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SAFETY AND CRASH ANALYSIS 

1.  Introduction and Background 
Within the overall project study area from I-495 in Fairfax County to the Theodore Roosevelt Bridge in 
Arlington County, I-66 is characterized by heavy congestion from commuter traffic during both the 
morning and evening peak periods, specifically in two areas of the corridor; between the Dulles 
Connector Road and Fairfax Drive and between Rosslyn and the Theodore Roosevelt Bridge.  This 
congestion creates the potential for crashes, especially rear-end and sideswipe crashes.  To alleviate this 
congestion, I-66 inside the Beltway will be widened to three lanes in the eastbound direction between the 
Dulles Connector Road and Fairfax Drive.  This study identified and evaluated the current safety hot 
spots within the widening project limits and provided safety-related input into the roadway design process 
in an attempt to improve the overall level of safety in the I-66 inside the Beltway corridor in the future. 

A combination of qualitative and quantitative analyses was used to evaluate safety in the corridor.  
Qualitative analyses, such as documenting existing crash rates/densities and predominant crash types on 
the I-66 mainline, ramps, ramp termini intersections, and intersecting arterials, were used to determine 
the existing issues on I-66 inside the Beltway.  Quantitative analyses, using AASHTO Highway Safety 
Manual (HSM) methodologies within the Enhanced Interchange Safety Analysis Tool (ISATe) process, 
were then used to evaluate safety throughout the widening project area.  The predictive crash methods 
detailed in the HSM were used to provide input into the roadway design process to improve safety 
through various design options.  The specific HSM methodologies used for the safety analyses will be 
described in more detail later in this chapter. 

2.  Safety Analysis Methods and Tools 
As provided in the Highway Safety Manual (HSM) overview, the HSM introduces a science-based 
technical approach that takes the guesswork out of safety analysis.  The HSM provides tools to conduct 
quantitative safety analyses, allowing for safety to be evaluated alongside other transportation 
performance measures such as traffic operations, environmental impacts, and construction costs.  For 
example, the HSM provides a method to quantify changes in crash frequency as a function of cross-
sectional features.  With this method, the expected change in crash frequency of different design 
alternatives can be compared with the operational benefits or environmental impacts of these same 
alternatives.  It is with the predictive methodologies from the HSM that the impacts to safety as a result of 
the widening of eastbound I-66 will be quantified.  Furthermore, any changes in safety resulting from 
alternate ramp configurations (i.e. widening from one lane to two lanes) will also be quantified using the 
methodologies outlined in the HSM. 

As discussed above, a combination of both qualitative and quantitative safety analysis methods and tools 
have been used to analyze the safety on the I-66 mainline, ramps, merge/diverge areas (areas upstream 
and downstream of the physical point where traffic enters or exits I-66), and arterials within the study 
area.  As such, when referring to qualitative crash analyses, the results are based on an evaluation of 
historical crash data and traffic volumes to identify crash rates and overall trends.  When referring to 
quantitative analyses, the results are based on historical data in terms of number of crashes and traffic 
volumes as well as the geometry of the roadway being analyzed.  The qualitative and quantitative 
analyses were selected based on the required level of detail needed and the type of data that was 
available. 
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2.1 Qualitative Safety Analysis Methods and Tools 
The qualitative analysis tools relied on the latest available five years of crash and traffic data from 2011 to 
2015.  These methods and tools consisted of: 

 Crash density and severity histograms, 
 Crash rates (fatal, injury, property damage only (PDO), and total) 

These items were developed for half-mile segments of the eastbound I-66 mainline from the Dulles 
Connector Road to Glebe Road.  In addition, crash density maps and crash rates were calculated for 
each merge/diverge area along eastbound I-66 within the study area as well as each eastbound I-66 
entry/exit ramp and ramp terminal intersection.  Furthermore, crash density maps and crash rates were 
developed for the Dulles Connector Road mainline between I-495 and I-66 as this facility is heavily 
utilized for access to I-66 from areas west of Washington DC.  Finally, crash rates and crash severities 
were calculated and identified at several arterial intersections adjacent to I-66. Additional information on 
the results of this qualitative analysis is provided later in this chapter. 

2.2 Quantitative Safety Analysis Methods and Tools 
The quantitative analysis tools provided by the HSM utilizes historic crash data in addition to basic inputs 
such as roadway geometry (number of lanes, lane widths, etc.) and historic traffic volume data in order to 
evaluate existing conditions and compare the safety of potential alternatives.  Using these data inputs, the 
number of crashes on the facility can now be predicted based on roadway geometric features, similar to 
how the Highway Capacity Manual and software can be used to predict future traffic operating conditions.  
With the ability to predict crashes based on different roadway geometry configurations, safety can now be 
considered along with other metrics such as level of service and construction cost to select the optimal 
design for a particular section of a project.   

The HSM is organized into four parts: 

 Part A – Introduction, Human Factors, and Fundamentals 
 Part B – Roadway Safety Management Process 
 Part C – Predictive Method 
 Part D – Crash Modification Factors 

For the purpose of conducting the quantitative analyses on the various segments of I-66, the following 
tools from Part C – Predictive Methods were used: 

 Enhanced Interchange Safety Analysis Tool (ISATe):  ISATe is a safety analysis tool used to 
evaluate freeway and interchange systems.  ISATe predicts crashes by mainline freeway 
segments, ramp segments, and ramp terminals based on geometric and operational 
characteristics of the particular portion of the project being analyzed.  In addition, ISATe also 
analyses ramp terminal crossroad intersections based on the number and arrangement of lanes 
and the type of traffic control at the intersection.  ISATe analyses for the I-66 mainline, ramp, and 
ramp terminal intersections consisted of existing (2015), 2040 No-Build, and 2040 Build safety 
conditions. 

 Extended HSM Spreadsheets: Extended HSM Spreadsheets represent the methods of safety 
analysis of roadway segments and intersections for Rural, Two-Lane, Two-Way Roads (HSM 
Chapter 10); Rural Multilane Highways (HSM Chapter 11); and Urban and Suburban Arterials 
(HSM Chapter 12).  The tool predicts crashes by roadway segment and intersection.  For this 
study, the spreadsheets and tools from the Urban and Suburban Arterials (HSM Chapter 12) will 
be utilized for the analysis of existing (2015), 2040 No-Build, and 2040 Build safety conditions. 
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In addition to predicting the number of crashes resulting from different geometric configurations, the HSM 
methodologies also predict crash severity for each crash type using the KABCO scale (K – fatal crash; A, 
B, C – injury crashes; O – property damage only (PDO) crashes).  The methodologies provided within the 
HSM can also predict crashes involving single or multiple vehicles, in some cases. 

The safety prediction methodology within the HSM relies on safety performance functions (SPF), which 
expresses the predicted crash frequency for basic roadway elements such as freeway or ramp segments, 
roadway segment, or intersection defined by traffic volume, base geometric conditions, and traffic control 
with respect to intersections.  Crash modification factors (CMF) expresses the relative change in crash 
frequency that could be expected with a change in roadway geometry or traffic control.  The use of these 
crash prediction models supplements the calculation of crash rates and densities when analyzing safety 
for a given facility. 

Within Part C – Predictive Methods of the HSM, tools are provided to estimate the long-term crash 
frequency of the existing conditions or for alternate roadway configurations.  Using the SPFs and CMFs 
described above, the first step in the predictive safety analysis is to predict the number of crashes that will 
occur at a particular location on the freeway mainline, ramp segment, or intersection.  The second step of 
the process, known as the Empirical Bayes (EB) method, incorporates historical crash data in order to 
develop the expected crash frequency.  The expected crash frequency is the estimated long-term 
average crash frequency of a freeway/ramp segment, intersection, or network under a given set of traffic 
volumes and roadway geometry.  If the expected crash frequency of a particular location is greater than 
the predicted crash frequency, then that location has a potential for safety improvement (PSI) or an 
expected excess average crash frequency. 

The EB method described above will not be used at locations where historic crash data is not available or 
applicable, or at locations where traffic volumes, type of control, or geometric conditions have changed 
significantly over time where the historic crash data would no longer be applicable to the proposed 
condition.  In these instances, the evaluation of the safety condition would be limited to the estimation of 
predicted average crash frequency using the predictive crash models.   

For the purpose of analyzing safety on I-66 using the HSM methodologies, uncalibrated models and 
results were used since calibration factors for these models are not yet available for Virginia roadways.  
As such, even lacking calibration, the HSM tools can be used for a relative comparison of the predicted to 
expected crash frequency for existing conditions and comparing between the predicted crash frequencies 
of various design alternatives.   

On I-66 inside the Beltway, a combination of predicted crash frequencies based on crash prediction 
model outputs, and expected crash frequencies based on a combination of crash prediction model output 
and historical crash data, were used to evaluate safety along the corridor.  Since existing crash data was 
available throughout the study area, both predicted and expected crashes were used to compute the PSI 
for the various segments along I-66 for existing (2015) conditions.  Due to the nature of the proposed 
widening of eastbound I-66 inside the Beltway which will physically change the cross section of the 
roadway by increasing the number of through lanes, the EB Method will not be used to calculate the 
expected crash frequency for 2040 No-Build and 2040 Build safety conditions.  As a result, Table 1 
presents a summary of the different analysis tools and analysis years that were analyzed for this 
exercise. 



I-66 INSIDE THE BELTWAY: TRAFFIC TECHNICAL REPORT – UPDATE (OCT. 2016 DRAFT) 
 

Transform I-66 Inside the Beltway 10-4 

Table 1 - Quantitative Safety Analysis Summary 

 

3.  Safety Data Collection 
Safety data was collected for both the qualitative and quantitative safety analyses.  The data needed for 
these two types of analyses depends on the tools used and the timeframe for which the analysis is being 
completed. 

3.1 Crash Data Collection 
For the qualitative safety analysis, five years of historical interstate crash data – from January 1, 2011 to 
December 31, 2015 – was obtained from VDOT for 10.2 miles of eastbound I-66, between milepost 64.5 
(just west of I-495) and milepost 74.7 (exit ramp to Jefferson Davis Highway – VA 110).  The same five 
years of historical arterial crash data was obtained from VDOT for each interchange within the study area.   

Crash data received from VDOT Central Office was sourced from the VDOT maintained Crash Analysis 
Tool (CAT) for analysis on I-66.  The crash data is supplied through a Tableau workbook that allows user 
to select various criteria to analyze and export to an Excel spreadsheet for further use.  This Excel 
spreadsheet was then converted to a shapefile for use in ArcGIS using the latitude and longitude of each 
crash, which spatially depicts all of the crash locations.  Crash data were populated with milepost 
information, which was then used to create crash histograms along I-66 using the VDOT-published Linear 
Referencing System (LRS), release 14.2. 

3.2 Roadway Inventory Data 
For the quantitative assessment of safety along the I-66 corridor, the ISATe process requires additional 
data in addition to corridor AADT that is not collected during the qualitative process.  In addition to AADT 
on each mainline segment of eastbound I-66, interchange ramp, and ramp termini intersection with 
adjacent arterials, the quantitative ISATe process requires the collection of the following roadway 
features: 

 Lane widths 
 Inside/Outside shoulder widths 
 Distance to barrier 
 Median width 
 Clear zone width 
 Horizontal curve radius 
 Presence of shoulder rumble strips 
 Weaving length 
 Location of ramp (left/right exit) 
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 Ramp entrances and exits 
 

Roadway inventory data was collected from multiple sources.  Average annual daily traffic volumes 
(AADT) for the five-year study period was obtained from VDOT traffic data publications for each mainline 
segment and ramp where data was available.  For sections that were missing, or where AADT data was 
not provided, volumes were balanced across I-66 for each year analyzed.  Existing conditions roadway 
data such as lane and shoulder width, distance to barriers, etc. were collected from Google Earth TM.  For 
the proposed widening project, roadway data was obtained from the roadway design files. 

Using each of the data collection elements outlined above, the qualitative and quantitative analyses of 
each mainline segment, interchange ramp, and ramp termini intersection along eastbound I-66 within the 
widening project area were completed.  The results of these analyses are described in detail in the 
following sections. 

4.  Crash History and Safety Analysis 
Using the collected crash and roadway geometry data described in Section 5.3, the existing, No-Build, 
and Build conditions were analyzed for safety throughout the study area.  As previously mentioned, both 
qualitative and quantitative methods were used to complete this exercise.  Details of the qualitative 
analyses are described beginning in Section 4.1 with the details of the quantitative analyses described 
beginning in Section 4.9. 

4.1 Qualitative Corridor Safety Analysis 
Using historic crash data obtained over a five-year period, qualitative safety analyses were completed for 
the I-66 mainline, merge/diverge areas (areas upstream and downstream of the physical point where 
traffic enters or exits I-66), ramps, and arterial intersections (consisting of ramp terminal intersections and 
adjacent intersections influenced by operations on I-66).  In addition, with the Dulles Connector Road 
providing vital mobility for the areas west of I-495, the mainline of this facility was also analyzed in terms 
of qualitative safety analysis.  Furthermore, I-66 was divided into various zones, which consisted of 
upstream and downstream ramp junctions and/or weaving sections where additional analyses were 
conducted.  Finally, I-66 was analyzed as a system and compared to other similar facilities in Virginia with 
respect to interchange spacing, cross section, and other features such as roadway signing that may affect 
the safety of freeway facilities. The following sections describe the results of these analyses in full detail. 

4.2  I-66 Mainline Crash History and Safety Analysis Results 
For the five-year analysis period – from January 1, 2011 to December 31, 2015 – 439 crashes were 
reported for the eastbound I-66 mainline between the entry ramp from Route 7 and the entry ramp from 
Glebe Road.  Within the five-year analysis period, it is important to note any trends in either reductions or 
increases in crash occurrences along the study corridor.  As such, the five-year crash pattern along the 
eastbound I-66 mainline is as follows: 

 2011: 88 total crashes 
 2012: 95 total crashes 
 2013: 71 total crashes 
 2014: 91 total crashes 
 2015: 94 total crashes 

As shown in the totals above, 2013 represented a decrease in the total number of crashes that occurred 
along the eastbound I-66 mainline within the study area.  As noted above, the cross section of the 
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eastbound I-66 mainline did not change during the five-year study period; therefore, it cannot be directly 
determined what may have caused the reduction in crashes.  

In terms of crash severity along the I-66 eastbound mainline, of the 439 reported crashes approximately 
76% were property damage only (PDO) type crashes.  During the analysis period, one fatal crash was 
reported on eastbound I-66.  Using ArcGIS, each of the reported crashes on the eastbound I-66 mainline 
study area, from MP 66.8 to MP 71.4 for the five-year study period were geospatially located with the 
number of each crash severity type (fatality, injury, PDO) summarized in half-mile segments.  Figure 1 
and Figure 2 present a visual summary of where these crashes are occurring along the eastbound I-66 
mainline and the severity of each of these crashes per half-mile segment. 

As shown in Figures 1 and 2, the entire segment of eastbound I-66 between Route 7 and Sycamore 
Street experiences a high number of PDO type crashes.  This segment of eastbound I-66 typically 
experiences the highest levels of daily congestion and slower speeds, resulting in the potential for higher 
numbers of low speed, non-injury crashes.  In particular, the segment between MP 68.3 and MP 68.8 just 
upstream of the exit ramp to US 29/Washington Boulevard (East Falls Church) experiences the highest 
number of PDO type crashes (106) in the entire study corridor.  East of Sycamore Street, the eastbound 
I-66 mainline crash densities decrease to approximately 10 crashes per half mile.  

