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1.0 INTRODUCTION 
1.1 Study Purpose and Organization 
The Russell Road interchange with US 1 on the outskirts of Marine Corp Base Quantico (MCBQ) presents 

substantial operational issues due to heavy traffic volumes making unsignalized movements during the peak 

periods. Projection of future traffic based on a review of expected regional and MCBQ traffic growth shows that 

further traffic increases are anticipated at the interchange. Therefore, a need for future improvements is evident. 

The Russell Road interchange was identified for study as part of the VDOT Strategically Targeted and Affordable 

Roadway Solutions (STARS) Program.  Russell Road serves as a major access road for vehicles traveling to and from 

MCBQ by providing connections for US 1 and I-95.  

The purpose of this study is to provide an evaluation of existing operational and safety conditions in the study 

area, present developed alternative concepts, and provide traffic and safety analysis and cost estimates for the 

concepts. A primary goal is to identify improvements that can be programmed into the Virginia Department of 

Transportation’s (VDOT) Six-Year Improvement Plan (SYIP).  

A stakeholder working group was developed to solicit input and feedback throughout the course of the study. 

Responsibilities of the stakeholders included: 

1. Development of the study framework document 

2. Review of initial existing traffic and safety conditions 

3. Development of potential improvements for the corridor 

4. Review of future traffic conditions 

5. Development and execution of the public survey  

6. Finalization of the preferred alternative 

7. Review of the final report 

The stakeholder group for the study included representatives from: 

1. VDOT NOVA District, Fredericksburg District, and Central Office 

2. Marine Corp Base Quantico (MCBQ) 

3. Prince William County 

4. Stafford County 

5. ATCS Team (consultants to VDOT for the Study) 

1.2 Project Description 
Russell Road currently faces traffic congestion challenges at both the eastern and western interchange ramp 

termini intersections to and from US 1. In the AM peak hour, vehicles bound for both the western and eastern 

sides of MCBQ are unable to make the unsignalized left turn movement from US 1 to Russell Road due to the 

presence of steady through traffic on the mainline. Additionally, there is only a single through lane in each 

direction for most of the length of Russell Road between I-95 and US 1. This includes a two-lane cross section with 

limited shoulders on the Russell Road bridge over US 1. These geometric limitations create a bottleneck for the 

through traffic volume entering/exiting MCBQ utilizing the US 1 and I-95 interchanges.  

 

The main goal of this project is to improve operations along Russell Road and at the interchange intersections. 

The new and improved design should meet specific cost-benefit criteria to be pursed for funding. Concepts were 

developed for both intersections on Russell Road on a separate basis. The developed concepts are summarized as 

follows: 

Russell Road and US 1 Southbound Ramps (Western Intersection) 

1. Alternative W1 – Install standard traffic signal with existing geometry 
2. Alternative W2 – Widening with standard traffic signal 

 
Russell Road and US 1 Northbound Ramps (Eastern Intersection) 

1. Alternative E1 – Widening with standard traffic signal 
2. Alternative E2 – Widening with continuous Green T traffic signal 
3. Alternative E3 – New ramp in the southeastern quadrant plus widening 

The outlined concepts provide for increased throughput at each intersection during the AM and PM peak hours. 

The final preferred alternative will consist of a combination of one alternative from each intersection.  In addition, 

an evaluation of potential bridge improvement scenarios was conducted for Russell Road over US 1 between the 

two intersections. 

1.3 Study Area 
The study area focuses on the US 1 interchange on Russell Road. The study area extends from the MCBQ Back 

Gate 2 (Commissary) (hereafter referred to as the back gate) east of US 1 to I-95 on Russell Road west of I-95. The 

study area also includes the intersection of US 1 and Corporate Drive, approximately 0.7 miles south of the Russell 

Road overpass at the US 1 and Russell Road interchange. A map of the study area with 2019 daily traffic volumes 

is shown in Figure 1. 

The study area includes the following key intersections: 

1. Russell Road and US 1 Northbound Ramps (Unsignalized) – study focus 

2. Russell Road and US 1 Southbound Ramps (Unsignalized) – study focus 

3. Russell Road and I-95 Northbound On-Ramp (Signalized) 

4. Russell Road and I-95 Northbound Off-Ramp (Signalized) 

5. Russell Road and I-95 Southbound Ramps (Signalized) 

6. US 1 and Corporate Drive (Signalized) 
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Figure 1  Study Area and Project Intersections 
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2.0 EXISTING CONDITIONS 
2.1 Existing Conditions  
Existing conditions of the study area on Russell Road and US 1 were evaluated for the year 2020. Accurate field 

data was unable to be collected as part of the study due to the occurrence of COVID-19. 2011 traffic counts, 

extracted from the US 1 corridor report prepared for FHWA, were grown to 2020 rates based on local traffic 

growth rates extracted from the Prince William County travel demand model and VDOT traffic count books.  

Counts at the I-95 interchange on Russell Road from the Synchro models provided by VDOT were utilized at those 

locations. Data provided by MCBQ served as the basis for traffic counts within the vicinity of the study including 

the MCBQ back gate. Balanced traffic flows were developed for the rest of the network based on a consolidation 

of these data sources. The developed turning movement counts were input into the Synchro models to perform 

the existing conditions analysis. The methodology for the development of 2020 existing turning movement counts 

is discussed later in this section. As traffic counts were not collected as part of this study, specific AM and PM peak 

hours have not been determined.  

2.1.1 Russell Road Corridor 
Russell Road within the study area is a minor arterial with a speed limit of 35 miles per hour (MPH) linking between 

US 1 and I-95 as well as linking the western and eastern sections of MCBQ. At the I-95 interchange, Russell Road 

has four lanes, but the cross-section reduces to two lanes east of I-95.  Average annual daily traffic (AADT) through 

the corridor is estimated at around 12,000 vehicles per day. Traffic at the MCBQ back gate is estimated at around 

14,000 vehicles per day. Heavy vehicle volumes were unavailable as part of this study due to the lack of recent 

field data. 

Traffic flow through the corridor is generally directional, with traffic flowing from I-95 east to the MCBQ back gate 

in the morning and traffic exiting the MCBQ back gate westbound towards the interchanges in the afternoon.  

 

 

During incidents on I-95, Russell Road also acts as a detour route to redirect traffic from I-95 to US 1.  This is one 

of the key issues identified early in the study process as traffic diversion impact flows accessing MCBQ. 

 
                                     

 

2.1.2 US 1 Corridor 
The US 1 corridor through the study area is a four-lane principal arterial. In the southern portion of the study area, 

it is a four-lane undivided roadway with a 45 MPH speed limit. In the vicinity of the Russell Road interchange and 

to the north, the road transitions to a four-lane divided cross-section with a sub-standard, narrow raised concrete 

median and a 50 MPH speed limit. North of the interchange, the speed limit remains the same while the road 

transitions back to an undivided four lane roadway. AADT on this section of US 1 is approximately 17,000 vehicles 

per day, representing the lowest AADT for US 1 in the Northern Virginia region with volumes increasing to the 

south of Russell Road. Approximately 2 percent of the vehicles on the corridor are considered heavy vehicles 

based on VDOT’s traffic data count books.  

 
 

 

US 1 is considered a major commuter route to and from the National Capitol Region. In addition, due to its 

geometric configuration as a parallel route to I-95, it serves as an overflow route for I-95 in event of an incident 

on I-95 that requires diversion of traffic. Expansion of US 1 through this portion of the corridor is considered 

prohibitive at this time due to a lack of available space under the Russell Road overpass.   

 

Note that a corridor study was prepared for the full US 1 Corridor by the Federal Highway Administration (FHWA) 

in 2013. This study identified intersection improvements along the US 1 corridor, including preferred 

improvements at the US 1 and Russell Road interchange. The recommended future US 1 typical section included 

six through lanes, a wide grass median, and a parallel pedestrian/ bicycle facility as shown in Figure 4. This study 

served as a key data source and background for continued analysis under the STARS program. 

Figure 2. Existing Russell Road Overpass over US 1 (looking west) 

Figure 3. Existing US 1 under Russell Road Overpass (looking south) 
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Figure 4. Future US 1 Typical Section from 2013 US 1 Improvement Study 

2.1.3 Russell Road Back Gate & Access to MCBQ 
The eastern intersection of the US 1 at Russell Road interchange is adjacent to the MCBQ back gate. The back gate 

sits approximately 400’ east of the intersection. The eastbound approach to the back gate expands to five through 

lanes entering into MCBQ.  Queueing at the back gate may extend on Russell Road back towards or through the 

intersection. In times of heavy queueing, police control and lane delineation via cones is used to control traffic 

flow and allow for vehicles from the US 1 northbound ramps to turn left onto eastbound Russell Road to access 

the back gate. An image of the existing back gate approach is shown in Figure 5.  Also note that the recent opening 

of the Visitor Control Center on Russell Road west of I-95 establishes the back gate as the primary access for visitor 

traffic. 

 

Figure 5.  Eastbound approach to Russell Road Back Gate into MCBQ 

2.1.4 Multimodal Transportation within the Study Corridor 
There are currently limited multimodal transportation options within the study corridor. The MCBQ Master Plan 

developed a Bicycle and Pedestrian Mobility Plan in 2015.  This plan shows sidewalk east of the Russell Road back 

gate with no provision west of that point on US 1. Bicycle provisions in the plan call for shared-use bicycle and car 

facilities on Russell Road between the Russell Road back gate west through I-95.  Long range improvements could 

include bicycle lanes.  

US 1 has been identified as part of the Washington-Rochambeau Historical Trail in addition be being formerly 

identified as a bicycle route.  For this reason, the proposed future typical section of US 1 includes parallel shared 

use paths for both bicyclists and pedestrians. 

At this time, current and future transit routes accessing MCBQ utilize the Fuller Road gate exclusively instead of 

the Russell Road back gate. As part of the 2015 Plan, the interior of the southwest quadrant loop at the US 1 at 

Russell Road interchange, but as part of the steering committee meetings, MCB staff indicated that this is no 

longer under consideration.  
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2.2 Existing Data & Analysis Methodology 

2.2.1 Development of 2020 Existing Turning Movement Counts 
Due to COVID-19 restrictions and changes in gate operations, the collection of traffic data was not an option as 

part of the data collection phase.   For this reason, multiple data sets were used to estimate existing traffic 

volumes.  Key data sources included: 

• Previous traffic studies including the March 2013 FHWA US 1 Planning/ Preliminary Engineering Study 

• MCBQ planning and traffic studies including the December 2013 Transportation Management Plan 

• 2019 ingress and egress data for the Russell Road back gate and other gates at MCBQ 

• VDOT Synchro files at the existing I-95 at Russell Road interchange and US 1 at Corporate Drive 

• VDOT AADT counts for US 1 

 

Using this information, the AM and PM peak period turn movement data was estimated for different intersections.  

The initial step was to bring the data sources to 2020 by applying a one percent annual growth rate to each data 

source. Peak hour traffic counts were balanced manually to achieve consistent flows across the corridor.  For 

instance, traffic volumes on the western section of US 1 near I-95 were generally higher than the available data 

along US 1 and the Russell Road back gate.  The existing turning movement counts for the six study intersections 

are shown in Figure 6 and Figure 7. 

