alternatives 
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Within the study, the I-66 corridor is divided into three segments, each of which is impacted differently by 
the different configuration alternatives: 

 Segment 1 is considered to run from US 15 (STA 51000+00) to east of Route 28 (STA 5820+00).  
 Segment 2 is considered to run from east of Route 28 (STA 5820+00) to just west of Jermantown 

Road (STA 6070+00).  
 Segment 3 is considered to run from just west of Jermantown Road (STA 6070+00) to I-495 (STA 

6431+49).  

Segment 1 Express Lane access alternatives slightly differ between Alternatives 2A and 2B. One access 
point location is consistent between Alternatives 2A and 2B, with three additional access point locations in 
Alternative 2A and one additional access point location in Alternative 2B. 

Segment 2 Express Lane access alternatives slightly differ between Alternatives 2A and 2B. Two access 
point locations remain consistent, with one additional access point in Alternative 2A and Alternative 2B 
that differs in location. 

Segment 3 Express Lane access alternatives slightly differ between Alternatives 2A and 2B. One access 
point location is consistent between Alternatives 2A and 2B, with one additional access point in 
Alternative 2A and three additional access points in Alternative 2B. 

Interchange improvement options for existing chokepoints/spot locations are addressed by either or both 
of the proposed alternatives at the following locations: 

 Alternative 2A and 2B:  
- Fairfax County Parkway and Route 243 (Nutley Street). 

 Alternative 2A: 
- Route 234 Bypass and Route 123. 

Interchange improvement options for existing general purpose lane and new Express Lanes access are 
addressed by either or both of the proposed alternatives at the following locations: 

 Alternatives 2A and 2B: 
- Route 234 Business (Sudley Road and Bull Run/Balls Ford Road) within the interchange 

area. 
- Route 28 at I-66. 
- I-495. 

 Alternative 2A:   
- US 50 between US 50 and Route 123 in the vicinity of Route 243 (Nutley Street and Vienna 

Metrorail station). 
 Alternative 2B:  

- Route 234 Bypass. 
- Route 123. 

Interchange improvement options for new Express Lanes access are addressed by either or both of the 
proposed alternatives at the following locations: 

 Alternatives 2A and 2B: 
- University Boulevard. 
- Stringfellow Road. 
- Monument Drive. 
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- Vaden Drive. 

 Alternative 2A: 
- Between US 15 and US 29 (Gainesville), east of US 15. 

 Alternative 2B: 
- New Connector Road, west of US 15. 
- Express Lane transition ramps west of Stringfellow Road. 
- Express Lane transition ramps east of Vaden Drive. 

The focus areas for providing access in Alternative 2A include: 

 Eastern Fairfax County (between Route 123 and Gallows Road). 
 I-495 access (Express Lanes and GP lanes). 
 Western Prince William County. 
 Vaden Drive (vehicular access). 
 Monument Drive/US 50. 
 Stringfellow Road time-of-day access (i.e., keep existing reversible ramp configuration in place) 

versus on/off ramps open to both directions of traffic to/from the east at all times. 
 Fairfax County Parkway. 
 US 29 (Centreville). 

The focus area for providing access in Alternative 2B include: 

 Eastern Fairfax County (between Route 123 and Gallows Road). 
 I-495 access (Express Lanes and GP lanes). 
 Western Prince William County. 
 Vaden Drive (bus-only access). 
 Monument Drive/US 50. 
 Stringfellow Road. 
 Fairfax County Parkway. 
 US 29 (Centreville). 

The end-to-end alternatives developed for Alternative 2A and Alternative 2B are provided in the Appendix 
of the Alternatives Development Technical Report.   
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CHAPTER 5. SAFETY AND CRASH ANALYSIS 

5.1 Introduction and Background 
Within the project study area from I-495 in Fairfax County to US 15 in Prince William County, I-66 is 
characterized by heavy congestion from commuter traffic during both the morning and evening peak 
hours, especially in the eastern half of the corridor. This congestion creates the potential for crashes, 
especially rear-end and sideswipe crashes. In addition to safety challenges caused by this congestion, 
deficient geometric features create safety impacts in the corridor. These deficient geometrics include 
short acceleration and deceleration lanes and the lack of a shoulder during peak periods. Specifically, this 
study identified and evaluated the current safety hot spots within the corridor and provided safety-related 
input throughout the roadway design process in an attempt to improve the overall level of safety in the 
corridor in the future.  

A combination of qualitative and quantitative analyses were used to evaluate safety in the corridor. For 
the first time in Virginia, AASHTO Highway Safety Manual (HSM) methodologies were used to evaluate 
safety throughout the study area. The predictive crash methods detailed in the HSM allow safety 
professionals to assist roadway designers in the quantitative evaluation of various design options. The 
specific HSM methodologies used for the safety analyses will be described in more detail later in this 
chapter. 

5.2 Safety Analysis Methods and Tools 
Traditionally, safety analysis techniques have largely relied on the skill and expertise of the safety 
professional. In the last several years, however, model-based approaches have become prominent. The 
HSM provides safety professionals with a large set of methods and tools to evaluate the effectiveness of 
alternatives in both existing and future conditions from a safety standpoint. These methods and tools 
allow safety to be compared to other performance measures like traffic operations, environmental 
impacts, and construction costs by calculating the change in crash frequency as a function of the cross-
sectional features of different alternatives. The study team aggregated the methods and tools into two 
categories: qualitative and quantitative.  

Typically, when methods and tools are referred to as qualitative, the results are based on an evaluation of 
historical crash data and traffic volumes to project crash trends and rates. When methods and tools are 
referred to as quantitative, the results are not only based on historical crash data and traffic volumes but 
also on the geometric features of the roadway. Whether qualitative or quantitative methods and tools 
were used depended on the required level of detail for the safety analyses and the type of data that was 
available for the analyses. 

5.2.1 Qualitative Safety Analysis Methods and Tools 
The qualitative analysis tools relied solely on the latest available 3 years of crash and traffic data. These 
methods and tools consisted of: 

 Crash density and severity histograms (developed for the mainline). 
 Crash heat maps for various crash types (developed for the mainline and arterials). 
 Crash density maps (developed for the arterials). 
 Crash rates (fatal, injury, property damage only (PDO), and total) (developed for the mainline). 
 Equivalent property damage only (EPDO) crashes (developed only for the ramps). 
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These items were developed for I-66 from Dulles Toll Road to Old Tavern Road and I-495 from Route 
123 to US 50, summarized in half-mile segments. Additional information on the results of this qualitative 
analysis is provided later in this chapter. 