In terms of crash type along the eastbound I-66 mainline, approximately 79% of the 439 reported crashes 
were rear end crashes with fixed object, off-road crashes consisting of the second most common crash 
type.  Figure 3 and Figure 4 present a visual summary of where these crashes are occurring along the 
eastbound I-66 mainline and the number of each crash type per half-mile segment. 

As noted above, the predominant crash type along the I-66 corridor is rear end type crashes.  The 
following three segments of eastbound I-66 experience the highest number of rear end crashes: 

 Between MP 68.3 and MP 68.8 (124 crashes) 
 Between MP 67.8 and MP 68.3 (71 crashes) 
 Between MP 67.3 and MP 67.8 (39 crashes) 

Each of these segments is located between the Dulles Connector Road and Sycamore Street where two 
separate lane drops occur that contribute to increased turbulence in the eastbound traffic stream.  The 
increased turbulence through these segments of eastbound I-66 creates the potential for rear end 
crashes to occur due to the stop and go nature of traffic operations in this area. 

 

 



I-66 INSIDE THE BELTWAY: TRAFFIC TECHNICAL REPORT – UPDATE (OCT. 2016 DRAFT) 
 

Transform I-66 Inside the Beltway 10-7 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1  - Eastbound I-66 Mainline Crashes by Severity (MP 66.8 – 69.1) 
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Figure 2  - Eastbound I-66 Mainline Crashes by Severity (MP 69.2 – MP 71.4) 
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Figure 3  - Eastbound I-66 Mainline Crashes by Type (MP 66.8 – MP 69.1) 
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Figure 4  - Eastbound I-66 Mainline Crashes by Type (MP 69.2 – MP 71.4) 
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Additionally, crash rates in terms of total crashes and injury crashes (Type A, B, C) were calculated for 
each half-mile segment along eastbound I-66.  These crash rates per half-mile segment were then plotted 
against the 2014 statewide crash rates for urban interstates and the entire I-66 facility in the eastbound 
direction for the purpose of identifying “hot spot” locations along the I-66 corridor.  Figure 5 through 
Figure 8 presents the results of this analysis.  

Based on the crash rate statistics summarized in Figure 5 through Figure 8, the following locations along 
the eastbound I-66 mainline have been identified as crash “hot spots”: 

 Eastbound I-66 between MP 66.8 and MP 67.3 
 Eastbound I-66 between MP 67.8 and MP 68.3 
 Eastbound I-66 between MP 68.3 and MP 68.8 

These three segments of the eastbound I-66 mainline have been identified as crash “hot spots” due to 
their respective total and injury crash rates exceeding the 2014 statewide average crash rates for urban 
interstates.  Several other segments of I-66 have total crash rates that far exceed the statewide average 
crash rates for urban interstates; however, the severity associated with these crashes are not significant 
enough to warrant their inclusion as additional “hot spots” along the I-66 corridor. 
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Figure 5  – Eastbound I-66 Mainline Crash Rate Comparison: All Urban Interstates (MP 66.8 – MP 69.1) 
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Figure 6  - Eastbound I-66 Mainline Crash Rate Comparison: All Urban Interstates (MP 69.2 – MP 71.4) 
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Figure 7  - Eastbound I-66 Mainline Crash Rate Comparison: All Eastbound I-66 (MP 66.8 - MP 69.1) 
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Figure 8  - Eastbound I-66 Mainline Crash Rate Comparison: All Eastbound I-66 (MP 69.2 - MP 71.4) 
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Environmental causes such as lighting condition and roadway pavement condition are common factors 
that can contribute to crashes occurring along a particular facility.   

Due to the east-west alignment of I-66, lighting conditions relating to sun glare during the morning and 
evening commutes, as well as general dark lighting conditions, may contribute to reduced sight distances 
resulting in the potential for crashes to occur.  As such, the crash data collected over the most recent 
five-year period was analyzed to identify if any adverse lighting conditions have contributed to crashes 
occurring along the eastbound I-66 mainline.  For this analysis, only crashes that occurred during 
darkness, dawn, or dusk lighting conditions were analyzed to determine if any patterns exist relating to 
these adverse conditions.  Figure 9 and Figure 10 present a summary of these results. 

Based on the results shown in Figure 9 and Figure 10, the highest number of crashes documented on 
the eastbound I-66 mainline due to adverse lighting was 13 between MM 68.3 and 68.8. The number of 
crashes due to adverse lighting between MM 67.8 and 68.3 were documented to be 12, and in all other 
segments the crash number is less than 10. As such, based on these analyses, adverse lighting 
conditions do not appear to be a contributing cause of crashes on the I-66 mainline.   

Additionally, analyses were conducted on the reported pavement condition for each crash along the 
eastbound I-66 mainline between MP 66.8 and MP 71.4 to determine if there is an existing pavement 
condition issue that contributed to crashes occurring during the five-year analysis period.  Based on the 
summary of results presented in Figure 11 and Figure 12, of the 439 reported crashes on the eastbound 
I-66 mainline, approximately 88% of all crashes occurred on dry pavement with 12% of all crashes 
occurring on wet, snowy or icy pavement. From the results presented, there does not appear to be a 
correlation between the frequency of crashes and pavement condition, as the vast majority of the crashes 
occurred on dry pavement surface conditions.  

Finally, it is also important to note when crashes are occurring along the I-66 corridor to establish if 
crashes are occurring during the AM or PM peak periods where traffic volumes and congestion are at the 
highest levels.  For the purpose of this analysis, the following times were used to define the AM, PM, and 
off-peak time periods: 

 AM Peak Period:  5:30 AM to 9:30 AM 
 PM Peak Period:  3:00 PM to 7:00 PM 
 Off-Peak:  All other times 

As summarized in Figure 13 and Figure 14, there does not appear to be a direct correlation between 
time period and the frequency of crashes.  However, a higher number of crashes have occurred during 
the PM peak period than reported during the AM peak period.  With the implementation of dynamically 
priced toll lanes on I-66 inside the Beltway, the proposed tolling period during the morning in the 
eastbound direction will be between 5:30 AM and 9:30 AM. Therefore, it is worthwhile to examine crash 
rates during the AM toll period against the crash rates of the entire day. Figure 15 and Figure 16 
presents the crash rates during the morning peak period and the crash rates for the entire day. These 
figures show that the AM crash rates in the segments of the study corridor are significantly lower than the 
crash rates for the entire day. Furthermore, crash rates during the AM peak period are significantly lower 
than the 2014 statewide average crash rates for all urban interstates in the Commonwealth.  Therefore, 
crash rates during the proposed AM tolling period do not present a significant safety concern. 
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Figure 9  - Eastbound I-66 Mainline Crashes by Lighting Condition (MP 66.8 - MP 69.1) 
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Figure 10  - Eastbound I-66 Mainline Crashes by Lighting Condition (MP 69.2 - MP 71.4) 
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Figure 11  - Eastbound I-66 Mainline Crashes by Roadway Surface Condition (MP 66.8 - MP 69.1) 
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Figure 12  - Eastbound I-66 Mainline Crashes by Roadway Surface Condition (MP 69.2 - MP 71.4) 
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Figure 13 - Eastbound I-66 Mainline Crashes by Peak Period (MP 66.8 - MP 69.1) 

MP 66.8 – MP 67.3 MP 67.3 – MP 67.8 MP 67.8 – MP 68.3 MP 68.3 – MP 68.8 MP 68.8 – MP 69.1 



I-66 INSIDE THE BELTWAY: TRAFFIC TECHNICAL REPORT – UPDATE (OCT. 2016 DRAFT) 
 

Transform I-66 Inside the Beltway 10-22 

4 2 77 5
8

3 2

12
6

6
8 6

0

20

40

60

80

100

120

140

MM 69.2 - MM 69.7 MM 69.7 - MM 70.2 MM 70.2 - MM 70.7 MM 70.7 - MM 71.2 MM 71.2 - MM 71.4

N
um

be
r o

f C
ra

sh
es

Half-Mile Segments

OP
PM
AM

Figure 14  - Eastbound I-66 Mainline Crashes by Peak Period (MP 69.2 - MP 71.4) 
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Figure 15  Eastbound I-66 Mainline Crash Rate Comparison (AM Peak Period vs. Total Crash Rate)  
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Similar to the eastbound direction, the westbound I-66 mainline was analyzed for the five-year period 
from January 1, 2011 to December 31, 2015 between the entry ramp from Route 7 and the entry ramp 
from Glebe Road in order to establish any existing crash patterns within the study area.  As such, 573 
crashes were reported for the westbound I-66 study area.  The existing crash pattern along the 
westbound I-66 mainline is as follows:  

 2011:  103 total crashes 
 2012:  102 total crashes 
 2013:  74 total crashes 
 2014:  138 total crashes 
 2015:  156 total crashes 

 
As seen in the crash analysis of the eastbound I-66 mainline, 2013 represented an overall decrease in 
the total number of crashes that occurred along the westbound I-66 mainline.  However, several sections 
of westbound I-66 between the Dulles Connector Road and Sycamore Street experienced significant 
increases in crashes in 2014 compared to the two previous years. A possible contributing factor to this 
increase in crashes was the beginning of construction of the second Spot Improvement project between 
US 29 (East Falls Church) and the Dulles Connector Road.  Beginning in January 2014, construction 
began on the second Spot Improvement project which consisted of constructing an additional auxiliary 
lane between the Washington Boulevard on-ramp to westbound I-66 and the ramp to the Dulles 
Connector Road.  For this analysis, FR300 crash reports were not reviewed, so it cannot be determined if 
the active work zones associated with this project directly contributed to the increase in crashes along 
these segments of westbound I-66. 

As seen in the eastbound direction, PDO type crashes were the predominant crash severity type for the 
westbound mainline, consisting of approximately 78% of the 573 reported crashes between 2011 and 
2015. No fatal crashes were reported on the westbound mainline during the five-year analysis period. 
Using ArcGIS, each of the reported crashes on the westbound I-66 mainline were geospatially located 
with the number of each crash severity type (fatality, injury, PDO) summarized in half-mile segments. 
Figures 16 and 17 present a visual summary of where these crashes are occurring along the westbound 
I-66 mainline and the severity of each of these crashes per half-mile segment.  

As shown in Figure 16 and Figure 17, the following three half-mile segments of westbound I-66 
experienced the highest number of PDO type crashes during the five-year study period: 

 Between MP 67.4 and MP 67.9 (Just east of Dulles Connector Road) 
 Between MP 68.9 and MP 69.4 (between Sycamore Street and US 29 – East Falls Church) 
 Between MP 66.9 and MP 67.4 (Just west of Dulles Connector Road) 

These segments experience the highest levels of recurring congestion, slower travel speeds, and 
challenging diverge movements; particularly at the I-66/Dulles Connector Road interchange.  As such, 
these segments have shown a higher potential for low speed, non-injury crashes than any other 
segments along the westbound I-66 mainline.   

In the westbound direction, approximately 65% of the reported 573 total crashes were rear end crashes, 
with 17% of crashes involving a fixed object, off-road type crashes. Figures 18 and 19 presents a visual 
summary of where these crashes are occurring along the westbound I-66 mainline and the number of 
each crash type per half-mile segment.  
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As noted above, the predominant crash type along the I-66 corridor is rear end type crashes. The 
following three segments of westbound I-66 experienced the highest number of rear end crashes: 

 Between MP 67.4 and MP 67.9 (84 Crashes) 
 Between MP 68.9 and MP 69.4 (53 Crashes) 
 Between MP 69.4 and MP 69.9 (40 Crashes) 

The segment between the exit ramp to Route 7 and the ramp to the Dulles Connector Road experienced 
the highest number of fixed object, off road crashes during the five-year study period. 
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Figure 16 - Westbound I-66 Mainline Crashes by Severity (MP 66.9 – MP 69.4)  
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Figure 17 - Westbound I-66 Mainline Crashes by Severity (MP 69.4 – MP 71.8) 
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Figure 18 - Westbound I-66 Mainline Crashes by Type (MP 66.9 - MP 69.4) 
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 Figure 19 – Westbound I-66 Mainline Crashes by Type (MP 69.4 – MP 71.8)
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As noted above, the highest location of rear end crashes occurs in the westbound segment just east of 
the Dulles Connector Road. Prior to the Spot Improvement #2 project, the merge from westbound I-66 to 
the Dulles Connector Road consisted of one auxiliary lane and one option lane that drivers could choose 
to go onto the Dulles Connector Road or stay on westbound I-66. This option lane, combined with the 
heavy traffic volume making that diverge movement, could be contributing factors to the high number of 
rear end crashes on that segment of westbound I-66. The other two segments located between the off-
ramp to Sycamore Street and the Washington Boulevard slip ramp, are locations with recurring 
congestion that can result in increased potential for rear end crashes. 

Additionally, crash rates in terms of total crashes and injury crashes (Type A, B, C injuries) were 
calculated for each half-mile segment along I-66 in the westbound direction. These crash rates per half-
mile segment were then plotted against the 2014 statewide crash rates for urban interstates and the 
entire I-66 facility in the westbound direction for the purpose of identifying “hot spot” locations along the I-
66 corridor. Figures 20 to 23 summarizes the results of the analysis.    

Based on the crash statistics summarized in Figures 20 to 23, the following locations along the 
westbound I-66 mainline have been identified as crash “hot spots”:  

 Westbound I-66 between MP 66.9 and MP 67.4 
 Westbound I-66 between MP 67.4 and MP 67.9 
 Westbound I-66 between MP 68.9 and MP 69.4 

These three segments of the westbound I-66 mainline have been identified as crash ‘hot spots” due to 
their respective total and injury crash rates exceeding the 2014 statewide average crash rates for urban 
interstates. Several other segments of I-66 in the westbound direction have total crash rates that far 
exceed the statewide average crash rates for urban interstates; however, the severity associated with 
these crashes are not significant enough to warrant their inclusion as additional “hot spots”. 
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 Figure 20 – Westbound I-66 Mainline Crash Rate Comparison: All Urban Interstates (MP 66.9 – MP 69.4) 
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 Figure 21 – Westbound I-66 Mainline Crash Rate Comparison: All Urban Interstates (MP 69.4 – MP 71.8) 
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 Figure 22 – Westbound I-66 Mainline Crash Rate Comparison: All Westbound I-66 (MP 66.9 – MP 69.4)   
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 Figure 23 – Westbound I-66 Mainline Crash Rate Comparison: All Westbound I-66 (MP 69.4 – MP 71.8)  
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Similar to the eastbound direction, analyses of crashes related to environmental factors such as lighting 
condition and roadway pavement surface were also conducted on I-66 in the westbound direction. 

Based on the results shown in Figures 24 and 25, the number of crashes in any half-mile segment where 
adverse lighting conditions were documented in the westbound direction on the I-66 mainline was 
generally less than 10 crashes. For example, the two half-mile segments between MP 66.9 and MP 67.9 
have the highest total number of crashes with dark, dusk, or dawn lighting conditions (total of 8 in both 
segments).  These segments are also among the top three half mile segments in terms of total crashes at 
81 and 105 total crashes, respectively during the five-year analysis period.  Given the low number of 
crashes related to adverse lighting conditions compared to the total number of crashes, adverse lighting 
conditions do not appear to be a contributing cause of crashes on the westbound I-66 mainline.   