2.2.2 Intersection Analysis Methodology 
Traffic operations analysis and simulation was performed using Synchro 10 software for all the study intersections 

along the arterial corridor. Inputs and analysis methodologies are consistent with VDOT’s Traffic Operations and 

Safety Analysis Manual (TOSAM). Measures of effectiveness (MOEs) for intersections include Synchro output for 

HCM 2000 Edition control delay (sec/veh) and 95th percentile queue length (ft). HCM 6th Edition control delay was 

unavailable for the signalized intersections in this study due to incompatible phasing arrangements used as part 

of future alternatives. HCM 2000 was used for all intersections and scenarios for consistency.    
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2.3 Existing Conditions - Traffic Operations  

 

Figure 6.  US 1 at Russell Road Existing Geometry and 2020 Turn Movements 

 

 

 

Figure 7.  I-95 at Russell Road Interchange Existing Geometry and 2020 Turn Movements 
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2.3.1 Existing Conditions Analysis – US 1 and Russell Road Interchange 
The US 1 and Russell Road interchange consists of two unsignalized T-Intersections on Russell Road. Each 

intersection consists of channelized right turn lanes for egress from/ingress to Russell Road. The mainline on 

Russell Road consists of a single through lane in each direction with a dedicated left turn lane to the ramps to US 

1.  Existing roadway layout and traffic volumes are shown in Figure 6.  

The results of the existing conditions Synchro analysis for the intersection for the AM and PM peak hour is shown 

below in Table 1 for the western intersection (#4) and Table 2 for the eastern intersection (#5). While the 

movements on Russell Road operate in free flow conditions, the left turn movements from the US 1 ramps to 

Russell Road are unable to find gaps in the mainline traffic. Due to the shared lane configuration on the ramps, 

the channelized right turns from the ramps to Russell Road are forced to remain in the queue with the left turning 

vehicles. Errors shown are a result of delay levels beyond the calculation capability of HCM 2000 methodologies.  

Table 1: 2020 Western Intersection Existing Geometry Traffic Analysis Results 

 

Table 2: 2020 Eastern Intersection Existing Geometry Traffic Analysis Results 

 

 

 

2.3.2 Existing Conditions Analysis – I-95 and Russell Road Interchange 
The I-95 and Russell Road interchange consists of three coordinated full-color traffic signals on Russell Road in the 

western portion of the study area. The westernmost intersection services on-ramp and off-ramp traffic for I-95 

southbound. The central and eastern intersections service traffic on the I-95 northbound off-ramp and I-95 

northbound on-ramp, respectively. The existing geometry and traffic counts at the interchange are shown in 

Figure 7. 

The results of the existing conditions Synchro analysis for the intersection for the AM and PM peak hour is shown 
below in Table 3.  

Table 3: 2020 I-95 Interchange Existing Geometry Traffic Analysis Results 

 

All three intersections operate efficiently in existing conditions, with no intersection operating at worse than LOS 

C and with no individual movements operating worse than LOS D.  

Delay 

(Sec/Veh.) LOS

95% 

Queue 

(Feet)

Delay 

(Sec/Veh.) LOS

95% 

Queue 

(Feet)

EBT 0.0 A 0 0.0 A 0

EBR 0.0 A 0 0.0 A 0

WBL 11.1 B 14 11.6 B 60

WBT 0.0 A 0 0.0 A 0

US 1 SB Ramps NBLR 684.6 F 1098 Err F Err

167.2 F - 535.5 F -

2020 Existing Peak Hour Delay, LOS, and Queue Summary

Lane 

Group

AM PM

Russell Road 

and US 1 

Southbound 

Access Ramps

Russell Road

Russell Road

Overall

Intersection Roadway

Delay 

(Sec/Veh.) LOS

95% 

Queue 

(Feet)

Delay 

(Sec/Veh.) LOS

95% 

Queue 

(Feet)

EBL 8.2 A 1 14.1 B 4

EBT 0.0 A 0 0.0 A 0

WBT 0.0 A 0 0.0 A 0

WBR 0.0 A 0 0.0 A 0

US 1 NB Ramps SBLR Err F Err Err F Err

3447.3 F - 1292.9 F -

2020 Existing Peak Hour Delay, LOS, and Queue Summary

Lane 

Group

AM PM

Russell Road 

and US 1 

Northbound 

Access Ramps

Russell Road

Russell Road

Overall

Intersection Roadway

Delay 

(Sec/Veh.) LOS

95% 

Queue 

(Feet)

Delay 

(Sec/Veh.) LOS

95% 

Queue 

(Feet)

EBL 39.3 D 28 47.7 D 307

EBT 0.2 A 0 0.1 A 0

WBT 2.2 A 34 11.0 B 327

WBR 2.0 A 8 8.6 A 118

2.2 A - 16.1 B -

Russell Road EBT 19.8 B 138 2.5 A 94

Russell Road WBT 18.5 B 130 1.7 A 0

NBL 11.5 B 36 51.4 D 28

NBR 26.9 C 404 53.9 D 99

21.5 C - 6.5 A -

EBL 21.0 C 23 53.7 D 263

EBT 2.9 A 50 3.1 A 132

WBT 9.0 A 111 4.4 A 247

WBR 18.4 B 107 4.8 A 104

SBLR 39.1 D 67 54.4 D 79

SBR 23.1 C 237 34.7 C 107

16.8 B - 12.4 B -

Russell Road

Overall

Russell Road

I-95 SB Off-

Ramp

Russell Road 

and I-95 

Northbound On-

Ramp

Russell Road

Overall

Russell Road 

and I-95 

Northbound Off-

Ramp

Russell Road 

and I-95 

Southbound 

Ramps

I-95 NB Off-

Ramp

Overall

Russell Road

2020 Existing Peak Hour Delay, LOS, and Queue Summary

Intersection Roadway

Lane 

Group

AM PM
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Figure 8: US 1 and Corporate Drive/Commercial Access Driveway Existing Geometry & 2020 Volumes 

 

2.3.3 Existing Condition Analysis – US 1 and Corporate Drive 
The intersection of US 1 and Corporate Drive is a full-color traffic signal located in the southern portion of the 

study area. Corporate Drive provides access to a large office complex on the western side of US 1. The eastern leg 

of the intersection provides access to a private business driveway. The mainline approaches on US 1 consists of 

two lanes in each direction with left and right turn lanes. Permitted/protected left turns on the mainline are 

provided by way of flashing yellow arrow signal heads. The side streets operate with split phasing due to the dual 

eastbound left turn lane configuration and limited width of the intersection. The existing geometry at the 

intersection and traffic counts are shown in Figure 8. 

The results of the existing conditions Synchro analysis for the intersection for the AM and PM peak hour is shown 

below in Table 4.  

Table 4: 2020 US 1 and Corporate Drive Existing Geometry Traffic Analysis Results 

 

The majority of movements on US 1 operate efficiently in existing conditions. The mainline through movements 

operate at LOS D in the peak hour direction. The peak hour directions are defined as northbound in the AM peak 

hour and southbound in the PM peak hour. The side street approaches operate at LOS E.   

Delay 

(Sec/Veh.) LOS

95% 

Queue 

(Feet)

Delay 

(Sec/Veh.) LOS

95% 

Queue 

(Feet)

EBL 61.9 E 58 74.2 E 166

EBT 61.8 E 58 75.0 E 168

EBR 50.4 D 0 55.0 E 59

Driveway WBLTR 61.7 E 79 68.8 E 80

NBL 8.3 A 97 33.3 C 17

NBT 38.8 D 1392 11.1 B 175

NBR 7.6 A 0 9.2 A 0

SBL 33.3 C 12 8.5 A 10

SBT 12.3 B 187 40.8 D 1297

SBR 11.9 B 58 10.9 B 0

30.8 C - 38.5 D -Overall

US 1 and 

Corporate 

Drive/ 

Commercial 

Access 

Driveway

Corporate Drive

US 1

US 1

Intersection Roadway

Lane 

Group

AM PM

2020 Existing Peak Hour Delay, LOS, and Queue Summary
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2.4 Existing Safety Conditions  
For safety analysis, the VDOT Crash Database Tableau Tool was utilized to determine the crash history in the study 

area. Crash data was collected and analyzed for a five-year period spanning from 2015 through 2019. The study 

team analyzed the available data to determine specific trends and “hot spot” areas for consideration in developing 

alternative improvement concepts. As part of the crash data review, all crashes were mapped by crash type and 

severity. A summary of the yearly crash totals by severity for the Russell Road corridor is shown below in Table 5 

and for the US 1 corridor in Table 6.  Annual crash rates were calculated and compared with the Virginia statewide 

average for Primary roads in Table 7. 

Table 5: Russell Road Corridor Crash Severity by Year 

 

Table 6: US 1 Corridor Crash Severity by Year 

 

Table 7: Corridor Specific Crash Rate Comparison in Study Area 

Corridor 
Total Crash 

Rate 
Injury Crash 

Rate 
Fatal Crash 

Rate 
Comment 

Russell Road 80.10 8.40 0.0 
Lower than Statewide Average 

10% of crashes involve injury or fatal 

US 1 138.90 59.90 2.40 
Higher than Statewide Average 

45% of crashes involve injury or fata 

Virginia Primary Roads 
Average (2018) 

128.24 40.56 1.12 32% of crashes involve injury or fatal 

 

As shown in the crash analysis, the US 1 corridor crash rates exceed the statewide averages, while Russell Road 

crash rates are lower than the statewide average.  Note that one fatal crash that involved a motorcycle striking a 

fixed object off the road at night occurred on US 1. 

2.4.1 US 1 at Russell Road Interchange - Safety 

A summary of the crashes at the US 1 and Russell Road was investigated by type and severity is shown below in 

Table 8.  Figure 9 shows an aerial diagram of the crashes. 

Table 8: US 1 and Russell Road Interchange Crash Summary 

 

 
Figure 9: US 1 and Russell Road Interchange Crash Diagram 

The majority of the crashes at the interchange occur on US 1 and are rear-end and angle crashes which reflect 

highly congested conditions and queuing. In addition, there is an increase in crash frequency at the merge and 

diverge points of both loop ramps.  Approximately 34 percent of the total crashes resulted in an injury. The 

previously mentioned fatal crash occurred on US 1 southbound just north of the overpass.   

Year Total K A B C PDO

2015 0 0 0 0 0 0

2016 4 0 0 1 0 3

2017 2 0 0 0 0 2

2018 2 0 0 0 0 2

2019 5 0 0 1 0 4

Total 13 0 0 2 0 11

Russell Road within Study Area Crash Summary

Year Total K A B C PDO

2015 5 1 0 0 0 4

2016 8 0 2 4 0 2

2017 12 0 2 1 0 9

2018 4 0 0 1 0 3

2019 10 0 2 2 1 5

Total 39 1 6 8 1 23

US 1 within Study Area Crash Summary

Crash Type Total K A B C PDO

Angle 9 0 2 1 0 6

Rear-end 16 0 1 2 2 11

Sideswipe 3 0 1 2 0 0

Fixed Object - Off Road 7 1 1 0 0 5

Head On 1 0 1 0 0 0

Deer 1 0 0 0 0 1

Other 1 0 0 0 0 1

Total 38 1 6 5 2 24

US 1 and Russell Road Interchange Crash Summary
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2.4.2 I-95 at Russell Road Interchange - Safety 
 

Table 9 below provides a summary of the crashes at I-95 and Russell Road interchange. Figure 10 displays an aerial 

crash diagram for the intersection. 

