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1.0 EXECUTIVE SUMMARY 

1.1 Introduction 

The Tri-County Parkway Location Study evaluates a new north/south transportation link in Northern 
Virginia that will connect the City of Manassas with I-66 and the Dulles corridor.  The corridor begins in 
the north at the intersection of US 50 and Route 606 (Old Ox Road) and extends to the south at the 
interchange of VA 28/VA 234 Bypass.  It is approximately 15 miles long and traverses portions of the 
Counties of Prince William, Fairfax, and Loudoun along with the Cities of Manassas and Manassas Park 
(see Figure 1.1-1). 

The Tri-County Parkway was first identified during the development of the transportation element of the 
comprehensive plans for Prince William, Fairfax and Loudoun Counties.  The Tri-County Parkway has 
been the subject of many local studies and plans and has been known by many names throughout the 
years.  In Prince William County it has been referred to as the Route 28 Bypass and in Loudoun County 
the TCP has been known as the Loudoun County Parkway.  Several conceptual alignments were 
considered through Fairfax County even before it was first proposed in their comprehensive plan.  The 
TCP has been incorporated in the three counties’ comprehensive for over ten years. The TCP was 
adopted by the Metropolitan Washington Council of Governments (MWCOG) and included in their 
Constrained Long-Range Plan (CLRP) and Transportation Improvement Program (TIP) in the early to mid 
1990’s.   

This technical report details the results of the Tri-County Parkway Location Study for the traffic forecasting 
and transportation analysis for each alternative and will be summarized in the DEIS. 

1.2 Affected Environment 

A traffic counting program was developed for the Tri-County Parkway Location Study in order to procure 
data to supplement existing VDOT records.  Traffic counts were conducted in spring 2002 primarily within 
the City of Manassas where data was lacking.  Data from the Interstate 66 study in 2001 and non-
published VDOT data collection efforts dating back to 1999 were also utilized.  The highest counted 
volumes occurred on Interstate 66: between US 29 and VA 28, I-66 carries 141,100 vehicles daily.  VA 28 
is the second-most highly traveled corridor: between US 29 and I-66, VA 28 carries 62,000 vehicles daily.  
Both of these roadways are extremely congested in both the morning and afternoon peak periods.  VA 
234 Business was found to carry between 15,000 to 24,000 vehicles daily.  The VA 234 Bypass carried 
daily traffic in the range of 18,500 to 29,000.  US 50 carried 16,200 vehicles daily in the western parts of 
the study area and 40,000 vehicles daily between the Loudoun/Fairfax County line and VA 28. 

Traffic speeds were collected using GPS equipment throughout the study area in February and March of 
2002.  Notable areas of congestion include stop-and-go traffic flow at many points along VA 28 
(northbound a.m., southbound p.m.); long queues along US 29 (Lee Highway) at VA 234 (Sudley Road) 
within the Manassas National Battlefield Park (eastbound AM, westbound PM); traffic signal queuing in 
the City of Manassas along VA 234 and VA 28 during both peaks, and areas of stop-and-go traffic flow 
along VA 234 between Godwin Drive and Lee Highway. 

Further analysis of this data compared observed speeds to posted speed limits along each length of 
roadway to give a more complete picture of where traffic flow is interrupted.  This showed a general trend 
of vehicles traveling well below the speed limit for long sections, and then exceeding the speed limit when 
not impeded by traffic signals or congestion. 

An analysis of vehicle crashes in the study area showed some important findings.  A total of six roadway 
segments of those studied exhibited crash rates more than twice the Tri-County regional average.  One 
segment stood out above all others: for each mile traveled on VA 234 (Sudley Road) from the northern 
Manassas/Prince William County line to just before the I-66 interchange, a driver is 6.4 times more likely 
to experience a crash than on an average primary system roadway within the Tri-County region.  Two 
adjacent sections of VA 234, to the north from the I-66 interchange through the US 29 intersection, and to 
the south, from the southern Manassas/ Prince William County line to Godwin Drive, also exhibited crash 
rates of 2.6 and 2.5 times the area wide average for primaries. 
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1.3 Environmental Consequences 

1.3.1 No-Build Alternative 

The No-Build Alternative condition in the year 2030 indicates that existing segments of Godwin Drive will 
actually decrease the amount of traffic they carry, due to planned capacity improvements on VA 234 
Bypass which draw traffic out of the City of Manassas.  Volumes on VA 234 Business increase slightly 
north of Godwin Drive from existing conditions and decrease somewhat south of Godwin Drive.  Many 
other roadways in the study area show enormous increases in their daily traffic loads.  VA 234 Bypass 
south of I-66 carries 29,000 vehicles today and is projected to carry 105,800 vehicles per day in 2030.  
Interstate 66 west of the VA 234 Bypass interchange carries 78,600 vehicles presently and will carry 
199,200 vehicles daily in 2030.  VA 28 south of I-66 will almost double its traffic load from 62,000 vehicles 
today to 121,500 vehicles daily in 2030. 

1.3.2 Transportation Systems Management (TSM) Alternative 

The TSM Alternative is forecast to have similar traffic volumes and roadway operations as the No-Build 
Alternative in the year 2030.  The improvements would not substantially affect the capacity or operations 
of the roadway and would not create noticeable shifts in travel patterns within the study area.  For this 
analysis, traffic volumes, safety effects, and other quantitative measures are the same under the TSM 
Alternative as under the No-Build Alternative. 

1.3.3 Candidate Build Alternatives (CBAs) 

The Comprehensive Plan CBA segment volumes for the year 2030 range from 24,500 to 105,700 ADT.  
The lowest ADT volumes for the Comprehensive Plan CBA occur just north of I-66, as the majority of 
vehicles utilize Segment E as a feeder to eastbound I-66 (in the morning peak) and from westbound I-66 
(in the evening peak).  There are relatively low through volumes between Segment E south of I-66 and 
Segment F north of I-66.  The Comprehensive Plan CBA draws a large amount of traffic from VA 234 
Bypass south of I-66 as compared to the No-Build scenario, and has the greatest impact on lowering 
volumes along VA 28 south of I-66 within the study area.  I-66 volumes increase substantially east of the 
proposed interchange with Segments E and F.  This is the only option which substantially affects volumes 
on VA 234 Business north and south of existing Godwin Drive, increasing volumes south of Godwin Drive 
and decreasing volumes north of Godwin Drive.  Volumes on the existing Loudoun County Parkway 
segment between Braddock Road and US 50 increase over the No-Build scenario to the same degree as 
under the West Four CBA and the West Two CBA. 

The West Four CBA segment volumes for the year 2030 range from 24,600 to 41,000 ADT.  While a 
similar situation to the Comprehensive Plan CBA exists where volumes on the connecting roadway (VA 
234 Bypass) south of I-66 carry much higher volumes than on Build Segment C north of I-66, there is a 
greater overall volume of through traffic between VA 234 Bypass south of I-66 and Build Segment C north 
of I-66 under the West Four CBA than the Comprehensive Plan CBA.  The lowest volumes in the West 
Four CBA occur along Segment G east of Gum Springs Road.  The West Four CBA increases volumes 
on VA 234 Bypass over the No-Build Scenario and affects an intermediate decrease on VA 28 volumes 
north of Lomond Drive/Liberia Avenue.  VA 28 volumes south of I-66 are basically unchanged as 
compared to No-Build.  Volumes on the existing Loudoun County Parkway segment between Braddock 
Road and US 50 increase over the No-Build scenario to the same degree as under the Comprehensive 
Plan CBA and the West Two CBA. 

The West Two CBA segment volumes for the year 2030 range from 31,400 to 41,200 ADT.  Again, as 
with the West Four CBA, there is a greater overall volume of through traffic between VA 234 Bypass 
south of I-66 and Build Segment C north of I-66 under the West Two CBA than the Comprehensive Plan 
CBA.  The lowest volumes in the West Two CBA occur along Segment C just north of VA 234.  The West 
Two CBA has the least variation in volumes along its segments of any of the Build Options.  The West 
Two CBA increases volumes on VA 234 Bypass over the No-Build Scenario to the same degree as the 
West Two CBA and affects an intermediate decrease on VA 28 volumes north of Lomond Drive/Liberia 
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Avenue.  VA 28 volumes south of I-66 are basically unchanged as compared to No-Build.  Volumes on 
the existing Loudoun County Parkway segment between Braddock Road and US 50 increase over the 
No-Build scenario to the same degree as under the Comprehensive Plan CBA and the West Four CBA. 

Level of service (LOS) refers to the degree of roadway or intersection congestion.  LOS is described 
using a letter scale from “A” to “F”, with “A” representing the best service and “F” representing the worst.  
LOS is calculated from the available roadway capacity and average traffic volumes.  Forecast traffic 
conditions for the Comprehensive Plan CBA indicate that the LOS would range between B and F.  The 
most highly traveled segments (between VA 234 Business and I-66) are projected to have highly 
congested conditions in the peak periods of the day.  The West Four CBA and the West Two CBA show 
projected LOS between C and D throughout their length. 

The Comprehensive Plan CBA offers greater overall relief than either the West Four CBA or the West 
Two CBA in reduced travel time, peak deficient vehicle miles traveled, and vehicle hours of delay within 
the study area.  All build options are projected to cause an improvement in these measures. 
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2.0 INTRODUCTION 

The Tri-County Parkway Location Study evaluates a new north/south transportation link in Northern 
Virginia that will connect the City of Manassas with I-66 and the Dulles corridor.  The corridor begins in 
the north at the intersection of US 50 and Route 606 (Old Ox Road) and extends to the south at the 
interchange of VA 28/VA 234 Bypass.  It is approximately 15 miles long and traverses portions of the 
counties of Prince William, Fairfax, and Loudoun along with the cities of Manassas and Manassas Park. 

The Tri-County Parkway was first identified during the development of the transportation element of the 
comprehensive plans for Prince William, Fairfax, and Loudoun counties.  The Tri-County Parkway has 
been the subject of many local studies and plans and has been known by many names throughout the 
years.  In Prince William County it has been referred to as the Route 28 Bypass, and in Loudoun County 
the Tri-County Parkway has been known as the Loudoun County Parkway.  Several conceptual 
alignments were considered through Fairfax County even before it was first proposed in their 
comprehensive plan.  The Tri-County Parkway has been incorporated in the three counties’ 
comprehensive for over ten years.  The Tri-County Parkway was adopted by the Metropolitan Washington 
Council of Governments (MWCOG) and included in their Constrained Long-Range Plan (CLRP) and 
Transportation Improvement Program (TIP) in the early to mid 1990’s.   

The three counties that the Tri-County Parkway will traverse are among the top ten fastest growing 
counties in the Commonwealth of Virginia.  According to the 2000 Census, Loudoun County’s population 
grew by 97 percent from 1990 to 2000.  Prince William County’s and Fairfax County’s populations grew 
by 30 percent and 19 percent respectively, during those same years.  The City of Manassas and the City 
of Manassas Park are also located within the Tri-County Parkway study area.  Both of these cities have 
experienced substantial population growth over the last ten years.  The City of Manassas had a 
population growth of 26 percent and the City of Manassas Park grew by 53 percent. 

Much of the growth in Northern Virginia can be attributed to the emergence of high-tech industries near 
the Washington Dulles International Airport.  By the year 2025, employment in the Dulles/Tysons corridor 
is expected to reach 280,000 jobs, 71 percent more than current conditions.  The Dulles/Tysons corridor 
will become the second largest employer in the Metro region, second only to downtown Washington D.C.  
Prince William County, and the City of Manassas have also experienced significant high-tech industry 
growth. The Dulles area consists of the Dulles Greenway, VA 7, VA 28, and US Route 50.  

A second rapid growth corridor is the I-66 corridor.  Transportation improvements for the I-66 corridor 
from I-495 to the Gainesville area were evaluated in January, 1999, in a comprehensive study entitled 
“The I-66 Corridor Major Investment Study (I-66 MIS).”  Information from that study revealed that 
population in the I-66 corridor located within Fairfax, Prince William, and Loudoun counties is projected to 
increase from 269,000 persons in 1999 to 466,000 persons in 2020.  This represents a 73 percent 
increase in population over the 22-year time frame.  Employment is estimated to increase 83 percent in 
this same time period, from 162,000 jobs in 1999 to 296,000 jobs in year 2020.  I-66 and VA 267 
(Washington Dulles Access and Toll Road) are east-west spokes.  Only I-66 terminates at the hub, 
Washington, D.C.  North-south transportation facilities linking I-66 with the Dulles area and VA 267 are 
lacking.  East of US 15 and west of the I-495 (Capital Beltway) only three principal urban arterials link the 
spokes together, VA 28 (Sully Road), Route 7100 (Fairfax County Parkway) and VA 123.  Both of these 
north-south facilities are heavily congested and will deteriorate further by the year 2025.  Level of service 
on VA 28 is currently deficient in the a.m. and p.m. peak periods.  By 2025, most segments of VA Route 
28 northbound in the a.m. and southbound in the p.m. are expected to operate at LOS F or G, a severely 
congested state.  Traveling south in the p.m. between the Fairfax County line and I-66, speeds are 
estimated to drop along VA 28 from an already slow 18 mph to 13 mph between 2000 and 2025.  The 
posted speed limit in this area is 45 mph.  By 2025 the peak periods for a.m. and p.m. traffic on VA 28 
could extend for over three hours each; however, improvements to VA 28 have been proposed under the 
Virginia Public-Private Transportation Act (VPPTA) of 1995, to convert the 14-mile stretch of VA 28 
between I-66 and Route 7 to a limited access freeway.  This project will involve widening VA 28 to an 
eight-lane section, as well as replacing up to as many as ten signalized intersections with grade-
separated interchanges.  If this project is completed as planned, the added capacity should increase 
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speeds and reduce congestion along VA 28, in effect improving operating speeds in the a.m. and p.m. 
peak periods.  