Analyses were also conducted on the reported pavement condition for each crash along the westbound I-
66 mainline to determine if there is an existing pavement issue that contributed to crashes occurring 
during the five-year analysis period. For the westbound direction, of the 573 reported crashes, 
approximately 87% of all crashes occurred on dry pavement with 13% of all crashes occurring during 
adverse pavement conditions. Figure 26 and Figure 27 present a summary of these results.  As 
presented in the figures, the half mile segment between MP 66.9 and MP 67.4 experienced the highest 
number of crashes (20) related to adverse pavement conditions; however, this segment is also among the 
top crash locations on the westbound mainline.  Despite the relatively high share of crashes on adverse 
pavement between MP 66.9 and MP 67.4, adverse pavement conditions do not appear to be a major 
contributing factor to crashes on westbound I-66. 

As summarized in Figure 28 and Figure 29, there does not appear to be a direct correlation between 
time period and the frequency of crashes.  With the implementation of dynamically priced toll lanes on I-
66 inside the Beltway, the proposed tolling period during the evening in the westbound direction will be 
between 3:00 PM and 7:00 PM. Therefore, it is worthwhile to examine crash rates during the PM toll 
period against the crash rates of the entire day. Figure 30 presents the crash rates during the evening 
peak period and the crash rates for the entire day. These figures show that the PM crash rates in the 
segments of the study corridor are significantly lower than the crash rates for the entire day. Furthermore, 
crash rates during the PM peak period are significantly lower than the 2014 statewide average crash 
rates for all urban interstates in the Commonwealth.  Therefore, crash rates during the proposed PM 
tolling period do not present a significant safety concern. 
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 Figure 24 - Westbound I-66 Mainline Crashes by Lighting Condition (MP 66.9 – MP 69.4) 
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Figure 25 - Westbound I-66 Mainline Crashes by Lighting Condition (MP 69.4 – 71.8)  

2
11

3

1

1

0

1

2

3

4

5

6

7

8

9

MP 69.4 - MP 69.9 MP 69.9 - MP 70.4 MP 70.4 - MP 70.9 MP 70.9 - MP 71.4 MP 71.4 - MP 71.8

N
um

be
r o

f C
ra

sh
es

 

Half-Mile Segments

5. Darkness - Road Not Lighted
3. Dusk
1. Dawn



I-66 INSIDE THE BELTWAY: TRAFFIC TECHNICAL REPORT – UPDATE (OCT. 2016 DRAFT) 
 

Transform I-66 Inside the Beltway 38 
  
 
 

  Figure 26 - Westbound I-66 Mainline Crashes by Roadway Surface Condition (MP 66.9 – MP 69.4)            
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 Figure 27 - Westbound I-66 Mainline Crashes by Roadway Surface Condition (MP 69.4 – MP 71.8)  
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Figure 28 - Westbound I-66 Mainline Crashes by Time Period (MP 66.9 – MP 69.4) 
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Figure 29 - Westbound I-66 Mainline Crashes by Time Period (MP 69.4 – MP 71.8) 
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 Figure 30 - Westbound I-66 Mainline Crash Rate Comparison (PM Peak Period vs. Total Crash Rate)  
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4.3  Dulles Connector Road Mainline Crash History and Safety Analysis 
Results 
For the five-year analysis period from January 1, 2011 to December 31, 2015, 71 crashes were reported 
for the eastbound Dulles Connector Road (VA Rte. 267) mainline from east of I-495 (from the on-ramp 
from southbound I-495 General Purpose lanes to eastbound VA Rte. 267 at MP 25.9) to I-66 (the physical 
gore area of the on-ramp from the Dulles Connector Road to I-66). Two sets of analysis have been 
performed on the Dulles Connector Road with regards to safety. In the first approach, the Dulles 
Connector Road is divided into half mile segments, whereas in the second approach, safety analysis 
zones are considered as identified in Figure 31. These zones include: 

1. From I-495 on-ramp to southbound Dolley Madison Boulevard (VA Rte. 123) off-ramp (from MP 
25.9 to MP 26.0) 

2. From southbound Dolley Madison Boulevard off-ramp to southbound Dolley Madison Boulevard 
on-ramp (from MP 26.0 to MP 26.2) 

3. From southbound Dolley Madison Boulevard on-ramp to northbound Dolley Madison Boulevard 
off-ramp (from MP 26.2 to MP 26.3) 

4. From northbound Dolley Madison Boulevard off-ramp to northbound Dolley Madison Boulevard 
on-ramp (from MP 26.3 to MP 26.4) 

5. From northbound Dolley Madison Boulevard on-ramp to the lane drop from 4 lanes to 3 lanes 
(from MP 26.4 to MP 26.7) 

6. From the lane drop from 3 lanes to the lane drop to 2 lanes (from MP 26.7 to MP 27.2) 
7. From the lane drop from 2 lanes to I-66 ramp (from MP 27.2 to MP 28.4) 
8. From I-66 ramp to I-66 mainline (from MP 28.4 to MP 28.8) 

 
 

 

 

 

 

 

 

 

 

 

 

 

Within the five-year analysis period, it is important to note any trends in either reductions or increases in 
crash occurrences along the study corridor.  As such, the five-year crash pattern along the Dulles 
Connector Road is as follows: 

Figure 31 –Eastbound Dulles Connector Road Safety Analysis Zones 
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 2011: 11 total crashes 
 2012: 24 total crashes 
 2013: 12 total crashes 
 2014: 15 total crashes 
 2015: 9 total crashes 

As shown in the totals above, 2015 represented a decrease in the total number of crashes that occurred 
along the Dulles Connector Road within the study area.  The highest number of crashes was observed in 
2012.  

In terms of crash severity along the eastbound Dulles Connector Road, of the 71 reported crashes during 
the five-year period, approximately 70% were property damage only (PDO) type crashes and 30% were 
injury crashes (including Type A, B and C). No fatalities were reported on the Dulles Connector Road (VA 
Rte. 267) during the 2011 to 2015 analysis period. Injury crashes (type A, B and C) constitute 34% of 
crashes on state primary roads in 20140 F

1. Therefore, the Dulles Connector Road attains a lower than 
average injury crash compared with average statewide injury crash rates. Using ArcGIS, each of the 
reported crashes on the Dulles Connector Road were geospatially located with the number of each crash 
severity type (fatality, injury, and PDO) summarized for each segment.  Figure 32 presents a visual 
summary of where these crashes are occurring along the Dulles Connector Road mainline in the 
eastbound direction and the severity of each of these crashes in half mile segments. 

As shown in Figure 32, the number of PDO crashes is higher at the beginning and at the end of 
eastbound Dulles Connector Road. The first half mile segment (from MP 25.9 to MP 26.4) experiences a 
higher number of merge and diverge activities due to the Dolley Madison Boulevard interchange with the 
Dulles Connector Road. This segment also experiences a high level of recurring congestion. The two 
ending segments (from MP 27.9 to MP 28.8) are associated with the merging activities to eastbound I-66 
through the horizontal curvature of the entry ramp and queues from I-66. Injury crashes are also higher in 
these segments of the Dulles Connector Road compared with other segments on the Dulles Connector 
Road.   

From a zonal perspective, the zone from the southbound Dolley Madison Boulevard off-ramp to the 
southbound Dolley Madison Boulevard on-ramp (from MP 26.0 to MP 26.2) has the highest density of 
reported crashes in the five-year analysis period with 77 crashes per mile. The zone from the I-495 on-
ramp to the southbound Dolley Madison Boulevard off-ramp (from MP 25.9 to MP 26.0) is the second 
worst section with 64 reported crashes per mile in the five-year analysis period. These sections are 
associated with many lanes changes and stops due to merging/diverging activities. The share of injury 
crashes (all types) is highest (45%) in the zone from the I-495 on-ramp to the southbound Dolley Madison 
Boulevard off-ramp (from MP 25.9 to MP 26.0). 

                                                      
1 2014 Summary of Crash Data, Interstate, Primary and Secondary System Under Jurisdiction of Virginia Department 
of Transport, Virginia Department of Transportation, Traffic Engineering Division, 2014 
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In terms of crash type along the Dulles Connector Road, approximately 54% of the 71 reported crashes 
were rear end crashes with fixed object, off-road crashes consisting of the second most common crash 
type (25%).  In 2014, 36% of the statewide crashes along primary roads were rear-end crashes, and fixed 
object, off-road crashes along all primary roads constitute 17% of total statewide crashes1F

2. As such, the 
share of rear-end and fix object, off road crashes on the Dulles Connector Road are higher than statewide 
averages for primary roads. Figure 33 presents a visual summary of where these crashes are occurring 
along the Dulles Connector Road and the number of each crash type for each half mile segment. 

                                                      
2 2014 Summary of Crash Data, Interstate, Primary and Secondary System Under Jurisdiction of Virginia Department 
of Transport, Virginia Department of Transportation, Traffic Engineering Division, 2014 

Figure 32 - Eastbound Dulles Connector Road Crashes by Severity 
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As noted above, the predominant crash type along the Dulles Connector Road is rear-end type crashes.  
In particular, the following three segments of the Dulles Connector Road experience the highest number 
of rear-end crashes: 

 Between MP 25.9 and MP 26.4 (17 reported crashes in the five-year period) 
 Between MP 26.4 and MP 26.9 (7 reported crashes in the five-year period) 
 Between MP 27.9 and MP 28.4 (5 reported crashes in the five-year period) 

Recurring congestion could be the most influential factor in causing rear-end collisions. All segments of 
the Dulles Connector Road that were analyzed experiences congestion during the morning and evening 
peak periods. Two of these segments are located at the Dulles Connector Road/Dolley Madison 
Boulevard interchange where many merging and diverging movements occur. The short spacing of on 
and off ramps within the interchange causes many movement conflicts. The increased turbulence 
through these segments of eastbound Dulles Connector Road creates the potential for rear-end crashes 
to occur due to the increased congestion at this location.  

In terms of zones, the zone from the southbound Dolley Madison Boulevard off-ramp to the southbound 
Dolley Madison Boulevard on-ramp (from MP 26.0 to MP 26.2) has the highest density of reported rear-
end crashes in the five-year analysis period with 54 crashes per mile. The zone from the I-495 on-ramp to 
the southbound Dolley Madison Boulevard off-ramp (from MP 25.9 to MP 26.0) is the second worst 
section with 43 reported rear-end crashes per mile in the five-year analysis period. While rear-end 
crashes are the predominant crash type on the Dulles Connector Road, there is also a large number of 
off-road, fixed-object crashes on the section from the I-66 ramp to the eastbound I-66 mainline (from MP 
28.4 to MP 28.8) with 22 crashes per mile. These crashes could be a result of the relatively sharp 
curvature of the ramp (reduced speed limit from 55 MPH to 45 MPH) and the narrow lanes (about 10.5 ft.) 
in this section.  

Additionally, crash rates in terms of total crashes and injury crashes (Type A, B, C injuries) were 
calculated for each segment along eastbound Dulles Connector Road.  These crash rates were then 
plotted against the 2014 statewide crash rates for primary roads to identify the “hot spot” locations along 
the Dulles Connector Road.  Figure 34 and Figure 35 summarize the results of this analysis for half mile 
segments and crash analysis zones, respectively.  

Based on the crash rate statistics summarized in Figure 34 none of the half mile segments on Dulles 
Connector Road exceeds the total crash rates and injury crash rates shown in these figures.  On a zonal 
basis as in Figure 35, the zone from the I-495 on-ramp to the southbound Dolley Madison Boulevard off-
ramp (from MP 25.9 to MP 26) could be considered as a “hot spot” as it has a higher total crash rate (172 
crashes per 100 million vehicle mile traveled) and injury crash rate (76 crashes per 100 million vehicle 
mile traveled) for all injury types compared to all primary roads in Virginia. 
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Figure 33 – Eastbound Dulles Connector Road Mainline Crashes by Type 
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Figure 34 - Eastbound Dulles Connector Road Crash Rate Comparison per Half Mile Segment (All Primary Roads) 
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Figure 35 - Eastbound Dulles Connector Road Crash Rate Comparison per Crash Analysis Zone (All Primary Roads) 
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Environmental causes such as roadway pavement condition and lighting condition are common factors 
that can contribute to crashes occurring along a particular facility.  As such, analyses were conducted on 
the reported pavement condition for each crash along the Dulles Connector Road to determine if there is 
an existing pavement issue that contributed to crashes occurring during the five-year analysis period.  Of 
the 71 reported crashes in the five-year analysis period on the Dulles Connector Road, approximately 
75% of all crashes occurred on dry pavement with 25% of all crashes occurring on adverse pavement 
conditions (wet, snowy, icy). Based on the 2014 Summary of Crash Data, published by VDOT, crashes 
that occurred on adverse pavement conditions consist of 19% of all crashes that occurred on all primary 
roads2F

3. When comparing crashes on adverse pavement conditions on the Dulles Connector Road to 
those occurring on all primary roads, the share of these crashes was higher on the Dulles Connector 
Road. In particular, as shown in Figure 36, the eastbound sections between I-495 and Dolley Madison 
Boulevard and between MP 27.4 and MP 28.4 have the highest number of crashes attributed to adverse 
pavement conditions than the other segments analyzed between I-495 and I-66 inside the Beltway.  

 

                                                      
3 2014 Summary of Crash Data, Interstate, Primary and Secondary System Under Jurisdiction of Virginia Department 
of Transport, Virginia Department of Transportation, Traffic Engineering Division, 2014 
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Figure 36 - Eastbound Dulles Connector Road Crashes by Pavement Condition 
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Another important environmental cause of crashes is the lighting condition. As such, the crash data 
collected over the five-year period was analyzed to identify if any adverse lighting conditions may have 
contributed to crashes occurring along the Dulles Connector Road in the eastbound direction.  For this 
analysis, only crashes that occurred during darkness, dawn, or dusk lighting conditions were analyzed to 
determine if any patterns exist relating to these adverse conditions.  Figure 37 presents a summary of 
these results. 

Based on the results shown in Figure 37, the number of crashes in any particular segment where 
adverse lighting conditions were documented on the Dulles Connector Road was generally low.  As such, 
based on these analyses, adverse lighting conditions do not appear to be a contributing cause of crashes 
on the Dulles Connector Road.  

During the five-year analysis period, only 10 crashes occurred on segments with adverse lighting (night 
crashes with no lighting on the road) conditions on the Dulles Connector Road.  The share on these 
crashes is about 15% of all crashes on the Dulles Connector Road. This is lower than the 20% statewide 
share of such crashes on primary roads3 F

4. The only significant zones with crashes related to adverse 
lighting conditions are those from the southbound Dolley Madison Boulevard off-ramp to the southbound 
Dolley Madison Boulevard on-ramp (from MP 26.0 to MP 26.2) with 15 reported crashes per mile in the 
five-year analysis period, and from the southbound Dolley Madison Boulevard on-ramp to the northbound 
Dolley Madison Boulevard off-ramp (from MP 26.2 to MP 26.3) with 13 reported crashes per mile during 
the analysis period.  

Finally, it is also important to note the time of day that crashes are occurring along eastbound Dulles 
Connector Road to establish if crashes are occurring during the AM or PM peak periods where traffic 
volumes and congestion are at the highest levels.  The following times were used to define the AM, PM, 
and off-peak time periods for this analysis: 

 AM Peak Period:  5:30 AM to 9:30 AM 
 PM Peak Period:  3:00 PM to 7:00 PM 
 Off-Peak:  All other times 

As summarized in Figure 38 the AM crash rate for the segment of the Dulles Connector Road between 
MP 25.9 and MP 26.4 is much higher than the total crash rate. Additionally, the PM crash rate for this 
same segment is also higher than the total crash rate. The higher crash rates for this segment could be a 
result of the severe recurring congestion that is commonly experienced during the AM and PM peak 
hours.  