Table 9: I-95 and Russell Road Interchange Crash Summary 

 

 

Figure 10: I-95 and Russell Road Interchange Crash Diagram 

The majority of the crashes at the I-95 interchange are fixed object crashes, particularly on the I-95 ramps.  The 

highest frequency of crashes occurs at the intersection of the I-95 southbound exit ramp where the traffic turns 

onto Russell Road.  Approximately seven percent of the total crashes resulted in an injury.  

2.4.3 US 1 at Corporate Drive Intersection – Safety 
 

Table 10 below provides a summary of the crashes at the intersection of Prince William Parkway at Kenwood 

Drive.  

Figure 11 displays an aerial crash diagram for the intersection. 

Table 10. US 1 and Corporate Drive Crash Summary 

 

Figure 11: US 1 and Corporate Drive Crash Diagram 

All crashes at the Corporate Drive intersection are either angle or rear end crashes which are typical for an 

intersection area.  The highest frequency of crashes occurs in the southbound direction where substantial 

queueing and delays regularly occur.  A relatively high 69 percent of the total crashes resulted in an injury.  

Crash Type Total B PDO

Angle 4 0 4

Rear-end 2 0 2

Sideswipe 2 0 2

Fixed Object - Off Road 7 1 6

Total 15 1 14

I-95 and Russell Road Interchange Crash Summary

Crash Type Total A B C PDO

Angle 8 1 3 1 3

Rear-end 5 0 4 0 1

Total 13 1 7 1 4

US 1 and Corporate Drive Crash Summary
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3.0 FUTURE NO-BUILD ANALYSIS 
Prior to identifying specific alternatives, a 2045 No-Build analysis was conducted to verify the need for 

improvements at the US 1 at Russell Road interchange as well as other locations in the study area.  Performing 

this analysis required the development of future traffic volumes for the study area. 

3.1 Future Traffic Forecasting and Methodology 
The development of 2045 traffic volumes was based on multiple sources.  Two of the primary resources were the 

MCBQ Transportation Management Plan (TMP) released in December 2013 and the MCBQ Installation Master 

Plan Update released in January 2019.  In addition, the Prince William County travel demand model was utilized.  

Based on the two reports, an evaluation of the anticipated population growth reflecting not just on-MCBQ 

residents but also on-MCBQ employment for commuters.  A detailed review of the land use plan indicate that a 

1.8 percent increase in combined employees and residents was planned for 2020 through 2039 for areas of MCBQ 

located east of US 1.  The estimated existing population on MCBQ is 28,200 people with a future buildout of 41,300 

people.  Upon discussion with the steering committee, the MCB indicated that the 2039 future population 

identified in the study was actually a long-term maximum buildout and not specifically tied to 2039.  After 

discussion, it was agreed that the buildout population could be assumed as not occurring until 2045.  The effect 

of this assumption was that the annual growth from 2020- 2045 would be 1.4 percent per year, a reduction of the 

1.8% annual growth previously noted. 

Population growth cannot be directly applied for traffic growth rates, however, since trip rates may vary over 

time.  That said, the MCBQ plan includes a planned reduction in parking availability at MCBQ.  By reducing the 

availability of parking, it is anticipated that total trips into and out of the MCBQ would be reduced.  For areas of 

MCBQ located east of US 1, the parking ratio is planned to increase from 1.5 persons per parking space to 2.0 

persons per space.  Taking into account the planned parking plan, it is estimated that the annual traffic growth 

would be approximately 1.1 percent per year compared with the population growth of 1.4 percent per year.   

In addition to the analysis of MCBQ population forecasts, the Prince William County travel demand model was 

utilized.  Examining the model, an annual traffic growth rate of 2.5 percent per year was identified north of Russell 

Road and 1.75 percent south of Russell Road.  In comparison, I-95 has a project growth rate of 1.5 percent per 

year in the model.  Note that the regional model was not utilized for Russell Road since the model does not reflect 

the anticipated land use growth on MCBQ and shows minimal traffic growth on Russell Road. 

The growth rates identified above were applied to the 2020 peak period turn movement counts.  A rigorous 

balancing procedure was applied in order to balance differences in the growth rate patterns on US 1 and I-95 

compared with Russell Road.  In addition, the growth rates along Russell Road were balanced to reflect a higher 

anticipated growth rate on the eastern section of MCBQ compared with the section west of I-95.  The future year 

2045 turning movement counts for the study intersections are shown in Figure 12 through Figure 14 for three 

study locations including: 

• US 1 and Russell Road interchange – Section 3.3.1 (study focus) 

• I-95 and Russell Road interchange – Section 3.3.2 

• US 1 at Corporate Drive intersection – Section 3.3.3 

 

3.2 Intersection Analysis Methodology 
Traffic operations analysis and simulation was performed using Synchro 10 software for all the study intersections 

along the arterial corridor as part of the future No-Build analysis. Inputs and analysis methodologies are consistent 

with VDOT’s Traffic Operations and Safety Analysis Manual (TOSAM). Measures of effectiveness (MOEs) for 

intersections include Synchro output for HCM 2000 Edition control delay (sec/veh) and 95th percentile queue 

length (ft). HCM 6th Edition control delay was unavailable for the signalized intersections in this study due to 

incompatible phasing arrangements used as part of future alternatives. HCM 2000 was used for all intersections 

and scenarios for consistency.    

For the No Build analysis, intersection splits and offsets were optimized to best accommodate future traffic flow 

based on changes in turn movement patterns.  Cycle lengths were left as existing.  No geometric modifications 

were made to the models for the future No Build analysis. 

3.3 Future No-Build Intersection Analysis Results 
The Future No Build analysis for the US 1 at Russell Road interchange, the I-95 at Russell Road interchange, and 

the US 1 at Corporate Drive intersection are examined in the following sections.  It should be noted, however, that 

upon completion of the No-Build analysis, it was determined that this study should focus on the US 1 at Russell 

Road interchange as the future No Build analysis.  Alternative improvements will be discussed in Section 4 for this 

location. 

For the other two locations, the following items are noted based on the 2045 No Build analysis: 

• For the I-95 interchange, it was determined that the existing interchange layout and geometrics would 

have adequate capacity in 2045 and would not need any shorter-term improvements.  For that reason, 

the I-95 interchange was not considered for STARS improvements as part of this study. 

• For the US 1 at Corporate Drive intersection, it was determined that 2045 operations would exceed the 

available capacity of a four lane US 1 and shorter term, affordable solutions that did not include widening 

to a six-lane section on US 1 were unrealistic at the intersection.  Instead, improvements would need to 

be implemented as part of a US 1 corridor widening and improvement project at some date in the future.  

The cost of required improvements is beyond the “affordable” goal of the STARS program and has already 

been identified as part of other traffic studies as a future long-term improvement need.  For these reasons, 

the Corporate Drive intersection was not considered for STARS improvements as part of this study. 
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3.3.1 Future No-Build Analysis – US 1 and Russell Road Interchange 

2045 analysis results for the No-Build scenario at the western US 1 interchange intersection are shown in Table 

11 for the western intersection and Table 12 for the eastern intersection. 

 

Figure 12.  US 1 at Russell Road Interchange with 2045 No Build Volumes 

Table 11: 2045 Western Intersection No-Build Traffic Analysis Results 

 

Compared to existing conditions, operations for the movements traveling from the US 1 southbound ramps to 

Russell Road continue to fail and show further degradation. This is most notable in the AM results, where the 

overall intersection delay was output as 167.2 seconds in existing conditions compared to 2,461.0 seconds in the 

2045 No-Build scenario.  Queuing on the southwestern loop will increase and impact traffic flow on US 1. 

Table 12: 2045 Eastern Intersection No-Build Traffic Analysis Results 

 

Compared to existing conditions, the future eastern intersection operations for the movements traveling from the 

US 1 northbound ramps to Russell Road continue to fail and show further degradation.  Queuing on the 

northeastern loop will increase and impact traffic flow back to US 1. 

  

Delay 

(Sec/Veh.) LOS

95% 

Queue 

(Feet)

Delay 

(Sec/Veh.) LOS

95% 

Queue 

(Feet)

EBT 0.0 A 0 0 A 0

EBR 0.0 A 0 0.0 A 0

WBL 14.5 B 30 19.1 C 156

WBT 0.0 A 0 0.0 A 0

US 1 SB Ramps NBLR Err F Err Err F Err

2461.0 F - 540.3 F -

Russell Road 

and US 1 

Southbound 

Access Ramps

Russell Road

Russell Road

Overall

2045 No-Build Peak Hour Delay, LOS, and Queue Summary

Intersection Roadway

Lane 

Group

AM PM

Delay 

(Sec/Veh.) LOS

95% 

Queue 

(Feet)

Delay 

(Sec/Veh.) LOS

95% 

Queue 

(Feet)

EBL 8.7 A 2 21.3 C 10

EBT 0.0 A 0 0.0 A 0

WBT 0.0 A 0 0.0 A 0

WBR 0.0 A 0 0 A 0

US 1 NB Ramps SBLR Err F Err Err F Err

3480.3 F - 1307.2 F -

Russell Road 

and US 1 

Northbound 

Access Ramps

Russell Road

Russell Road

Overall

2045 No-Build Peak Hour Delay, LOS, and Queue Summary

Intersection Roadway

Lane 

Group

AM PM
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3.3.2 2045 No-Build I-95 Interchange Analysis Results 

2045 analysis results for the No-Build scenario at the I-95 interchange intersections are shown in Table 13. 

 

Figure 13.  I-95 at US 1 Interchange with 2045 No Build Volumes 

 

Table 13: 2045 No-Build I-95 Interchange Traffic Analysis Results 

 

With optimization of the signal timings as the only modification made, the three signals are expected to continue 

to operate at acceptable overall levels of delay in 2045. As a result, no modifications are recommended at the I-

95 interchange signals. 

  

Delay 

(Sec/Veh.) LOS

95% 

Queue 
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Delay 

(Sec/Veh.) LOS

95% 

Queue 
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EBL 40.5 D 25 52.9 D 398

EBT 0.2 A 0 0.2 A 0

WBT 2.4 A 49 17.5 B 543

WBR 2.1 A 9 11.8 B 192

2.2 A - 20.2 C -

Russell Road EBT 28.2 C 174 3.8 A 123

Russell Road WBT 25.4 C 177 3.0 A 0

NBL 8.4 A 44 47.1 D 33

NBR 59.4 E 842 100.1 F 307

38.2 D - 11.1 B -

EBL 17.5 B 29 41.7 D 316

EBT 3.6 A 78 4.2 A 221

WBT 12.3 B 130 10.5 B 549

WBR 34.6 C 86 7.9 A 305

SBLR 38.6 D 92 53.7 D 98

SBR 27.3 C 588 27.6 C 143

21.3 C - 13.1 B -

Russell Road 

and I-95 

Southbound 

Ramps

Russell Road

Russell Road

I-95 SB Off-

Ramp

Overall

Russell Road 

and I-95 

Northbound On-

Ramp

Russell Road

Russell Road

Overall

Russell Road 

and I-95 

Northbound Off-

Ramp

I-95 NB Off-

Ramp

Overall

2045 No-Build Peak Hour Delay, LOS, and Queue Summary

Intersection Roadway

Lane 

Group

AM PM
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3.3.3 2045 US 1 and Corporate Drive Analysis Results 

2045 analysis results for the No-Build at the intersection of US 1 and Corporate Drive is shown below in Table 14. 