The identification of a selected alternative will be based upon the results of the detailed study and 
environmental analysis, public and agency input, and other information, as appropriate.  The 
environmental analysis and process considers project inputs from land use and economic evaluations, 
natural resources, traffic forecasts and analysis, preliminary engineering, and capital cost estimates to 
name a few.  This memorandum details the results of the Tri-County Parkway Location Study for the 
traffic forecasting and transportation analysis for each alternative and will be summarized in the draft 
Environmental Impact Statement. 

In order to assess the traffic and transportation impacts of the potential alternatives in the Tri-County 
Parkway study area, an analysis of the forecast traffic volumes and the resulting levels of service and 
transportation measures of effectiveness is presented in this Technical Report.  The analysis was 
conducted for existing conditions and the No-Build, Transportation System Management (TSM), and 
Candidate Build Alternatives. 
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3.0 ALTERNATIVES 

3.1 Introduction 

The Tri-County Parkway Location Study addresses concerns set forth by VDOT and study area 
jurisdictions including Manassas, Manassas Park, Prince William County, Fairfax County, and Loudoun 
County for improved mobility and congestion relief between the northern and southern areas of the study 
area.  It also conforms to regional long range plans of both the study area jurisdictions and the 
Metropolitan Washington Council of Governments for additional roadway capacity for people and goods 
movement.  All build alternatives in the study area would ultimately connect with other planned or 
constructed roadway segments serving other areas of the study area jurisdictions and locations outside 
the study area. 

Alternatives considered for this study are the No-Build, Transportation System Management (TSM), and 
three Candidate Build Alternatives designated the Comprehensive Plan CBA, the West Four CBA, and 
the West Two CBA.  Each alternative has been evaluated with respect to its potential impacts and 
whether it satisfied the purpose and need of the project.  For greater detail regarding any of the 
alternative descriptions, refer to the Alternatives Identification and Screening Technical Report (VDOT, 
2004). 

3.2 No-Build 

The No-Build Alternative provides a baseline of conditions against which other alternatives are compared.  
The No-Build Alternative includes all planned minor intersections, interchange and roadway 
improvements that address local problems, as well as routine maintenance improvements that maintain 
the continuing operation of the existing roadway and transit improvements.  It also includes committed 
and funded roadway and transit projects programmed in the most recent Constrained Long Range Plan 
(CLRP) for implementation by 2030, with the exception of any build segments of the Tri-County Parkway.  
The CLRP includes extensions of both the eastern and western Tri-County Parkway alignments north of 
US 50; these are included in the No-Build and all alternatives.  Secondary road improvements currently 
programmed are also included. 

3.3 TSM Alternative 

The TSM Alternative includes all of the improvements in the No-Build Alternative plus it proposes 
optimizing traffic signal timing and coordination throughout the corridor, in addition to park-and-ride lots 
and HOV-related improvements.   

3.4 Candidate Build Alternatives (CBAs) 

The Candidate Build Alternatives (CBAs) include all improvements in the No-Build Alternative.  Three 
optional routes (i.e., the CBAs) for the Build Alternative were identified and initially, within each option, 
there were a number of alignment variations (see Figure 3.4-1).  The alignment variations do not affect 
overall traffic demand and are not discussed separately in this document.  The CBAs are considered as 
representative routes or alignments for Tri-County Parkway, although CBA segments could be combined 
to form other options which could be selected.  Ultimately, three CBAs were developed for detailed study 
in a draft EIS (see Figure 3.4-2).  Each CBA developed for detailed study is described briefly below. 

• The Comprehensive Plan CBA comprises the most eastern alignment, beginning at the 
intersection of Godwin Drive with VA 28/Nokesville Road and continuing northward to new 
interchanges at VA 234/Sudley Road, Lomond Drive, and Interstate 66.  The Comprehensive 
Plan CBA would continue northerly through western Fairfax and southern Loudoun counties, 
terminating at the Loudoun County Parkway/US 50 intersection. 
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• The West Four CBA comprises a combination of a western and eastern alignment, beginning at 
the VA 234 Bypass/Interstate 66 interchange and continuing north past VA 234/Sudley Road.  
This option then turns eastward to cross Bull Run, and rejoins the eastern Tri-County Parkway 
alignment in southern Loudoun County south of Braddock Road.  The West Four CBA continues 
northerly, terminating at the Loudoun County Parkway/US 50 intersection. 

• The West Two CBA comprises a western alignment, beginning at the VA 234 Bypass/ Interstate 
66 interchange and continuing north past VA 234/Sudley Road.  This alignment continues 
northerly, crossing Bull Run and Braddock Road, and terminates at the planned intersection of 
VA 659 Relocated and US 50. 

In most cases, Tri-County Parkway will be a four-lane divided typical section.  Exceptions are 
segments of The Comprehensive Plan CBA north of VA 234/Sudley Road to Interstate 66, which is 
planned as a six-lane divided typical section. 
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4.0 ASSUMPTIONS, METHODS AND DATA SOURCES 

4.1 Data Sources 

4.1.1 VDOT Traffic Count Data 

Historic traffic data and roadway inventories were provided by VDOT for roadway facilities within the 
study area.  Average Daily Traffic (ADT) volume estimates are published by VDOT annually in Average 
Daily Traffic Volumes on Interstate, Arterial and Primary Routes.  The document presents traffic volume 
data and vehicle miles traveled for selected facilities by route segment. 

Traffic volume data also was provided by VDOT for various roadways within each county and city within 
the study area.  This information was provided from existing count stations, VDOT yearly ADT summary 
publications, district traffic information, and from the City of Manassas.   

Roadway inventories recorded by VDOT provide information pertinent to the ability of a facility to 
accommodate traffic including the number of lanes, speed limit, shoulder width, percent passing zones, 
and other data.  These inventories were utilized as input into the operation capacity analysis, which was 
conducted for the main roadways in the study area. 

4.1.2 Project Traffic Count Program 

A traffic count program was conducted in spring 2002 in the study area (primarily within the City of 
Manassas), supplemented with data obtained from the Interstate 66 study in 2001 and various VDOT 
data collection efforts dating back to 1999.  Traffic data recovered from the most recent program included 
nine mainline tube counts and eleven turning movement counts at major intersections.  Traffic volumes as 
discussed in this analysis represent two-way, 24-hour traffic along the various roadway segments in the 
study area.  Counts from 1999 and 2000 were factored to reflect Virginia statewide increases in VMT 
between those years and 2001.  All data were adjusted for monthly variation using statewide automatic 
count data from Maryland in 2001, as a monthly breakdown was not available from VDOT.   

Tube counts were conducted in the following locations: 
• Godwin Drive between VA 28/Nokesville Road and University Boulevard 
• Godwin Drive between Lockheed Martin entrance and Wellington Road 
• Godwin Drive between Ashton Avenue and VA 234 Business/Sudley Road 
• VA 28/Nokesville Road between Godwin Drive and Wellington Road 
• VA 28/Nokesville Road between Stonewall Road and Grant Avenue 
• VA 234 Business/Sudley Road between Grant Avenue and Stonewall Road 
• VA 28/Centreville Road between Prescott Avenue and Liberia Avenue 
• VA 28/Centreville Road between Liberia Avenue and Manassas Drive 
• VA 234 Business/Dumfries Road south of Wellington Road 

Turning movement counts were conducted in the following locations: 
• Godwin Drive at Lockheed Martin entrance 
• Godwin Drive at University Boulevard 
• Godwin Drive at Ashton Avenue 
• Grant Avenue at Center Street 
• Grant Avenue at Church Street 
• VA 234 Business/Sudley Road at Godwin Drive 
• VA 234 Business/Sudley Road at Grant Avenue 
• VA 28/Nokesville Road at Godwin Drive 
• Godwin Drive at Wellington Road 
• VA 28/Nokesville Road at Wellington Road 
• VA 28/Centreville Road at Liberia Avenue 
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4.1.3 Project Traffic Speed Data Collection Program 

An analysis of actual travel speeds along study area roadways is another way of determining areas of 
congestion.  Speed data was collected in late February and early March 2002 using Global Positioning 
System (GPS) devices.  Each major route within the study area was traversed a number of times and an 
average speed was calculated for each 500-foot segment of roadway.   

Notable areas of congestion include stop-and-go traffic flow at many points along VA 28 (northbound 
a.m., southbound p.m.); long queues along US 29 (Lee Highway) at VA 234 (Sudley Road) within the 
Manassas National Battlefield Park (eastbound a.m., westbound p.m.); traffic signal queuing in the City of 
Manassas along VA 234 and VA 28 during both peaks, and areas of stop-and-go traffic flow along VA 
234 between Godwin Drive and Lee Highway. 

Further analysis of this data compared observed speeds to posted speed limits along each length of 
roadway to give a more complete picture of where traffic flow is interrupted (See Appendix A: Traffic 
Speed Data Charts).  This shows a general trend of vehicles traveling well below the speed limit for long 
sections, and then exceeding the speed limit when not impeded by traffic signals or congestion. 

4.2 Travel Forecast Approach 

To analyze potential traffic impacts for the project alternatives, 2030 ADT Volumes were generated 
utilizing a travel demand model designed specifically for this study.  The Tri-County Parkway model was 
developed from the Metropolitan Washington Council of Governments Version 2.1 Release D #16 model 
and modified to include additional network and zone detail within and surrounding the study area.  The 
MWCOG model has a total of 2,191 zones, and the Tri-County Parkway model was expanded to handle 
up to 4,599 zones.  A total of 249 subzones were added to the model; 42 in Loudoun County, 133 in 
Prince William County, 39 in Fairfax County, 29 in Fauquier County, and 6 in the City of Manassas.  The 
subzones used for this study correspond to county-level traffic analysis zones provided to the study team 
by each jurisdiction.  Traffic counts provided by VDOT and other sources were used to validate the 
model.  The traffic volumes were forecast by direction for the Tri-County Parkway Build Alternatives and 
the No-Build Alternative.   

4.3 Travel Patterns 

The study area is located in a region posed to grow substantially over the next 25 years, both in terms of 
residents and number of jobs.  Consequently, the demand for travel within the study area will greatly 
increase.  Modeled data, from the Metropolitan Washington Council of Governments (COG) Version 2 
model, shows an increase in the daily number of work trips destined for within the study area from 37,967 
in 2005 to 53,527 in 2030, a 41 percent increase.  Work trips destined for areas to the north of the study 
area, such as the Dulles/Sterling/Ashburn area and the Reston/Herndon/Dulles Corridor area where 
many technology-related jobs are located, are expected to nearly double from 22,535 in 2005 to 42,139 in 
2030. 

Of particular note, are the large expected increases in travel demand from the South Riding area and the 
Gainesville/Catharpin area.  The other two areas within the study window, Manassas and Centreville, are 
largely built-out today and show modest increases in the number of work trips destined for the study area 
of 6 to 19 percent for a 2030 forecast year.  On the other hand, work trips destined for the study area from 
the Gainesville/Catharpin area are expected to grow by 129 percent (from 3,420 to 7,841) and from the 
South Riding area by 276 percent (from 2,513  to 9,441) between 2005 and 2030.  Work trips from 
Gainesville/Catharpin and South Riding destined for areas to the north (Dulles/Sterling/Ashburn and 
Reston/Herndon/Dulles Corridor) are expected to grow at similarly aggressive rates of 129 percent (1,731 
to 3,530) and 275 percent (3,028 to 13,752), respectively.   

These travel patterns, calculated in the Tri-County Parkway model’s trip generation step, remain the same 
throughout the no build alternative and all build scenarios. 
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FIGURE 4.3-1  
WORK TRIPS FROM MANASSAS AREA 
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FIGURE 4.3-2  

WORK TRIPS FROM GAINESVILLE/CATHARPIN AREA 
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FIGURE 4.3-3  
WORK TRIPS FROM CENTREVILLE AREA 
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FIGURE 4.3-3  

WORK TRIPS FROM SOUTH RIDING AREA 
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4.4 Assumptions 

The following assumptions were made for the development of travel forecasts for the Tri-County Parkway 
Location Study: 

• The base year for all modeling phases was 2005.  This represents a slight projection from 2004, 
but is the same base year used for all modeling at MWCOG. 