                                                      
4 2014 Summary of Crash Data, Interstate, Primary and Secondary System Under Jurisdiction of Virginia Department 
of Transport, Virginia Department of Transportation, Traffic Engineering Division, 2014 
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Figure 37 - Eastbound Dulles Connector Road Mainline Crashes by Lighting Condition 
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Figure 38 – Eastbound Dulles Connector Road Mainline Crash Rate Comparison by Peak Time Period 
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For the five-year analysis period from January 1, 2011 to December 31, 2015, 61 crashes were reported 
for the westbound Dulles Connector Road (VA Rte. 267) mainline from I-66 (the physical gore area of the 
westbound I-66 off-ramp to the Dulles Connector Road) to east of I-495 (the physical gore area of the off-
ramp from the Dulles Connector Road to northbound I-495 northbound at MP 26.5). Two sets of analysis 
have been performed on the westbound Dulles Connector Road with regards to safety. In the first 
approach, the Dulles Connector Road is divided into half mile segments, whereas in the second 
approach, safety analysis zones are considered as identified in Figure 39. These zones include: 

9. From southbound Dolley Madison Boulevard (VA Rte. 123) on-ramp to northbound I-495 off-
ramp (from MP 26.5 to MP 26.7), 

10. From southbound Dolley Madison Boulevard off-ramp to southbound Dolley Madison Boulevard 
on-ramp (from MP 26.7 to MP 26.8), 

11. Physical gore of the northbound Dolley Madison Boulevard off-ramp on eastbound Dulles 
Connector Road to southbound Dolley Madison Boulevard off-ramp (from MP 26.8 to MP 26.9), 

12. From northbound Dolley Madison Boulevard off-ramp to corresponding physical gore of the 
northbound Dolley Madison Boulevard off-ramp on eastbound Dulles Connector (from MP 26.9 
to MP 27.0), 

13. From the lane addition to 4 lanes (where two lanes split off to make up the Dulles Access Road 
and two lanes continues as the Dulles Connector Road) to the northbound Dolley Madison 
Boulevard off-ramp (from MP 27.0 to MP 27.2), 

14. From the lane addition to 3 lanes to the lane addition to 4 lanes (from MP 27.2 to MP 27.7), 
15. From the I-66 ramp (physical gore of the on ramp from Falls Church Metro station bus stops) to 

the lane addition to 3 lanes (from MP 27.7 to MP 29.0), 
16. From I-66 mainline to the physical gore of the on ramp from Falls Church Metro station bus stops 

(from MP 29.0 to MP 29.2). 
 

 

 

 

 

 

 

 

 

 

 

 

 

Within the five-year analysis period, it is important to note any trends in either reductions or increases in 
crash occurrences along the study corridor.  As such, the five-year crash pattern along westbound Dulles 
Connector Road is as follows: 

Not to Scale 

Figure 39 - Safety Analysis Zones on Westbound Dulles Connector Road 
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 2011: 18 total crashes 
 2012: 11 total crashes 
 2013: 15 total crashes 
 2014: 12 total crashes 
 2015: 5 total crashes 

As shown in the totals above, 2015 represented a decrease in the total number of crashes that occurred 
along the Dulles Connector Road within the study area.  The highest number of crashes was observed in 
2011.  

In terms of crash severity along westbound Dulles Connector Road, of the 61 reported crashes during the 
five-year period, approximately 69% were property damage only (PDO) crashes and 31% were injury 
crashes (including Type A, B and C). No fatalities were reported on westbound Dulles Connector Road 
during the 2011 to 2015 analysis period. Injury crashes (type A, B and C) constitute 34% of crashes on 
state primary roads in 20144 F

5. Therefore, the Dulles Connector Road attains a lower than average injury 
crash compared with average statewide injury crash rates. Using ArcGIS, each of the reported crashes 
on the Dulles Connector Road were geospatially located with the number of each crash severity type 
(fatality, injury, and PDO) summarized for each segment.  Figure 40 presents a visual summary of where 
these crashes are occurring along the Dulles Connector Road mainline in the westbound direction and 
the severity of each of these crashes in half mile segments. 

As shown in Figure 40, the number of PDO crashes is higher at the half mile section adjacent to I-66 
(from MP 29.0 to MP 29.2) section along westbound Dulles Connector Road. Of particular note, there are 
4 incapacitating injury crashes (Type A) reported on westbound Dulles Connector Road. These four 
crashes were reported in the following locations: 

• One reported Type A injury crash between MP 26.5 to MP 27.0, 
• One reported Type A injury crash between MP 27.0 to MP 27.5, 
• One reported Type A injury crash between MP 28.0 to MP 28.5, 
• One reported Type A injury crash between MP 29.0 to MP 29.2. 

 

 

 

 

 

 

                                                      
5 2014 Summary of Crash Data, Interstate, Primary and Secondary System Under Jurisdiction of Virginia Department 
of Transport, Virginia Department of Transportation, Traffic Engineering Division, 2014 
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From a zonal perspective, the zone from westbound I-66 off-ramp to the end of the ramp section (from 
MP 29.0 to MP 29.2) has the highest density of reported crashes in the five-year analysis period with 76 
reported crashes per mile. The zone from the lane addition to 4 lanes (where two lanes split off to make 
up the Dulles Access Road and two lanes continues as the Dulles Connector Road) to Dolley Madison 
Boulevard (VA Rte. 123) northbound off-ramp (from MP 27.0 to MP 27.2) has the second highest number 
of crashes per mile (35 crashes per mile).  

Figure 40 - Westbound Dulles Connector Road Crashes by Severity 
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In terms of crash type along westbound Dulles Connector Road, approximately 46% of the 61 reported 
crashes were fixed object, off-road crashes with rear-end crashes consisting of the second most common 
crash type (31%).  In 2014, 36% of the statewide crashes along primary roads were rear-end crashes, 
and fixed object, off-road crashes along all primary roads constitute 17% of total statewide crashes5F

6. As 
such, the share of fixed object, off road crashes on the Dulles Connector Road are higher than statewide 
averages for primary roads. Figure 41 presents a visual summary of where these crashes are occurring 
along the Dulles Connector Road and the number of each crash type for each half mile segment.  

As noted above, the predominant crash type along westbound Dulles Connector Road is fixed object, off-
road type crashes.  In particular, the section between MP 29.2 and MP 29.0 (from I-66 off ramp to the 
physical gore of the on ramp from Falls Church Metro station bus stops) experienced the highest number 
of fixed object, off-road crashes with 11 reported crashes in the five-year period. Within this section, there 
is a horizontal curve from the westbound I-66 off-ramp that could be causing contributing factor to these 
fixed object, off-road type crashes.  

Additionally, crash rates in terms of total crashes and injury crashes (Type A, B, C injuries) were 
calculated for each segment along westbound Dulles Connector Road.  These crash rates were then 
plotted against the 2014 statewide crash rates for primary roads to identify the “hot spot” locations along 
westbound Dulles Connector Road.  Figure 42 and Figure 43 summarize the results of this analysis for 
half mile segments and crash analysis zones, respectively.  

Based on the crash rate statistics summarized in Figure 42 and Figure 43 the westbound section of the 
Dulles Connector Road between MP 29.2 and MP 29.0 (from I-66 off ramp to the physical gore of the on 
ramp from Falls Church Metro station bus stops) exceeds the total crash rates and injury crash rates as 
shown in these figures.  Therefore, this section could be considered as a “hot spot” as it has a higher total 
crash rate (158 crashes per 100 million vehicle miles traveled versus 125.4 statewide average) and injury 
crash rate (89 crashes per 100 million vehicle miles traveled versus 68.09 statewide average) for all injury 
types compared to all primary roads in Virginia. Of particular note, the zone from the corresponding 
physical gore of the northbound Dolley Madison Boulevard off-ramp on eastbound Dulles Connector 
Road to the southbound Dolley Madison Boulevard off-ramp (from MP 26.8 to MP 26.9) has a high injury 
crash rate that far exceeds the statewide injury crash rate. However, the total crash rate in this zone is 
lower than the average statewide total crash rate and therefore is not considered as a safety “hot spot”.   

 

 

 

 

 

 

 

 
                                                      
6 2014 Summary of Crash Data, Interstate, Primary and Secondary System Under Jurisdiction of Virginia Department 
of Transport, Virginia Department of Transportation, Traffic Engineering Division, 2014 
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Figure 41 - Westbound Dulles Connector Road Mainline Crashes by Type  
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Figure 42 - Westbound Dulles Connector Road Crash Rate Comparison for Half Mile Segments (All Primary Roads) 
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Figure 43 - Westbound Dulles Connector Road Crash Rate Comparison For Crash Analysis Zones (All Primary Roads) 
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Environmental causes such as roadway pavement condition and lighting condition are common factors 
that can contribute to crashes occurring along a particular facility.  As such, analyses were conducted on 
the reported pavement condition for each crash along westbound Dulles Connector Road to determine if 
there is an existing pavement issue that contributed to crashes occurring during the five-year analysis 
period.  Of the 61 reported crashes in the five-year analysis period on westbound Dulles Connector Road, 
approximately 80% of all crashes occurred on dry pavement with 20% of all crashes occurring on adverse 
pavement conditions (wet, snowy, icy). Based on the 2014 Summary of Crash Data, published by VDOT, 
crashes that occurred on adverse pavement conditions consist of 19% of all crashes that occurred on all 
primary roads6F

7. When comparing crashes on adverse pavement conditions on westbound Dulles 
Connector Road to those occurring on all primary roads, the share of these crashes was slightly higher on 
westbound Dulles Connector Road. The share of crashes in icy conditions are higher in the section from 
I-66 off ramp to the physical gore of the on ramp from Falls Church Metro station bus stops (between MP 
29.2 and MP 29.0) compared with other sections along the Dulles Connector Road. Figure 44 presents a 
summary of these results.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
7 2014 Summary of Crash Data, Interstate, Primary and Secondary System Under Jurisdiction of Virginia Department 
of Transport, Virginia Department of Transportation, Traffic Engineering Division, 2014 
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Another important environmental cause of crashes is the lighting condition. As such, the crash data 
collected over the five year period was analyzed to identify if any adverse lighting conditions may have 
contributed to crashes occurring along the Dulles Connector Road in the westbound direction.  For this 
analysis, only crashes that occurred during darkness, dawn, or dusk lighting conditions were analyzed to 
determine if any patterns exist relating to these adverse conditions.  Figures 10.XX presents a summary 
of these results.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 44 - Westbound Dulles Connector Road Mainline Crashes by Pavement Condition 
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Based on the results shown in Figure 45, the number of crashes in any particular segment where 
adverse lighting conditions were documented on the Dulles Connector Road in the westbound direction 
was generally low.  As such, based on these analyses, adverse lighting conditions do not appear to be a 
contributing cause of crashes on the westbound portion of the Dulles Connector Road.  

During the five-year analysis period, 14 crashes occurred where adverse lighting conditions (night 
crashes with no roadway lighting) were cited as the lighting condition on westbound Dulles Connector 
Road.  These crashes attributed to darkness lighting conditions, represent approximately 23% of the total 
crashes that have occurred on westbound Dulles Connector Road during the five-year study period. The 
statewide average of these crashes is approximately 20% on all primary roads7F

8 in Virginia. The most 
significant zones with crashes related to adverse lighting conditions are those from the corresponding 
physical gore of the northbound Dolley Madison Boulevard off-ramp on eastbound Dulles Connector 
Road to the southbound Dolley Madison Boulevard off-ramp (from MP 26.8 to MP 26.9), from the lane 
addition to 4 lanes (where two lanes split off to make up the Dulles Access Road and two lanes continues 
as the Dulles Connector Road) to the northbound Dolley Madison Boulevard off-ramp (from MP 27.0 to 
MP 27.2) and from I-66 mainline to the physical gore of the on ramp from Falls Church Metro station bus 
stops (from MP 29.0 to MP 29.2) from I-66 mainline to the physical gore of the on ramp from Falls Church 
Metro station bus stops (from MP 29.0 to MP 29.2) all with 10 reported crashes per mile during the 
analysis period.  

Finally, it is also important to note the time of day that crashes are occurring along westbound Dulles 
Connector Road to establish if crashes are occurring during the AM or PM peak periods where traffic 
volumes and congestion are at the highest levels.  The following times were used to define the AM, PM, 
and off-peak time periods for this analysis: 

 AM Peak Period:  5:30 AM to 9:30 AM 
 PM Peak Period:  3:00 PM to 7:00 PM 
 Off-Peak:  All other times 

As summarized in Figure 46 the AM crash rate for the segment of westbound Dulles Connector Road 
from the I-66 mainline to the end of the I-66 ramp (from MP 29.0 to MP 29.2) is higher than the total crash 
rate. The average total crash rate in this section is higher in the AM peak period (54.8) compared with the 
PM peak period (33.7), but is lower than the total average daily crash rate (55.8).  

                                                      
8 2014 Summary of Crash Data, Interstate, Primary and Secondary System Under Jurisdiction of Virginia Department 
of Transport, Virginia Department of Transportation, Traffic Engineering Division, 2014 
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Figure 45 - Westbound Dulles Connector Road Mainline Crashes by Lighting Condition 
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Figure 46 - Westbound Dulles Connector Road Mainline Crash Rate Comparison by Peak Time Period 
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4.4  I-66 Merge/Diverge Area Crash History and Safety Analysis Results 
In this section, the crash history of the merge and diverge areas along eastbound I-66 within the study 
area for the proposed widening project between the Dulles Connector Road and Fairfax Drive will be 
analyzed. The merge/diverge areas are defined as the section 500 feet upstream and downstream on the 
I-66 mainline as well as 500 feet along the ramp for each on-ramp and off-ramp within the widening 
project. The distances are measured from the location of the physical gore of each ramp, which by 
definition is the location that the travel lanes are 2 feet apart. The merge/diverge areas analyzed on 
eastbound I-66 are: 

 Eastbound I-66 to VA Rte. 7 off-ramp 
 VA Rte. 7 to Eastbound I-66 on-ramp 
 Dulles Connector Road (VA Rte. 267) to Eastbound I-66 on-ramp 
 Eastbound I-66 to Westmoreland Street off-ramp 
 Eastbound I-66 to US 29/Washington Boulevard off-ramp 
 Sycamore Street to Eastbound I-66 on-ramp 
 Eastbound I-66 to Fairfax Drive off-ramp 
 Glebe Road to Eastbound I-66 on-ramp  

For the five-year analysis period from January 1, 2011 to December 31, 2015, a total of 242 crashes were 
reported for the merge/diverge areas along eastbound I-66 from west of I-495 (near MP 64.6) to Glebe 
Road.  Within the five-year analysis period, it is important to note any trends in either reductions or 
increases in crash occurrences along the study corridor.  As such, the five-year crash pattern for the 
merge and diverge areas along eastbound I-66 are as follows: 

 2011: 59 total crashes 
 2012: 59 total crashes 
 2013: 42 total crashes 
 2014: 35 total crashes 
 2015: 47 total crashes 

As shown in the totals above, 2014 represented a decrease in the total number of crashes that occurred 
within the merge/diverge areas along eastbound I-66 within the study area.  As noted above, the cross 
section of the eastbound I-66 mainline, or the acceleration/deceleration lanes within each merge/diverge 
area, did not change during the five-year study period; therefore, it cannot be directly determined what 
may have caused the reduction in crashes. 