 

Figure 14.  US 1 and Corporate Drive/Commercial Access Driveway with 2045 No Build Volumes 

 

Table 14: 2045 No-Build US 1 and Corporate Drive Traffic Analysis Results 

 
 

While the intersection operates with acceptable levels of delay in existing conditions, operations are expected to 

degrade below acceptable levels by 2045. A major contributing factor to the elevated delay is the overcapacity 

through movements on the mainline in the peak direction. The northbound through movement is 62% over 

capacity in the AM peak hour and the southbound through movement is 76% over capacity in the PM peak hour. 

Queues for these movements are expected to reach over 3,000 feet.   

Since it was recognized that an interchange was not proposed at the intersection., some additional 2045 

intersection scenarios were examined and are documented in Table 15.  Two potential approaches were examined 

including conversion to a “T” intersection with closure and modification to the business on the east side of US 1 

to improve phasing and widening of US 1 to six lanes.  As shown in Table 15, none of the proposed alternatives 

reduce overall LOS to acceptable levels in both peak periods.  Substantial improvements to the Corporate Drive 

intersection will need to be considered as part of a larger corridor wide improvement of US 1 that is outside the 

scope of the STARS program.   

Table 15: 2045 US 1 and Corporate Drive Alternatives Traffic Analysis Results 

 

Delay 

(Sec/Veh.) LOS

95% 

Queue 

(Feet)

Delay 

(Sec/Veh.) LOS

95% 

Queue 

(Feet)

EBL 68.9 E 96 169.2 F 397

EBT 69.0 E 98 163.5 F 389

EBR 53.5 D 23 88.6 F 311

Driveway WBLTR 64.8 E 106 70.1 E 108

NBL 109.3 F 370 33.4 C 24

NBT 391.7 F 3324 16.6 B 393

NBR 9.3 A 0 11.3 B 0

SBL 36.0 D 21 11.3 B 17

SBT 18.5 B 495 462.3 F 3273

SBR 18.0 B 328 14.2 B 19

257.0 F - 322.4 F -

Intersection Roadway

Lane 
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AM PM

US 1 and 

Corporate 

Drive/ 
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Access 

Driveway

Corporate Drive

US 1

US 1
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2045 No-Build Peak Hour Delay, LOS, and Queue Summary

Delay 

(Sec/Veh.) LOS

Delay 

(Sec/Veh.) LOS

Delay 

(Sec/Veh.) LOS

Delay 

(Sec/Veh.) LOS

Corporate Drive (EB) 63.4 E 109.6 F 107.3 F 110.2 F

Commercial Driveway (WB) 64.8 E 103.0 F

US 1 Northbound (NB) 367.4 F 204.7 F 80.4 F 31.7 C

US 1 Southbound (SB) 18.6 B 10.7 B 16.1 B 9.0 A

Overall 257.0 F 146.5 F 63.0 E 27.1 C

Delay 
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Delay 

(Sec/Veh.) LOS

Delay 

(Sec/Veh.) LOS

Delay 

(Sec/Veh.) LOS

Corporate Drive (EB) 125.7 F 216.8 F 220.6 F 154.5 F

Commercial Driveway (WB) 70.1 E 108.8 F

US 1 Northbound (NB) 17.0 B 8.8 A 12.4 B 8.8 A

US 1 Southbound (SB) 448.7 F 289.1 F 160.6 F 88.2 F

Overall 322.4 F 227.3 F 140.4 F 82.1 F

N/A N/A

US 1 and 

Corporate 

Drive/ 

Commercial 

Driveway

AM 6 Lanes

PM 6 Lanes

US 1 and 

Corporate 

Drive/ 

Commercial 

Driveway

US 1 and Corporate Drive PM Peak Hour Delay, LOS, and Queue Summary

Intersection Approach

PM No-Build PM T-Intersection PM T with 6 Lanes

N/A N/A

US 1 and Corporate Drive AM Peak Hour Delay, LOS, and Queue Summary

Intersection Approach

AM No-Build AM T-Intersection AM T with 6 Lanes
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4.0 IMPROVEMENT ALTERNATIVES FOR THE US 1 AT RUSSELL ROAD 

INTERCHANGE 
4.1 Summary and Development of Alternatives 
As the interchange of US 1 and Russell Road is considered the focus of the study, alternative designs were targeted 

at this interchange. Future conditions traffic analysis and alternatives development were evaluated at the other 

study intersections and are discussed later in the report. In developing alternative scenarios, a thorough review 

of the existing conditions data and results of the public survey were considered. 

The goal of the study team was to develop multiple options that would address the highest priority concerns for 

further consideration and feedback. Options were developed at different levels of construction and 

implementation cost for the corridor. The goal of each option was to find new or innovative ways to improve the 

efficiency of the interchange and corridor.   

 

 

 

The consideration of alternatives was divided into two separate phases.  At the third steering committee meeting 

a screening comparison was presented examining specific interchange concepts that could be considered.  The 

interchange strategies that were discussed included multiple concepts that were determined to require extensive 

improvements along US 1 in addition to Russell Road.   

After a condensed review of these screening concepts, a more detailed alternative analysis was conducted.  The 

refined alternatives for the interchange focused on alternatives that utilized the existing interchange layout and 

focused on improving Russell Road through the interchange. 

4.2 Screening Evaluation of Interchange Concepts 
As part of the steering committee process, multiple interchange concepts were discussed and considered.  Of 

these, a limited number of concepts were recommended for more detailed analysis.  The concepts were discussed 

and analyzed to varying degrees of depth based on a combination of capacity analysis and engineering judgement.   

4.2.1 Concepts Examined in Screening Process 
Specific concepts considered included: 

Three Loop Clover Interchange:  NOT RECOMMENDED   

The 2013 US 1 Corridor Study included a recommended alternative 

for inclusion in a widening of US 1 to a six-lane median divided 

section.  This interchange was the initial option considered. The 

proposed interchange improved the existing ramps in the northeast 

and southwest quadrants and added a new loop and ramp into the 

southeast quadrant as shown in Figure 16.  Recommended US 1 at 

Russell Road Interchange Concept in Figure 16.  The proposed 

concept required a six-lane Russell Road bridge replacement due to 

weave and merge requirements.  Overall, this approach was 

rejected as being too costly as a STARS improvement to lengthen 

the bridge and widen US 1 although concepts were considered 

which included similar elements.  

In reviewing the previously recommended alternative, a key 

limitation for the STARS process was identified.  Specifically, the 

cost of providing a replacement Russell Road bridge over US 1 was identified as being a substantial expense that 

would likely exceed the desire to identify an affordable and efficient solution.  The key issue was that any bridge 

replacement would need to not only be built to span over the existing US 1, it would require allowing provisions 

for a future US 1 widening.  As previously noted, the future US 1 corridor assumes a six-lane basic section and a 

wide median section.  In addition, at the Russell Road bridge additional lanes would be needed as part of ramp 

improvements and deceleration lanes along US 1.  Due to these requirements, simple widening of the existing 

bridge on Russell Road was not an option.  Therefore, a key criterion as to whether a concept could be pursued 

was focused on impact to the bridge either due to required improvements on US 1 or along Russell Road. 

From this starting point, multiple concepts were presented and discussed.  These options included: 

Quadrant Interchange Concepts:  

Quadrant interchanges utilize two-way operation on certain ramps to facilitate improved flows and to limits 

certain turn operations in order to eliminate key conflicts.  The current interchange configuration is a variation of 

a quadrant type interchange although the connections to US 1 also operate as loop ramps.  Options to enhance 

the interchange by focusing on quadrant concepts was examined.  Some of the options examined included: 

With Green “T” Signals on US 1 (2 variations):  NOT RECOMMENDED 

Dual Signals on US 1:  NOT RECOMMENDED 

Multiple variations were examined under these interchange concepts.  Of these three were illustrated 

and are included in the Appendix.  All variations were rejected as not meeting the future (and, in some 

cases, the existing) traffic needs of the corridor.  It was quickly determined that the addition of any signals 

on US 1 resulted in substantial congestion on US 1 that would require widening of US 1.  Green-T and 

Michigan left turns were examined to improve operations of traffic signals on US 1, but these options also 

did not address the congestion.  Also note, that the provision of left turns along US 1 required widening 

that impacted the existing bridge, even if US 1 was not widened.  Also note that the current interchange 

is not a traditional quadrant interchange, but shares many of the characteristics so congestion relief along 

Russell Road was minimal. 

Figure 15.  US 1 at Russell Road Interchange – Existing Configuration 

Figure 16.  Recommended US 1 at Russell 
Road Interchange Concept in  

2013 US 1 Improvement Study 
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Partial Clover Options with New Ramps:   

Construction of new ramps was considered in the interchange quadrants that are currently not impacted by the 

interchange.  New loop ramps were not considered, however, due to the need for additional ROW and impacts.  

In addition, new loops introduce weaves along both US 1 and Russell Road which would likely require provision of 

a new bridge over US 1.  Therefore, two variations were examined for potential new ramps while maintaining the 

two existing loop ramps.   

New ramp in northwest quadrant:  NOT RECOMMENDED 

A ramp in the northwest quadrant was considered to serve southbound US 1 to westbound Russell Road 

traffic.  It was dropped due to extensive impacts to Locust Shade Park.  Other issues included geometric 

issues tying into Russell Road due to the existing skew and curve along Russell Road.  Traffic operations 

were improved minimally.   

New Ramp in southeast quadrant:  SELECTED FOR FURTHER ANALYSIS 

A ramp in the southeast quadrant was also examined to serve US 1 northbound to Russell Road eastbound 

traffic.  While there are ROW and impacts, they do not involve impacts to parkland.  A ramp in this 

quadrant would substantially improve operations at the eastern intersection of the Russell Road 

interchange since northbound US 1 traffic entering the Russell Road back gate would no longer be forced 

to use the existing loop and make a left turn.   

Russell Road Widening with Signals:  SELECTED FOR FURTHER ANALYSIS 

One solution to flows along Russell Road is to focus on improving Russell Road through the interchange itself.  

Specifically, this involves improving two intersections.  The eastern-most intersection is where congestion is 

currently most severe and is complicated by Russell Road back gate operations and the high volumes of US 1 

northbound traffic accessing MCBQ.  The westernmost intersection has lower turning volumes, but still 

encounters delays during peak periods and when diversions of I-95 traffic occur due to an incident. 

4.2.1 Summary of Screening Process 
As part of the third steering committee meeting, a comparison of the proposed concepts was presented with 

some refinements.  The comparison is shown in Table 16. It is color coded with green representing positive 

considerations with more negative results shown as yellow, orange, pink and red, incrementally.  Note that details 

such as cost were based on preliminary estimates and were more refined and updated in the detailed analysis.  

Nevertheless, this accurately reflects the information considered at the screening level. 

 

Table 16.  Initial Screening Level Evaluation and Comparison of Interchange Concepts 
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4.3 Detailed Evaluation of Interchange Alternatives 
The proposed concepts for further analysis were presented to the steering committee and agreement was 

reached on which concepts to carry forward.  The study team then entered into a more detailed analysis phase 

examining specific alternatives.  In addition to examining traffic operations and safety issues, the detailed analysis 

included the development of conceptual designs, an estimate of project costs for each alternative, and 

identification of key impacts or other constraints.  These scenarios were carried forward to the fourth steering 

committee meeting and then refined for public input via the public involvement survey.  