• The forecast year for all modeling phases is 2030. 
• Round 6.3 Land Use projections were used for this study.  Subzoning factors are based on 

Round 6.3 Land Use projections provided to the study team from each jurisdiction. 

The traffic will be updated to the appropriate design year as specific projects go through the design 
process and to construction.  All projects must be designed using traffic data from the date of FHWA 
design approval plus 20 years. 
 

 

 

 

 

 

 

 

 

(This space left blank intentionally) 

 



 

5-1 Transportation and Traffic Technical Report 

 
5.0 AFFECTED ENVIRONMENT 

5.1 System Components 

The study area is comprised of parts of three Northern Virginia counties (Fairfax, Loudoun, and Prince 
William) and two incorporated cities (Manassas and Manassas Park).  It is bounded approximately by US 
50 to the north, US 15, VA 234, VA 676, and VA 619 to the west, the City of Manassas corporation line to 
the south, and VA 28 to the east (see Figure 1.1-1, Study Area and Existing Road System). 

5.1.1 Existing Transportation Network 

5.1.1.1 Existing Non-Highway System 

Transportation facilities and services are located throughout the study area.  Non-highway transportation 
components include two airports, freight and passenger rail systems, and public transit.  Washington 
Dulles International Airport is the Washington region’s second-busiest airport and provides the bulk of air 
passenger movement into and out of the study area, while Manassas Regional Airport serves mostly 
smaller aircraft.  Both Virginia Railway Express and Amtrak operate frequent passenger service along the 
Norfolk Southern railway passing through Manassas to Washington, D.C.  This railway also serves freight 
movements along with the former Southern Railway, which branches off from the main Norfolk Southern 
line in central Manassas and continues northwest toward Gainesville and Haymarket.  Washington 
Metropolitan Area Transit Authority (WMATA, also known as Metro) and Potomac and Rappahannock 
Transportation Commission (PRTC, also known as OmniRide) operate fixed service bus routes 
throughout the study area.  OmniRide serves the City of Manassas and parts of Prince William County 
with local bus service and commuter buses along Interstate 66 and Metro provides some local service 
adjacent to VA 28 in the Centreville and Chantilly areas. 

5.1.1.2 Existing Highway System 

The following discussion summarizes major facilities in the existing highway network.  Lane capacities 
referenced below are captured in Table 3.1 1, Characteristics of the Existing Road Network. VA 28 
(Nokesville Road/Center Street/Centreville Road/Sully Road) is a primary north-south route within the 
study area.  It is a four-lane arterial south of the City of Manassas, acts as a local street with many signals 
through the city, is an arterial between the Manassas north corporation line and I-66, and is a six-lane, 
limited-access facility north of I-66 to Dulles Airport.  It connects most of the other major highway facilities 
in the region, including the VA 234 Bypass, VA 234 Business, US 29, I-66, and US 50.   

VA 234 Bypass is another major north-south limited-access facility with several signalized intersections.  
The four-lane roadway connects I-66 to VA 621 (Balls Ford Road), VA 674 (Wellington Road), University 
Boulevard in the Innovation at Prince William Business Park, VA 28 (Nokesville Road), VA 234 Business 
south of Manassas, and the extension of Liberia Avenue (also known as the Prince William Parkway or 
VA 3000). 

VA 234/VA 234 Business (Dumfries Road/Grant Avenue/Sudley Road) is a primary north-south facility 
linking southern Prince William County with central Manassas and areas to the north of the City of 
Manassas.  From the VA 234 Bypass south of Manassas, VA 234 Business is a four-lane arterial to 
central Manassas where it becomes a local street, beyond VA 28 it is a two-lane local street until it is 
redesignated VA 234 at the intersection of Grant Avenue and Sudley Road.  It then becomes a four-lane 
arterial serving mostly suburban retail development to the I-66 interchange.  After a short four-lane 
segment north of I-66, it becomes a two-lane rural roadway providing access to the Manassas National 
Battlefield Park and eventually connecting to VA 659 (Gum Spring Road) and US 15. 

Interstate 66 is the highest-type east-west facility in the region.  Consisting of two lanes in each direction 
west of VA 234 and three lanes (plus an HOV 2+ lane in peak periods) in each direction east of VA 234, it 
connects Fauquier and Prince William counties with Fairfax County, the Metrorail Orange Line terminus at 
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Vienna/Fairfax-GMU station, the Capital Beltway, Arlington County, and Washington, D.C.  I-66 has 
interchanges within the study area at US 15, US 29 (Gainesville), VA 234 Bypass, VA 234, US 29 
(Centreville), and VA 28. 

Three US primary routes are within or near the study area.  US 29 (Lee Highway) is another major east-
west facility.  It is primarily a four-lane rural arterial west of the I-66 interchange in Gainesville, becomes a 
two-lane rural facility through the Manassas National Battlefield Park to VA 621, and widens to a four-lane 
suburban arterial in Fairfax County to VA 28.  US 29 accesses I-66 at a second interchange in Centreville 
just west of VA 28.  This roadway is one of the primary access roads to the Manassas Battlefield.  US 50 
(John S. Mosby Highway/Lee Jackson Memorial Highway) serves east-west traffic from southern 
Loudoun County, travels south of Dulles Airport, and provides airport access via VA 28.  It connects two 
important north-south local roads: VA 659 (Gum Spring Road) and VA 609 (Pleasant Valley Road) and is 
the primary access point to the large South Riding development in Loudoun County.  US 15 (James 
Madison Highway) is west of the study area boundary, but it connects several important study area 
roadways.  Its two-lane section serves north-south traffic between US 29 near the Prince 
William/Fauquier County line, Haymarket and Catharpin areas, VA 234, and US 50. 

There are several important local and secondary roads vital to mobility within the area.  Godwin Drive is a 
four-lane arterial in the City of Manassas and connects the VA 234 Bypass and VA 28 with VA 674 
(Wellington Road) and VA 234 (Sudley Road).  VA 674 (Wellington Road) is a two-lane roadway for the 
segment between US 29 to the north and Rixlew Drive, and widens to four lanes at the Godwin Drive 
intersection to VA 28.  Four north-south secondaries and one east-west secondary roadway provide 
access to areas between US 29 and US 50 in Fairfax and Loudoun counties.  VA 659 (Gum Spring 
Road), VA 658/VA 621 (Compton Road/Bull Run Post Office Road), VA 609 (Pleasant Valley Road), and 
VA 662 (Stone Road/Poplar Tree Road/Westfields Boulevard) provide north-south mobility between these 
primary roadways.  VA 621 is only partially paved throughout its length between VA 658 and US 50.  VA 
620 (Braddock Road) is an important east-west facility connecting VA 659, VA 621, VA 609, and VA 662 
with Loudoun County’s South Riding development, large employment centers in Westfields, and VA 28 
just north of the I-66 interchange.  It is currently an unpaved roadway west of South Riding. 
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TABLE 5.1-1  
CHARACTERISTICS OF THE EXISTING ROAD NETWORK 

Route and Location Number of Lanes 
North/South Routes 
VA 28 from Fauquier/Prince William county line to I-66 4 
VA 28 from I-66 to Dulles Airport 6 
VA 234 Bypass from I-66 to VA 28 4 
VA 234 Business from Prince William Parkway to VA 28 4 
VA 234 Business from VA 28 to intersection of Grant Avenue and Sudley 
Road 2 

VA 234 from Grant Ave/Sudley Rd to Battleview Parkway 4 
VA 234 from Battleview Parkway to US 15 2 
VA 15 from US 29 to US 50 2 
Godwin Drive from VA 28 to VA 234 4 
VA 674 from US 29 to Rixlew Drive 2 
VA 674 from Godwin Drive to VA 28 4 
VA 659 from VA 234 to US 50 2 
VA 658 from VA 28 to US 29 2 
VA 621 from US 29 to US 50 2 
VA 609 from US 29 to Fairfax County Park Authority boundary 4 
VA 609 from Fairfax County Park Authority boundary to US 50 2 
VA 662 from US 29 to VA 28 4 
East/West Routes  
I-66 from Fauquier/Prince William county line to VA 234 4 
I-66 from VA 234 to VA 28 6+1 HOV in each direction 

US 29 from US 15 to I-66 (Gainesville) 4 
US 29 from I-66 (Gainesville) to VA 621 2 
US 29 from VA 621 to VA 28 4 
US 50 from US 15 to VA 661  4 
US 50 from VA 661 to VA 28 6 
VA 620 from US 15 to VA 28 2 

Source:  Metropolitan Washington Council of Governments and Virginia Department of Transportation, 
2004. 

5.2 Existing Volumes and Levels of Service (LOS) 

5.2.1 Existing ADT 

Existing Average Daily Traffic (ADT) volumes along roadways in the Tri-County Parkway study area were 
obtained from the count program described above and supplemented with published count data from 
VDOT.  This information is summarized in Table 5.2-1 and Table 5.2-2. 
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TABLE 5.2-1  
EXISTING ADT AND LOS (VIRGINIA AND LOCAL ROUTES) 

Route and Location ADT AM LOS5 PM LOS5

VA 28 from VA 215 to VA 234 Bypass/Godwin Drive2 12,000 D E 
VA 28 from Godwin Drive to VA 6741 17,000 A B 
VA 28 from VA 674 to VA 234 Business1 24,300 B D 
VA 28 from VA 234 Business to Prescott Avenue4 27,000 B C 
VA 28 from Prescott Avenue to Liberia Avenue1 32,400 B D 
VA 28 from Liberia Avenue to Manassas Drive1 41,100 E F 
VA 28 from Manassas Drive to Prince William/Fairfax county 
line4 46,000 F F 

VA 28 from Prince William/Fairfax county line to VA 6582 59,600 F F 
VA 28 from VA 658 to US 292 62,900 F F 
VA 28 from US 29 to I-664 62,000 G G 
VA 28 from I-66 to US 504 63,000 F G 
VA 28 from US 50 to Fairfax/Loudoun county line4 83,000 F G 
VA 234 from US 15 to VA 6592 14,700 C D 
VA 234 from VA 659 to US 292 9,200 D E 
VA 234 from US 29 to I-662 13,500 D E 
VA 234 from I-66 to Godwin Drive4 24,000 F F 
VA 234 from Godwin Drive to Sudley Road/Grant Avenue1 34,200 D D 
VA 234 Business from Sudley Road/Grant Avenue to VA 284 15,000 C C 
VA 234 Business from VA 28 to VA 6744 24,000 F F 
VA 234 Business from VA 674 to Prince William Parkway1 14,900 D D 
VA 234 Bypass from I-66 to VA 6212 29,000 B C 
VA 234 Bypass from VA 621 to VA 6742 21,700 B C 
VA 234 Bypass from VA 674 to VA 282 18,500 B C 
VA 674 from US 29 to VA 234 Bypass4 8,500 C C 
VA 674 from VA 234 Bypass to Godwin Drive4 9,200 C D 
VA 674 from Godwin Drive to VA 284 12,000 B D 
VA 659 from VA 234 to Prince William/Loudoun county line4 3,800 E F 
VA 659 from Prince William/Loudoun county line to VA 6204 4,200 E F 
VA 659 from VA 620 to US 504 4,900 E G 
VA 609 from US 29 to Blue Ridge View Drive4 8,000 A C 
VA 609 from Blue Ridge View Drive to Cub Run Road4 6,500 D G 
VA 609 from Cub Run Road to US 504 4,200 B E 
VA 621 from US 29 to VA 6204 900 A C 
VA 621 from VA 620 to US 504 600 A A 
VA 662 from US 29 to VA 6204 21,000 C D 
VA 662 from VA 620 to VA 284 17,000 F G 

Sources:   1 Tri-County Parkway Traffic Count Program (City of Manassas), 2002;  
2 Interstate 66 Traffic Count Program, 2000 and 2001; 
3 Other VDOT study area traffic counts, 1999; 
4 Commonwealth of Virginia Department of Transportation Average Daily Traffic Volumes on Interstate, 

Arterial and Primary Routes, 2000; 
5 Metropolitan Washington Council of Governments 2000 Conformity Model Outputs. 
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TABLE 5.2-2  
EXISTING ADT AND LOS (INTERSTATE AND U.S. ROUTES) 

Route and Location ADT AM LOS5 PM LOS5

I-66 from Fauquier/Prince William county line to US 152 30,200 B C 
I-66 from US 15 to US 29 (Gainesville)2 41,400 C C 
I-66 from US 29 (Gainesville) to VA 234 Bypass2 76,100 E E 
I-66 from VA 234 Bypass to VA 2342 78,600 E F 
I-66 from VA 234 to US 29 (Centreville)2 103,400 E E 
I-66 from US 29 to VA 282 141,100 E F 
US 15 from US 29 to I-662 10,000 B B 
US 15 from I-66 to VA 2342 13,500 C D 
US 15 from 234 to VA 7012 15,700 C C 
US 15 from VA 701 to US 503 13,000 D E 
US 29 from US 15 to VA 552 37,700 D D 
US 29 from VA 55 to I-66 (Gainesville)2 56,600 D E 
US 29 from I-66 (Gainesville) to Prince William/Fairfax county line4 6,700 D E 
US 29 from Prince William/Fairfax county line to I-66 (Centreville)4 13,000 E E 
US 29 from I-66 (Centreville) to VA 284 34,000 E F 
US 50 from US 15 to VA 6063 16,200 D E 
US 50 from VA 606 to Loudoun/Fairfax county line3 29,100 C C 
US 50 from Loudoun/Fairfax county line to VA 284 40,000 D E 

Sources:   1 Tri-County Parkway Traffic Count Program (City of Manassas), 2002;  
2 Interstate 66 Traffic Count Program, 2000 and 2001;  
3 Other VDOT study area traffic counts, 1999; 
4 Commonwealth of Virginia Department of Transportation Average Daily Traffic Volumes on 

Interstate,     Arterial and Primary Routes, 2000; 
5 Metropolitan Washington Council of Governments Conformity Model Outputs, 2000. 