In terms of crash severity within the merge/diverge areas along eastbound I-66, of the 242 reported 
crashes approximately 71% were property damage only (PDO) type crashes. All injury crashes (Type A, 
B and C) constitute 29% of the total crashes. No fatalities were reported within the merge/diverge areas 
along eastbound I-66 during the 2011 to 2015 analysis period.   

As shown in Figure 47, the frequency of PDO crashes is higher along the merge/diverge areas from the 
Dulles Connector Road to Washington Boulevard. The highest number of PDO crashes is recorded on 
the off-ramp from eastbound I-66 to Washington Boulevard. This segment experiences a higher number 
of merge and diverge activities and lane drop conflicts. This diverge area also has the highest number of 
injury crashes among all merge and diverge areas on eastbound I-66 between the Dulles Connector 
Road and Glebe Road. 
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Using ArcGIS, each of the reported crashes within the merge/diverge areas along eastbound I-66 were 
geospatially located with the number of each crash severity type (fatality, injury, PDO) summarized for 
each ramp within the study area.  Figure 48 to Figure 51 presents a visual summary of where these 
crashes are occurring within the merge/diverge areas along eastbound I-66 and the severity of each of 
these crashes. 

Figure 47 - Eastbound I-66 Merge/Diverge Area Crashes by Severity 
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Figure 48 - Eastbound I-66 and VA Rte. 7 Merge/Diverge Area Crashes by Severity 
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Figure 49 - Dulles Connector Road to Eastbound I-66 Merge and Eastbound I-66 to Westmoreland Street 
Diverge Area Crashes by Severity 
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Figure 50 - Eastbound I-66 to US 29/Washington Blvd. Diverge and Sycamore Street to Eastbound I-66 Merge Area 
Crashes by Severity 
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Figure 51 - Eastbound I-66 to Fairfax Drive Diverge and Glebe Road to Eastbound I-66 Merge Area Crashes by 
Severity 
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In terms of crash types within the merge/diverge areas along eastbound I-66, approximately 81% of the 
242 reported crashes were rear end crashes with fixed object, off-road crashes consisting of the second 
most common crash type (7%).   

As noted above, the predominant crash type within the merge/diverge areas along eastbound I-66 is rear 
end type crashes.  In particular, the following three merge/diverge areas along eastbound I-66 
experiences the highest number of rear end crashes: 

 I-66 EB to US 29/Washington Boulevard (75 crashes)  
 I-66 EB to Westmoreland Street (42 crashes) 
 I-66 EB to VA Rte. 7 (26 crashes) 

 
Figure 52 presents a summary of total crashes by type for each merge/diverge area along eastbound I-
66.  Two of these segments are located between the Dulles Connector Road and the section where two 
lane drops occur, that require a high number of merging and diverging movements to occur. The 
increased turbulence through these merge/diverge areas along eastbound I-66 creates the potential for 
rear end crashes to occur due to the congested traffic flow that regularly occurs at these locations. The 
number of side swipe crashes is also relatively higher on the ramp from the Dulles Connector Road to 
eastbound I-66, the eastbound I-66 to Washington Boulevard off-ramp, and the eastbound I-66 off-ramp 
to Westmoreland Street. As noted above, these segments contain the two major lane drops on the 
eastbound I-66 mainline; at the Great Falls Street overpass, and the termination of the rightmost lane as 
an “exit only” lane onto US 29/Washington Boulevard.  

 

 

Figure 52 - Eastbound I-66 Merge/Diverge Area Crashes by Type  
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Figure 53 to Figure 56 present a visual summary of where these crashes are occurring within each 
merge/diverge area along eastbound I-66 and the number of each crash type. 

Additionally, crash rates in terms of total crashes and injury crashes (Type A, B, C) were calculated for 
each merge/diverge area along eastbound I-66.  These crash rates were then plotted against the average 
crash rates on all merge/diverge areas along eastbound I-66 to identify the “hot spot” locations. Figure 57 
summarizes the results of this analysis. The eastbound I-66 to VA Rte. 7 off-ramp diverge area and 
eastbound I-66 to US 29/Washington Boulevard off-ramp diverge area could be catagorized as “hot 
spots” based on avarage crash rates both in terms of total and injury crash rates.  
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Figure 53 - Eastbound I-66 and VA Rte. 7 Merge/Diverge Area Crashes by Type 
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Figure 54 - Dulles Connector Road to Eastbound I-66 Merge and Eastbound I-66 to Westmoreland Street 
Diverge Area Crashes by Type 
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Figure 55 - Eastbound I-66 to US 29/Washington Blvd Diverge and Sycamore Street to Eastbound I-66 Merge 
Area Crashes by Type 
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Figure 56 - Eastbound I-66 to Fairfax Drive Diverge and Glebe Road to Eastbound I-66 Merge Area Crashes 
by Type 
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Figure 57 - Eastbound I-66 Merge/Diverge Area Crash Rate Comparison (All Urban Interstates) 
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Environmental causes such as roadway pavement condition and lighting condition are common factors 
that can contribute to crashes occurring along a particular facility.  As such, analyses were conducted on 
the reported pavement condition for each crash at each merge/diverge area along eastbound I-66 to 
determine if there is an existing pavement issue that contributed to crashes occurring during the five-year 
analysis period.  Of the 242 reported crashes within the merge/diverge areas along eastbound I-66, 
approximately 82% of all crashes occurred on dry pavement with 18% of all crashes occurring on adverse 
pavement conditions (i.e. wet, snowy, or icy pavement).   

As shown in Figure 58, the merge/diverge area with the highest number of crashes related to adverse 
pavement conditions (wet, snowy, icy) over the five-year study period is the area of the eastbound I-66 
off-ramp to US 29/Washington Boulevard.  The remaining merge/diverge areas along eastbound I-66 
have not experienced a significant number of crashes related to adverse pavement conditions where it 
would warrant additional study or design consideration. 

 

Figure 58 - Eastbound I-66 Merge/Diverge Area Crashes by Pavement Condition 

Another important environmental cause of crashes is the lighting condition. Due to the east-west 
alignment of I-66, lighting conditions relating to sun glare during the morning and evening commutes, as 
well as general dark lighting conditions may contribute to reduced sight distances resulting in the 
potential for crashes to occur. As such, the crash data collected over the five-year period was analyzed to 
identify if any adverse lighting conditions have contributed to crashes occurring within the merge and 
diverge areas along eastbound I-66.  For this analysis, only crashes that occurred during darkness, 
dawn, or dusk lighting conditions were analyzed to determine if any patterns existing relating to these 
adverse conditions.   

Based on the results shown in Figure 59, the merge/diverge areas along eastbound I-66 within the 
widening project area, experiences 24 crashes caused by adverse lighting conditions (Dusk, Dawn and 
night crashes with no lighting on the road). As such, based on these analyses, adverse lighting conditions 
do not appear to be a contributing cause of crashes within the merge/diverge areas along eastbound I-
66.  
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During the five-year analysis period, only 7 crashes occurred within the eastbound I-66 merge/diverge 
areas that were related to adverse lighting conditions (night crashes with no lighting on the road). The 
share of these crashes is about 3% of all crashes within merge/diverge areas along eastbound I-66 in the 
study area. Of particular note, 45% of all crashes on the Dulles Connector Road on-ramp to eastbound I-
66 and 22% of crashes on the eastbound I-66 off-ramp to Westmoreland Street occurred during dark 
lighting conditions.  

 

 

 

 

 

 

 

 

 

 

Figure 60 to Figure 63 presents a visual summary of where crashes related to adverse lighting 
conditions are occurring within each merge/diverge area on eastbound I-66.

Figure 59 - Eastbound I-66 Merge/Diverge Area Crashes by Lighting Condition  
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Figure 60 - Eastbound I-66 and VA Rte. 7 Merge/Diverge Area Crashes by Lighting Condition 
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Figure 61 - Dulles Connector Road to Eastbound I-66 Merge and Eastbound I-66 to Westmoreland Street 
Diverge Area Crashes by Lighting Condition 
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Figure 62 - Eastbound I-66 to US 29/Washington Blvd Diverge and Sycamore Street to Eastbound I-66 Merge Area 
Crashes by Lighting Condition 
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Figure 63 - Eastbound I-66 to Fairfax Drive Diverge and Glebe Road to Eastbound I-66 Merge Area Crashes by 
Lighting Condition 
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Finally, it is also important to note the time of day that crashes are occurring within the merge and diverge 
areas along eastbound I-66 to establish if crashes are occurring during the AM or PM peak periods where 
traffic volumes and congestion are at the highest levels.  The following times were used to define the AM, 
PM, and off-peak time periods: 

 AM Peak Period:  5:30 AM to 9:30 AM 
 PM Peak Period:  3:00 PM to 7:00 PM 
 Off-Peak:  All other times 

As summarized in Figure 64 the crash rates are higher during the PM peak period compared to total 
crash rates. This could be attributed to the recurring PM peak period traffic congestion within the study 
area on eastbound I-66. During the AM peak period, when the eastbound HOV restriction is in effect, 
crash rates are typically lower than what is experienced during the PM and off-peak periods.  The effect 
of the HOV restriction is shown in Figure 65 which compares crash rates during the AM, PM as well as 
off peak periods. As shown in this figure, the AM peak period has the lowest crash rate among all the time 
periods analyzed. 
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Figure 64 - Eastbound I-66 Merge/Diverge Area Crash Rate Comparison by Peak Time Period 
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Figure 65 - Eastbound I-66 Merge/Diverge Area Crash Rates by Time Period 
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4.5 Eastbound I-66 Ramp Crash History and Safety Analysis Results 
In addition to the crash analysis of the eastbound I-66 mainline, an analysis of the crash history was also 
conducted on the entry and exit ramps along eastbound I-66, between the Dulles Connector Road and 
Fairfax Drive. The ramp analysis was conducted from the upstream ramp gore point to the intersection 
stop bar and between the beginning of the ramp at the arterial intersection and the downstream ramp 
gore at the eastbound I-66 mainline. The ramps included in this analysis are designated by the blue 
arrows in Figure 66 below.                            

 

Figure 66 - Eastbound I-66 Ramps within the Project Limit 

This analysis considered the impact of the eastbound I-66 widening section on a total of eight ramps; four 
of the ramps are located within the proposed widening project limits, three of the ramps are located 
upstream of the widening project, and one ramp downstream of the widening project limits. The 
eastbound Dulles Connector Road ramp to eastbound I-66 ramp was also included in this section, 
analyzed for a 0.5-mile segment approaching eastbound I-66.   

Ramp geometry, along with traffic volumes, are both contributing factors to crashes along a particular 
ramp.  Ramps with heavy traffic volumes have the potential for higher numbers of crashes to occur than 
ramps with lower daily traffic volumes.  As such, average annual daily traffic volumes (AADT) for each 
ramp was obtained from historical VDOT count data to determine the average traffic volumes at each 
ramp during the five-year analysis period. Total crash rates for each ramp were then calculated to 
provide a comparison of the eight ramps impacted by the eastbound I-66 widening project.  The five-year 
average AADT and total crash rate for each ramp included in this study is summarized in Table 2 below. 
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    Table 2 - Eastbound I-66 Widening Project Ramps 

 
  Ramp 

Average 
AADT 

Total Crash 
Rate 

Prior to 
Widening 

 

Off-Ramp EB I-66 to EB VA 7 9,920 84.98 

On-Ramp EB/WB VA 7 to EB I-66 8,120 129.22 

On-Ramp EB VA 267 to EB I-66 32,020 66.85 

Widening 
Section 

Off-Ramp EB I-66 to Westmoreland St. 4,020 227.17 

Off-Ramp EB I-66 to US 29/Fairfax Dr. 12,000 142.69 

On-Ramp N Sycamore St. to EB I-66 7,600 80.11 

Off-Ramp EB I-66 to Fairfax Dr. 12,800 14.76 

After Widening On-Ramp Glebe Rd. to EB I-66 7,000 97.85 

 

Total crash rate shown in Table 2 indicates the crash frequency per year based on 100 million entering 
vehicles at each location. While the eastbound I-66 off-ramp to Westmoreland Street has the lowest 
AADT, it has the highest crash rate of 227 crashes per 100 million entering vehicles. Additionally, the 
eastbound I-66 ramp to Fairfax Drive has the lowest crash rate of the eight ramps analyzed in this 
chapter.  

For the analysis of the crash history of each ramp impacted by the proposed widening project, each of 
the interchange ramps were given unique identification numbers, and using ArcGIS, each ramp crash 
was geospatially plotted to determine the location of each ramp related crash. Figure 67 presents a 
summary of the total number of crashes for each individual ramp during the five-year analysis period.  
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Figure 67 - Total Number of Crashes for 5 Years for Individual Ramps (Eastbound I-66) 

As shown in Figure 67, the eastbound Dulles Connector Road ramp to eastbound I-66 has the highest 
total number of crashes during the 2011 to 2015 analysis period. While the eastbound VA 7 ramp to 
eastbound I-66 does not carry the second highest average AADT of the ramps within the study area, it 
experienced the second highest number crashes from 2011 to 2015.   

Within the five-year analysis period, it is important to note any trends in either reductions or increases in 
crash occurrences on the ramps within the study area.  As such, Figure 68 summarizes the overall total 
crash pattern on the eastbound I-66 ramps during the five-year study period from 2011 to 2015. 

 

                  Figure 68 - Total Number of Ramp Crashes per Year (Eastbound I-66) 

As seen in Figure 68, the total number of crashes on the eight ramps impacted by the proposed 
widening project has decreased since 2011.  While each of the ramps will be analyzed separately in later 
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sections of this chapter, the overall trend shows a decrease in the total number of crashes each year 
during the five-year study period. 

In addition to the total number of crashes occurring on each ramp within the proposed widening project 
limits, it is also important to document the types of crashes that are occurring on each ramp.  A high 
number of rear end crashes may be indicative of congestion along a particular ramp, whereas a high 
number of fixed object, off-road related crashes may be indicative of ramp geometry concerns.  

Figure 69 below summarizes the different types of crashes that have occurred on the impacted ramps 
along the eastbound I-66 widening section during the analysis period from 2011 to 2015. Rear-end and 
fixed object, off-ramp type crashes are the most prevalent crash types on the eastbound I-66 ramps 
within the proposed widening project. Rear-end type crashes represent 41% of the total crashes while 
fixed object, off-road represent 35% of the total crashes on the eight ramps within the proposed widening 
project limits. Looking at each ramp individually, the majority of the rear-end and fixed object, off-road 
type crashes have occurred on the Dulles Connector Road ramp to eastbound I-66.  

Figure 70 through Figure 72 presents a visual summary of the location of crashes along each individual 
ramp.  
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 Figure 69 - Total Ramp Crashes by Type (Eastbound I-66) 
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Figure 70 - VA 7 and Dulles Connector Road Ramp Crashes by Type 
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Figure 71 - Westmoreland St., US 29/ Fairfax Dr. (East Falls Church) and Sycamore St. Ramp Crashes by Type 
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Figure 72 - Fairfax Drive and Glebe Road Ramp Crashes by Type
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In addition to the analysis of crash types, crashes were also distinguished by severity to determine if 
there is an existing major safety concern along any of the ramps.  