At this stage, it became evident that the alternatives to be considered were easier to understand if divided into 

two sub-alternatives.  Specifically, it was recognized that the western and eastern intersections as shown in Figure 

17 could be evaluated separately and then brought together as a combined project.  In this way, variations were 

developed independently for each of the two interchange intersections to allow for the best combination of 

alternatives to be carried forward for funding.  The approach also facilitated the consideration of alternatives 

without widening of the Russell Road bridge over US 1. 

Following this approach, the more detailed alternatives were separated based on the intersection being improved.  

Geometric alternative concepts will be henceforth referred to as “Alternative W#” or “Alternative E#”. Each of the 

Alternatives is discussed in greater detail in Section 6 using metrics identified in Section 5. 

The scenarios are summarized as follows: 

Russell Road and US 1 Southbound Ramps (Western Intersection) 

3. Alternative W1 – Install standard traffic signal with existing geometry 
4. Alternative W2 – Widening with standard traffic signal 

 
Russell Road and US 1 Northbound Ramps (Eastern Intersection) 

4. Alternative E1 – Widening with standard traffic signal 
5. Alternative E2 – Widening with continuous Green T traffic signal 
6. Alternative E3 – New ramp in the southeastern quadrant plus widening 

In the later stages of the project, reexamination of potential options for widening the Russell Road bridge 

occurred.  The options were not examined to the same level of detail as the intersection alternatives, but an option 

was identified that minimized costs and could be considered if additional funding were to be identified.  Note that 

additional study would be needed before pursuing such an alternative, but that is also the case for all STARS 

projects as they proceed into future phases of project development. 

 

Figure 17.  US 1 at Russell Road Interchange with Key Features Highlighted 

 

  



P a g e  | 19 

5.0 COMPARISON METRICS 
Each alternative for the eastern and western intersection were examined and rated in terms of multiple criteria.  

This evaluation is strictly a pre-NEPA evaluation and does not rely upon final designs or detailed collection of 

environmental resources.  Nevertheless, these measures provide a mechanism to compare proposed alternatives.  

For some metrics, a quantitative comparison is provided although in other cases a more qualitative comparison is 

appropriate.  The key metrics utilized include: 

• Traffic Operations & Safety 

• Construction Cost Estimates 

• Additional Issues and Impacts 

• Public Involvement/ Survey Results 

 

5.1 Traffic Operations & Safety 
Each alternative was tested using a Synchro file to evaluate and compare traffic congestion levels between 

alternatives.  Utilizing level of service (LOS) as a criterion, it is possible to compare alternatives.  In general, it is 

desired to identify alternatives that allow traffic operations to operate at LOS D or better.  LOS E or F conditions 

represent high levels of congestion and queuing.  For each alternative, the 2045 AM and PM peak capacity is 

presented in the Section 6 alternatives comparison.   

A safety element is also a key comparison although it is more of a qualitative assessment.  As demonstrated in the 

existing crash analysis, the highest frequency of crashes occurs along US 1 in both directions.  The crash types are 

reflective of a high percentage of congestion related crashes.  After examination of the issues, one of the key 

issues related to the alternatives is queuing of traffic on the ramps from US 1 to Russell Road.  If queuing extends 

beyond approximately 850 feet, there is a recurring issue of ramp traffic extending back onto US 1 and increasing 

the potential for congestion related crashes on US 1.  These crashes may also be of a higher than typical severity 

due to the speed differential between US 1 through traffic and vehicles stopped due to a ramp queue.  The issue 

is greater in the US 1 southbound direction due to a relatively higher frequency of crashes southbound as well as 

a shorter exit lane (300 feet) in the southbound direction than in the northbound direction (500 feet). 

For the western intersection alternatives, a comparison of the approach LOS and delay for the No-Build scenario 

and both of the two western intersection alternatives is shown in Table 17.  While both proposed alternatives 

provide a substantial benefit over the No-Build scenario, Alternative W2 is the only alternative that brings the 

intersection down to an acceptable LOS. 

For the eastern intersection alternatives, a comparison of the approach LOS and delay for the No-Build scenario 

and both of the two western intersection alternatives is shown in Table 18.  All three of the proposed alternatives 

provide a substantial benefit over the No-Build scenario.  For the peak AM period, when high volumes are trying 

to enter MCBQ via the Russell Road back gate, Alternative E2 and E3 operate with very reduced delays and allow 

free flow on eastbound Russell Road to the Russell Road back gate, simplifying access into MCBQ as compared 

with Alternative E1.   

Also note that in the Section 6 discussion, Alternatives W1 and E1 operate with queuing extending past the loop 

ramp onto US 1.  This introduces a potential crash issue and should be avoided if possible. 

Table 17: 2045 Western Intersection Alternatives Traffic Analysis Results 

 

Table 18: 2045 Eastern Intersection Alternatives Traffic Analysis Results 

 

  

Delay 

(Sec/Veh.) LOS

Delay 

(Sec/Veh.) LOS

Delay 

(Sec/Veh.) LOS

Russel Road (EB) 0.0 A 122.6 F 22.0 C

Russell Road (WB) 3.6 A 56.4 E 8.6 A

US 1 Southbound Ramps (NB) Err F 257.6 F 30.9 C

Overall 2461.0 F 142.0 F 21.4 C

Delay 

(Sec/Veh.) LOS

Delay 

(Sec/Veh.) LOS

Delay 

(Sec/Veh.) LOS

Russel Road (EB) 0.0 A 31.6 C 21.6 C

Russell Road (WB) 4.6 A 93.9 F 6.2 A

US 1 Southbound Ramps (NB) Err F 263.9 F 37.1 D

Overall 540.3 F 87.0 F 11.8 B

Russell Road 

and US 1 

Southbound 

Ramps

Intersection Approach

PM No-Build PM Alt W1 PM Alt W2

Intersection Approach

AM No-Build AM Alt W1 AM Alt W2

Russell Road 

and US 1 

Southbound 

Ramps

Western Intersection AM Peak Hour Delay, LOS, and Queue Summary

Delay 

(Sec/Veh.) LOS

Delay 

(Sec/Veh.) LOS

Delay 

(Sec/Veh.) LOS

Delay 

(Sec/Veh.) LOS

Russel Road (EB) 0.1 A 33.7 C 14.0 B 1.4 A

Russell Road (WB) 0.0 A 17.5 B 16.8 B 1.4 A

US 1 Northbound Ramps (SB) Err F 64.2 E 12.6 B 37.0 D

Overall 3480.3 F 41.8 D 13.9 B 2.0 A

Delay 

(Sec/Veh.) LOS

Delay 

(Sec/Veh.) LOS

Delay 

(Sec/Veh.) LOS

Delay 

(Sec/Veh.) LOS

Russel Road (EB) 0.7 A 2.2 A 33.6 C 0.1 A

Russell Road (WB) 0.0 A 22.9 C 23.7 C 0.7 A

US 1 Northbound Ramps (SB) Err F 73.6 E 68.2 E 0.1 A

Overall 1307.2 F 24.9 C 31.2 C 0.5 A

AM Alt E3

Eastern Intersection AM Peak Hour Delay, LOS, and Queue Summary

PM Alt E3

Approach

PM No-Build PM Alt E1 PM Alt E2

Russell Road 

and US 1 

Northbound 

Ramps

Intersection Approach

AM No-Build AM Alt E1 AM Alt E2

Russell Road 

and US 1 

Northbound 

Ramps

Intersection
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5.2 Construction Cost Estimates 
Construction cost estimates were developed for both the western and eastern intersections.  The estimation was 

completed utilizing VDOT’s utilizing VDOT’s phased project cost estimation software.  This methodology develops 

estimates based upon quantity estimates for key construction items.  The quantities were estimated based upon 

conceptual design layouts developed for each alternative. 

The cost estimates are divided into three phases or categories.  The Construction phase costs are divided into 3 

categories plus an estimated escalation.  The first two categories are construction cost related with a combination 

of quantity focused estimates (subtotal 1) and percentage-based estimates (subtotal 2).  To these costs, 

construction inspection costs are added as well as a 30 percent contingency (subtotal 3).  The sum of these 

estimates is increased to reflect a six-year escalation of costs.   

Right of way and utility costs are difficult to estimate in a preliminary stage.  For these alternatives, a general 

estimate of costs is prepared and then adjusted to reflect whether a specific alternative has more or less ROW 

requirements or potential utility conflicts.  Also note that ROW costs are a potential cost sharing item as the 

majority of new ROW would fall under the jurisdiction of other government agencies than VDOT. 

The third phase computed is the PE phase in VDOT’s methodology. 

Utilizing this method each of the alternatives are compared for the western intersection in Table 19 and for the 

eastern intersection in Table 20  A summary of the cost estimation is shown in the Appendix. 

Table 19.  Comparison of Project Costs for Western Intersection Alternatives 

Phase   Alternative 

W1 

Alternative 

W2 

Total Construction Phase (1, 2 and 3) – includes 30% contingency & 6-year 

escalation 

$2.4M $11.6M 

ROW & Utility Relocation Phase  $0.4 M $4.8 M 

PE Phase $0.7 M $2.3 M 

Total Estimate $3.5M $18.7M 

Table 20.  Comparison of Project Costs for Eastern Intersection Alternatives 

Phase   Alternative 

E1 

Alternative 

E2 

Alternative 

E3 

Total Construction Phase (1, 2 and 3) – includes 30% 

contingency & 6-year escalation 

$7.1 M $6.7 M $37.3 M 

ROW & Utility Relocation Phase  $1.0 M $0.6 M $2.2 M 

PE Phase $1.3 M $1.1 M $5.2 M 

Total Estimate $9.4 M $8.4 M $44.7 M 

 

5.3 Additional Issues and Impacts 
A review of each alternative was also conducted for likely environmental impacts and other features of the specific 

design.  The comparison was not a qualitative analysis of the likely risk of impacts instead of quantifying the overall 

risk.  The primary environmental issues considered were Locust Shade Park in the northwest quadrant and an 

identified archaeological resource and wetlands in the southeast quadrant.  Widening along Russell Road was 

assumed to be similar for all alternatives and not a major differentiator. 

This metric also is intended to take into account construction related challenges.  Examples would include the 

need for walls, high fill sections and maintenance of traffic issues. 

5.4 Public Involvement / Survey Results 
Following the development and analysis of the alternatives, a public involvement survey was developed to 

determine the public’s response to the alternatives and investigate their demographics and what they perceived 

as the relevant issues within the study area. The public involvement process was conducted online to maximize 

the amount of input.  The survey was available online for the entire period between October 2nd and October 19th, 

2020. The survey utilized a Metroquest survey format allowing for multiple questions as well as descriptions and 

illustrations of proposed alternatives.  The survey was taken by 291 respondents. 

In addition to providing answers to the demographic questions, participants were asked to rank and compare both 

western and eastern intersection alternatives. at sections of the study area to determine the alternatives with the 

highest public approval. Rankings were on a 1 to 5 scale, with 5 representing the highest level of approval and 1 

representing the lowest level of approval. Only the proposed alternatives at the interchange of US 1 and Russell 

Road were available for evaluation in the survey.  Also note that information on costs was not provided as part of 

the survey. 

A summary of the key takeaways from the public involvement survey is as follows: 

• 75% of the respondents travel Russell Road on a daily or weekly basis. 

• 65% of the respondents utilize the MCBQ back gate on Russell Road on a daily or weekly basis. 