5.2.2 Existing LOS Conditions 

Level of service (LOS) is a commonly used measure referring to the degree of roadway or intersection 
congestion.  LOS is typically described using a letter scale from “A” to “F”, with “A” representing the best 
service and “F” representing the worst.  In this analysis, an additional letter “G” was added to indicate 
congestion where traffic volumes far outstrip available roadway capacity.  LOS is determined from the 
available roadway capacity and peak traffic demand, as calculated by the Metropolitan Washington 
Council of Governments.  The procedure used may underestimate congestion where there is a high 
density of traffic signals, such as in the City of Manassas.  Table 5.2-3 describes the various levels of 
service and Table 5.2-4 shows the volume to capacity ratios used to define LOS in this study.  Different 
volume to capacity ratios define the cutoff values for LOS on freeways versus other facility types due to a 
freeway’s ability to accommodate greater traffic volumes at higher speeds.  The American Association of 
State Highway Transportation Officials (AASHTO) manual on Geometric Design of Highways and Streets 
calls for a design year LOS of “D” in metropolitan areas.   
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TABLE 5.2-3  
LOS DESCRIPTIONS 

LOS Description Congestion 
Level 

A Free traffic flow with low volumes and high speeds.  Speeds controlled by driver 
desires, speed limits, and roadway physical conditions.   Low 

B Stable traffic flow, with operating speeds remaining near free flow.  Drivers still 
have reasonable freedom to maneuver. Low 

C Stable flow, but with higher volumes, more closely controlled speeds and 
maneuverability. Moderate 

D Approaching unstable flow with tolerable operating speeds maintained, but 
considerably affected by changes in operating conditions.  Moderate 

E Unstable flow with low speed and momentary stoppages.  Severe 

F Forced flow with low speed.  Stop-and-go with stoppages for long periods are 
possible.   Severe 

Source:  Highway Capacity Manual, Transportation Research Board, 2000. 

TABLE 5.2-4  
LEVEL OF SERVICE CRITERIA  

LOS Max V/C (Freeway segments) Max V/C (Arterial and Collector 
segments) 

G unlimited unlimited 
F 1.15 1.15 
E 1.00 1.00 
D 0.90 0.85 
C 0.74 0.64 
B 0.53 0.44 
A 0.32 0.27 

Source:  Highway Capacity Manual, Transportation Research Board, 2000. 

The most severe congestion experienced within the study area is currently along VA 28.  The traffic pattern 
shows significant peaking with northbound flows severely congested in the a.m. and southbound flows 
severely congested in the p.m.  The areas of greatest delay are between the City of Manassas Park and the 
Loudoun/Fairfax county line near Dulles Airport.  I-66 follows a similar peaking pattern (eastbound in the a.m., 
westbound in the p.m.), though the level of service experienced is marginally better.  Other roadways currently 
experiencing LOS F or G in either peak period are US 29 from I-66 (Centreville) to VA 28, VA 234 from I-66 to 
Godwin Drive, VA 234 Business from VA 28 to VA 674, and various segments along VA 659, VA 609, and VA 
662. 

5.2.3 Truck Volumes 

The impact on traffic of heavy vehicles within the study area is not widespread (see Table 5.2-5)  The 
largest percentage of trucks recorded (20 percent) is along VA 659 south of US 50, which carries many 
trucks traveling to and from a rock quarry.  Traffic on Interstate 66 is comprised of 16 percent trucks within 
the study area.  Other facilities carrying above 10 percent trucks include US 15 between US 29 and US 
50 (10 percent to 16 percent), VA 234 between US 29 and VA 659 (13 percent), and VA 234 Bypass 
between VA 621 and VA 674 (13 percent).  All other roadways for which there is classification data 
showed between 4 percent and 9 percent trucks.   
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TABLE 5.2-5  
PERCENT TRUCKS ON SELECTED ROUTE SEGMENTS 

Route and Location Percent Trucks 
VA 28 from Godwin Drive to VA 674 1 5% 
VA 28 from VA 674 to VA 234 Business 1 4% 
VA 28 from Prescott Avenue to Liberia Avenue 1 4% 
VA 28 from Liberia Avenue to Manassas Drive 1 5% 
VA 28 from Manassas Drive to US 50 5 6% 
VA 234 from Prince William Parkway to VA 674 2 6% 
VA 234 Business from Grant Avenue to Godwin Drive 2 5% 
VA 234 from I-66 to US 29 2 9% 
VA 234 from US 29 to VA 659 2 13% 
VA 234 Bypass from VA 621 to VA 674 2 13% 
VA 609 south of US 50 3 5% 
VA 620 at VA 662 3 5% 
VA 659 south of US 50 3 20% 
US 15 from US 29 to VA 55 2 16% 
US 15 from VA 234 to VA 705 2 12% 
US 15 from VA 705 to US 50 4 10% 
US 50 at VA 606 4 3% 
Godwin Drive from VA 28 to VA 234 Business 1 4% 
I-66 within the study area 5 16% 

Sources:  1 Tri-County Parkway Traffic Count Program (City of Manassas), 2002;  
2 Interstate 66 Traffic Count Program, 2000 and 2001; 
3 VDOT mechanical counts, April 2002; 
4 Other VDOT study area traffic counts, 1999 
5 Commonwealth of Virginia Department of Transportation Average Daily Traffic Volumes on Interstate, 

Arterial and Primary Routes, 2000. 

5.3 Safety Issues and Crash Data Analysis 

Safety is an issue of concern along many roadways within the study area.  While many segments exhibit 
crash rates well below the Tri-County area wide average rates, others exceed these rates by several 
times.  Crash rates are determined by dividing the number of crashes in a segment by an estimate of the 
vehicle miles traveled (VMT) within that segment.  Rates typically are given per 100 million vehicle miles 
of travel.  Since these rates fluctuate from year to year based on a variety of factors, for this analysis a 
single rate was determined for a four-year study period (1997-2000).  Within the City of Manassas, data is 
available only for 1997 and 1998; crash rates for roadway sections within the city reflect these two years 
only.  In order for a crash to be included in the database maintained by VDOT, it must either cause an 
injury or be responsible for at least $1,000 in property damage.  A summary of the average crash rates in 
Virginia can be found in Table 5.3-1.  A summary of the average crash rates in the Tri-County region 
(includes all of Prince William, Fairfax, and Loudoun counties) can be found in Table 5.3-2. 
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TABLE 5.3-1  
STATEWIDE AVERAGE INCIDENCE RATES 

(per 100 million VMT, 1998-2000) 

Incident Primary Secondary Interstate1 
Crash 157.0 250.0 72.0 
Injury 100.0 142.0 38.0 
Death 1.7 1.9 0.6 

Source:  VDOT Statewide Crash Statistics, 1998, 1999, and 2000. 

TABLE 5.3-2  
TRI-COUNTY REGION AVERAGE INCIDENCE RATES 

(per 100 million VMT, 1997-2000) 

Incident Primary Secondary Interstate1 
Crash 195.04 266.74 82.00 
Injury 114.11 143.83 45.00 
Death 0.83 1.10 0.27 

Source:  VDOT Statewide Crash Statistics, Fairfax, Prince William and Loudon counties; 1997 1998,1999, and 2000 
1 Interstate rates from 1996 only. 

TABLE 5.3-3  
INCIDENCE RATES FOR AREA ROADWAYS 

(per 100 million VMT, 1997-2000, above average in bold) 

Route and Location Crash rate Injury rate Death rate

VA 28 from Fauquier/Prince William county line to WCL Manassas 102.62 44.41 0.60 
VA 28 within the City of Manassas 519.12 191.16 0.00 
VA 28 from Manassas Park to Fairfax/Prince William county line 224.84 90.39 0.56 
VA 28 from Fairfax/Prince William county line through I-66 interchange 218.73 90.57 1.07 
VA 28 from north of I-66 interchange to Loudoun/Fairfax county line 81.78 32.08 0.36 
VA 234 from Prince William Parkway to SCL Manassas 198.64 88.68 0.00 
VA 234 from Manassas corp. limit to Godwin Drive 500.56 215.97 0.00 
VA 234 from NCL Manassas to before I-66 interchange 1,247.64 547.99 2.86 
VA 234 from I-66 interchange through US 29 intersection 489.44 220.38 2.56 
VA 234 from north of US 29 intersection to US 15 181.97 76.53 1.70 
US 50 from US 15 through VA 659 intersection 90.77 34.20 0.66 
US 50 from after VA 659 intersection through VA 609 intersection 71.93 30.41 1.17 
US 50 from after VA 609 intersection to VA 28 125.29 49.60 0.00 
US 29 from Fauquier/Prince William county line to VA 674 197.86 78.63 0.37 
US 29 from I-66 interchange (Gainesville) through VA 234 intersection 129.89 52.79 0.84 
US 29 from after VA 234 intersection to before I-66 (Centreville) 180.18 80.74 0.00 
US 29 from I-66 interchange (Centreville) to VA 28 561.45 230.92 0.00 
I-66 from Fauquier/Prince William county line through Haymarket 28.15 10.12 0.88 
I-66 from US 29 (Gainesville) interchange to before VA 234 27.44 11.22 0.00 
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Route and Location Crash rate Injury rate Death rate
I-66 from VA 234 to before US 29 (Centreville) interchange 64.92 24.20 0.20 
I-66 from US 29 (Centreville) interchange to VA 28 interchange 132.37 43.75 1.12 
Godwin Drive from VA 234 Bypass/VA 28 to VA 234 248.20 102.52 0.00 
Liberia Avenue from Prince William Parkway through VA 28 
intersection 442.15 153.40 0.00 

Liberia Avenue from Mathis Avenue intersection to WCL Manassas 765.40 236.91 0.00 
Lomond Drive from WCL Manassas to VA 234 397.07 130.93 0.00 
VA 674 from US 29 to before VA 234 Bypass intersection 132.68 46.33 0.00 
VA 674 from VA 234 Bypass intersection to VA 28 397.61 143.14 0.00 
VA 659 from VA 234 to US 50 172.05 70.85 5.06 
VA 705 from US 29 to VA 620 113.80 64.01 0.00 
VA 609 from US 29 to before VA 620 188.23 78.71 3.42 
VA 609 from VA 620 to US 50 459.43 209.57 8.06 
VA 621 from VA 658 to US 50 447.27 263.78 0.00 

Source: VDOT Statewide Crash Statistics, Fairfax, Prince William, and Loudon counties; 1997 1998, 1999, and 2000 

A total of six roadway segments of those studied exhibited crash rates more than twice the average.  One 
segment stood out above all others: for each mile traveled on VA 234 (Sudley Road) from the northern 
Manassas/Prince William County line to just before the I-66 interchange, a driver is 6.4 times more likely 
to experience a crash than on an average primary system roadway within the Tri-County region.  Two 
adjacent sections of VA 234, to the north from the I-66 interchange through the US 29 intersection, and to 
the south, from the southern Manassas/ Prince William County line to Godwin Drive, also exhibited crash 
rates of 2.6 and 2.5 times the area wide average for primaries.  Other roadway segments with crash rates 
at least twice the Tri-County region average were VA 28 within the City of Manassas (2.7 times), Liberia 
Avenue from the Mathis Avenue intersection to the western Manassas/Prince William County line (2.9 
times), and US 29 from the I-66 interchange in Centreville to the VA 28 intersection (2.9 times). 

Among the safest roadway segments in the region are Interstate 66 from the Fauquier/ Prince William 
County line to before the VA 234 interchange, US 50 from east of the VA 659 (Gum Spring Road) 
intersection through the VA 609 (Pleasant Valley Road) intersection, and VA 28 in Fairfax County from 
north of the I-66 interchange to the Loudoun County line.  A driver traveling one mile along each of these 
segments is less than half as likely to experience a crash as a driver traveling on an average similar type 
of facility in the Tri-County region.   