Along the eight ramps on eastbound I-66 within the widening project limits, no fatal injury crashes or 
incapacitating injury crashes have occurred during the five-year analysis period from 2011 to 2015. 
Based on the total number of crashes for the eight ramps analyzed in this study, property damage only 
(PDO) is the highest number of crashes, consisting of 33 out of the 51 total crashes. 

As shown in Figure 73, the majority of the PDO crashes occur along the Dulles Connector Road ramp to 
eastbound I-66.  During the five-year analysis period, 18 of the PDO type crashes have occurred on this 
ramp. Figure 74, through Figure 76 presents a visual summary of the locations where the crashes have 
occurred along each ramp in the study area. 
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Figure 73 - Total Ramp Crashes by Severity (Eastbound I-66) 
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Figure 74 - VA 7 and Dulles Connector Road Ramp Crashes by Severity 
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Figure 75 - Westmoreland St., U.S. 29/ Fairfax Dr. (East Falls Church) and Sycamore St. Ramp Crashes by Severity 
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Figure 76 - Fairfax Drive and Glebe Road Ramp Crashes by Severity
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In terms of additional crash analysis, lighting condition was considered in order to develop potential 
counter measures for any safety issue related to lighting that may be identified at any of the ramps. The 
analysis showed that 24 of the 51 total crashes have occurred during daylight, 22 crashes have occurred 
during darkness condition and a total of 5 crashes occurred during dusk and dawn lighting conditions 
across all eight ramps. Based on the percentage of daily traffic occurring during daylight hours versus 
evening and night time hours, one would expect a higher number of daylight related crashes as compared 
to crashes occurring during dark lighting conditions.  However, the nearly even distribution of darkness 
and daylight related crashes indicates that darkness has a potential impact on the number of crashes 
across all eight ramps. Looking at each ramp individually, the Dulles Connector Road ramp to eastbound 
I-66 has the highest number of crashes (12 out of 22 total crashes) that occurred during dark lighting 
conditions. Crashes occurring during dusk and dawn lighting conditions, were only reported on the 
eastbound VA 7 ramp and the Dulles Connector Road ramp to eastbound I-66. Of the two reported 
crashes that occurred during dusk lighting conditions, one crash occurred on the eastbound VA 7 ramp 
and one crash occurred on the Dulles Connector Road ramp. Moreover, of the three crashes reported to 
occur during dawn lighting conditions, two crashes occurred on the eastbound VA 7 ramp and one crash 
occurred on the Dulles Connector Road ramp. Figure 77 and Figure 78 summarize the number of 
crashes that have occurred during each different lighting condition. 

 

 

                         Figure 77 - Total Number of Ramp Crashes by Lighting Condition (Eastbound I-66) 
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   Figure 78 - Lighting Condition Crash Analysis for Individual Ramps (Eastbound I-66) 
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Additionally, looking at roadway surface conditions, 34 of the 51 total crashes have occurred on dry 
pavement, 10 crashes have occurred on wet pavement, and 7 crashes have occurred on icy pavement. 
Similar to the lighting condition, the Dulles Connector Road ramp to eastbound I-66 has the highest 
number of crashes on wet surface (5 of the 10 total crashes), and highest number of crashes on icy 
pavement (4 of the 7 total crashes). Figure 79 summarizes the total number of crashes that have 
occurred on different roadway surfaces. 

 

 

Figure 79 - Total Number of Ramp Crashes by Roadway Surface Condition (Eastbound I-66) 

Finally, it is also important to note when crashes are occurring along the I-66 corridor ramps to establish if 
crashes are occurring during the AM or PM peak periods where traffic volumes and congestion are at the 
highest levels. The following times were used to define the AM, PM, and off-peak time periods: 

• AM Peak Period: 5:30 AM to 9:30 AM 
• PM Peak Period: 3:00 PM to 7:00 PM 
• Off-Peak Period: All other times.  
 

Based on the analysis, it was found that 24 of the 51 total crashes have occurred during the off-peak 
period, 16 crashes have occurred during the PM peak period and 11 crashes have occurred during the 
AM peak period. Similar to the lighting condition and roadway surface analysis, the Dulles Connector 
Road ramp to eastbound I-66 has the highest number of crashes during the AM peak period (5 of the 11 
total crashes), during PM peak period (9 of the 16 total crashes), and during the off-peak period (11 of the 
total 24 crashes). Figure 80 summarizes the total number of crashes that have occurred on different peak 
periods. 
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                             Figure 80 - Total Number of Ramp Crashes by Peak Period (Eastbound I-66) 

 

4.6  Arterial Crash History and Safety Analysis Results 
For the five-year study period, crash data was obtained for 8 ramp termini and 17 adjacent arterial 
intersections along the I-66 corridor between the Dulles Connector Road and Glebe Road.  Table 3 
summarizes the results of this analysis in terms of crash severity for the ramp termini intersections within 
the study limits. For the identification of intersection related crashes, an influence area of 500 feet from 
the center of each intersection was used to obtain crash data in terms of severity and type.   

Table 3 - Eastbound I-66 Ramp Terminal Intersection Crash History by Severity 

 

Based on five years of crash data, the two US 29 intersections associated with the US 29/Washington 
Boulevard interchange with eastbound I-66 experiences some of the highest number of crashes of the 
ramp terminal intersections within the study area.  Another high crash location associated with the 
eastbound I-66 ramp termini is the intersection of Glebe Road and Fairfax Drive, which has the highest 
crash rate (both total and injury crash rates) and second highest amount of total crashes among the eight 
ramp terminal intersections analyzed. 

Additionally, each of the ramp terminal intersections was analyzed in terms of crash type.  Table 4 
summarizes the intersection crashes by crash type at these eight locations. 
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As shown in Table 4, angle and rear end type crashes are the two most frequently cited crash types 
among the eight ramp terminal intersections.  Of the total crashes occurring at these locations, 
approximately 39% of these crashes were considered angle crashes, with another 32% considered as a 
rear end type crash.  In terms of bicycle and pedestrian safety at the ramp terminal intersections, the 
intersection of Glebe Road and Fairfax Drive has experienced the highest number of pedestrian related 
crashes (7) over the five-year analysis period.  The intersection of US 29 and Fairfax Drive, which 
contains an intersection with the heavily used W&OD Trail, has experienced the highest number of 
bicycle related crashes (5) over the five-year analysis period. 
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Table 4 - Eastbound I-66 Ramp Terminal Intersection Crash History by Type 
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Additionally, the remaining 18 arterial intersections that are adjacent to I-66 ramp termini intersections 
were analyzed in terms of crash severity and crash type during the 2011 to 2015 analysis period.  Table 5 
summarizes the results of this analysis in terms of crash severity for the ramp termini intersections within 
the study limits from VA Route 7 to US 29 in Rosslyn. 

Table 5 - Arterial Intersection Crash History by Severity 

 

As shown in Table 5, the intersection of US 29 & Spout Run Parkway experienced the highest number of 
crashes and highest total crash rate over the five-year analysis period.  In terms of crash severity, the 
intersection of the I-66 WB off-ramp to US 29 in Rosslyn experienced the highest injury crash rate among 
the 18 arterial intersections analyzed. 

Similar to the ramp terminal intersections, each of the arterial intersections was also analyzed in terms of 
crash type.  Table 6 summarizes the intersection crashes by crash type at these 18 locations. 
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Table 6 - Arterial Intersection Crash History by Type 
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As shown in Table 6, rear end and angle type crashes are the two most frequently cited crash types 
among the 18 arterial intersections.  Of the total crashes occurring at the study intersections, 
approximately 39% of these crashes were considered rear end type crashes, with another 35% 
considered as an angle crash.  As highlighted in red text in Table 6, rear end or angle crash types are the 
prevailing crash types in terms of number of crashes at each of the 18 study intersections. 

Of particular note, pedestrian related crashes were the second highest occurrence at the intersection of 
US 29 EB/Fort Meyer Drive in Rosslyn.   In terms of bicycle safety, the intersection of the I-66 WB off-
ramp to US 29 in Rosslyn experienced the highest number of bicycle related crashes (5) over the five-
year analysis period.  Furthermore, upon analyzing the crash history of arterial corridors within the study 
area, the three VA 7 study intersections have rear end type crashes as the prevailing crash type over the 
five-year study period, accounting for 65% of all crashes at these three locations.  Rear end crash 
patterns such as this are indicative of congested conditions that are typically experienced during the AM 
and PM peak commuter periods. 

Based on 2011 through 2013 crash data, VDOT has identified the top 100 intersections in terms of the 
potential for safety improvement (PSI).  Of these top 100 intersections, the following locations within the 
I-66 inside the Beltway study area were identified: 

 Route 7 & Pimmit Drive: #39 
 US 29 & Fairfax Drive: #64 
 Glebe Road & Washington Boulevard: #69 

 
In order to identify high crash locations, VDOT no longer uses critical crash rates; rather, the PSI metric 
outlined above is used.  When comparing the intersection crash rates shown in Table 3 and Table 5 for 
the ramp terminal and arterial intersections, the following locations have total crash rates that are greater 
than, or equal to, the average total crash rate of the top 100 PSI intersections (0.83): 

 US 29 & Spout Run Parkway (Total Crash Rate – 0.88) 
 I-66 EB On-Ramp & Sycamore Street (Total Crash Rate – 1.02) 
 US 29 & Washington Boulevard (Total Crash Rate – 1.03) 
 Glebe Road and Fairfax Drive (Total Crash Rate – 1.87) 
 US 29 & Fairfax Drive (Total Crash Rate – 0.86) 

4.7  Safety Analysis Zones and Safety Analysis Results 
Crashes at interchange ramps have the potential to impact operations not only at the interchange that 
they occur, but also at upstream interchanges. Congestion caused by a crash impedes the forward and 
lateral movement of vehicles upstream, which can lead to increased risk of rear end and sideswipe 
crashes. Congestion at merges can also cause traffic on the ramp to spill back to arterial intersections.  

Several safety analysis zones were created along eastbound I-66 within the limits of the proposed 
widening project to analyze the total crashes and crash rates around interchanges, groups of 
interchanges, and the weaving section between the Dulles Connector Road and US 29/Washington 
Boulevard. As a result, five safety zones were created and analyzed. In zones that do not have a logical 
starting or ending point, 1,000 feet was chosen as the length before or after the gore area. This distance 
was chosen to provide a sufficient buffer upstream and downstream of the interchange to observe the 
effects of a merge or diverge on mainline crash trends. The five zones are described below.  



I-66 INSIDE THE BELTWAY: TRAFFIC TECHNICAL REPORT – UPDATE (OCT. 2016 DRAFT) 
 

Transform I-66 Inside the Beltway 111 
  
 

Safety Zone 1 – Dulles Connector Road 
The first safety zone centers on the merge from the Dulles Connector Road onto eastbound I-66. This 
section begins at the gore area at the merge from Route 7 and terminates approximately 1,000 feet 
beyond the gore area at the merge from the Dulles Connector Road onto eastbound I-66. Crashes on the 
Dulles Connector Road up to the Idylwood Road overpass are included in this zone. 

Safety Zone 2 – Weaving Section 
The second safety zone focuses on the weaving section between the Dulles Connector Road and US 
29/Washington Boulevard. This section begins approximately 1,000 feet before the gore area at the 
merge from the Dulles Connector Road and terminates approximately 1,000 feet beyond the exit ramp to 
US 29/Washington Boulevard. Crashes on the Dulles Connector Road up to the Idylwood Road overpass 
and on the exit ramps to Westmoreland Street and US 29/Washington Boulevard are included in this 
zone. 

Safety Zone 3 – Westmoreland Street and US 29/Washington Boulevard 
The third safety zone centers on exit ramps to Westmoreland Street and US 29/Washington Boulevard. 
This section begins approximately 1,000 feet before the gore area at the exit ramp to Westmoreland 
Street and terminates approximately 1,000 feet beyond the gore area at the diverge to US 29/Washington 
Boulevard. Crashes on the exit ramps to Westmoreland Street and US 29/Washington Boulevard are 
included in this zone. 

Safety Zone 4 – Sycamore Street 
The fourth safety zone centers on the merge from Sycamore Street. This section begins and terminates 
approximately 1,000 feet before and after, respectively, the gore area at the merge from Sycamore 
Street. Crashes on the merge from Sycamore Street are included in this zone.  

Safety Zone 5 – Fairfax Drive 
The fifth safety zone centers on the exit ramp to Fairfax Drive. This section begins approximately 1,000 
feet before the exit ramp to Fairfax Drive and terminates at the Glebe Road overpass. Crashes on the exit 
ramp to Fairfax Drive are included in this zone. 

The zones were broken down into smaller portions based on where volume changes occur. The number 
of crashes in each portion was compared against the length and average daily traffic (ADT) of that portion 
to create an exposure rate. These exposure rates were used to calculate a proportionate crash rate for 
each zone. Figure 81 to Figure 85 presents a summary of each of the safety zones developed for this 
analysis. Included in the maps are tables summarizing the ADT and lengths for each portion of the zones 
and the total crashes and crash rates for each zone overall. All crash rates are stated per 100 million 
vehicle miles traveled. 
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Figure 81 - Safety Zone 1 (Dulles Connector Road) 
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Figure 82 - Safety Zone 2 (Weaving Section) 
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Figure 83 - Safety Zone 3 (Westmoreland St. & US 29/Washington Blvd.) 

 

 

Figure 84 - Safety Zone 4 (Sycamore Street) 
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Figure 85 - Safety Zone 5 (Fairfax Drive) 

The highest crash rates occur in Safety Zone 2 – Weaving Section and Safety Zone 3 – Westmoreland 
Street and US 29/Washington Boulevard. The crash rates in these zones, 137.47 and 252.63 
respectively, are well above the statewide average crash rate of 88.26 per 100 million vehicle miles of 
travel for all urban interstates. These two zones both contain the lane drop at US 29/Washington 
Boulevard which likely contributes to the high crash rates due to the higher potential for rear end crashes 
caused by stop and go conditions. A higher potential for sideswipe crashes within the weaving section is 
also a likely contributor to the high crash rate within Safety Zone 2.  

Safety Zone 1 – Dulles Connector Road and Safety Zone 4 – Sycamore Street experience lower than 
average crash rates, most likely due to being simple merges with the eastbound I-66 mainline. Traffic 
from Route 7 and Sycamore Street is limited by ramp meters that control the flow of traffic onto eastbound 
I-66 at both ramps, and the Dulles Connector Road traffic does not experience any lane drops within 
Safety Zone 1. Safety Zone 5 – Fairfax Drive has a low crash rate due to being a simple diverge 
movement with no complex movements on the mainline.  