• Three of the top four safety issues that respondents identified are related to congestion, specifically 

weaving/merging/changing lanes, aggressive or distracted driving, and making turns at unsignalized 

intersections. 

• Congestion and safety issues are considered problematic throughout the study area but are of particular 

concern within the interchange and back gate areas.  

The eastern and western intersection alternatives were also presented and the public was able to rate the 

alternative on a scale from 1 to 5 with 5 being the best option.  An average of scores was taken to develop a public 

involvement score.  The ratings included: 

• At the western intersection, Alternative W2 was considered the best option with an average rating of 

4.1/5.0. Alternative W1 scored at 2.8/5.0, and the No-Build option scored at 1.8/5.0. 

• At the eastern intersection, Alternative E3 was the most popular and scored at an average ranking of 

4.1/5.0. Alternative W2 scored at 3.6/5.0, Alternative W1 scored at 2.7/5.0, and the No-Build option 

scored at 1.7/5.0. 

A detailed summary of the survey questions and results from the second phase of public involvement may be 

found in the Appendix. 
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Figure 18.  Existing Configuration of Western Intersection for US 1 at Russell Road Interchange 

6.0 DESIGN ALTERNATIVE EVALUATIONS 
6.1 Western Intersection 

6.1.1 Western Intersection: No Build Scenario – for Comparison Only 
The No-Build scenario for the western intersection is illustrated here for comparison with the Build alternatives.  

It is provided as a baseline comparison only and is not recommended for the future.   

Traffic Operations & Safety 

Both the existing 2020 and 2045 No Build analysis results are repeated below for comparison. As previously 

discussed in Section 3.3.1, the unsignalized No-Build intersection operates at a poor LOS F.  It must be noted, 

however, that an unsignalized intersection only has delays for traffic on the side streets or traffic turning onto the 

side road only.  Through traffic on Russell Road proceeds relatively unimpeded.  The key issue at this intersection 

is that traffic from US 1 southbound using the ramp experience substantial delays with the 2020 peak hour queues 

extending over 1000 feet, backing onto US 1 and exacerbating safety issues on US 1 southbound.  By 2040, the 

expected congestion is estimated to exceed 2,461.0 seconds in the 2045 AM No-Build scenario.  

Table 21: 2020 Western Intersection Existing Geometry Traffic Analysis Results 

 

Table 22: 2045 Western Intersection No-Build Traffic Analysis Results 

 

Construction Cost Estimate 

For purposes of this analysis, the No Build scenario is assumed to have no construction costs.  Maintenance costs 

are not being considered for the No Build or any of the Build alternatives. 

Table 23.  Western Intersection No-Build Cost Estimate 

Phase   Total Costs 

Total Construction Phase (1, 2 and 3) – includes 30% contingency & 6-year escalation  

ROW & Utility Relocation Phase – no new ROW for W1  

PE Phase  

Total Estimate Not Applicable 

 

Additional Issues and Impacts 

For purposes of this analysis, no impacts are anticipated for the No-Build scenario.   

Public Involvement Response 

The public involvement scoring indicated an average rating of 1.8 for the No Build scenario.  Alternative W1, much 

lower than Alternative W2.  Overall, more than 60 percent of respondents gave this alternative the lowest rating 

of 1 on a 5-point scale presumably due to the lack of congestion relief. 
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Figure 20.  Alternative W1 - Design Concept 

Figure 19.  Alternative W1 Proposed Lane Details 

6.1.2 Alternative W1 – No Widening, Install Standard Traffic Signal 
Due to the elevated levels of delay caused by the left turning vehicles from the US 1 southbound ramp, a low-cost 

signalization alternative is proposed. Alternative W1 seeks to reduce delay for the ramp approach to Russell Road 

by creating breaks in the Russell Road traffic by providing a standard traffic signal. No turn lanes or other geometric 

improvements are proposed as part of this alternative with the exception of minor widening of lanes and 

pavement overlay. A design sketch of Alternative W1 is shown below in Figure 19 and Figure 20. 

Traffic Operations & Safety 

As illustrated in the following table, traffic operations for this alternative result in an overall LOS F in both the AM 

and PM peak.  This fails to meet the goal of providing LOS D operations or better.  In addition, there are queuing 

issues resulting in safety issues on US 1 southbound in the AM peak.  2045 analysis results for Alternative W1 are 

shown in Table 24. Alternative W1 does not meet the congestion relief and safety goals for a STARS improvement. 

Table 24: 2045 Alternative W1 Traffic Analysis Results 

 

Despite the addition of signalization, the intersection continues to operate at LOS F during both peak hours. The 

single mainline through lanes in each direction are expected to be substantially over-capacity by 2045. Notably, 

the westbound through queue is expected to extend over 3,000 feet which would block westbound flow on the 

existing two-lane bridge and back westbound traffic into the eastern intersection and beyond the back gate at 

MCBQ.  The ramp approach, while improved over No-Build, continues to operate with unacceptable levels of 

delay.  In addition, the AM peak queue of almost 1,100 feet will result in queuing back onto US 1 exacerbating the 

safety issues on southbound US 1 in this location.   

Construction Cost Estimate 

As discussed in Section 5.2, construction costs were estimated utilizing VDOT’s phased project cost estimation 

software.  The STARS planning level cost estimate for Alternative W1 is approximately $3,500,000 as shown in 

Table 25.  The cost is minimal since no new lanes are added to the existing intersection. 

Table 25.  Alternative W1 Project Cost Estimate 

Phase   Total Costs 

Total Construction Phase (1, 2 and 3) – includes 30% contingency & 6-year escalation $2.4M 

ROW & Utility Relocation Phase – no new ROW for W1 $0.4 M 

PE Phase $0.7 M 

Total Estimate $3.5M 

 

Additional Issues and Impacts 

A planning level review of the proposed improvement has very minimal impacts related to installing a traffic signal.  

only identifies does not identify flags only standard impacts noted with widening.  For this analysis it is assumed 

that no ROW will be required.   

Public Involvement Response 

The public involvement scoring indicated an average rating of 2.8 for Alternative W1, much lower than Alternative 

W2.  Overall, 75 percent of respondents gave this alternative a rating of 3 or less on a 5-point scale presumably 

due to the lack of congestion relief. 
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6.1.3 Alternative W2 – Widening with Standard Traffic Signal  
Alternative W2 seeks to improve on Alternative W1 by providing for geometric improvements and widening to 

four lanes on Russell Road. In this Alternative, the roadway in the vicinity of the intersection would be widened to 

two through lanes in each direction. The existing westbound left turn lane would remain. Additionally, the off-

ramp from US 1 southbound would be modified to separate left and right turn lanes. The left turn lane would be 

converted to a dual left turn lane configuration. The right turn lane would be modified from its existing channelized 

right turn configuration and would be brought under signal control adjacent to the left turn lanes.  A design sketch 

of Alternative 2 is shown below in Figure 21 and Figure 22. 

Traffic Operations & Safety 

As illustrated in the following table, traffic operations for this alternative result in an overall LOS C in the AM peak 

and LOS B in the PM peak.  This exceeds the goal of LOS D operations.  It also represents the best traffic operations 

of the western intersection alternatives.  2045 analysis results for Alternative W2 are shown below in Table 26. 

Table 26: 2045 Alternative W2 Traffic Analysis Results 

 

The geometric improvements proposed in Alternative W2 provide for significantly improved capacity through the 

intersection. No movements are expected to operate below LOS C with the exception of the northbound left in 

the PM peak hour, which is expected to operate at LOS D. The intersection is projected to operate at LOS C and B 

overall in the AM and PM peak hours, respectively. Queueing at the intersection is improved, with 95th percentile 

queues expected to extend beyond 418 feet (compared with 850 feet of available ramp queuing 

Construction Cost Estimate 

As discussed in Section 5.2, construction costs were estimated utilizing VDOT’s phased project cost estimation 

software.  The STARS planning level cost estimate for Alternative W2 is approximately $18,700,000 as shown in 

Table 27. 

Table 27.  Alternative W2 Project Cost Estimate 

Phase   Total Costs 

Total Construction Phase (1, 2 and 3) – includes 30% contingency & 6-year escalation $11.6M 

ROW & Utility Relocation Phase  $4.8 M 

PE Phase $2.3 M 

Total Estimate $18.7M 

Note that the cost estimate for Alternative W2 includes a widening of Russell Road from two lanes to four lanes 

between the I-95 interchange and the US 1 interchange. This improvement will remove the existing lane 

reduction/expansion that occurs between the intersections and will provide a consistent approach between the 

existing signal at I-95 and the newly signalized and widened intersection at the US 1 southbound ramps.  The costs 

of this half-mile extension are included in the Alternative W2 cost estimate.  

Additional Issues and Impacts 

A planning level review of the proposed improvement flags only standard impacts noted with widening.  Additional 

ROW will be needed.  It may be required that the widening be focused on the south side of Russell Road to 

minimize impacts to Locust Shade Park that parallels the Russell Road alignment. 

Public Involvement Response 

The public involvement scoring indicated an average rating of 4.1 for Alternative W2, the highest of the Western 

alternatives.  Overall, 54 percent of respondents gave this alternative the top rating.  
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Figure 22.  Alternative W2 – Design Concept 
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6.2 Eastern Intersection 

6.2.1 Eastern Intersection – No Build (for comparison only) 
The No-Build scenario for the eastern intersection is illustrated here for comparison with the Build alternatives.  

It is provided as a baseline comparison only and is not recommended for the future.   

Traffic Operations & Safety 

Both the existing 2020 and 2045 No Build analysis results are repeated below in Table 28 and Table 29 for 

comparison.  As previously discussed in Section 3.3.1, the unsignalized No-Build intersection operates at a poor 

LOS F.  It must be noted, however, that pre-COVID-19 operations at this intersection often required manual police 

control to effectively allow turning traffic into the MCBQ back gate on eastbound Russell Road.  In the AM peak, 

over 85 percent of traffic into the Russell Road back gate originates on US 1 south of MCBQ.  Travelling 

northbound, this traffic must take the loop in the northeast quadrant and then turn left onto Russell Road to 

access MCBQ.  As an unsignalized intersection the intersection currently operates at LOS F with queuing down the 

loop extending onto US 1 in the northbound direction.  Errors shown are a result of delay levels beyond the 

calculation capability of HCM 2000 methodologies. 

Table 28: 2020 Eastern Intersection Existing Geometry Traffic Analysis Results 

 

Table 29: 2045 Eastern Intersection No-Build Traffic Analysis Results 

 

Construction Cost Estimate 

For purposes of this analysis, the No Build scenario is assumed to have no construction costs.  Maintenance costs 

are not being considered for the No Build or any of the Build alternatives. 

Table 30.  Alternative E2 No Build Cost Estimate 
Phase   Total Costs 

Total Construction Phase (1, 2 and 3) – includes 30% contingency & 6-year escalation  

ROW & Utility Relocation Phase – no new ROW for W1  

PE Phase  

Total Estimate Not Applicable 

 

Additional Issues and Impacts 

For purposes of this analysis, no impacts are anticipated for the No-Build scenario.   

Public Involvement Response 

The public involvement scoring indicated an average rating of 1.7 for the No Build scenario.  Overall, more than 

65 percent of respondents gave this alternative the lowest rating of 1 on a 5-point scale presumably due to the 

lack of congestion relief. 