5.2.2 Quantitative Safety Analysis Methods and Tools 
Highway safety and design professionals use the HSM as a resource to inform project development, 
design, and decision making so that resources can be allocated towards design with the greatest 
potential to benefit safety and not purely for the sake of meeting standards. Tools identified in the HSM 
provide crash predictive methods that use, as basic input, data key to roadway design and traffic data that 
are fundamental to project development. These safety analysis tools allow for the evaluation of existing 
conditions as well as comparison of alternatives. These quantitative safety analysis tools allow safety 
professionals to predict the number of crashes on the facility based on the roadway geometric features 
similar to how the Highway Capacity Software is used to predict how a facility will function in the future 
from an operations standpoint based on its proposed geometric configuration. Safety can now be 
evaluated quantitatively, along with other design considerations such as level of service, right-of-way, 
environmental impacts, and ultimately cost, providing VDOT with the tools to use safety as an evaluation 
factor for design-related decisions and for balancing trade-offs between evaluation criteria.  

Several quantitative analysis tools exist for use in applying the HSM Part C Predictive Methods. The 
quantitative analysis tools used a combination of historical crash data and detailed geometric features of 
the roadway. For the purposes of alternatives analysis on the I-66 corridor, a combination of two 
quantitative tools were or will be employed. These tools are: 

 The Enhanced Interchange Safety Analysis Tool (ISATe). The ISATe is a safety analysis tool 
used to evaluate freeway and interchange systems. The ISATe predicts crashes by crash 
location, i.e., mainline freeway segments, ramp segments, and ramp terminals. The methodology 
also predicts crash severity for each crash type using the KABCO scale (K – fatal crashes; A, B, 
C – injury crashes of decreasing severity; O – PDO crashes). Inputs to the tool include both 
geometric and operational characteristics of roadway and ramp facilities. The ISATe also enables 
modeling of ramp terminal crossroad intersections based on number and arrangement of lanes 
and type of traffic control. For the purposes of mainline and interchange safety analysis on the I-
66 corridor, the ISATe was used to evaluate the existing and No-Build safety conditions. 

 Extended HSM Spreadsheets. The Extended HSM Spreadsheets represent the method of 
safety analysis of roadway segments and intersections for Rural Two-Lane, Two-Way Roads 
(Chapter 10); Rural Multilane Highways (Chapter 11); and Urban and Suburban Arterials 
(Chapter 12). The tool predicts crashes by crash location, i.e., roadway segment and intersection. 
For the purposes of arterial safety analysis on the I-66 corridor, the Extended HSM Spreadsheet 
tools were not used for the existing conditions analyses but will be used to analyze the Preferred 
Alternative in the IJR. 

These tools use crash prediction methods outlined in Part C (Volume 2) of the HSM. HSM safety 
prediction relies on safety performance functions (SPF), which express the predicted crash frequency for 
a basic freeway (or ramp) segment defined by the number of lanes under a specific set of base 
conditions. Crash modification factors (CMF) express the relative change in crash frequency that could be 
expected with a change in one of the base conditions for the alternative being analyzed. The use of these 
predictive models supplements the calculation of crash rates and crash densities as a safety analysis 
approach. 
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HSM Part C predictive methods estimate the long-term crash frequency of an existing condition or 
proposed alternative. The first step in the safety analysis process is predicting the number of crashes that 
occur at a location based on the SPFs and CMFs. The incorporation of historical crash data, when 
available, is a second step in the safety analysis process resulting in the expected crash frequency. This 
process is known as the Empirical Bayes (EB) methodology.  The expected crash frequency is the 
estimate of long-term average crash frequency of a site, facility, or network under a given set of geometric 
conditions and traffic volumes (e.g., AADT). If the expected crash frequency is greater than the predicted 
crash frequency, the site is believed to have potential for safety improvement (PSI) or an expected 
excess average crash frequency. 

To be used most effectively, the quantitative safety analysis tools require calibration on a state-by-state 
basis to accurately represent the number of crashes that can be reasonably expected on a roadway 
corridor. Even lacking such calibration, the HSM tools can be used for relative evaluation of the predicted-
to-expected crash frequency for existing conditions and also for comparisons between the predicted 
crash frequencies of design alternatives.  

On I-66, a combination of calculated predicted (based on crash prediction models) and expected 
(combination of crash prediction model and historical crash data) crash frequencies were used to 
evaluate safety in the corridor. Since existing crash data was available throughout the corridor, both 
predicted and expected crashes were calculated for the existing condition to determine the PSI for 
segments along the corridor.  

Based on the HSM-based results for the existing conditions, the study team, in cooperation with VDOT, 
determined that a combination of both qualitative and quantitative safety analysis tools would be used to 
analyze safety on mainline, ramps, and arterials in the I-66 corridor. The results for the quantitative 
analyses (existing conditions and comparative Build alternative analysis) are discussed in more detail 
later in this chapter. 

5.3 Safety Analysis Areas and Zones 
The HSM crash prediction methods estimate the frequency of crashes for a given time period, traffic 
volume, and defined set of geometric conditions. For this reason, the area to be studied needs to be 
divided into unique segments within which the site characteristics, such as traffic volume and geometry, 
are constant. For the purposes of the guiding the quantitative safety analyses and corresponding safety 
data collection, two levels of segmentation were applied to define the area for safety analysis: safety 
analysis zones and ISATe analysis segments.  

The first level segmentation used a combination of the existing and future interchange design alternatives 
to define larger study areas centered on major interchanges along the corridor. The largest footprint of the 
interchange design alternatives was used to establish the limits of the safety analysis zones on both the 
mainline and the arterials. By establishing these analysis limits, the study team was able to compare the 
existing and future design alternatives using common limits. Figures 5.1a and 5.1b summarize the I-66 
and I-495 identified safety zones for the quantitative analysis. For the mainline segments, the length of 
each safety analysis zone was limited to approximately 1,500 feet beyond the end of the longest 
acceleration or deceleration lane at each interchange. Using the 1,500-foot threshold, if the safety 
analysis zone at successive interchanges overlapped, then the safety analysis zone was extended until 
there were no additional overlap areas. For the arterial segments, the length of each safety analysis zone 
was limited to the one adjacent intersection on the arterial beyond the existing or proposed ramp tie-in 
point, whichever one was farther away from I-66. Once the next adjacent intersection was determined, 
the safety analysis zone was extended to the end of the longest turn lane on each approach.
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Figure 5.1a: I-66 Safety Zones I-66 Mile Markers 53.5 to 67.0 
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Figures 5.1b: I-66 and I-495 Safety Zones I-66 Mile Markers 53.5 to 67.0 
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Once these safety analysis zones were determined and approved, a second level segmentation was 
applied to define the ISATe analysis segments within which the site conditions (geometric and traffic 
volume) were constant. Given the need to collect data for the existing and future conditions in a 
consistent manner, it was necessary to establish a segmentation approach that would require the least 
level of effort for data collection while also producing results that would allow for an intuitive comparison 
between existing and proposed conditions. The segmentation process can be very complex when 
considering a combination of existing conditions and proposed alternatives, since the geometric 
conditions can vary greatly by location between existing and proposed conditions as well as between 
multiple proposed alternatives.  