The rates of injury crashes tended to follow the same patterns as those of property damage crashes.  
Death rates tend to be skewed since they are such isolated incidents; a single crash involving a death 
over a four-year period on a lightly traveled roadway can force the death rate per VMT to a very high 
value.  For instance, one death on VA 609 from VA 620 to US 50 resulted in the highest death rate of all 
segments (8.06), and two deaths on VA 659 resulted in the second-highest death rate (5.06) compared to 
a Tri-County region average rate of 1.06.  About half the roadway segments studied experienced at least 
one death in the four-year study period, and half did not.  A total of 26 deaths occurred on the roadways 
studied within the four-year time frame.  The total number of deaths in each year on the roadway 
segments studied is experiencing a downward trend, from 11 in 1997 to three in 2000.  There were no 
death crashes within the City of Manassas in 1997 and 1998, so the impact of any death crashes in the 
more recent years on this trend is not known. 
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6.0 ENVIRONMENTAL CONSEQUENCES 

6.1 Average Daily Traffic Volumes - No-Build Alternative 

ADT volumes were determined for the future year, 2030, No-Build Alternative using the Tri-County 
Parkway model network.  The No-Build alternative includes planned and programmed highway and transit 
improvements from the most recently adopted Constrained Long Range Plan for the metropolitan 
Washington region.  Table 6.1-1 presents forecast ADT for the No-Build Alternative compared to existing 
condition volumes.  The year 2030 No-Build Alternative forecasts indicate that the highest north-south 
volumes in the study area occur on the VA 234 Bypass and VA 28 just south of Interstate 66.  I-66 carries 
the highest east-west volumes among all study area roadways.  There are large increases in traffic on 
several roadways that are programmed for capacity improvements in the No-Build Alternative (VA 28 and 
VA 234 Bypass).  The upgrading of VA 234 Bypass to full-freeway status and adding one lane in each 
direction is responsible for the reduction of traffic on some north-south facilities in the City of Manassas, 
including Godwin Drive. 

6.2 Average Daily Traffic Volumes - TSM Alternative 

Traffic forecast for the TSM Alternative is the same as the No-Build Alternative.  As mentioned previously, 
the TSM Alternative does not propose any major capacity improvements or construction of new roadways 
within the study area.  As a result, traffic volumes along roadways in the study Area are expected to be 
the same as those found under the No-Build Alternative.  Table 6.1-1 presents forecast ADT for the TSM 
Alternative compared to existing condition volumes. 

TABLE 6.1-1  
NO-BUILD AND TSM ALTERNATIVE  

FORECAST AVERAGE DAILY TRAFFIC VOLUMES 

Route and Location Existing 
Conditions 

No-Build/
TSM 

Segment E (existing Godwin Drive) – VA 28 to Wellington Drive 20,000 11,100 
Segment E (existing Godwin Drive) – Wellington Drive to VA 234 Business 37,600 11,300 
Segment E – VA 234 Business to Lomond Drive N/A N/A 
Segment E – Lomond Drive to I-66 N/A N/A 
Segment F – I-66 to US 29 N/A N/A 
Segment F – US 29 to Segment F’  N/A N/A 
Segment F’ – Segment F to Braddock Road  N/A N/A 
Segment F’ (existing Loudoun County Parkway) – Braddock Road to US 50 7,500 26,200 
Segment C – I-66 to US 29 N/A N/A 
Segment C – US 29 to VA 234 N/A N/A 
Segment C – VA 234 to Segment G/D N/A N/A 
Segment G – Segment C to Gum Springs Road N/A N/A 
Segment G – Gum Springs Road to Segment F’ N/A N/A 
Segment D – Segment C to Braddock Road N/A N/A 
Segment D – Braddock Road to US 50 N/A N/A 
VA 234 Bypass – Balls Ford Rd to Wellington Rd 21,700 91,200 
VA 234 Bypass – south of I-66 29,000 105,800 
VA 28 – VA 234 Bypass to Wellington Road 17,000 19,600 
VA 28 – North of Lomond Dr/Liberia Ave 41,100 57,100 
VA 28 – South of I-66 62,000 121,500 
I-66 – West of US 29 interchange (Centreville) 41,400 188,600 
I-66 – West of VA 234 Bypass interchange 78,600 199,200 
VA 234 Business – north of Godwin Drive 24,000 27,000 
VA 234 Business – south of Godwin Drive 34,200 22,500 
Braddock Road – east of Gum Springs Road 8,000 17,100 
US 50 – east of Gum Springs Road 16,200 32,900 
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Route and Location Existing 
Conditions 

No-Build/
TSM 

Proposed VA 659 Relocated – north of US 50 N/A 30,400 
Loudoun County Parkway – north of US 50 15,700 35,900 
US 29 – east of I-66/Gainesville interchange 6,700 19,300 
US 29 – east of I-66/Centreville interchange 36,200 36,200 

6.3 Average Daily Traffic Volumes - Build Alternative 

The projected 2030 ADT volumes on the proposed Build Alternative options are shown in Table 6.3-1 as 
compared to existing conditions and the No-Build Alternative.  Table 6.3-2 shows these volumes in south-
to-north order by build segment. 

TABLE 6.3-1  
BUILD ALTERNATIVE  

FORECAST ADT VOLUMES FOR STUDY AREA ROADWAYS 

Route and Location Existing 
Conditions No-Build

Compre-
hensive 

Plan 
CBA 

West 
Four 
CBA 

West 
Two CBA

Segment E (existing Godwin Drive) – VA 28 to 
Wellington Drive 20,000 11,100 37,600 10,600 11,100 

Segment E (existing Godwin Drive) – Wellington 
Drive to VA 234 Business 37,600 11,300 43,600 10,600 11,100 

Segment E – VA 234 Business to Lomond Drive N/A N/A 91,500 N/A N/A 
Segment E – Lomond Drive to I-66 N/A N/A 105,700 N/A N/A 
Segment F – I-66 to US 29 N/A N/A 24,500 N/A N/A 
Segment F – US 29 to Segment F’  N/A N/A 33,800 N/A N/A 
Segment F’ – Segment F to Braddock Road  N/A N/A 33,800 26,000 N/A 
Segment F’ (existing Loudoun County Parkway) – 
Braddock Road to US 50 7,500 26,200 32,500 31,500 31,000 

Segment C – I-66 to US 29 N/A N/A N/A 41,000 41,200 
Segment C – US 29 to VA 234 N/A N/A N/A 38,100 39,100 
Segment C – VA 234 to Segment G/D N/A N/A N/A 36,100 31,400 
Segment G – Segment C to Gum Springs Road N/A N/A N/A 36,600 N/A 
Segment G – Gum Springs Road to Segment F’ N/A N/A N/A 24,600 N/A 
Segment D – Segment C to Braddock Road N/A N/A N/A N/A 31,700 
Segment D – Braddock Road to US 50 N/A N/A N/A N/A 33,000 
VA 234 Bypass – Balls Ford Rd to Wellington Rd 21,700 91,200 59,900 100,400 100,700 
VA 234 Bypass – south of I-66 29,000 105,800 73,000 116,300 116,800 
VA 28 – VA 234 Bypass to Wellington Road 17,000 19,600 21,000 19,000 19,400 
VA 28 – North of Lomond Dr/Liberia Ave 41,100 57,100 31,900 42,800 43,400 
VA 28 – South of I-66 62,000 121,500 111,000 121,300 121,200 
I-66 – West of US 29 interchange (Centreville) 41,400 188,600 221,400 188,500 188,100 
I-66 – West of VA 234 Bypass interchange 78,600 199,200 196,600 184,300 185,300 
VA 234 Business – north of Godwin Drive 24,000 27,000 22,100 26,400 26,000 
VA 234 Business – south of Godwin Drive 34,200 22,500 44,000 22,500 22,100 
Braddock Road – east of Gum Springs Road 8,000 17,100 16,100 10,500 16,600 
US 50 – east of Gum Springs Road 16,200 32,900 30,300 29,600 36,200 
Proposed VA 659 Relocated – north of US 50 N/A 30,400 30,300 31,000 36,000 
Loudoun County Parkway – north of US 50 15,700 35,900 36,600 36,700 36,600 
US 29 – east of I-66/Gainesville interchange 6,700 19,300 17,300 23,300 24,300 
US 29 – east of I-66/Centreville interchange 36,200 36,200 37,800 34,300 35,100 
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TABLE 6.3-2  
BUILD ALTERNATIVE: FORECAST ADT VOLUMES 

The Comprehensive Plan CBA ADT 
Segment E (existing Godwin Drive) – VA 28 to Wellington Drive 37,600 
Segment E (existing Godwin Drive) – Wellington Drive to VA 234 Business 43,600 
Segment E – VA 234 Business to Lomond Drive 91,500 
Segment E – Lomond Drive to I-66 105,700 
Segment F – I-66 to US 29 24,500 
Segment F – US 29 to Segment F’ 33,800 
Segment F’ – Segment F to Braddock Road 33,800 
Segment F’ (existing Loudoun County Parkway) – Braddock Road to US 50 32,500 

The West Four CBA ADT 
Segment C – I-66 to US 29 41,000 
Segment C – US 29 to VA 234 38,100 
Segment C – VA 234 to Segment G/D 36,100 
Segment G – Segment C to Gum Springs Road 36,600 
Segment G – Gum Springs Road to Segment F’ 24,600 
Segment F’ – Segment F to Braddock Road 26,000 
Segment F’ (existing Loudoun County Parkway) – Braddock Road to US 50 31,500 

The West Two CBA ADT 
Segment C – I-66 to US 29 41,200 
Segment C – US 29 to VA 234 39,100 
Segment C – VA 234 to Segment G/D 31,400 
Segment D – Segment C to Braddock Road 31,700 
Segment D – Braddock Road to US 50 33,000 

6.3.1 The Comprehensive Plan CBA 

The Comprehensive Plan CBA segment volumes for the year 2030 range from 24,500 to 105,700 ADT.  
The lowest ADT volumes for The Comprehensive Plan CBA occur just north of I-66, as the majority of 
vehicles utilize Segment E as a feeder to eastbound I-66 (in the morning peak) and from westbound I-66 
(in the evening peak).  There are relatively low through volumes between Segment E south of I-66 and 
Segment F north of I-66.  The Comprehensive Plan CBA draws a large amount of traffic from VA 234 
Bypass south of I-66 as compared to the No-Build scenario, and has the greatest impact on lowering 
volumes along VA 28 south of I-66 within the study area.  I-66 volumes increase substantially east of the 
proposed interchange with Segments E and F.  This is the only option which substantially affects volumes 
on VA 234 Business north and south of existing Godwin Drive, increasing volumes south of Godwin Drive 
and decreasing volumes north of Godwin Drive.  Volumes on the existing Loudoun County Parkway 
segment between Braddock Road and US 50 increase over the No-Build scenario to the same degree as 
under the West Four CBA and the West Two CBA. 

6.3.2 The West Four CBA 

The West Four CBA segment volumes for the year 2030 range from 24,600 to 41,000 ADT.  While a 
similar situation to the Comprehensive Plan CBA exists where volumes on the connecting roadway (VA 
234 Bypass) south of I-66 carry much higher volumes than on Build Segment C north of I-66, there is a 
greater overall volume of through traffic between VA 234 Bypass south of I-66 and Build Segment C north 
of I-66 under the West Four CBA than the Comprehensive Plan CBA.  The lowest volumes in the West 
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Four CBA occur along Segment G east of Gum Springs Road.  The West Four CBA increases volumes 
on VA 234 Bypass over the No-Build Scenario and affects an intermediate decrease on VA 28 volumes 
north of Lomond Drive/Liberia Avenue.  VA 28 volumes south of I-66 are basically unchanged as 
compared to No-Build.  Volumes on the existing Loudoun County Parkway segment between Braddock 
Road and US 50 increase over the No-Build scenario to the same degree as under the Comprehensive 
Plan CBA and the West Two CBA. 

6.3.3 The West Two CBA 

The West Two CBA segment volumes for the year 2030 range from 31,400 to 41,200 ADT.  Again, as in 
the West Four CBA, there is a greater overall volume of through traffic between VA 234 Bypass south of 
I-66 and Build Segment C north of I-66 under the West Two CBA than the Comprehensive Plan CBA.  
The lowest volumes in the West Two CBA occur along Segment C just north of VA 234.  The West Two 
CBA has the least variation in volumes along its segments of any of the Build Options.  The West Two 
CBA increases volumes on VA 234 Bypass over the No-Build Scenario to the same degree as the West 
Two CBA and affects an intermediate decrease on VA 28 volumes north of Lomond Drive/Liberia Avenue.  
VA 28 volumes south of I-66 are basically unchanged as compared to No-Build.  Volumes on the existing 
Loudoun County Parkway segment between Braddock Road and US 50 increase over the No-Build 
scenario to the same degree as under the Comprehensive Plan CBA and the West Four CBA. 