 

 

Figure 23. Existing Configuration of Eastern Intersection for US 1 at Russell Road Interchange 
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6.2.2 Alternative E1 – Widening with Conventional Signal 
Similar to Alternative W2, this Alternative proposes to widen the cross-section of Russell Road to four through 

lanes in the vicinity of the intersection with the US 1 northbound ramps on the eastern side of the interchange.  It 

would include installation of a conventional traffic signal.  This proposed turn lane modifications would include 

widening to allow two through lanes both eastbound and westbound through the signal.  The most critical 

improvement, however, is the provision of a double left from the ramp to serve the AM peak traffic into the MCBQ 

back gate from one eastbound lane over the bridge to two through and one left turn bay at the signal.  From the 

MCBQ back gate, the two with the eastbound left turn lane on Russell Road remaining unmodified while the 

southbound channelized right turn lane would be separated from the southbound left turn lane and brought under 

signal control adjacent to the left turn lane.  A design sketch of Alternative E1 is shown in Figure 24 and Figure 25. 

Traffic Operations & Safety 

Alternative E1 provides for improved operations over the No-Build scenario, with the intersection expected to 

operate at LOS D and C in the AM and PM peak hours, respectively. The southbound left turn in the AM peak hour 

and the southbound right turn in the PM peak hour are the only two movements expected to operate below LOS 

D, at LOS E and F, respectively. Southbound left turn queues on the ramp are not expected to extend back to US 

1 northbound.  2045 analysis results for Alternative E1 are shown below in Table 31. 

Table 31: 2045 Alternative E1 Traffic Analysis Results 

 
 

 
Figure 24.  Alternative E1 – Proposed Lane Details 

Construction Cost Estimate 

As discussed in Section 5.2, construction costs were estimated utilizing VDOT’s phased project cost estimation 

software.  The STARS planning level cost estimate for Alternative E1 is approximately $9,400,000 as shown in 

Table 32.  This project cost is the lowest of the eastern intersection alternatives. 

Table 32.  Alternative E1 Project Cost Estimate 

Phase   Total Costs 

Total Construction Phase (1, 2 and 3) – includes 30% contingency & 6-year escalation $7.1 M 

ROW & Utility Relocation Phase – no new ROW for W1 $1.0 M 

PE Phase $1.3 M 

Total Estimate $9.4 M 

 

Additional Issues and Impacts 

The widening of Russell Road to four lanes is likely to result in minimal impacts focused on the land immediately 

adjacent to Russell Road.  Similar impacts will occur due to widening of the northeastern loop ramp.   

Public Involvement Response 

The public involvement scoring indicated an average rating of 2.7 for Alternative E1, much lower than Alternative 

W2.  Overall, 45 percent of respondents gave this alternative a rating of 2 or less on a 5-point scale while 27 

percent ranked it 4 or higher.  Alternative E-1 scored the lowest of the three Build alternatives at the eastern 

intersection.   

 
Figure 25.  Alternative E1 - Design Concept 

Delay 

(Sec/Veh.) LOS

95% 

Queue 

(Feet)

Delay 

(Sec/Veh.) LOS

95% 

Queue 

(Feet)

EBL 11.7 B 12 16.5 C 10

EBT 34.0 C 1030 1.7 A 7

WBT 18.4 B 187 25.4 C 812

WBR 0.0 A 0 0.2 A 0

SBL 65.5 E 757 29.0 D 47

SBR 27.5 C 36 86.0 F 416

41.8 D - 24.9 C -

Russell Road 

and US 1 

Northbound 

Access Ramps

Russell Road

Russell Road

US 1 NB Ramps

Overall

2045 Alt E1 Peak Hour Delay, LOS, and Queue Summary

Intersection Roadway

Lane 

Group

AM PM



P a g e  | 26 

Figure 27.  Alternative E2 – Design Concept Figure 26.  Alternative E2 – Proposed Lane Details 

6.2.3 Alternative E2 – Widening with Continuous Green T-Intersection 
Alternative E2 is a modified version of Alternative E1 continuing to use the existing loop in the northeast quadrant 

and providing double lefts toward the MCBQ back gate.  The primary modification is the utilization of a Green-T 

traffic signal.  Under this configuration, the eastbound through lanes would be physically separated from the 

adjacent lanes on Russel Road and the southbound left turn lanes would be received by additional lanes that 

would tie in directly to the MCBQ back gate approach. While signalization would be provided for the other 

movements, the eastbound through traffic would function with a continuous green indication.  A design sketch of 

Alternative E2 is shown in Figure 26 and Figure 27. 

Traffic Operations & Safety 

The effect of the Green-T intersection is that the overall intersection operates at LOS B in the AM peak and LOS C 

in the PM peak, reducing delays and queuing as compared with Alternative E1.  Alternative E2 shows an improved 

LOS in the AM peak hour compared to Alternative E1 by providing more efficient paths for the eastbound through 

and southbound left turn movements approaching the back gate. The only movement not being served at LOS D 

or better is the southbound right turn in the PM peak.  Queuing is not critical on the existing loop ramp and does 

not impede flow along US 1.  This alternative also processes traffic entering into the back gate very well.  The 2045 

analysis results for Alternative E2 are shown below in Table 33. 

Table 33: 2045 Alternative E2 Traffic Analysis Results 

 

Construction Cost Estimate 

As discussed in Section 5.2, construction costs were estimated utilizing VDOT’s phased project cost estimation 

software.  The STARS planning level cost estimate for Alternative E2 is approximately $8,400,000 as shown in 

Table 34.  This project cost is slightly higher than Alternative E1 and much lower than Alternative E3. 

Table 34.  Alternative E2 Project Cost Estimate 

Phase   Total Costs 

Total Construction Phase (1, 2 and 3) – includes 30% contingency & 6-year escalation $6.7 M 

ROW & Utility Relocation Phase  $0.6 M 

PE Phase $1.1 M 

Total Estimate $8.4 M 

 

Additional Issues and Impacts 

For purposes of this analysis, there is a need for a high fill south of Russell Road due to the wider typical section 

than Alternative E1.  The increased fill will impact a wider impact area and additional right-of-way.  Note that the 

flared alignment could simplify maintenance of traffic if and when the Russell Road bridge is replaced. 

Public Involvement Response 

The public involvement scoring indicated an average rating of 3.6 for Alternative E2, greater than Alternative E1 

but less than Alternative E3.  Overall, 60 percent of respondents gave this alternative a rating of 4 or greater on a 

5-point scale presumably due to the congestion relief.  Note that the information provided to respondents in the 

Metroquest survey did not include construction cost information.   
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6.2.4 Alternative E3 – New Ramp in the Southeastern Quadrant 
As the southbound left turn toward the MCBQ back gate is the driving factor for delay at the eastern interchange 

intersection, Alternative E3 seeks to improve operating conditions by removing those left turns from the 

intersection. Those left turns would be rerouted through a new ramp in the southeastern quadrant that would 

directly connect US 1 northbound to Russell Road eastbound. The new ramp would begin as a single lane and 

expand to two on the approach to Russell Road. The ramp would be separated from the through traffic on Russell 

Road and bypass the existing intersection with the US 1 northbound ramps entirely to tie in directly with the 

approach to MCBQ’s back gate.  A design sketch of Alternative E3 is shown in Figure 28 and Figure 29. 

Similar to Alternative E1, the existing intersection would be widened to include two through lanes in each direction 

and be brought under signal control. The existing southbound right turn lane would be shifted and brought under 

signal control. While the southbound left turn lane would be removed, the eastbound left turn on Russell Road 

and the receiving lane on the ramp to US 1 northbound would remain.  

Traffic Operations & Safety 

With the rerouting of the southbound left turn traffic onto a separate ramp that does not interact with the signal, 

approach and overall delay at the intersection is minimal and nearly all movements operate in free-flow 

conditions.  2045 analysis results for Alternative E3 are shown below in Table 35. 

Table 35: 2045 Alternative E3 Traffic Analysis Results 

  

 
Figure 28.  Alternative E3 – Proposed Lane Details 

Construction Cost Estimate 

Alternative E3 has very high construction costs, more than four times the cost of Alternative E1 or E2.  Key 

elements are the construction of the new ramp, widening in the vicinity of the intersection, and the need for high 

fills and a wall where the new ramp ties into Russell Road.  The STARS planning level cost estimate for Alternative 

W2 is approximately $44,700,000 as shown in Table 36.  

Table 36.  Alternative E3 Project Cost Estimate 

Phase   Total Costs 

Total Construction Phase (1, 2 and 3) – includes 30% contingency & 6-year escalation $37.3 M 

ROW & Utility Relocation Phase  $2.2 M 

PE Phase $5.2 M 

Total Estimate $44.7 M 

 

Additional Issues and Impacts 

Alternative E3 has the largest impacts of any of the considered alternatives due to the construction of a new ramp 

in the southeast quadrant.  The ramp will impact an archaeological site (yellow line) and wetlands (green line).  In 

addition, there is a stream crossing that the ramp would impact.  From a design perspective, there is a need for a 

high fill and a wall as the new ramp ties into Russell Road.  In general, these impacts can likely be mitigated, but 

the anticipated impacts of Alternative E3 is greater than both Alternatives E1 and E2. 

Public Involvement Response 

The public involvement scoring indicated an average rating of 4.1 for Alternative E3, the highest of all eastern 

intersection alternatives.  greater than Alternative E1 but less than Alternative E3.  Overall, 76 percent of 

respondents gave this alternative a rating of 4 or greater on a 5-point scale presumably due to the high level of 

congestion relief.  Note that the information provided to respondents in the Metroquest survey did not include 

construction cost information.   

 
Figure 29.  Alternative E3 – Design Concept 
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6.3 Russell Road Bridge over US 1 
As noted in Section 4.2.1, early in the study process replacement of the existing two-lane Russell Road bridge was 

eliminated from consideration as being too expensive to be considered as a potential STARS level improvement.  

The key issue was that any bridge replacement would need to not only be built to span over the existing US 1, but 

it would also require allowing provisions for a future US 1 widening to a six-lane basic section and a wide median 

and allowance for pedestrian and bicycle paths.  In addition, at the Russell Road bridge additional lanes would be 

needed as part of ramp improvements and deceleration lanes along US 1.  Due to these requirements, simple 

widening of the existing bridge on Russell Road was not considered a financially viable option.   

In the final phases of the study, a reevaluation of potential widening options for the Russell Road bridge was 

considered.  This was requested in recognition that there was interest in finding a complete solution for the 

interchange that would not be contingent on a future widening of US 1.  It was also noted that the existing bridge 

was originally constructed in 1957 and was reconstructed in 1987 and may need replacement prior to any future 

US 1 widening.  There was also discussion that additional defense funding may be an option in the future.  

Detailed design concepts were not developed but planning level cost estimates were prepared to compare 

alternatives.   

In essence, three options were considered utilizing limited criteria.  The comparison included: 

• Alternative B1: Widening the existing two-lane bridge to four lanes:  Not recommended because the 

ultimate widening of US 1 would result in the removal of both the old bridge sections and the newly 

widened sections of the bridge.   

• Alternative B2: Remove the existing two-lane bridge and replace with a new four-lane bridge:  A 

planning level cost estimate was prepared assuming a new bridge capable of spanning the previously 

identified future US 1 section including six through lanes, acceleration and deceleration lanes, a median, 

and other elements.  Using the same spreadsheet methods as utilized for the alternative estimate, it was 

estimated that this cost would be $24.5 million. 