Since the ISATe analysis was based on the computer-aided roadway design files for each alternative, the 
study team defined these analysis segments using the stationing on the design plans, which was at small 
enough increments that the roadway cross section remained constant. The study team set each ISATe 
analysis segment at approximately 500 feet in length, which also corresponded to the minimum 
recommended segmentation length for analysis, 0.1 miles. In isolated locations, the segment lengths 
were increased or decreased to adjust for situations where geometric conditions could not be adequately 
modeled without adjustment. This approach allowed for an automated segmentation process, simplified 
the data collection process, and streamlined the extraction of results for the ISATe segments and larger 
safety analysis zones. 

5.4 Safety Data Collection 
Safety data was collected for both the qualitative and quantitative safety analyses. The data needs for 
these two types of safety analyses vary depending on the tools used and the timeframe of the analysis. 

5.4.1 Crash Data 
For both the qualitative and quantitative safety analyses, 3 years of historical interstate crash data – from 
January 1, 2011, to December 31, 2013 – was obtained from VDOT for 36.9 miles of I-66, between 
milepost 36.5 (approximately 3.5 miles west of the US 15 interchange) and milepost 68.0 (approximately 
1 mile east of the Dulles Toll Road interchange), and for I-495 between milepost 46.3 (approximately 1 
mile north of the Route 7 interchange) and milepost 51.7 (approximately 1 mile south of the Route 650 
(Gallows Road) interchange). The same 3 years of historical arterial crash data was obtained from VDOT 
for each interchange within the study area. In addition to the interchange areas, crash data was collected 
at proposed arterial connections along the I-66 corridor, including Route 840, Route 645, Route 7669, 
and Route 6731.  

Crash data received from VDOT Central Office was sourced from the VDOT-maintained Roadway 
Network System (RNS) database for analysis on I-66 and I-495. The crash data was supplied in a 
database, which was then converted to a shapefile for use in ArcGIS using the latitude and longitude of 
each crash, which spatially depicted all of the crash locations. Crash data were populated with milepost 
information, which was then used to create crash histograms along both corridors using the VDOT-
published Linear Referencing System (LRS), release 14.1.  

The roadway cross section on I-66 remained consistent during the crash analysis period. However, the I-
495 Express Lanes Megaproject was completed during the crash analysis study period, which impacted I-
495 cross section and data collection in a portion of the study area. The Megaproject, which was under 
construction from July 2008 through November 2012, consisted of the addition of four high-occupancy toll 
(HOT) lanes between the I-95/I-395/I-495 interchange in Springfield and the Route 267 (Dulles Toll Road) 
interchange near McLean. Construction activities for the HOT lane project impacted the crash analysis on 
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I-66 and I-495, since a portion of I-495 between the US 50 interchange and the Route 7 interchange, 
which corresponds to approximately 6 miles, is included within the study area for the I-66 safety analysis. 
Because of these major construction activities on I-495, only 1 year of crash data, 2013, was collected for 
the portion of the study on I-495. 

In addition to I-495, construction at one other specific location – I-66 at the US 29 (Gainesville) 
interchange – impacted crash data collection, especially on the arterial street network. Since this 
interchange was under construction during the entirety of the analysis period, no crash data was collected 
on the interchange ramps or on US 29 (Gainesville). 

5.4.2 Roadway Inventory Data 
Roadway inventory data for the I-66 mainline facility was collected from a variety of sources. VDOT 
provided the following roadway inventory information for the existing conditions: average annual daily 
traffic (AADT), horizontal curves, and clear zones. The remaining roadway data elements were collected 
using Google Earth™. For proposed future roadway conditions, data was obtained from the roadway 
design files for the two alternatives prepared by the study team. Where specific design details for the 
future conditions were unknown, the study team made assumptions based on an assessment of existing 
conditions and preferred design standards for the particular design element in question. 

Quantitative safety analyses require additional data that is not typically collected during the qualitative 
crash data collection process. In addition to AADT on each mainline segment, interchange ramp, and 
arterial segment in the study area, the quantitative crash analysis tool for freeways and interchanges 
requires the collection and use of detailed design-level factors, such as: 

 Lane widths 
 Shoulder widths (inside and outside) 
 Distance to barrier (freeway/ramps) 
 Median width 
 Clear zone width 
 Horizontal curve radius (especially on ramps) 
 Shoulder rumble strips 
 Weaving length 
 Location of ramp (left-hand and right-hand) 
 Ramp entrance and exit 

Following the collection of the various types of data required for the qualitative and quantitative safety 
analyses, the analysis of this data commenced. The safety analysis process is described in Section 5.5. 

5.5 Crash History and Safety Analysis 
Using the collected crash data described in Section 5.4, safety professionals analyzed the existing, No-
Build, and Build conditions throughout the study area. As previously mentioned, both qualitative and 
quantitative methods were used to evaluate safety in the corridor. Furthermore, a detailed reporting of the 
results for the qualitative and quantitative analyses for the existing conditions is described in Section 
5.5.2. 

5.5.1 Qualitative Corridor Safety Analysis 
Interstate mainline crash data was summarized using crash frequency histograms for westbound and 
eastbound I-66 and northbound and southbound I-495 summarized in half-mile segments by crash type 
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(Figures 5.2a to 5.2g), crash severity (Appendix F, Figures F.1a to F.1g), and roadway departure 
(Appendix F, Figures F.2a to F.2g). The 95th percentile crash density, which is defined as the average 
crash density plus two standard deviations, for the I-66 and I-495 corridor was used as a threshold for 
determining crash hot-spot locations. A summary of the crash hot-spot locations above the 95th 
percentile confidence interval within the corridor are shown in Table 5.1.  

For the purposes of qualitative crash analyses, designated high-occupancy vehicle (HOV) lanes were 
evaluated as general purpose lanes and were not evaluated separately from the mainline lanes. The 
mainline crash data was used to develop crash histograms, crash density raster (heat maps), and crash 
rates. Using ArcGIS, ramp crashes were separated from the mainline crash analysis and were 
independently evaluated using Equivalent Property Damage Only (EPDO) ratings. 