6.4 Highway LOS and Capacity 

The 2030 peak hour LOS for the highway segments for each alternative was evaluated within the study 
area.  The LOS is an indication of the operation and performance of a facility.  Highway capacity and 
overall operational performance are typically directly related to the traffic volume-to-capacity, design 
speed of the facility, profile grades, distance to obstructions, shoulder widths and percentage of heavy 
vehicle traffic.  The LOS is calculated for each facility to describe its expected quality of operation.  
Service levels are defined by the conventional grades A through F.  A description of each LOS grade is 
provided in Table 5.2-3. 

LOS calculations were developed for the highway segments according to each project alternative using a 
spreadsheet called ENTRADA developed by Ed Azimi of the VDOT Northern Virginia District.  This is an 
automated version of the techniques documented in the 2000 Highway Capacity Manual (HCM).  Table 
6.4-1 summarizes the service levels for each year 2030 alternative on the highway network in the study 
area. 

TABLE 6.4-1  
LOS ANALYSIS FOR BUILD ALTERNATIVE SEGMENTS 

Peak Hour LOS  
(Peak Hour Direction 2030) 

Route and Location 
2005 No-

Build 

Compre- 
hensive 

Plan 
CBA 

West 
Four 
CBA 

West 
Two 
CBA 

Segment E (existing Godwin Drive) – VA 28 to Wellington 
Drive B A C A A 

Segment E (existing Godwin Drive) – Wellington Drive to 
VA 234 Business B A D A A 

Segment E – VA 234 Business to Lomond Drive N/A N/A E1 N/A N/A 
Segment E – Lomond Drive to I-66 N/A N/A F1 N/A N/A 
Segment F – I-66 to US 29 N/A N/A B N/A N/A 
Segment F – US 29 to Segment F’  N/A N/A B N/A N/A 
Segment F’ – Segment F to Braddock Road  N/A N/A B C N/A 
Segment F’ (existing Loudoun County Parkway) – A B C C C 
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Peak Hour LOS  
(Peak Hour Direction 2030) 

Route and Location 
2005 No-

Build 

Compre- 
hensive 

Plan 
CBA 

West 
Four 
CBA 

West 
Two 
CBA 

Braddock Road to US 50 
Segment C – I-66 to US 29 N/A N/A N/A D D 
Segment C – US 29 to VA 234 N/A N/A N/A C D 
Segment C – VA 234 to Segment G/D N/A N/A N/A D C 
Segment G – Segment C to Gum Springs Road N/A N/A N/A D N/A 
Segment G – Gum Springs Road to Segment F’ N/A N/A N/A C N/A 
Segment D – Segment C to Braddock Road N/A N/A N/A N/A C 
Segment D – Braddock Road to US 50 N/A N/A N/A N/A C 

Note: 1 Additional analysis will be conducted to identify improvements to the operating conditions in this segment 
during the FEIS preparation.  In heavily developed metropolitan areas, the minimum LOS that must be 
designed for is LOS D.  This may require a design exception.  An evaluation (more detailed traffic analysis) 
will be provided to determine if LOS deficiencies are occurring at just interchanges or along the main line as 
well.  Prince William County has programmed these segments in their county plan as an eight-lane cross 
section, which would result in LOS C between VA 234 Business and Lomond Drive and LOS D between 
Lomond Drive and I-66. 

6.4.1 No-Build Alternative 

The planned upgrade in the CLRP of VA 234 Bypass south of I-66 to a six-lane full freeway facility has a 
substantial impact of drawing traffic out of the City of Manassas.  This condition is present in the No-Build 
and in all three CBAs, and is responsible for the reduction of traffic and improved LOS on existing Godwin 
Drive.   

6.4.2 TSM Alternative 

Traffic forecast for the TSM Alternative is the same as the No-Build Alternative.  As mentioned previously, 
the TSM Alternative does not proposed any major capacity improvements.  As a result, the LOS along 
roadways in the study area are expected to be the same as those found under the No-Build Alternative. 

6.4.3 Build Alternative 

The 2030 peak hour LOS for the CBAs are shown in Table 6.4-2.  A summary of the LOS for each CBA is 
provided below. 

TABLE 6.4-2  
BUILD ALTERNATIVES: FORECAST ADT VOLUMES 

The Comprehensive Plan CBA LOS (peak hour)
Segment E (existing Godwin Drive) – VA 28 to Wellington Drive C 
Segment E (existing Godwin Drive) – Wellington Drive to VA 234 Business D 
Segment E – VA 234 Business to Lomond Drive E 
Segment E – Lomond Drive to I-66 F 
Segment F – I-66 to US 29 B 
Segment F – US 29 to Segment F’ B 
Segment F’ – Segment F to Braddock Road B 
Segment F’ (existing Loudoun County Parkway) – Braddock Road to US 50 C 
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The West Four CBA LOS (peak hour)
Segment C – I-66 to US 29 D 
Segment C – US 29 to VA 234 C 
Segment C – VA 234 to Segment G/D D 
Segment G – Segment C to Gum Springs Road D 
Segment G – Gum Springs Road to Segment F’ C 
Segment F’ – Segment F to Braddock Road C 
Segment F’ (existing Loudoun County Parkway) – Braddock Road to US 50 C 

The West Two CBA LOS (peak hour)
Segment C – I-66 to US 29 D 
Segment C – US 29 to VA 234 D 
Segment C – VA 234 to Segment G/D C 
Segment D – Segment C to Braddock Road C 
Segment D – Braddock Road to US 50 C 

6.4.3.1 The Comprehensive Plan CBA 

Forecast traffic conditions for the Comprehensive Plan CBA indicate that the LOS of the proposed Tri-
County Parkway segments would range between LOS B and F, as indicated in Table 4.4-2.  In the 
segments south of I-66, LOS on existing Godwin Drive deteriorates from the No-Build due to the 
additional traffic drawn by the Build Segments.  North of VA 234 Business, Segment E carries an 
increasing amount of traffic as it approaches I-66, and the LOS drops to E and F as the roadway 
approaches its capacity during the peak hour.  Additional analysis will be conducted during the FEIS 
preparation to improve the operating conditions in these sections.   

6.4.3.2 The West Four CBA 

Under the West Four CBA, all build segments would experience a peak period LOS between C and D.  
These are indicative of moderate, but not severe congestion during the peak hour.  The segments show 
less variation in LOS over the length of the roadway than those in the Comprehensive Plan CBA. 

6.4.3.3 The West Two CBA 

The West Two CBA is anticipated to have service levels ranging between C and D over its entire length.  
These are indicative of moderate, but not severe congestion during the peak hour.  The segments show 
less variation in LOS over the length of the roadway than those in the Comprehensive Plan CBA. 

6.5 Interchange Discussion 

The Comprehensive Plan CBA alignment includes four potential interchanges, at Wellington Road, VA 
234 Business, Lomond Drive, and Interstate 66.  The I-66 interchange carries by far the most volume, 
both from the Tri-County Parkway and through volumes on I-66.  Forecast ADT volumes on I-66 east of 
the Segment E interchange are greater than those for I-66 in the No-Build Alternative.  This indicates that 
a substantial amount of traffic is forecast to utilize Segment E as a feeder toward I-66 eastbound 
(especially during the a.m. peak) and from I-66 westbound (especially during the p.m. peak).  This 
interchange carries relatively little through traffic north of I-66 compared to the volumes accessing I-66. 

The West Four CBA and the West Two CBA include a potential interchange only at their southern 
terminus with I-66.  An interchange in this location results in a slight decrease in traffic volumes on I-66 in 
the vicinity compared to the No-Build Alternative.  Unlike the Comprehensive Plan CBA, higher volumes 
in both the West Four CBA and the West Two CBA travel through the interchange than utilize the I-66 
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ramps.  Also, the volumes are more balanced directionally and do not exhibit the large a.m. and p.m. 
directional peaking characteristics of the Comprehensive Plan CBA.   

Analysis of projected turning volumes at the intersection of Segment C and US 29 in the West Four CBA 
and the West Two CBA show a large demand for a left turn movement from northbound Segment C to 
westbound US 29 especially during the p.m. peak.  Turning movement volumes in the regional model are 
sometimes affected in a disproportionate way to small differences in travel time on certain roadway paths.  
In this situation, the large left-turn volumes are primarily destined for the developments along Heathcote 
Blvd and Catharpin Road north of US 29.  A more logical path for these vehicles would be to access I-66 
for the short segment to the Gainesville interchange which offers direct access to Heathcote Blvd.  Due to 
congestion on I-66 westbound during the p.m. peak, the model calculates a short time savings for 
vehicles avoiding this I-66 segment and instead turning left on US 29.  In reality, delay at the proposed 
Segment C/US 29 intersection would make this a less appealing option for drivers to choose.  For these 
reasons, an interchange at Segment C and US 29 is not believed to be necessary to handle the peak 
traffic movements. 

6.6 Screenline Analysis 

An analysis of the traffic generated through the study area was conducted via a screenline analysis.  In 
this type of analysis, the study area is subdivided into large sections by imaginary screenlines.  The 
screenlines could be natural or man-made barriers, such as rivers, railway tracks, or existing roadways.  
For the purposes of this study, the screenlines extended from US 15 to the west and VA 28 to the east, 
encompassing traffic on both roadways.  Screenlines chosen for analysis are Bull Run, Southern 
Railroad, I-66 south of all interchanges, I-66 north of all interchanges, US 50 north of all intersections, US 
50 south of all intersections, US 29 north of all intersections, and US 29 south of all intersections.  
Additionally, there is a screenline along the north and west of VA 28 in Manassas and Prince William 
County and along the west side of VA 28 in Fairfax County. 

TABLE 6.6-1   
2030 SCREENLINE FORECASTS COMPARISON ANALYSIS (TOTAL ADT) 

Screenline No-Build Comprehensive Plan 
CBA West Four CBA West Two CBA

Bull Run 340,900 364,300 355,200 353,500 
Southern Railroad 372,300 382,300 378,300 379,600 

I-66 South 502,400 548,500 510,400 509,200 
I-66 North 377,200 391,900 406,300 407,000 

US 50 North 330,300 333,300 332,900 339,300 
US 50 South 327,100 330,100 329,700 338,800 
US 29 North 566,200 562,900 584,600 586,200 
US 29 South 535,300 566,400 550,200 552,400 

VA 28 West Prince 
William 206,100 235,800 209,100 208,800 

VA 28 West Fairfax 429,400 445,100 425,400 424,400 

Table 6.6-1 summarizes the identified screenline volumes for comparative purposes.  ADT volumes 
associated with the three options are in most cases higher than the No-Build Alternative.  The exceptions 
are at US 29 North, where the Comprehensive Plan CBA shows a decrease of 3,300 vehicles daily.  This 
reduction is primarily due to a decrease in ADT on VA 234 at the US 29 North screenline in the Build 
Options as compared to the No-Build.  There are also small reductions on the VA 28 West Fairfax 
screenline in the West Four CBA and the West Two CBA of 4,000 and 5,000 vehicles daily, respectively.  
These reductions are primarily due to lower volumes on I-66 at this screenline as compared to the No-
Build. 
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The largest differences between options occur at I-66 South, I-66 North, US 29 South, and VA 28 West 
Fairfax.  At I-66 South, the Comprehensive Plan CBA has a much greater increase in screenline volume 
than the West Four CBA and the West Two CBA.  This can be attributed to the greater volumes carried 
on Segment E in the Comprehensive Plan CBA versus a smaller increase in volume on VA 234 Bypass 
south of I-66 in the West Four CBA and the West Two CBA.  At I-66 North, the West Four CBA and the 
West Two CBA have higher screenline volumes than does the Comprehensive Plan CBA.  This is due to 
greater traffic volumes on the Build segments north of I-66 in the West Four CBA and the West Two CBA 
versus the Comprehensive Plan CBA.  Most of the large increase in the VA 28 West Fairfax screenline in 
the Comprehensive Plan CBA versus the West Four CBA and the West Two CBA is due to I-66 carrying a 
greater volume over this screenline. 

6.7 Travel Time Analysis 

A summary of the forecast travel times (shortest time path) between three trip origins inside the study 
area and three trip destinations to the north of the study area is shown below.  The a.m. peak and p.m. 
peak travel times for the O-D pair are averaged in order to estimate the time spent by a typical round-trip 
commuter in each direction.  Trip origins are Downtown Manassas (near the intersection of Nokesville 
Road and Grant Avenue), Manassas Airport, and Sudley Manor Square (at VA 234 Business and Sudley 
Manor Road).  Trip destinations are Dulles Airport, the Worldcom Campus north of Dulles, and the 
Lansdowne Center north of VA 7 between Belmont Ridge Road and Ashburn Road.  The analysis uses 
constrained highway times on the network between each O-D pair.  

In most pairings, the Comprehensive Plan CBA reduces average travel time between the selected origin-
destination pair by the greatest amount as compared to the No-Build Alternative.  The Comprehensive 
Plan CBA and the West Two CBA reduce travel time in all cases over the No-Build Alternative.  In no 
case does the West Four CBA reduce travel time more than the Comprehensive Plan CBA or the West 
Two CBA, though it does reduce travel time in most pairings over the No-Build Alternative.  The West 
Two CBA does provide a greater time savings than the Comprehensive Plan CBA in the Manassas 
Airport/Worldcom pair and the Manassas Airport/Lansdowne pair.  The travel time savings are a result of 
more direct travel paths along the Build Option segments and reduced congestion on existing facilities. 