• Alternative B3: Construct a new two-lane bridge parallel to and south of the existing Russell Road 

bridge:  Utilizing this approach, it could be possible to convert the existing bridge to westbound traffic 

and the new bridge would serve eastbound traffic.  The new bridge would need to be built to span the 

future US 1 typical section, but costs would be reduced and the new construction could remain in place 

through a US 1 widening project.  The new bridge could also be utilized to simplify maintenance of Russell 

Road traffic during construction when US 1 would be widened in the future.  This concept was estimated 

to be $13.1 million.  Figure 30 shows an illustration of the proposed Alternative B3 widening approach. 

 

 

 

 

 

 

 

 

 

 

 

Figure 30: Alternative B3: Russell Road Bridge with new Two-lane Bridge  
Constructed Adjacent to Existing Bridge 
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7.0 CONCLUSIONS AND RECOMMENDATIONS 
As part of the final steering committee meeting, a comparison of the proposed Alternatives for the western and 

eastern intersections was presented.  This comparison ranked each alternative using the metrics identified in 

Section 5.  The key findings for each metric were converted to a summary table to compare alternatives.  These 

summary tables utilized color coding with green representing positive considerations with more negative results 

shown as yellow, orange, pink and red, incrementally.  Based on this qualitative comparison, an alternative with 

more green and yellow characteristics would typically be preferred over an alternative with oranges and pink.  

Note that solid red was used to flag items that may be fatal flaws or substantially worse than desired. 

For each of the intersection improvements, the No Build scenario was presented as a comparison.  In general, 

however, the 2045 traffic operations and safety implications of implementing no improvements result in solid red 

rankings and are not considered as providing for the basic needs of the project.   

7.1 Western Intersection 
The comparison of alternatives for the western intersection is illustrated in Table 37.  The W1 alternative of adding 

a traffic signal without additional widening does not meet the congestion relief and safety goals of the project.  In 

contrast, Alternative W2 scores (light green) in most categories with the single exception being the estimated 

project cost of $18.7 million.  As a result, Alternative W2 (Widening Russell Road and installing a conventional 

traffic signal) is the recommended alternative for the western intersection. 

 

Table 37.  Evaluation and Comparison of Western Intersection Alternatives 

 

 

 

 

 

7.2 Eastern Intersection 
The comparison of alternatives for the eastern intersection is illustrated in Table 38.  The comparison between 

Alternative E1, E2 and E3 is more nuanced as all three meet or exceed the minimum congestion relief and safety 

goals of the project.  For example, Alternative E1 provides LOS D or better in both the future AM and PM periods 

with an estimated cost of $9.4 million.  That stated, Alternative E2 provides better traffic operations, particularly 

in the AM peak when processing of trip entering the Russell Road back gate into MCBQ is critical.  In terms of 

project cost, Alternative E2 has an estimated cost of $8.4 million which is slightly better than Alternative E1. The 

overall assessment is that the Alternative E2 scores higher in all categories compared to Alternative E1.  Also note 

that the public involvement rating also is higher for Alternative E2. 

In comparing Alternative E2 to E3, a similar comparison can be made.  In this case, Alternative E3 provides a 

solution with minimal delays and queuing and LOS A operation in both the future AM and PM period.  Alternative 

E2 also performs well in this category by providing LOS B and C operations in the same peak period.  When 

comparing impacts and costs, however, Alternative E3 has increased impacts to environmentally sensitive features 

in the southeast quadrant due to the construction of a new ramp.  More dramatically, Alternative E3 is estimated 

to have a project cost more than five times the $8.4 million cost of Alternative E2.   

Based on these comparisons of Alternative E2 with both E1 and E3, the Alternative E2 solution (Widening Russell 

Road with a Green T signal) is recommended for the eastern intersection. 

 

Table 38.  Evaluation and Comparison of Eastern Intersection Alternatives 

 

 

 

  

Project Estimate

Congestion

 LOS AM/PM

Safety

Critical Queues

Overall Project Cost 

(Planning Level -    

all Phases) 

No-Build 

(Unsignalized) F* / F
Queues back to 

US 1 SB in AM by 

2025
None None 1.8

Baseline - Verifies that Improvements 

are Required

W1 - Minimal 

Widening with 

Signal
D / F

Queues back to 

2-lane bridge in 

PM
$3.5 M Minimal Impacts 2.8

Drop - Does not meet congestion relief 

and safety goals

W2 - Widen with 

Conventional Signal C / B Not critical $18.7 M Minimal Impacts 4.1
Recommended - Meets congestion 

relief & safety goals, public rating is 

high.  

Public 

Involvement 

Rating

Recommendations

Western Intersection Options

Alternatives

2045 Traffic Operations
Additional Factors & 

Impacts

COMPARISON OF ALTERNATIVES - FINAL Project Estimate

Congestion

 LOS AM/PM

Safety

Critical Queues

Overall Project Cost 

(Planning Level -    

all Phases) 

No-Build 

(Unsignalized) F* / F
Queues back to 

US 1 NB in AM by 

2020
None None 1.7

Baseline - Verifies that Improvements 

are Required

E1 - Widen with 

Conventional Signal D / C
Queues get close 

but not forecast 

to reach US 1
$9.4 M Minimal Impacts 2.7

Drop - Marginally meets congestion 

relief & safety goals, but less desired by 

public & near same cost as Alternative 

E3.

E2 - Widen with 

Green-T Signal B / C Queuing not 

Critical $8.4 M
Increased fill in SE quad

Simplifies future MOT for 

replacing bridge
3.6

Recommended - Meets congestion 

relief & safety goals, allows improved 

flow into MCB, public rating high & has 

the lowest cost

E3 - New Ramp in 

SE Quadrant plus 

Widening & Signal
A / A

Minimal Queuing 

& SE ramp is free 

flow
$44.7 M

Impacts archaelogical 

site & wetlands 4.1
Drop - Exceeds congestion relief & 

safety goals, has highest public rating,    

but cost is very high

Public 

Involvement 

Rating

Recommendations

Eastern Intersection Options

Alternatives

2045 Traffic Operations
Additional Factors & 

Impacts

COMPARISON OF ALTERNATIVES - FINAL
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7.3 Recommended Alternatives 
As identified in Sections 7.1 and 7.2, the following alternatives are recommended for the STARS study analysis of 

the Russell Road at US 1 interchange located adjacent to MCBQ in Prince William County.  Figure 31 shows the 

proposed Alternatives W2 and E2 with no improvements to the existing Russell Road bridge.  Figure 32 shows the 

proposed Alternatives W2 and E2 with a new Alternative B3 Russell Road bridge. 

Western Intersection:  Alternative W2 – Widen Russell Road to four lanes and install conventional traffic signal.  

Shown in Figure 33, Alternative W2 includes widening of Russell Road from the intersection west to I-95.  The 

estimated project costs are $18.7 million.  

Eastern Intersection:  Alternative E2 – Widen Russell Road to four lanes and channelize intersection to allow for 

Green-T intersection.  Shown in Figure 34, the proposed E2 intersection layout exceeds congestion relief goals 

with a layout allowing for concurrent operations of southbound lefts and eastbound throughs on Russell Road.  

This configuration substantially improves traffic flow capacity and operations in the AM peak as these high-volume 

movements are both entering MCBQ.  Estimated project costs are $8.4 million.   

Russell Road Bridge:  Alternative B3: Construct a new two-lane bridge parallel to and south of the existing 

Russell Road bridge As noted in Section 6.3, widening or replacement of the existing bridge was not considered 

for the Russell Road bridge over US 1 due to anticipated costs and the need to provide a structure that could 

accommodate a future widening of US 1.  This premise was reconsidered late in the study process, and one option 

was identified that could balance the desired inclusion of a four-lane bridge in the short term with minimizing 

costs.  The new two-lane bridge would need to be built to accommodate future widening of US 1.  The existing 

bridge would be converted to westbound flow.  The estimated project costs are $13.1 million.   

7.4 Recommended Prioritization 
If all three projects were to be constructed, the estimated overall project cost would be $40.2 million.  This exceeds 

what would typically be considered as eligible for a STARS type project.  Of course, there may be some economy 

of scale that could reduce the overall price slightly if pursued as a single project.  There also may be opportunity 

of cost sharing with Department of Defense funding that could allow for construction of a larger project while also 

improving the scoring of the project in the VDOT prioritization process.  Ideally all three could be constructed as 

a single project. 

If it would be necessary to phase the three alternatives, the preferred approach from a traffic operations approach 

would be in the following order from high to low priority: 

Alternative E2 – Improving the eastern intersection should be the highest priority since existing congestion and 

queuing are observed in the field when the Russell Road back gate is fully functioning.  This has required police 

control in the AM peak to limit queuing onto US 1 from the existing loop in the northeast quadrant.  

Alternative W2 – Improving the western intersection should be the second highest priority since increasing 

volumes on the loop in the southwest quadrant can extend back onto US 1 southbound.  US 1 southbound already 

has a high crash frequency associated with existing levels of queueing and congestion.  This queuing and 

congestion will continue to increase resulting in stopped vehicles on the US 1 through lanes. 

Alternative B3 – The Russell Road bridge widening is the lowest priority as congestion on the bridge is further in 

the future and does not result in queuing onto US 1.  Nevertheless, if the bridge widening is introduced as a third 

project in sequential order, there will be a period where there will be an hourglass effect on Russell Road traffic.  

Maintaining a two-lane section on the Russell Road bridge will result in less efficient lane usage at both the 

western and eastern intersections and potential increases in sideswipe crashes as vehicle merge.   

7.5 Next Steps 
The study and analysis conducted under the US 1 at Russell Road interchange STARS study highlighted the range 

of issues along Russell Road and the US 1 corridor that were reinforced by public feedback and involvement. After 

a full evaluation of the study efforts, a phased solution has been developed identifying three key improvements 

as shown in Section 7.3.  This project could potentially be pursued as three separate projects or combined into an 

overall single step improvement.  Figure 35 and Figure 36 illustrate the proposed improvements to the Russell 

Road corridor both without and with a widened section on the Russell Road bridge over US 1. 

Upon acceptance of this report, next steps will involve the local agencies and VDOT submitting the proposed 

alternatives for evaluation as part of the VDOT prioritization process.  Also note that if the Marine Corp wished to 

participate in the funding of the project, this approach could reduce the costs incurred by VDOT and potentially 

improve the project’s rating based on a cost-benefit comparison.   

If this project were to be pushed forward and subsequently funded, the project would proceed into the project 

development phase including more detailed environmental analysis to fulfill NEPA requirements as well as 

detailed final design and engineering.   

 
Figure 31.  Proposed Configuration with Alternative W2 and Alternative E2 

 
Figure 32.  Proposed Configuration with Alternative W2, Alternative E2 and Alternative B3 Bridge 
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Figure 33.  Proposed Alternative W2 at Western Intersection 
Widen Russell Road to four lanes and install conventional traffic signal 

 

Figure 34.  Proposed Alternative E2 at Eastern Intersection 
Widen Russell Road to four lanes and channelize intersection to allow for Green-T intersection 
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Figure 35.  Russell Road Corridor Configuration with Alternative W2 and Alternative E2 and No Widening of Russell Road Bridge 

 
Figure 36.  Proposed Configuration with Alternative W2, Alternative E2 and Alternative B3 Bridge 
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APPENDIX 
 