Table 5.1: Interstate Mainline Crash Hot Spot Location 

Description 

Average Crash 
Density  

(crashes per half-mile 
segment) 

Critical Crash Density 
Hot Spots 

(crashes per half-mile segment) 

Hot Spot Locations:  
Milepost 

(Reference Mainline 
Safety Zone Exit) 

I-66 

Eastbound 27.7 86.8 
59.5 (Exit 60) 

61.5 – 63.0 (Exit 62) 
64.0 (Exit 64) 

Westbound 23.0 66.9 
53.0 (Exit 53) 
60.0 (Exit 60) 

62.5 – 63.0 (Exit 62) 
I-495 

Northbound 45.3 99.6 47.0 (Exit 66) 
49.0 (Exit 64) 

Southbound 45.3 91.6 47.0 – 47.5 (Exit 66) 
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Figure 5.2a: Interstate Mainline Crash Hot Spot Location (1 of 7) 

  

Transform 66 Outside the Beltway  5-9 



DRAFT  
I-66 Corridor Improvements Project – Transportation Technical Report May 12, 2015 

 
Figure 5.2b: Interstate Mainline Crash Hot Spot Location (2 of 7) 
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Figure 5.2c: Interstate Mainline Crash Hot Spot Location (3 of 7) 
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Figure 5.2d: Interstate Mainline Crash Hot Spot Location (4 of 7) 
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Figure 5.2e: Interstate Mainline Crash Hot Spot Location (5 of 7) 
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Figure 5.2f: Interstate Mainline Crash Hot Spot Location (6 of 7) 
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Figure 5.2g: Interstate Mainline Crash Hot Spot Location (7 of 7) 
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Crash density (“heat maps”) analyses were performed for mainline eastbound and westbound I-66 and 
northbound and southbound I-495 for the following crash types: 

 All crashes 
 Injury crashes 
 Dawn and dusk crashes 
 Dark lighting crashes 
 AM peak period crashes 
 PM peak period crashes 
 Off peak period crashes 
 Fixed-object, off-road crashes  
 Rear-end crashes 
 Sideswipe crashes 

High-frequency crash densities on I-66 and I-495 were consistently located in the vicinity of entrance and 
exit ramps of interchanges, with the highest frequencies starting at Route 28 and heading east to I-495. 
An example interstate crash density map is shown in Figure 5.3 with the remainder of the figures located 
in Appendix F. On westbound I-66 mainline, the Route 28 interchange was the area with the highest 
crash density. A different crash density color gradient scale, representing the number of crashes from 
lower to higher density, was used on each crash density heat map, but the high-density thresholds for the 
worst crash density were colored red where crashes are most prevalent for each analysis type. The “red” 
threshold areas are noted in Table 5.2, which depicts highest density hot spots on the I-66 and I-495 
mainlines. The eastbound I-66 mainline crash density issues were centered on the I-495 interchange. 
Where the target interchange is listed, crash density is not always centered at the same mileposts, since 
the hot spots are located within 0.75 miles of the center of the interchange. 

Historical arterial crash density analysis also was completed for all interchanges and at proposed arterial 
connection improvement locations on the I-66 corridor, including Route 840 (University Boulevard), Route 
645 (Stringfellow Road), Route 7669 (Monument Drive), and Route 6731 (Vaden Drive). Crash density 
was evaluated by direction for each divided highway, which included all arterials except for Route 645 
(Stringfellow Road). It cannot be concluded from the results that any particular direction was worse than 
the opposing direction, but it can be concluded that the crash density hot spots were centered at entrance 
and exit ramps on the mainline and at intersections on the arterials. An example arterial crash density 
map is shown in Figure 5.4 with the remainder of the figures located in Appendix F. 

Crash rates were calculated for total crashes, injuries, and fatalities on I-66 and I-495 mainline segments 
and were compared to statewide crash rates for all urban interstates in Virginia. The statewide crash rate 
averages for roadways functionally classified as Urban Interstates are lower than crash rates computed in 
the I-66 and I-495 study areas, except for fatal crash rates where there is a marginal difference between 
the rates. Additionally, the crash rates within each safety analysis zone, developed for the qualitative 
crash data analysis and discussed in Section 5.4, were calculated for comparison of segments throughout 
the corridor. Crash rates are displayed by safety analysis zone in Figures 5.5a and 5.5b. The corridor 
and statewide comparisons for crash rates in the study area are shown in Table 5.3. Table 5.4 
summarizes crash rates for each safety analysis zone in the corridor.  
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Table 5.2: Interstate Mainline Crash Hot Spot Locations by Crash Type 

Crash Type and Red 
Density Threshold  
(crashes per mile) 

I-66 Mainline WB 
Milepost 

(Reference 
Mainline Safety 

Zone Exit) 

I-66 Mainline EB 
Milepost 

(Reference 
Mainline Safety 

Zone Exit) 

I-495 Mainline 
NB 

Milepost 
(Reference 

Mainline 
Safety Zone 

Exit) 

I-495 Mainline SB 
Milepost 

(Reference 
Mainline Safety 

Zone Exit) 

All crashes 
>200 (I-66) &  
>180 (I-495) 

53.6 (Exit 53) 
59.6 (Exit 60) 64.7 (Exit 64) 49.0 (Exit 49) 

47.4 (Exit 49) 47.5 (Exit 49) 

Injury crashes 
>75 (I-66) & >60 (I-495) 59.6 (Exit 60)* 62.0 (Exit 62) 

64.7 (Exit 64) 49.0 (Exit 49) 47.5 (Exit 49)* 

Dawn and dusk crashes 
>10  53.5 (Exit 53) 47.8 (Exit 47) 49.0 (Exit 49) 50.0 (Exit 50)* 

Dark lighting crashes 
>10 (I-66) & >25 (I-495)  67.5 (Exit 67)* 37.1 

64.6 (Exit 64) 47.4 (Exit 47)* 47.5 (Exit 49) 
48.5 (I-495 ML) 

AM peak crashes 
>50 54.7 (Exit 53) 48.5 (Exit 47) 

64.8 (Exit 64) 47.5 (Exit 47) 50.0 (Exit 50)* 

PM peak crashes 
>100 (I-66) &  

>75 (I-495) 

53.4 (Exit 53) 
63.0 (Exit 62) 60.0 (Exit 60) 48.9 (Exit 49) 47.9 (I-495 

Mainline) 

Off peak crashes  
>100 59.5 (Exit 60)* 62.4 (Exit 62) 

64.6 (Exit 64) 49.0 (Exit 49) 47.5 (Exit 49)* 

Fixed-object, off-road 
crashes 

>20 
51.7 (Exit 52)* 37.1 

65.1 (Exit 64) 49.0 (Exit 49)* 47.8 (Exit 49) 
48.5 (Exit 49) 

Rear-end crashes 
>150 (I-66) &  
>100 (I-495) 

53.5 (Exit 53)* 64.7 (Exit 64) 47.4 (Exit 49)* 47.5 (Exit 49) 

Sideswipe crashes 
>20 (I-66) & >50 (I-495) 63.2 (Exit 62)* 64.6 (Exit 64) 49.0 (Exit 49) 47.4 (Exit 49)* 

* Location did not meet maximum threshold but represents highest density of crashes in that direction. 