TABLE 6.7-1  
TRAVEL TIME COMPARISON (MINUTES) 

No-
Build/TSM

Comprehensive 
Plan CBA West Four CBA West Two CBA 

Origin Destination Travel 
Time 

Travel Time 
(savings) 

Travel Time 
(savings) 

Travel Time 
(savings) 

Downtown 
Manassas Dulles Airport 66 62 (-4) 67 (+1) 65 (-1) 

Downtown 
Manassas Worldcom 73 64 (-9) 69 (-4) 67 (-6) 

Downtown 
Manassas Lansdowne 76 70 (-6) 74 (-2) 72 (-4) 

Sudley Manor 
Square Dulles Airport 62 60 (-2) 63 (-4) 61 (-1) 

Sudley Manor 
Square Worldcom 68 61 (-7) 64 (-4) 62 (-6) 

Sudley Manor 
Square Lansdowne 71 65 (-6) 68 (-3) 66 (-5) 

Manassas 
Airport Dulles Airport 69 65 (-4) 69 (0) 68 (-1) 

Manassas 
Airport Worldcom 74 67 (-7) 68 (-6) 65 (-9) 

Manassas 
Airport Lansdowne 77 71 (-6) 73 (-4) 69 (-8) 
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6.8 VMT Comparison 

An analysis of forecast VMT (vehicle miles traveled) through the study area was conducted for use in 
comparing the alternatives.  The result of the VMT analysis is summarized in Table 6.8-1.  As indicated, 
along study area roadways, VMT currently stands at 5.47 million vehicle miles per day.  Future No-Build 
and TSM conditions indicate that VMT will increase to 8.55 million vehicle miles per day.   

TABLE 6.8-1  
VEHICLE MILES TRAVELED 

2030 Measured VMT (millions) 
Portion of Study Area 

2005 No-Build Comprehensive
Plan CBA 

West Four 
CBA 

West 
Two CBA

Manassas Area 1.62 2.13 2.35 2.12 2.13 
Gainesville/Catharpin Area 1.29 2.38 2.15 2.50 2.58 
Centreville Area 2.20 2.97 3.05 2.93 2.92 
South Riding Area 0.35 1.08 1.09 1.16 1.07 
Study Area Total 5.47 8.55 8.65 8.71 8.70 

The West Four CBA and the West Two CBA result in similar increases in study area VMT as compared to 
No-Build, approximately 160,000 and 150,000 vehicle miles daily, respectively.  The Comprehensive Plan 
CBA results in the smallest increase in VMT, approximately 100,000 vehicle miles per day. 

6.9 VHT Comparison 

An analysis of forecast VHT (vehicle hours traveled) throughout the study area was conducted.  Results 
of the VHT analysis are summarized in Table 6.9-1.  VHT is an indication of the congested travel times (in 
the peak periods) or uncongested travel times (in the off-peak period) multiplied by the traffic volumes 
along the roadways within a defined study area.  As indicated in table 6.9-1, VHT values are similar 
between the No-Build Alternative and all three CBAs.  This value is in the range of 259,700 hours to 
262,000 hours.  As the entire study area in 2030 is highly congested, no single option will change the total 
number of hours drivers are expected to travel in 2030.  VHT will increase approximately 68 percent from 
2005 to 2030 regardless of the alternative selected. 

TABLE 6.9-1   
COMPARISON OF FORECAST VHT 

2030 
 2005 2030 No-

Build/TSM Comprehensive Plan CBA West Four CBA West Two CBA
Study Area 155,600 261,500 262,000 261,600 259,700 
Note: Values shown in VHT traveled per day. 

6.10 Peak Deficient VMT and Vehicle Hours of Delay inside the Study Area 

Due to the inconclusive results shown in the VHT Comparison, a better and more useful comparison 
between alternatives can be shown by examining peak deficient VMT (defined as VMT at LOS D, E, F, or 
G) and vehicle hours of delay (defined as the number of extra hours drivers spend in congested 
conditions versus free-flow conditions on all roadways within the study area).  Lower peak deficient VMT 
values illustrate that drivers are driving less distance in highly congested conditions, and lower vehicle 
hours of delay are a measure of drivers spending less time in highly congested conditions. 
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TABLE 6.10-1   
COMPARISON OF FORECAST PEAK DEFICIENT VMT 

2030 
 2030 

No-Build/TSM Comprehensive Plan CBA West Four CBA West Two CBA 
Study Area 1.61 1.54 1.63 1.61 

Notes: Values shown in million VMT at LOS D, E, F, or G per day. 

TABLE 6.10-2 
COMPARISON OF PEAK VEHICLE HOURS OF DELAY 

2030 
 2030 

No-Build/TSM Comprehensive Plan CBA West Four CBA West Two CBA 
Study Area 66,300 64,700 64,700 63,400 

Notes: Values shown in vehicle hours of delay per day. 

The Comprehensive Plan CBA is the only alternative which reduces the amount of peak deficient VMT as 
compared to the No-Build Alternative.  There is a 4.4 percent decrease in peak deficient VMT for the 
Comprehensive Plan CBA.  The West Four CBA actually increases the amount of peak deficient VMT by 
about one percent.   

The West Two CBA affects the largest decrease in the hours of peak delay as compared to the No-Build 
Alternative.  There is a 4.4 percent decrease in the hours of peak delay for The West Four CBA.  The 
Comprehensive Plan CBA and the West Two CBA also decrease the hours of peak delay to 
approximately the same degree, an improvement of 2.4 percent over the No-Build Alternative; however, 
when these two measures are combined, the Comprehensive Plan CBA is the only alternative which is an 
improvement over the No-Build Alternative in both peak deficient VMT and hours of peak delay. 

6.11 Safety Effects of Alternatives 

There are a number of safety concerns inside the Tri-County Parkway study area.  These are detailed in 
section 5.3 of this document.  In future years, reductions in traffic on two important north-south roadways 
(VA 234 Business and VA 28) should cause the number of crashes, injuries, and vehicular deaths on 
these segments to decrease.   

6.11.1 No-Build Alternative 

The No-Build Alternative provides no improvements to the safety issues outlined in section 5.3.  As the 
traffic volumes on the existing roadways in the study area are expected to increase, safety situations 
could be expected to worsen. 

6.11.2 TSM Alternative 

The TSM Alternative proposes optimizing traffic signal timing and coordination throughout the corridor, in 
addition to park-and-ride lots and HOV-related improvements.  These improvements were identified to 
address traffic congestion and are not expected to have a significant impact on safety on existing 
roadways, and projected vehicle miles traveled on existing segments in the TSM Alternative remains the 
same as the No-Build Alternative; therefore, projected crashes, injuries, and traffic-related deaths in the 
study area under the TSM Alternative are expected to be the same as with the No-Build Alternative. 

6.11.3 Candidate Build Alternatives (CBAs) 

A limited access facility, as currently proposed under all three CBAs, would have a lower accident rate as 
compared to existing VA 234 Business and VA 28 and would divert motorists from both of these north-
south roadways.  As a result, reductions in traffic volumes along existing VA 234 Business and VA 28 
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would result in a reduction in the number of accidents forecast to occur along the roadways.  All of the 
CBAs reduce the forecast traffic volumes on VA 234 Business north of Godwin Drive to I-66 and on VA 
28 within the City of Manassas from VA 234 Bypass to Old Centreville Road.  Both of these existing 
roadway segments have crash rates above the average Northern Virginia regional incident rates for 
similar types of facilities; the VA 234 Business segment selected has the highest crash and injury rate of 
all roadway segments analyzed inside the study area. 

TABLE 6.11-1  
PROJECTED ACCIDENT, INJURY, AND FATALITY COMPARISON  

ON EXISTING VA 234 BUSINESS 
 1997-2000 20301. 

VA 234 Business 
from Godwin Drive 

to I-66 
Average 
Existing No-Build/TSM Comprehensive 

Plan CBA 
West Four 

CBA 
West Two 

CBA 

Accidents 218 366 234 (-132) 363 (-3) 360 (-6) 
Injuries 96 161 103 (-58) 159 (-2) 158 (-3) 

Fatalities 1 1 1 (0) 1 (0) 1 (0) 
Notes: 1.  234 (-132) = forecast # accidents, injuries, and fatalities (amount less than No-Build Alternative) 

TABLE 6.11-2  
PROJECTED ACCIDENT, INJURY, AND FATALITY COMPARISON ON EXISTING VA 28 

 1997-2000 20301. 

VA 28 from VA 234 
Bypass to Old 
Centreville Rd 

Average 
Existing No-Build/TSM Comprehensive 

Plan CBA 
West Four 

CBA 
West Two 

CBA 

Accidents 134 183 173 (-10) 182 (-1) 184 (+1) 
Injuries 49 67 63 (-4) 67 (0) 67 (0) 

Fatalities 0 0 0 (0) 0 (0) 0 (0) 
Notes: 1.  173 (-10) = forecast # accidents, injuries, and fatalities (amount less than No-Build Alternative) 

By far, the greatest impact on crash reduction on both selected roadway segments is in the 
Comprehensive Plan CBA.  This is a result of the Comprehensive Plan CBA diverting the greatest 
amount of traffic from the selected segment of VA 234 Business.  There are minor reductions in accidents 
and injuries in the West Four CBA and the West Two CBA on the VA 234 Business segment, but the VA 
28 segment is mostly unaffected under these CBAs.  
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7.0 CONCLUSIONS 

The Build Alternative of Tri-County Parkway would provide enhanced transportation mobility in the study 
area, and by doing so, will improve access and reduce overall congestion.  It will also enhance the 
linkage of communities and the transportation system that serves those communities.  Furthermore, it 
accommodates social demands, environmental goals and economic development needs.  The Build 
Alternative acknowledges and advances the best components of prior transportation planning efforts, 
including the local government comprehensive plans, the Northern Virginia 2020 Transportation Plan 
produced by the Northern Virginia Transportation Coordinating Council (TCC), and the regional CLRP 
and the TIP produced by the National Capital Region Transportation Planning Board (TPB) with the 
assistance of the MWCOG. 

Peak hour traffic volumes along north-south parallel facilities to Tri-County Parkway such as VA 234 
Bypass and VA 28 are forecast to exceed the capacity of even the planned improvements on these 
facilities.  The Candidate Build Alternatives are forecast to significantly reduce traffic demand on study 
area facilities in some cases, while adding to the demand in others.  Overall measures such as travel time 
savings, peak deficient vehicle miles traveled, and vehicle hours of delay are believed to provide a more 
complete assessment of how each Candidate Build Alternative will impact study area travelers.  These 
measures show that all Candidate Build Alternatives provide some congestion relief over the No-Build 
Alternative, but the Comprehensive Plan CBA provides the greatest reduction in overall congestion.  
Likewise, the Comprehensive Plan CBA provides the most safety-related improvements by shifting traffic 
demand away from some of the study area’s most dangerous roadway segments.  
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Route 28 Northbound
AM Peak Period (6:30-9)

0

10

20

30

40

50

60

70

ST
A

TE
 R

TE
 2

34

G
O

D
W

IN
 D

R

W
E

LL
IN

G
TO

N
ST

O
N

E
W

A
LL

 R
D

G
R

A
N

T 
AV

E

S
U

D
LE

Y 
R

D

LI
B

E
R

IA
 A

V
E

O
LD

C
O

M
PT

O
N

 R
D

M
A

C
H

E
N

 R
D

LE
E

 H
W

Y

IN
TE

R
S

TA
TE

 6
6

W
A

LN
E

Y 
R

D

W
E

S
TF

IE
LD

S

W
IL

LA
R

D
 R

D

R
O

U
TE

 5
0

G
A

TE
 4

M
C

LE
AR

E
N

 R
D

FR
YI

N
G

 P
A

N
 R

D

D
U

LL
E

S

Cross Streets

Sp
ee

d 
(m

ph
)

Location Average Speed Speed Limit

 

 

 

 



Route 28 Southbound
PM Peak Period (4-6:30)

0

10

20

30

40

50

60

70

ST
A

TE
 R

TE
 2

34

G
O

D
W

IN
 D

R

W
E

LL
IN

G
TO

N

ST
O

N
E

W
A

LL
 R

D

G
R

A
N

T 
AV

E

S
U

D
LE

Y 
R

D

LI
B

E
R

IA
 A

V
E

O
LD

C
O

M
PT

O
N

 R
D

M
A

C
H

E
N

 R
D

LE
E

 H
W

Y

IN
TE

R
S

TA
TE

 6
6

W
A

LN
E

Y 
R

D

W
E

S
TF

IE
LD

S

W
IL

LA
R

D
 R

D

R
O

U
TE

 5
0

G
A

TE
 4

M
C

LE
AR

E
N

 R
D

FR
YI

N
G

 P
A

N
 R

D

D
U

LL
E

S

Cross Streets

Sp
ee

d 
(m

ph
)