4.8  Interchange System Crash History and Safety Analysis Results 
The mainline through lanes of I-66 inside the Beltway, along with the various entry and exit ramps that 
provide connectivity to/from the surrounding arterial roadway network, operates as a system to move 
people and goods through the corridor.  In terms of safety, deficiencies with one part of the system, 
whether it is a ramp movement or lane drop on the mainline, affects the operations and overall safety of 
the entire corridor.  When one part of the system breaks down, capacity may be decreased which creates 
congestion and the potential for increased numbers of rear-end crashes.  Additionally, reductions in 
capacity may cause diversion to other routes which may increase the potential for more severe angle or 
left turn related crashes at the various intersections along the surrounding arterials.  As such, this section 
will identify specific roadway features that may be contributing to the existing crash history on I-66 inside 
the Beltway and compare safety and geometric features of similar facilities within the Commonwealth of 
Virginia. 
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I-66 Existing Roadway Geometry and Design Elements 
Various elements of a particular roadway with respect to existing geometry and how this geometry is 
presented to the driver for decision making purposes are all considered when analyzing safety along a 
given facility.  The existing roadway geometry of a particular facility in terms of interchange spacing and 
configuration, as well as the presence of lane drops where through lanes reduce due to downstream exit 
ramps or reduced downstream capacity needs, are all important factors in assessing the safety of a 
roadway system.  Interchanges that are too closely spaced present drivers with several decision points 
within a short distance, which leads to erratic driver behavior and congestion caused by disruptions to the 
traffic stream due to merging and diverging movements.  Similarly, interchanges that provide varying 
levels of access (partial versus full access) presents drivers with additional decisions that must be made 
in order to reach the respective destination either on the mainline facility or adjacent arterials.  
Furthermore, lane drops in the through lanes of a given facility requires additional merging movements 
and increased congestion that leads to a higher potential for crashes to occur.  Finally, how this 
information is presented to the driver is a key component that contributes to the safety of the facility.  If 
information relating to downstream changes in geometry or downstream destinations is missing or 
presented in a confusing manner, errors in the decision making process may occur leading to erratic 
behavior and the potential for crashes to occur.  

These elements have been assessed on I-66 inside the Beltway in the eastbound direction from I-495 to 
the Theodore Roosevelt Bridge and are summarized below. 

I-66 inside the Beltway is a unique facility in that it restricts truck traffic in both directions at all hours of the 
day in addition to being an HOV-2 only facility in the peak directions during peak travel periods in the 
morning and afternoon.  The existing configuration of the interchanges along I-66 inside the Beltway 
presents additional challenges in navigating through the corridor since not all of the interchanges provide 
access to all movements to/from eastbound I-66.  Between I-495 and the Theodore Roosevelt Bridge, 
there are eight interchanges along the 10.2 mile segment of eastbound I-66 that service the surrounding 
arterial roadway network.  The following is the interchanges along eastbound I-66 and the level of access 
provided to/from the adjacent arterials.  Full access means that all movements are served between 
eastbound I-66 and the intersecting arterial roadway.  Partial access means that only one movement is 
served between eastbound I-66 and the intersecting roadway (i.e. an exit ramp to the arterial is provided, 
but an entry ramp to eastbound I-66 is not provided, etc.) 

 Route 7 – Full Access  
 Dulles Connector Road – Full Access 
 Westmoreland Street – Partial Access 
 US 29/Washington Boulevard/Fairfax Drive – Partial Access 
 Sycamore Street – Partial Access 
 Fairfax Drive – Partial Access 
 Glebe Road – Partial Access 
 US 29 (Spout Run) – Partial Access 

 
For example, at the partial access interchange at Westmoreland Street, an eastbound exit ramp from I-66 
to Westmoreland Street is the only ramp that is provided.  There is no direct entry onto eastbound I-66 
from the Westmoreland Street interchange; rather drivers must navigate to Sycamore Street via Fairfax 
Drive to enter onto eastbound I-66.  On an interstate facility, drivers expect to have full access to/from the 
intersecting arterial and the interstate.  If appropriate wayfinding signs are provided at sufficient distances 
to provide proper decision making, drivers can safely access the appropriate interchange and arterial 
roadways to reach their respective destination.  However, if the facility contains unfamiliar drivers or does 
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not provide proper wayfinding guide signs to direct drivers to the correct interchanges, safety can 
potentially be degraded by erratic movements exiting the interstate facility and information overload to 
drivers attempting to navigate an unfamiliar or confusing environment along the arterial system. 

Interchange spacing is another element that factors into the safety of a particular facility.  With closely 
spaced interchanges, drivers are faced with more conflicts and decision points than facilities with 
sufficient space between interchanges that allow for opposing traffic flows to merge together before 
encountering the next decision point.  As such, the AASHTO “Green Book” recommends a minimum of 
one mile between interchanges in urban areas.  The interchange spacing on eastbound I-66 inside the 
Beltway between I-495 and the Theodore Roosevelt Bridge are summarized below.  Interchange spacing 
that does not adhere to the one mile AASHTO recommendation is shown in red text below: 

 Route 7 to Dulles Connector Road (VA 267): 0.50 miles 
 Dulles Connector Road (VA 267) to Westmoreland Street: 1.36 miles 
 Westmoreland Street to US 29/Washington Boulevard: 0.35 miles 
 US 29/Washington Boulevard to Sycamore Street: 0.33 miles 
 Sycamore Street to Fairfax Drive: 2.00 miles 
 Fairfax Drive to Glebe Road: 0.37 miles 
 Glebe Road to US 29 (Spout Run): 1.29 miles 
 US 29 (Spout Run) to Slip Ramp to US 29 near Scott Street: 0.95 miles 

 
As shown above, the interchange spacing between five of the eight interchanges along eastbound I-66 
inside the Beltway do not adhere to the AASHTO recommendation of one-mile spacing between 
interchanges.  It is within these sections of the eastbound I-66 mainline that would expect to experience a 
higher number of crashes than segments that provides sufficient spacing between interchanges.  
However, it should be noted that the areas where insufficient space is provided between interchanges 
weaving movements are not required; rather, these interchanges provide successive diverge or basic 
merge movements that do not require multiple lane changes. 

Lane drops, where the number of through lanes reduces due to downstream exit ramps or reduced 
downstream capacity needs, have a detrimental impact on not only operations but safety of the entire 
system.  Lane drops create additional conflict areas where merging vehicles have to enter the through 
traffic stream at an unexpected location along a typical mainline section or at interchange ramps where a 
through lane becomes an exit only lane onto the interchange ramp.  These additional conflict points 
create additional upstream congestion, which in turn, creates an increased potential for crashes to occur.  

Eastbound I-66 has two such locations between the Dulles Connector Road and Glebe Road; at the 
Great Falls Street overpass where the number of lanes reduces from four to three, and at US 
29/Washington Boulevard where the rightmost third lane becomes an exit only lane onto the interchange 
ramp.  These lane drops create significant bottlenecks for through traffic on eastbound I-66 that results in 
severe, long lasting upstream congestion as well as creates several high accident locations between the 
Dulles Connector Road and US 29/Washington Boulevard.  The proposed widening project aims to 
alleviate the severe congestion by providing an additional through lane to Fairfax Drive, which in turn, 
may improve safety on eastbound I-66 between the Dulles Connector Road and Glebe Road.  The 
anticipated impacts on future safety conditions of eastbound I-66 due to the proposed widening project 
will be discussed in later sections of this chapter. 

Highway signing, in the form of warning signs and guide signs, play an important role in the decision 
making process for drivers.  Sufficient signing, provided at proper distances upstream of decision points, 
provides drivers with the right level of information to make decisions regarding lane usage and 
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downstream exit opportunities to reach their destination with minimal conflict.  On the other hand, 
incomplete signage or signs provided too close to decision points, presents drivers with an overload of 
information that can lead to erratic or incorrect movements.  Eastbound I-66 between the Dulles 
Connector Road and Glebe Road has several instances where signing is either incorrect or not provided 
that may impact drivers’ ability to use the facility in a correct and safe manner.   

An example of incorrect signing on eastbound I-66 is seen at the entrance ramp from the Dulles 
Connector Road to eastbound I-66.  Drivers on the Dulles Connector Road ramp are presented with a 
“Merge” sign followed by an “Added Lane” sign that is visible to both the I-66 mainline and the Dulles 
Connector Ramp.  The “Merge” sign is incorrect given that downstream of the sign, the two lanes from the 
Dulles Connector Ramp are added to the two eastbound I-66 through lanes; creating a four-lane cross 
section downstream of the ramp.  This incorrect sign may cause drivers to merge unnecessarily, creating 
additional turbulence and congestion in the traffic stream which may lead to increases in crashes. 

Furthermore, there are several examples where additional or enhanced warning signs and wayfinding 
guide signs are not provided that could improve usage and operations of eastbound I-66 within the study 
area.  For example, on the Dulles Connector Road there is no advance warning of the downstream lane 
drop after the merge onto eastbound I-66.  In addition, there is no guidance to downstream exits once 
traffic from the Dulles Connector Road enters eastbound I-66.  These missing warning and wayfinding 
guide signs could allow drivers to better use the available lanes and begin the decision making process of 
finding the correct exit for their respective destination.   

Finally, while a ground mounted warning sign is placed in advance of the lane drop at the Great Falls 
Street overpass; there is no other supplemental ground mounted or overhead warning signs.  It should be 
noted that the MUTCD does not require the use of additional warning signs; however, the use of several 
warning signs may provide the driver with a sense of immediacy that a decision needs to be made to 
properly change lanes in advance of the end of a through lane.  Furthermore, as noted above, the 
warning sign for the lane drop at the Great Falls Street overpass is a ground mounted sign which may not 
attract the attention needed for such a downstream movement.  Placing this warning on a larger overhead 
sign may command more attention, leading to smoother merging movements thus improving safety on 
this segment of eastbound I-66. 

Since qualitative analyses of safety were also conducted on westbound I-66, it is important to note any 
potential causal factors that may have contributed to the crash history of the facility.  As such, interchange 
spacing on westbound I-66 inside the Beltway between the Theodore Roosevelt Bridge and I-495 has 
been examined for adherence to the AASHTO recommended spacing of one interchange per mile as 
summarized below.  Interchange spacing that does not adhere to the one mile AASHTO recommendation 
is shown in red text below: 

 Slip Ramp from US 29 (near Scott Street) to US 29 (Spout Run): 0.81 miles 
 US 29 (Spout Run) to Glebe Road: 1.28 miles 
 Glebe Road to Fairfax Drive: 0.41 miles 
 Fairfax Drive to Sycamore Street: 1.97 miles 
 Sycamore Street to Slip Ramp from US 29 (Washington Boulevard): 0.62 miles 
 Slip Ramp from US 29 (Washington Boulevard) to Dulles Connector Road: 1.38 miles 
 Dulles Connector Road to Route 7: 0.57 miles 

 
As shown above, the interchange spacing between four of the seven interchanges along westbound I-66 
inside the Beltway do not adhere to the AASHTO recommendation of one-mile spacing between 
interchanges.  It is within these sections of the westbound I-66 mainline that would expect to experience a 
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higher number of crashes than segments that provides sufficient spacing between interchanges.  
However, it should be noted that the areas where insufficient space is provided between interchanges 
weaving movements are not required; rather, these interchanges provide successive diverge or basic 
merge movements that do not require multiple lane changes. 

Along westbound I-66 there are no mainline lane drops that require merging movements prior to any 
interchanges within the study area.  However, as part of the VDOT Spot Improvement program, auxiliary 
lanes have been constructed between Fairfax Drive and Sycamore Street and the slip ramp from US 29 
near Washington Boulevard and the Dulles Connector Road that have removed merge/diverge areas to 
create longer weaving sections that aid in smoothing traffic flow between interchanges. 

With respect to signage along westbound I-66, there are several warning signs that provide notice to 
drivers of features such as horizontal curvature that may limit sight distance and interchange ramps that 
provide an additional lane or merging movements into the mainline.  Where there are additional lanes 
added from interchange ramps, sufficient overhead “Exit Only” guide signs are provided to alert drivers of 
downstream interchanges where the additional lane terminates.  However, at the slip ramp from US 29 
near Scott Street, there are no Merge warning signs provided to alert drivers of merging vehicles.  While 
not required per the MUTCD, these signs can aid in improving safety by providing sufficient warning that 
merging maneuvers may occur upstream. 

Comparison to Similar Facilities 
While I-66 inside the Beltway is a unique facility, it is also important to compare operations and design 
characteristics to other facilities in Virginia to determine if any particular features are creating improved or 
degraded safety conditions on the respective facilities.  As such, three facilities across Virginia were used 
as a comparison with respect to geometry (i.e. interchange spacing, lane use, etc.), types of access 
provided (full versus partial interchanges), daily traffic volumes, and crash rates.  These facilities are as 
follows: 

 I-395 in Northern Virginia 
 I-581 in Roanoke, Virginia 
 I-195 in Richmond, Virginia 

 
I-395 in Northern Virginia is a 10.5 mile “spur” of I-95 that provides direct access to/from Washington, DC.  
Between I-495 and the 14th Street Bridge, there are 12 interchanges along I-395 that service the 
surrounding arterial roadway network.  The following is the interchanges and the level of access provided 
to/from the adjacent arterials.   

 Edsall Road – Full Access  
 Turkeycock (Express/HOV Lanes Ramp) – Full Access 
 Little River Turnpike (VA 236) – Full Access 
 Seminary Road – Full Access 
 Route 7 – Full Access 
 Shirlington – Full Access 
 Glebe Road – Full Access 
 Washington Boulevard – Full Access 
 South Hayes Street – Full Access 
 Jefferson Davis Highway (VA 110) – Full Access 
 Boundary Channel Drive – Full Access 
 George Washington Memorial Parkway – Full Access 
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The interchange spacing on I-395 between I-495 and the 14th Street Bridge are summarized below.  
Interchange spacing that does not adhere to the one mile AASHTO recommendation is shown in red text 
below: 

 I-495 to Edsall Road: 0.91 miles 
 Edsall Road to Turkeycock: 0.95 miles 
 Turkeycock to Little River Turnpike (VA 236): 0.72 miles 
 Little River Turnpike (VA 236) to Seminary Road:1.67 miles 
 Seminary Road to Route 7: 0.90 miles 
 Route 7 to Shirlington: 0.79 miles 
 Shirlington to Glebe Road: 0.55 miles 
 Glebe Road to Washington Boulevard: 1.42 miles 
 Washington Boulevard to South Hayes Street: 0.56 miles 
 South Hayes Street to Jefferson Davis Highway (VA 110): 0.38 miles 
 Jefferson Davis Highway (VA 110) to Boundary Channel Drive: 0.41 miles 
 Boundary Channel Drive to George Washington Memorial Parkway: 0.22 miles 

 
Similar to I-66 inside the Beltway, I-395 has several interchanges spaced closely together that do not 
adhere to the AASHTO recommendation of one-mile spacing between interchanges.  However, I-395 in 
the northbound direction provides auxiliary lanes between the following interchanges that allow for higher 
speed weave movements instead of low speed merge/diverge movements: 

 Between I-495 and Edsall Road 
 Between Edsall Road and Turkeycock 
 Between Turkeycock and Little River Turnpike (VA 236) 
 Between Little River Turnpike (VA 236) and Seminary Road 
 Between Seminary Road and Route 7 
 Between Shirlington and Glebe Road 

 
I-395 in the northbound direction has two lane drops that may contribute to increased congestion and 
potential for crashes to occur; at the exit only ramp to Washington Boulevard, and the exit ramp to 
Boundary Channel Drive/eastbound George Washington Memorial Parkway.  The lane drop at 
Washington Boulevard is addressed by an “Exit Only” designation on the overhead signs for the 
interchange; however, no ground mounted or overhead warning signs are provided at the lane drop at 
Boundary Channel Drive. In the southbound direction, there are two lane drops; at exit only ramp to 
Washington Boulevard and at the Little River Turnpike interchange.  Similar to the northbound lane drop 
at Washington Boulevard, the southbound lane drop is addressed by an “Exit Only” designation on the 
overhead signs for the interchange.  For the southbound lane drop at the Little River Turnpike 
interchange, a large overhead sign is provided approximately 525 feet upstream of the lane drop to warn 
drivers of the downstream change in geometry. 