Transform 66 Outside the Beltway  5-17 



DRAFT  
I-66 Corridor Improvements Project – Transportation Technical Report May 12, 2015 

 
Figure 5.3: Example Crash Density Map – Interstate Mainline 
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Figure 5.4: Example Crash Density Map – Arterial 
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Figure 5.5a: Crash Rates by Safety Analysis Zones (1 of 2) 
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Figure 5.5b: Crash Rates by Safety Analysis Zones (2 of 2) 
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Table 5.3: Crash Rate Summary  

Description 
2011 2012 2013 

Fatal Injury All Fatal Injury All Fatal Injury All 

I-66* 

I-66 EB Study Area 0.0 31.2 97.6 0.2 35.6 99.2 0.0 32.7 105.9 

I-66 EB Statewide 0.1 15.7 57.4 0.1 26.9 85.4 0.3 24.9 87.7 

I-66 WB Study Area 0.5 29.2 83.1 0.3 22.9 73.1 0.0 25.7 91.3 

I-66 WB Statewide 0.6 14.5 52.2 0.3 19.3 69.3 0.2 19.9 77.0 

I-495* 

I-495 NB Study Area 0.0 67.5 184.1 0.0 43.1 128.2 0.0 25.1 99.0 

I-495 NB Statewide 0.0 64.6 114.6 0.1 29.1 92.2 0.1 24.7 75.4 

I-495 SB Study Area 0.0 65.2 178.1 0.0 36.2 122.4 0.0 13.2 79.1 

I-495 SB Statewide 0.0 54.3 95.6 0.0 20.6 66.9 0.0 15.5 53.4 
* Crashes per 100 million vehicle-miles traveled. 

 

Table 5.4: Safety Analysis Zone Crash Rate Summary 

Description 
2011 2012 2013 

Fatal Injury All Fatal Injury All Fatal Injury All 
I-66 Safety Zone* 

Exit 40 (US 15) 0.0 12.9 49.7 0.0 16.6 60.7 0.0 8.6 45.7 

Exit 43 (US 29) 0.0 13.1 50.3 0.0 8.5 50.7 0.0 23.1 73.4 

Exit 44 (Route 234) 0.0 5.9 35.4 0.0 7.1 27.1 0.0 10.9 42.3 

Exit 47 (Route 234) 1.2 27.0 89.2 0.0 32.6 93.0 0.0 15.2 65.4 

Exit 52 (US 29) 0.0 53.2 113.9 0.0 37.0 87.2 0.0 42.3 105.8 

Exit 53 (Route 28) 0.0 39.8 105.5 1.1 21.6 67.1 0.0 24.8 110.2 

Exit 55 (Route 286) 0.9 17.3 52.0 0.9 20.0 52.2 0.0 18.6 61.4 

Exit 57 (US 50) 0.0 14.9 53.5 0.0 20.9 62.8 0.0 26.4 66.5 

Exit 60 (Route 123) 0.0 49.2 132.7 0.0 46.5 137.2 0.0 43.2 160.8 

Exit 62 (Route 243) 0.0 49.8 144.7 0.0 59.8 138.2 0.0 73.0 230.7 

Exit 64 (I-495) 0.0 55.9 163.8 0.0 33.0 122.6 0.0 26.9 107.7 

Total I-66 0.2 30.2 90.3 0.2 29.2 86.0 0.0 29.2 98.6 

I-495 Safety Zone* 

Exit 49 (I-495) 0.0 66.3 181.0 0.0 39.6 125.2 0.00 19.0 88.8 
* Crashes per 100 million vehicle-miles traveled. 
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Ramp crashes were analyzed separately from the interstate mainline crashes and were defined 
geospatially from the gore point on the mainline to the stop bar at the ramp-arterial intersection. There 
were a total of 632 crashes (31 percent of I-66 study area crashes) on the I-66 ramps and 473 crashes 
(30 percent of I-495 study area crashes) on the I-495 ramps. The ramp crashes were evaluated using an 
Equivalent Property Damage Only (EPDO) crash analysis, using crash cost assumptions obtained from 
VDOT Fiscal Year 2013-2014 Highway Safety Improvement Program (HSIP) Application. This process 
converts injury and fatal crashes to the equivalent monetary cost of property damage only crashes using 
weighting factors defined by VDOT. The EPDO values ranged from 1 to 222 on I-66 and ranged from 1 to 
558 on I-495.  

On I-66 the highest EPDO rating of 222 occurred at the Route 243 (Nutley Street) interchange for the 
westbound I-66 exit ramp to Route 6154 (Virginia Center Boulevard). The interchange was accessed from 
a one-lane collector-distributor (C-D) road with 2-foot outside and 8-foot inside shoulders. The ramp is 
characterized as a drop lane from the entrance ramp of Route 6154, which is 1,700 feet long, gore to 
gore. The ramp speed limit is 25 mph and is 900 feet long from the gore to stop bar.  

On I-495 the highest EPDO rating of 558 occurred north of the I-495/I-66 interchange at the Route 7 
(Leesburg Pike) interchange for the southbound I-495 C-D road to southbound I-495. The interchange is 
accessed from a one-lane C-D road with 4-foot outside and 12-foot inside shoulders. The ramp speed 
limit is 40 mph and is 4,200 feet long from the exit gore to the entrance gore. 

Appendix F (Figures F.14a to F.14d and Tables F.1a to F.1c) include reference maps and corresponding 
tables with the full results of the I-495 and I-66 ramp analysis within the interchanges. 

5.5.2 Quantitative Corridor Safety Analysis 
The HSM methods for crash prediction were applied to the I-66 corridor for the mainline facility using the 
ISATe. The predicted crash frequencies for existing conditions were calculated for each ISATe analysis 
zone as illustrated in Appendix G (Figures G.1a to G.1l).  

The first step in the safety analysis process is predicting the number of crashes that occur at a location 
based on the SPFs and CMFs, which were used to compute the predicted average crash frequency for a 
site. The predicted quantity described crash frequency in total and by crash severity. A summary figure of 
the I-66 and I-495 corridor ISATe existing conditions results for PSI and predicted crashes for 2011 can 
be seen in Figure 5.6 and Figure 5.7, respectively. A safety zone analysis area example of the ISATe 
existing condition results for PSI and predicted crashes for 2011 can be seen in Figure 5.8 and Figure 
5.9, respectively. Similar to the historical crash data analysis, locations with higher predicted crash values 
on I-66 and I-495 are primarily located at or adjacent to entrances and exit ramps of interchanges. One 
year (2011) was selected out of the three years available, because 2011 was the most complete data with 
ramps and mainlines fully documented in the VDOT AADT dataset. The 2011 study year will be used as a 
comparison for the No-Build conditions in the future analysis. The predicted crash values for existing 
conditions (2011) range from 0.2 to 2.8 for fatal and injury crashes (KABC) and from 0.3 to 9.1 for PDO 
crashes.  