Location Average Speed Speed Limit  

Route 28 Northbound
PM Peak Period (4-6:30)

0

10

20

30

40

50

60

70

ST
AT

E 
R

TE

G
O

D
W

IN
 D

R

W
EL

LI
N

G
TO

N
ST

O
N

EW
AL

L

G
R

AN
T 

AV
E

S
U

D
LE

Y
 R

D

LI
BE

R
IA

 A
VE

O
LD

C
O

M
PT

O
N

 R
D

M
AC

H
EN

 R
D

LE
E 

H
W

Y

IN
TE

R
ST

AT
E

W
AL

N
E

Y
 R

D

W
ES

TF
IE

LD
S

W
IL

LA
R

D
 R

D

R
O

U
TE

 5
0

G
AT

E 
4

M
C

LE
A

R
E

N

FR
Y

IN
G

 P
A

N

D
U

LL
ES

Cross Streets

Sp
ee

d 
(m

ph
)

Location Average Speed Speed Limit  

 

 

 



Route 29 Westbound
AM Peak Period (6:30-9)

0

10

20

30

40

50

60

70

C
E

N
TR

EV
IL

LE
 R

D

M
A

C
H

EN
 R

D

I 6
6

ST
O

N
E

 R
D

C
U

B 
R

U
N

P
LE

AS
A

N
T 

VL
Y

 R
D

BU
LL

 R
U

N
 P

O
 R

D

PA
R

K
 B

O
U

N
D

AR
Y

SU
D

LE
Y

 R
D

PA
R

K
 B

O
U

N
D

AR
Y

I 6
6

Cross Streets

Sp
ee

d 
(m

ph
)

Location Average Speed Speed Limit  

Route 29 Eastbound
AM Peak Period (6:30-9)

0

10

20

30

40

50

60

70

C
E

N
TR

EV
IL

LE
 R

D

M
AC

H
EN

 R
D

I 6
6

ST
O

N
E

 R
D

C
U

B 
R

U
N

P
LE

A
S

AN
T 

V
LY

B
U

LL
 R

U
N

 P
O

 R
D

PA
R

K 
BO

U
N

D
A

R
Y

S
U

D
LE

Y
 R

D

PA
R

K 
BO

U
N

D
A

R
Y

I 6
6

Cross Streets

Sp
ee

d 
(m

ph
)

Location Average Speed Speed Limit

 

 

 

 



Route 29 Westbound
PM Peak Period (4-6:30)

0

10

20

30

40

50

60

70

C
E

N
TR

EV
IL

LE
 R

D

M
AC

H
EN

 R
D

I 6
6

ST
O

N
E

 R
D

C
U

B 
R

U
N

PL
E

AS
A

N
T 

V
A

LL
E

Y
 R

D

BU
LL

 R
U

N
 P

O
S

T 
O

FF
IC

E
 R

D

PA
R

K 
BO

U
N

D
A

R
Y

S
U

D
LE

Y
 R

D

PA
R

K 
BO

U
N

D
A

R
Y

I 6
6

Cross Streets

Sp
ee

d 
(m

ph
)

Location Average Speed Speed Limit

 

Route 29 Eastbound
PM Peak Period (4-6:30)

0

10

20

30

40

50

60

70

C
E

N
TR

EV
IL

LE
 R

D

M
AC

H
EN

 R
D

I 6
6

ST
O

N
E

 R
D

C
U

B 
R

U
N

P
LE

A
SA

N
T

B
U

LL
 R

U
N

 P
O

S
T

PA
R

K 
BO

U
N

D
A

R
Y

S
U

D
LE

Y
 R

D

PA
R

K 
BO

U
N

D
A

R
Y

I 6
6

Cross Streets

Sp
ee

d 
(m

ph
)

Location Average Speed Speed Limit

 

 

 

 



Route 234 Bypass southbound
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Route 234 Bypass southbound
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Godwin Dr northbound
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Liberia Ave/Lomond Dr westbound
PM Peak Period (4-6:30)
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Braddock Road eastbound
AM Peak Period (6:30-9)
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Braddock Road eastbound
PM Peak Period (4-6:30)
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Walney Road northbound
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PM Peak Period (4-6:30)

0

5

10

15

20

25

30

35

40

45

50

S
U

LL
Y

 R
D

H
E

R
O

N
 D

R

W
A

LN
E

Y
 P

AR
K

 D
R

PO
P

LA
R

 T
R

E
E

 R
D

W
E

S
TF

IE
LD

S

W
IL

LA
R

D
 R

D

W
E

S
TM

O
R

E
 S

T

Cross Streets

Sp
ee

d 
(m

ph
)

Location Average Speed Speed Limit

 

Walney Road southbound
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APPENDIX B 
USING CORSIM TO ANALYZE TRI-COUNTY PARKWAY FROM VA 28 TO I-66 

CORSIM is a traffic simulation model that allows the user to analyze complex roadway and/or freeway networks.  
The model was developed by FHWA and is required as a part of all federal interstate justification reports.  It 
differs from the conventional (macroscopic) traffic models by utilizing a car-following logic that accounts for 
interactions between vehicles in the network, allowing detailed analysis of signalized intersections, queuing, gap 
acceptance, weaving opportunities and even incidents.   

CORSIM (CORridor-microscopic SIMulation) is one component of the software TSIS, which utilizes several 
processors/applications to input, simulate, and animate a model.  Synchro was used as the input 
processor/graphical interface, which allows the user to create a link-node diagram to develop the road network 
model.  Geometric and operational characteristics of the road network are input into the link-node diagram, such 
as number of lanes, lane width, length of turning bays and acceleration/deceleration lanes, signal timing, free-flow 
speed, traffic volumes, turning movements, grade, and other data.  Synchro was also used for automated timing 
of traffic signals.  The graphical interface translates this information into a FORTRAN-based text written in a 
series of “records” or “cards.”  The simulation processor, CORSIM, performs microscopic traffic simulation for the 
input data.  Model output measures of effectiveness include travel time, density, delay, stopped time, queuing, 
lane changes and average speed among others, that can be collected on a link-by-link basis or summed for an 
entire network for comparative network analyses.  The model also features an animation output processor 
(TRAFVU) that allows the user to “view” the road network and the vehicle simulation/animation which allows the 
user to visually identify problematic areas for potential improvement. 

The analysis of Tri-County Parkway extended through four interchanges: at Wellington Road, VA 234 Business, 
Lomond Drive, and Interstate 66.  Traffic volumes were input into the model on the entry links located at the 
northernmost and southernmost ends of the network, as well as the entry links located on each cross street using 
data from the Tri-County Parkway regional model.  The volumes entering/exiting at several interchanges were 
adjusted slightly to provide the most accurate representation of traffic volumes along the new roadway. 

The output provides the resulting average density of each link (road segment) in order to analyze the LOS for the 
freeway segments.  LOS is based on the density of vehicles traveling on the freeway segment.  The following 
tables show the density range for each LOS depending on the type of freeway section, as stated in the 2000 
Highway Capacity Manual (HCM). 

Basic Freeway Section 

 Level of Service  Density range (pc/mi/ln) 

  A   0 – 11.0 

  B          11.1 – 18.0 

  C          18.1 – 26.0 

  D          26.1 – 35.0 

  E          35.1 – 45.0 

  F      > 45.0 

 Source: 2000 Highway Capacity Manual. 



The model was run for AM peak hour future 2030 for Option 1, since this option carries by far the most traffic and 
has the worst projected level of service among all Build Options.  A series of maps shows the modeled segments 
which are identified with a beginning and ending node.  Levels of service for every segment modeled are shown 
in the table below. 

After the selection of an alternative, CORSIM can be fine tuned to adjust for various interchange configurations 
and refinement of traffic volumes along Tri-County Parkway.  CORSIM will afford an opportunity to evaluate and 
select the most efficient system of Tri-County Parkway interchanges and mainline configuration in terms of both 
safety and LOS.  This effort is anticipated for the Final EIS and as an adjunct to the Interstate access modification 
process.  
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TABLE 1: CORSIM DENSITIES AND LEVELS OF SERVICE BY SEGMENT 

 

Node 1 Node 2 

Density 
(vehicles per 
lane per mile) LOS 

1 2 18.8 C 
2 1 10.6 A 
2 32 12.4 B 
2 64 17.9 B 
3 64 19.9 C 
3 34 4.1 A 
3 33 12.3 B 
3 6 17.5 B 
4 33 3.7 A 
5 18 24.7 C 
5 11 31.8 D 
6 3 15.7 B 
6 36 4.6 A 
6 35 6.8 A 
6 68 21.5 C 
7 68 15.4 B 
7 8 0.8 A 
7 43 20.7 C 
8 95 16.8 B 
8 23 6.3 A 
8 18 58.1 F 
9 11 20.2 C 
9 38 24.3 C 
9 26 31.2 D 
10 92 36.1 E 
11 5 25.9 C 
11 9 36.4 E 
12 99 26.0 C 
13 15 31.6 D 
13 96 37.1 E 
14 7 1.3 A 
14 47 27.2 D 
14 99 11.5 B 
15 27 33.3 D 
15 13 38.4 E 
16 98 30.6 D 
16 86 26.9 D 
16 55 59.2 F 
17 66 1.9 A 
17 67 26.2 D 
17 97 25.4 C 
18 19 25.5 C 
18 14 18.8 C 



18 5 27.4 D 
19 89 24.5 C 
19 21 5.1 A 
19 18 23.9 C 
20 30 44.7 E 
21 37 7.6 A 
22 23 7.5 A 
23 49 45.8 F 
23 8 25.1 C 
23 47 6.8 A 
24 92 12.8 B 
24 80 0.2 A 
24 79 63.6 F 
25 26 79.2 F 
25 27 37.2 E 
26 9 30.4 D 
26 42 29.6 D 
26 25 35.8 E 
27 25 34.6 D 
27 15 38.0 E 
28 96 30.9 D 
28 98 39.4 E 
29 30 39.1 E 
29 31 29.5 D 
30 20 41.4 E 
30 29 47.9 F 
31 97 27.0 D 
31 29 22.9 C 
32 2 2.0 A 
33 3 4.2 A 
33 4 12.1 B 
34 3 5.5 A 
35 6 1.1 A 
36 6 20.7 C 
37 22 7.5 A 
38 93 23.2 C 
38 42 20.8 C 
38 26 70.3 F 
39 40 2.9 A 
40 41 2.6 A 
41 19 2.8 A 
42 9 14.0 B 
42 38 41.4 E 
42 94 8.5 A 
43 7 26.7 D 
43 44 43.6 E 
43 89 28.3 D 
44 45 46.7 F 



45 46 52.8 F 
46 47 84.6 F 
47 23 57.0 F 
47 14 8.2 A 
47 39 3.0 A 
48 94 13.9 B 
49 50 46.5 F 
50 51 46.3 F 
51 43 47.5 F 
52 93 19.9 C 
53 84 13.4 B 
53 88 36.7 E 
53 90 88.0 F 
54 90 21.2 C 
55 53 100.7 F 
56 57 18.5 C 
57 58 18.9 C 
58 60 19.6 C 
59 63 38.4 E 
60 73 29.4 D 
61 59 39.1 E 
62 24 2.8 A 
63 65 39.8 E 
64 2 13.1 B 
64 87 5.4 A 
64 3 11.6 B 
65 16 48.7 F 
66 62 2.1 A 
67 73 20.6 C 
67 17 22.8 C 
67 69 1.0 A 
68 6 52.5 F 
68 7 13.8 B 
69 70 0.9 A 
70 71 0.9 A 
71 72 1.3 A 
72 79 10.1 A 
72 56 17.8 B 
72 84 47.1 F 
73 74 0.9 A 
73 86 25.6 C 
73 67 16.7 B 
74 75 0.9 A 
75 76 0.8 A 
76 77 0.8 A 
77 78 0.8 A 
78 79 1.3 A 
79 24 12.4 B 



79 72 90.8 F 
80 81 0.2 A 
81 86 0.2 A 
82 83 2.0 A 
83 17 2.7 A 
84 72 12.6 B 
84 85 1.2 A 
84 53 73.4 F 
85 82 2.1 A 
86 16 24.0 C 
86 73 18.6 C 
87 64 0.5 A 
88 61 38.7 E 
89 43 59.0 F 
89 19 32.4 D 
90 53 18.8 C 
90 54 48.0 F 
91 95 33.8 D 
92 10 12.4 B 
92 24 38.5 E 
93 52 21.5 C 
93 38 43.3 E 
94 42 25.4 C 
94 48 7.0 A 
95 8 36.2 E 
95 91 25.4 C 
96 13 30.8 D 
96 28 37.0 E 
97 17 28.3 D 
97 31 29.7 D 
98 28 33.9 D 
98 16 67.8 F 
99 14 27.7 D 
99 12 15.1 B 

 