The calculations proceed on a site-by-site and year-by-year basis. Each year in the evaluation period is 
evaluated for a given site. Then, the process is repeated for the next site. A predictive model is used to 
compute the predicted average crash frequency for each site and year. A different model is used for each 
unique site type and cross section or control type represented by the project. 
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If reported crash data are not available, then the EB Method is not used. In this case, the estimate of 
expected average crash frequency is limited to the estimate of predicted average crash frequency from a 
predictive model. If the EB Method is used, then the expected average crash frequency is equal to the 
estimate obtained from the EB Method.  

Table 5.5 and Table 5.6 summarize the results of the ISATe analysis for the I-66 project study area for 
the mainline safety analysis zones for PSI and predicted crashes, respectively. As previously mentioned, 
the study team focused on the characteristics and patterns from the KABC results; however, the results 
for PDO and Total crashes are included in both tables for reference purposes. The KABC existing 
conditions crash values for the mainline safety analysis zones range from -2.3 to 34.1 and 7.8 to 55.6 for 
PSI and predicted crashes, respectively. Based on the PSI values in Table 5.5, the safety analysis zone 
with the highest potential for safety improvement is centered on the interchange at Exit 62 (Route 243) 
with the adjacent interchange at Exit 60 (Route 123) being the second highest zone. 

Table 5.5: 2011 Potential for Safety Improvement (PSI) by Safety Analysis Zone  

Safety 
Zone 
Exit 

Number 
Description 

PSI  
(excess expected 

crashes/year) 

KABC PDO Total 

40 I-66 at US 15 -0.2 0.3 0.1 

43 I-66 at US 29 
(Gainesville) -0.1 -0.6 -0.7 

44 I-66 at Route 234 
Bypass -2.1 -4.1 -6.2 

47 I-66 at Route 234 
Business 3.4 7.1 10.5 

52 I-66 at US 29 
(Centreville) 4.5 2.5 7.0 

53 I-66 at Route 28 4.2 9.7 13.9 

55 I-66 at Fairfax 
County Parkway -1.4 -13.0 -14.4 

57 I-66 at US 50 -2.1 -16.4 -18.5 

60 I-66 at Route 123 16.9 23.2 40.1 

62 I-66 at Route 243 34.1 54.6 88.7 

64 I-66 at I-495 4.1 6.6 10.7 

49 I-495 at I-66 -2.3 -22.1 -24.4 
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Table 5.6: ISATe Predicted Crash Frequency Summary 

Exit 
Number Description 

2011 Predicted 
Crash Frequency 

(crashes/year) 

KABC PDO Total 

40 I-66 at US 15 8.9 18.6 27.5 

43 I-66 at US 29 
(Gainesville) 7.8 17.4 25.2 

44 I-66 at Route 234 
Bypass 12.2 29.1 41.3 

47 I-66 at Route 234 
Business 17.3 42.1 59.4 

52 I-66 at US 29 
(Centreville) 9.2 21.7 30.9 

53 I-66 at Route 28 21.3 48.3 69.6 

55 I-66 at Fairfax 
County Parkway 29.0 66.7 95.7 

57 I-66 at US 50 35.7 82.5 118.2 

60 I-66 at Route 123 40.3 105.8 146.1 

62 I-66 at Route 243 39.3 100.8 140.1 

64 I-66 at I-495 34.7 85.8 120.5 

49 I-495 at I-66 55.6 142.5 198.1 
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Figure 5.6: Summary I-66 and I-495 Safety Zone ISATe Analysis – PSI – Existing (2011) 
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Figure 5.7: Summary I-66 and I-495 Safety Zone ISATe Analysis – Predicted Crashes – Existing (2011) 
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Figure 5.8: Example ISATe Analysis – PSI – Existing (2011) 
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Figure 5.9: Example ISATe Analysis – Predicted Crashes – Existing (2011) 
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5.6 Future Alternative Conditions Safety Evaluation 
In addition to being a valuable tool for assessing existing conditions, ISATe can aid in the evaluation of 
project alternatives and refinement of project design. The operations and design elements of a proposed 
freeway system or interchange design project can affect safety performance. Through the use of the HSM 
and tools such as the ISATe and HSM Extended Spreadsheets, the design team can evaluate the impact 
of changes to design on safety. The methods and tools can be used to predict the safety performance of 
design alternatives prior to reconstruction or for new interchange concepts. The HSM also can be 
referenced, when needed, for guidance on mitigation of design elements expected to either increase 
crash frequency or severity and to provide valuable information on safety countermeasures that may 
alleviate or reduce the severity of the impact. 

5.6.1 Evaluation Approach and Process 
The scope of work calls for a quantitative analysis of proposed improvements for two Build alternatives 
tailored to fit the intended purpose of the Transportation Technical Report (TTR) and Interchange 
Justification Report (IJR) documents. The intent of safety analyses performed for inclusion in the TTR 
document is to:  

 Define existing safety conditions. 
 Identify locations warranting safety improvements. 
 Aid in selection of a preferred design alternative. 

 
Section 5.5 summarizes the results of the existing conditions evaluation and determination of potential for 
safety improvement at locations along the existing corridor. For the IJR, the intent of the safety analysis is 
to provide insight into detailed design elements and aid in refining the Preferred Alternative during the 
design phase of project development. To address the second item, future conditions analysis was 
performed for the No-Build and proposed Build conditions. 

Prior to initiating a full-scale evaluation of the proposed design alternatives, test locations were selected 
to determine if the analysis produced by the ISATe tool would provide information that would be 
meaningful in selection of a preferred alternative. Based on a comparison of HSM-based results for the 
two Build alternatives, the study team, in cooperation with VDOT, determined that qualitative analysis 
tools would be used to compare the two Build alternatives in the TTR and quantitative analysis tools 
would be used to analyze the safety effectiveness of the Preferred Alternative in the IJR. The ISATe 
analysis for future conditions would be limited only to the No-Build conditions for the purposes of 
comparing the results to the existing conditions and identifying key safety strategies and considerations 
for incorporation into project design (see Section 5.7). The following sections further expand upon the 
analysis performed to make these decisions. 

5.6.2 ISATe Analysis Evaluations 
The existing conditions and two Build alternatives were evaluated using ISATe to provide information for 
safety professionals to assist roadway designers with refining the design alternatives. 

5.6.2.1 No-Build 
The HSM methods for crash prediction were applied to the I-66 corridor future 2040 No-Build conditions 
for the mainline using the ISATe to calculate the predicted crash frequency as illustrated in Appendix G 
(Figures G.3a to G.3l). A summary figure of the I-66 and I-495 corridor ISATe No-Build for predicted 
crashes in 2040 can be seen in Figure 5.10. A safety zone analysis area example of the ISATe No-Build 
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results for predicted crashes in 2040 can be seen in Figure 5.11. Future year crash data for the No-Build 
conditions is not available; therefore, only the predicted crash frequencies for existing conditions were 
calculated. These predicted crash frequencies for the future No-Build conditions were used to inform 
Build alternative development design refinement. Table 5.7 summarize the results of the ISATe analysis 
for the I-66 project study area for the mainline safety analysis zones for No-Build 2040 predicted crashes. 
Comparison to predicted crash frequency for the existing conditions indicated the same patterns are 
expected in the future No-Build conditions, with frequencies generally intensifying along the corridor and 
at the previously identified locations for potential safety improvement. This increase is directly related to 
the increase in traffic volume predicted for future conditions. In some cases, there were slight differences 
where future No-Build conditions were expected to be different from existing due to planned independent 
projects along the corridor. The preferred future design alternative will be compared against these 
existing and No-Build analyses for consideration of recommendations for design as part of the IJR. 

Table 5.7: ISATe Predicted Crash Frequency Summary 

Exit 
Number Description 

2040 Predicted 
Crash Frequency 

(crashes/year) 

KABC PDO Total 

40 I-66 at US 15 20.5 47.4 67.9 

43 I-66 at US 29 
(Gainesville) 14.2 32.0 46.2 

44 I-66 at Route 234 
Bypass 25.9 63.0 88.9 

47 I-66 at Route 234 
Business 35.8 94.7 130.5 

52 I-66 at US 29 
(Centreville) 20.5 53.0 73.5 

53 I-66 at Route 28 41.9 110.4 152.3 

55 I-66 at Fairfax 
County Parkway 49.4 127.0 176.4 

57 I-66 at US 50 53.5 138.4 191.9 

60 I-66 at Route 123 53.6 150.7 204.3 

62 I-66 at Route 243 49.7 140.3 190.0 

64 I-66 at I-495 37.2 94.5 131.7 

49 I-495 at I-66 65.8 164.7 230.5 
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Figure 5.10: Summary I-66 and I-495 Safety Zone ISATe Analysis – Predicted Crashes – Existing (2040) 
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Figure 5.11: Example ISATe Analysis – Predicted Crashes – Existing (2011) 
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5.6.2.2 Build Alternatives 
ISATe analyses were completed at two test locations for the two Build alternatives – the safety analysis 
zones at US 15 (Exit 40) and US 50 (Exit 57). This test was completed to determine if ISATe analysis of 
the differing alternatives would provide meaningful input towards selection of an alternative. The two 
locations were identified as those with potential to reflect the most influence on safety by changes to 
design on safety or show significant differences between design alternatives. The US 15 safety analysis 
zone was identified as representative of locations most likely to show the differences between the two 
design alternatives. The US 50 safety analysis zone represented a location with unique geometry 
including a C-D road and hard running shoulders that exhibited clustering of observed crashes within the 
limits of the safety analysis zone.  

Table 5.8 and Table 5.9 summarize the results of the ISATe analysis for the I-66 project study area for 
the mainline safety analysis zones for US 15 Safety Zone and US 50 Safety Zone 2040 predicted 
crashes, respectively. Figures 5.12a and 5.12b illustrate the KABC predicted crash frequency for US 15 
Safety Zone and US 50 Safety Zone 2040 predicted crashes. Figures 5.13a and 5.13b illustrate the PDO 
predicted crash frequency for US 15 Safety Zone and US 50 Safety Zone 2040 predicted crashes. A 
comparison of the existing conditions to the Build alternatives ISATe results indicated that the Build 
conditions would have an impact on safety; however, that impact was not consistent, since there were 
locations with positive and negative impacts. At the US 50 safety analysis zone, the crash frequency was 
predicted to be higher for the Build alternatives than the existing conditions, while the US 15 safety 
analysis zone showed the opposite results. A comparison of the results for the two Build alternatives at 
both safety analysis zone indicated that, despite differences in design, there were relatively minor 
differences in the predicted crash frequencies between the two alternatives. 

Table 5.8: ISATe Predicted Crash Comparison for 2040 I-66 at US 15 Safety Zone 

Scenario KABC PDO Total 

No-Build 2040 17.4 43.6 61.0 

Alternative 2A 13.9 47.3 43.0 

Alternative 2B 13.7 31.1 44.8 

 

Table 5.9: ISATe Predicted Crash Comparison for 2040 I-66 at US 50 Safety Zone 

Scenario KABC PDO Total 

No-Build 2040 54.1 141.6 195.7 

Alternative 2A 66.8 178.0 244.8 

Alternative 2B 67.5 179.6 247.1 
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Figure 5.12a: Comparison 2040 Predicted KABC Crashes at US 15 Safety Zone 
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Figure 5.12b: Comparison 2040 Predicted KABC Crashes at US 50 Safety Zone 
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Figure 5.13a: Comparison 2040 Predicted PDO Crashes at US 15 Safety Zone 
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Figure 5.13b: Comparison 2040 Predicted PDO Crashes at US 50 Safety Zone 
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Based on the results of these analyses, the study team and VDOT concluded that the ISATe analysis 
would likely have little merit to aid in the selection of a design alternative. As these results were 
inconclusive, no further ISATe analysis was conducted for the two corridor design concepts. Instead, the 
ISATe analysis was deferred to the IJR once the Preferred Alternative is determined. The results of the 
Preferred Alternative ISATe analysis would be used to aid in design refinement, design exception 
evaluation, and identification of mitigation strategies for safety. 

5.7 Future Safety Considerations – No-Build and Build 
Based on the results of the No-Build safety analyses conducted for this project, there are corridor-wide 
and interchange-specific geometric and safety deficiencies that warrant improvement in both the No-Build 
and Build conditions. Since the Build alternative may not be implemented in its entirety when the first 
phase of construction is completed, the considerations identified in the following sections should be taken 
into account when design concepts are prioritized. 

5.7.1 Signing and Pavement Markings 
Signing and pavement markings are features that must clearly communicate important messages to 
drivers who may be unfamiliar, distracted, or who are elderly. Both the existing and proposed design 
alternatives include a mixture of left- and right-hand ramps, lane drops, and widely varying interchange 
types, which also contribute to potential driver confusion. No direct safety performance measure allows a 
calculation of expected reduced crashes associated with treatments that address these types of issues; 
however, there is a strong body of research that describes driver workload and relates undesirable driver 
behavior (unnecessary or abrupt lane changing, braking, etc.) to freeways with such features. 

A project design that meets design standards must still provide crucial guidance elements where 
conditions defy driver expectation or present an overload of information to the driver. Positive guidance is 
based on the principle that the road environment is designed and operated to increase the likelihood of 
correct and timely responses from the user. An overall corridor signing and pavement marking plan will be 
an essential element of the preferred design concept and will have a significant influence on effectiveness 
of the design with regards to safety. An effective plan will provide sequential messages that provide 
appropriate prioritization clues to the driver including the spread of information into small and manageable 
chunks that are uniform and repetitive.   

5.7.2 Design for Merging and Diverging Areas 
In multiple existing locations, ramp merge and diverge areas were observed as being abrupt and shorter 
than current design policy or are simply not the most appropriate type of terminal for the given conditions. 
These locations represent potential safety-based project improvements that should be considered with 
any design alternative. Design for acceleration and deceleration of ramps is one feature for which there is 
a basis for calculating a crash-reduction benefit associated with lengthening either condition. Both the 
current HSM as well as the ISATe include models that allow for calculation of a benefit. 

5.7.3 Interchange Geometry and Configuration 
Design elements of interchange geometry and ramp configuration are recognized as features that 
influence safety performance of a freeway. Specifically, the following conditions were observed at 
numerous locations along I-66:  

 Exit ramps that are very short – even moderate queues under peak traffic may queue onto the 
freeway and create rear-end crashes with higher speed exiting traffic.  
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 Weaving sections both within and between interchanges not protected by C-D roads. 
 Left exits defy driver expectation and require special attention to mitigate for potential safety 

implications of this condition. 

Designing the environment in such a way that it conforms to the long-term expectancies of a driver (such 
as exits from a freeway always being to the right) reduces the chance of driver error and, subsequently, 
crashes. The HSM and the ISATe include methods for evaluating the crash-reduction benefits associated 
with ramp alignment, weaving segment length, ramp spacing, and ramp location (left vs. right). These 
tools can be used not only in this documentation to evaluate the two corridor alternatives but also as part 
of the design refinement and design exception review process. 

5.7.4 Recurring Congestion 
Spikes in rear-end and sideswipe same-direction crashes were observed at several locations where no 
readily apparent roadway alignment, cross section, ramp design, or signing issues were observed, 
especially immediately west of the Route 123 interchange in the evening peak hour. Based on field 
reviews and traffic data, the study team concluded that such spikes were simply attributable to recurring 
congestion – degradation in flow downstream due to a bottleneck.  

Solutions to crashes stemming from recurring congestion, short of roadway capacity improvements, 
include ITS and Advanced Traffic Management (ATM) systems, such as those technologies that will be 
implemented in the I-66 corridor. The HSM offers evidence of the effectiveness of dynamic ‘queue ahead’ 
warning signs; such evidence is usable in estimating safety benefits. 

The expected safety performance of freeway segments operating under recurring congestion, including 
number of hours of congestion, is an important metric that will be considered in the continued 
development of the I-66 corridor. Decisions to limit the addition of capacity are understood to create 
operational congestion. They should also be understood to create crash frequency and severity 
conditions. 

5.7.5 Mainline Shoulders 
Sections of the I-66 corridor include hard shoulder running – allowing general traffic to use the shoulder at 
reduced speeds during periods of high traffic volumes. This is considered an effective method of 
congestion mitigation, particularly where traffic peaking is limited to a well-defined period of the day and 
right-of-way is limited. While the concept itself may present benefit to operations and safety, hard 
shoulder running also presents challenges to safety by limiting the width to enable routine enforcement 
and maintenance activities. The safety benefits of full shoulders include their effect on accessing a crash 
scene and providing necessary medical assistance. Indirect safety benefits also can be estimated based 
on the ability to conduct regular traffic enforcement along I-66 for drivers under the influence of alcohol, 
restraint use, commercial vehicle inspection, distracted driving, and speeding.   

Any areas where hard shoulder running is implemented also should consider needs of enforcement. This 
will mean assuring that shoulders will be free of traffic during periods (evenings, weekends) when 
enforcement actions will be most effective and that provisions are in place for enforcement and 
emergency access during periods when hard shoulder running is permitted. VDOT may not conduct the 
enforcement, but they can provide data to the State Police and construct and maintain a freeway that 
enables the State Police’s enforcement activities to be conducted safely. 
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5.7.6 Guardrail and Barriers 
The field review conducted by the study team identified a mix of guardrail, barrier, walls, and end 
treatments. Several sections of the proposed design lack full shoulders, placing barrier closer to the edge 
of pavement and hence more susceptible to impacts. Impacts with guardrail that are unreported as 
crashes may affect its performance. Furthermore, guardrail impacts on high-speed roads generally 
require maintenance to repair the damage. 

5.8 Safety Analysis Conclusions 
Planning-level crash analysis was performed using industry standard practice and highway safety 
analysis tools. This analysis evaluated the safety performance of the existing condition and assessed the 
differences between the No-Build and Build alternatives within safety zones in the corridor corresponding 
to interchanges, freeway segments, ramp segments, intersections, and arterials affected by new ramps or 
access to/from the managed lanes facility. Both qualitative and quantitative analyses were conducted to 
evaluate existing, future No-Build, and proposed Build conditions in the I-66 corridor. The safety analyses 
focused on the network as a system, including mainline segments, ramps, collector-distributor roads, 
intersections, and arterials.  

The results of the safety analysis showed that the area’s highest crash frequencies (both existing and 
predicted) occurred in the vicinity of the entrance and exit ramps at the interchanges along the mainline. 
Additionally, the magnitude of crashes was higher in the eastern side of the corridor, beginning at the US 
29 (Centreville) interchange through the I-495/I-66 interchange, than the western side of the corridor. The 
calculated crash rates, mainline histograms (Section 5.5.1), and ISATe existing conditions analyses 
(Section 5.5.2) support this conclusion. The higher frequency of crashes, both existing and predicted, in 
the eastern portion of the corridor were attributed primarily to the higher traffic congestion and geometric 
restrictions.  

Even with increased crash frequency, however, there was no strong indication that the severity of crashes 
differed along the corridor in relation to the increased frequency. While there were select areas where 
frequency peaked (hot spots), the severity was fairly consistent throughout the corridor, which can be 
attributed to the decreased speed associated with the congestion in the corridor. While increased crash 
frequency can be directly attributed to the increase in traffic volume, the relatively low speeds that are 
associated with congested conditions can limit and, in some cases, reduce the severity of crashes. 

The quantitative crash analysis also indicated that while predicted crashes for the proposed design 
alternatives showed that an overall improvement in safety would be expected as a result of the 
implementation of one of the design alternatives, there was relatively little difference in safety between 
the two design alternatives. For this reason, a complete safety evaluation of the two design alternatives 
was deferred to the IJR and the selection of the Preferred Alternative. 
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