I-581 in Roanoke, Virginia is a 6.64 mile radial interstate that provides direct access to/from Roanoke 
from I-81.  Between I-81 and VA 24, there are six interchanges along I-581 that service the surrounding 
arterial roadway network.  The following is the interchanges and the level of access provided to/from the 
adjacent arterials.   

 VA 117 – Full Access 
 VA 101 – Full Access 
 Valley View Boulevard – Full Access 
 US 460 – Full Access 
 US 221 – Full Access 
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 VA 24 – Full Access 
 
The interchange spacing on I-581 between I-81 and VA 24 are summarized below.  Interchange spacing 
that does not adhere to the one mile AASHTO recommendation is shown in red text below: 

 I-81 to VA 117: 1.06 miles 
 VA 117 to VA 101: 1.53 miles 
 VA 101 to Valley View Boulevard: 1.16 miles 
 Valley View Boulevard to US 460: 1.66 miles 
 US 460 to US 221: 0.43 miles 
 US 221 to VA 24: 0.67 miles 

 
I-581 from I-81 to VA 24 maintains a consistent cross section with interchange access provided via 
acceleration or deceleration lanes to/from each interchange.  Between Valley View Boulevard and VA 
110, auxiliary lanes are provided between the interchanges in both directions.  As there are no significant 
lane drops or changes in geometry, ground mounted or overhead warning signs to alert drivers of 
downstream changes are not installed or necessary. 
 
I-195 in Richmond, Virginia is a 3.5 mile “spur” of I-95 that provides direct access to/from Richmond.  
Between I-95 and VA 195, there are six interchanges along I-195 that service the surrounding arterial 
roadway network.  The following is the interchanges and the level of access provided to/from the adjacent 
arterials.   

 Laburnum Avenue: Partial Access 
 Hamilton Street: Full Access 
 Cary Street: Partial Access 
 VA 195: Partial Access 
 Slip Ramp from Monument Avenue/Thompson Street (SB/NB) 
 Slip Ramp to Thompson Street (NB) 

 
The interchange spacing on I-195 between I-95 and VA 195 are summarized below.  Interchange spacing 
that does not adhere to the one mile AASHTO recommendation is shown in red text below: 

 I-95 to Laburnum Avenue: 0.20 miles 
 Laburnum Avenue to Hamilton Street: 0.84 miles 
 Hamilton Street to entry ramp from Hamilton Street: 0.44 miles 
 Entry ramp from Hamilton Street to Entry ramp from Monument Avenue: 0.23 miles 
 Entry ramp from Monument Avenue to Cary Street: 0.68 miles 
 Cary Street to VA 195: 0.17 miles 

 
As summarized above, the spacing between each entry/exit point along I-195 does not meet the 
AASHTO recommendation of a minimum of one-mile spacing between interchanges.  An auxiliary lane is 
provided in the northbound direction between the entry ramp from Thompson Street to Belleville 
Street/US 33/US 250; otherwise, access to/from each interchange is provided via acceleration and 
deceleration lanes.  Additionally, there is a lane drop located approximately 550 feet north of the slip ramp 
to Thompson Street that reduces the number of through lanes from four down to three.  Warning signs for 
this lane drop are provided via a large overhead sign in advance of the lane drop and a “Merge” sign at 
the beginning of the taper for the lane drop. In the southbound direction, a fourth through lane is added at 
the entry ramp from Monument Avenue that terminates as an exit only lane onto VA 195. 
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Daily traffic volumes on a particular facility factor into the potential for crashes to occur; the higher the 
volume, the more potential exists for crashes to occur.  Conversely, roadways with less volume would be 
assumed to experience fewer crashes.  As such, average, two-way daily traffic volumes from 2015 was 
used as a comparison between I-66 and the three facilities mentioned above.  A summary of the average 
daily volumes from 2015 on these facilities are presented in Table 7 below. 

Table 7 - 2015 Average Daily Traffic Volume Comparison (I-66 Inside the Beltway vs. Other Facilities) 

 

As summarized in Table 7 above, I-395 between Edsall Road and Boundary Channel Drive experiences 
the highest daily traffic volumes of the four facilities studied.  I-66 inside the Beltway between I-495 and 
the Theodore Roosevelt Bridge experiences the second highest volume among the four facilities with 
average, two-way daily traffic volumes approaching 100,000 vehicles per day.   

The calculation of crash rates considers the number of crashes over a certain period of time, as well as 
daily volume of traffic and the distance of the facility being analyzed.  A facility with a high number of 
crashes, but relatively low daily traffic volumes over a short study length would expect to have a higher 
crash rate than a longer roadway that carries a higher volume of daily traffic, but with a similar number of 
crashes over the analysis period.  As such, the average crash rate for eastbound I-66 was calculated over 
a five-year analysis period between 2011 and 2015 and compared to 2014 crash rates published by 
VDOT for I-395, I-581, and I-195.  The summary of the total, injury, and fatal crash rate for each facility is 
summarized in Table 8 below. 
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Table 8 - Crash Rate Comparison (EB I-66 vs. Other Facilities) 

 

                            

As shown in the table above, when comparing the crash rates for the two Northern Virginia facilities (I-66 
and I-395) with similar driver behavior and travel patterns, I-66 is a safer facility than I-395 in either 
direction.   In 2014, I-395 experienced approximately 200 more crashes than eastbound I-66 which 
represents a greater increase than the differences in daily volume between the two facilities.  
Furthermore, the crash rate for eastbound I-66 is lower than those reported for I-581 and I-195; however, 
I-66 experienced slightly more crashes than what was reported for I-581 and I-195 in either direction.  

When comparing roadway geometry, interchange geometry, signage, and traffic volumes of the four 
facilities included in this analysis, several differences should be noted: 

 Facilities such as I-395 and I-581 provide full access interchanges, whereas I-66 inside the 
Beltway and I-195 provide mostly partial access interchanges. 

o Full access interchanges provide all movements so drivers can expect to be able to exit 
and enter the interstate at a single location as opposed to having to navigate local 
arterials to reach another entry or exit point.  Having consistent entry/exit points at a 
single location reduces the potential for driver error to occur by entering/exiting at the 
wrong location, thus reducing the potential for crashes caused by erratic driver behavior.  
However, full access interchanges introduce more conflict points which creates the 
potential for more crashes to occur than at interchanges with fewer ramps and conflict 
points. 

 
 The full access interchanges along I-395 are typically higher capacity, semi-directional 

interchanges; I-581 provides mostly cloverleaf type interchanges, with I-66 and I-195 
providing mostly split or partial diamond type interchanges. 

o Cloverleaf style interchanges typically introduce more weaving movements and an 
increased potential for crashes to occur as opposed to directional or split diamond 
interchanges that provide a single decision point at each entry or exit ramp. 

 
 Full length auxiliary lanes are provided along northbound I-395 between most of the 

interchanges; auxiliary lanes are not provided on I-66, I-581, and I-195. 
o Full length auxiliary lanes allow for higher speed weave movements to occur over a 

longer distance as opposed to separate merge/diverge areas that create several conflict 
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points within a short distance of each other.  Providing additional conflict points create 
the potential for degraded safety resulting from more crashes occurring at these 
merge/diverge areas. 

 Warnings for lane drops on I-395 and I-195 are provided via large, overhead warning 
signs, in the case of I-195, supplemented with additional ground mounted warning signs.  
Warning for the lane drop on I-66 at the Great Falls Street overpass is provided via a 
single, ground mounted sign. 

o Large, overhead signs often get drivers’ attention better than smaller, ground mounted 
signs that may get obscured by other roadside objects or ignored due to other roadside 
signs.  By providing larger overhead signs that warn of downstream lane changes, 
drivers will be provided more time and distance to make a lane change decision to align 
into the proper lane to proceed through the lane drop transition area.  By providing more 
decision distance for drivers, overall safety of the facility should improve due to the 
reduced potential for last minute lane changes and other erratic behavior. 

 
 I-395 carries significantly higher average daily traffic volumes than the other facilities; 

however, the crash rate in either direction is not significantly higher than the crash rate 
for eastbound I-66. 

o Conversely, I-195 which carries approximately 33% less volume than I-66 has a 
northbound crash rate that is double what is experienced on eastbound I-66. 

 
When comparing the overall safety of I-66 inside the Beltway to other facilities across the Commonwealth 
of Virginia, I-66 is not noticeably less safe than the other facilities that were analyzed for this study.  There 
are design features on I-395 and I-195 that can be applied to eastbound I-66, such as the use of auxiliary 
lanes between interchanges and overhead signs warning of downstream lane drops that can assist in 
improving safety.  However, these design elements do not appear to provide appreciably better safety 
conditions than facilities that do not have these treatments for similar roadway conditions. 

4.9 Quantitative Corridor Safety Analysis 
The HSM methods for crash prediction were applied to the I-66 mainline freeway segments, as well as 
ramps, ramp terminal intersections, and the mainline freeway segments of the Dulles Connector Road 
using ISATe.  On I-66 inside the Beltway, a combination of predicted crash frequencies based on crash 
prediction model outputs, and expected crash frequencies based on a combination of crash prediction 
model output and historical crash data, were used to evaluate safety along the corridor.  Since existing 
crash data was available throughout the study area, both predicted and expected crashes were used to 
compute the PSI for the various segments along I-66 for existing (2015) conditions.  The process used for 
the safety analysis using ISATe for the I-66 mainline, merge/diverge areas, ramps, as well as the Dulles 
Connector Road are described in full detail in Sections 4.10 through 4.13.   

HSM-based arterial crash analyses were also completed on adjacent arterial intersections that are 
impacted by the eastbound I-66 widening project.  The HSM methods for crash prediction were applied to 
the arterial intersections using the VDOT-approved Extended HSM spreadsheets.  Similarly, the expected 
crash frequency for each arterial intersection was also calculated using the EB method with 2011 through 
2015 traffic volume and crash data obtained for each location.  Resulting from this exercise, PSI locations 
were identified where the expected crash frequency of a particular location is greater than the predicted 
crash frequency.  The process used for the safety analysis of the ramp terminal and arterial intersections 
is described in full detail in Section 4.14.   
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4.10  I-66 Mainline Safety Analysis Results 
The HSM methods for crash prediction were applied to I-66 inside the Beltway mainline facility using 
ISATe to investigate the resulting changes in the number of crashes after the widening project on 
eastbound I-66. The limits of the study area are eastbound and westbound I-66 between the physical 
gore area of the VA Rte. 7 entry ramp and the physical gore area of the US 29/Spout Run Parkway exit 
ramp. The crash analysis zones on I-66 within the study area are shown in Figure 86. These zones 
include: 

1- Between the physical gore of the VA Rte. 7 entry ramp and the physical gore of the Dulles 
Connector Road entry ramp, 

2- Between the physical gore of the Dulles Connector Road exit ramp and the physical gore of the 
Westmoreland Street exit ramp, 

3- Between the physical gore of the Westmoreland Street exit ramp and the physical gore of the 
Exit 69 exit ramp, 

4- Between the physical gore of the Exit 69 off-ramp and the physical gore of the Sycamore Street 
exit ramp, 

5- Between the physical gore of the Sycamore Street on-ramp and the physical gore of the Exit 71 
exit ramp, 

6- Between the physical gore of the Exit 71 exit ramp and the Glebe Road exit ramp, 
7- Between the physical gore of the Glebe Road on-ramp and the physical gore of the Exit 72 exit 

ramp. 
 

 

Figure 86 - I-66 Inside the Beltway ISATe Safety Analysis Zones 

Table 9 summarizes the results of the ISATe predicted crash frequencies for the I-66 mainline safety 
analysis zones described above.  It should be noted that while the focus of the widening project is in the 
eastbound direction only, the ISATe analysis provides results with the eastbound and westbound 
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directions combined.  Table 10 summarizes the PSI for each of the safety analysis zones along the I-66 
inside the Beltway within the study area defined above.  For the purpose of calculating the expected 
crash frequencies using the Empirical Bayesian method for each zone in the study area along I-66 inside 
the Beltway, historical crash data obtained for the 2011 to 2015 study period was incorporated into the 
corresponding ISATe analysis spreadsheets. 

As shown in Table 9, the number of predicted KABC crashes range from 1.6 to 20.5 crashes with PDO 
crashes ranging from 3.8 to 55.8 crashes per year in 2015. Zone 5, between Sycamore Street and Exit 
71, shows the highest number of crashes per year, in terms of expected crash frequencies, while Zone 1 
between VA Rte. 7 and the Dulles Connector Road shows the lowest predicted crash frequencies. This 
could be attributed to the segment lengths and does not necessarily indicate the level of crash potential 
that could be associated with these sections.  

 

Table 9 - Existing Year (2015) ISATe Predicted Crash Frequency Summary (I-66 Mainline) 

 

 

The excess expected crash per year, or PSI, on the I-66 mainline is shown in Table 10. The PSI for total 
crashes ranges from -39.5 to 14.2 for the 2015 Existing condition. As shown below, most of the sections 
show a potential for improvement as follows: 

 Zone 5: From the Exit 71 to the Glebe Road overpass. 
 Zone 3: From Westmoreland Street to Exit 69, 
 Zone 2: From Dulles Connector Road to Westmoreland Street, 
 Zone 4: From Exit 69 to Sycamore Street, 
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Table 10 - Potential for Safety Improvement (PSI) by Safety Analysis Zone (I-66 Mainline) 

 

4.11  Dulles Connector Road Mainline Safety Analysis Results 
The HSM methods for crash prediction were applied to the Dulles Connector Road (VA Rte. 267) 
mainline facility using ISATe to investigate the resulting changes in the number of crashes after widening 
eastbound I-66. The crash analysis zones used in completing the quantitative analyses of the Dulles 
Connector Road using ISATe is shown in Figure 87 below.  

 

 

 

 

 

 

 

 

 

 

 

 

Table 11 summarizes the results of the ISATe analysis for the Dulles Connector Road study area for the 
mainline safety analysis zones for predicted crash rates.  Table 12 summarizes the PSI for each of the 
safety analysis zones along the Dulles Connector Road.  For the purpose of calculating the expected 
crash frequencies using the EB method for each zone on the Dulles Connector Road, historical crash 

Figure 87 - Dulles Connector Road Safety Analysis Zones 
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data obtained for the 2011 to 2015 study period was incorporated into the corresponding ISATe analysis 
spreadsheets. 

The number of predicted KABC crashes range from 0.4 to 6.4 crashes with PDO crashes ranging from 
0.7 to 14.7 crashes per year in 2015. Zone 7, from MP 27.2 to MP 28.4, shows the highest number of 
crashes per year, in terms of predicted crash frequencies, while Zone 2 from MP 26.0 to MP 26.2 shows 
the lowest predicted crash frequencies.  

 

 

The excess expected crash per year, or PSI, on the Dulles Connector Road is shown in Table 12. The 
PSI for total crashes ranges from -6.7 to 0.5 for the 2015 Existing condition. As shown below, the 
following locations have improvement potential: 

 Zone 2 (MP 26.2 – MP 26.3): From the southbound Dolley Madison Boulevard on-ramp 
to the northbound Dolley Madison Boulevard off-ramp  

 Zone 1 (MP 25.9 – MP 26.0): From the I-495 on-ramp to the southbound Dolley Madison 
Boulevard off-ramp  

 Zone 4 (MP 26.3 – MP 26.4): From the northbound Dolley Madison Boulevard off-ramp 
to the northbound Dolley Madison Boulevard on-ramp 
 

Table 11 - Existing Year (2015) ISATe Predicted Crash Frequency Summary 
(Dulles Connector Road) 
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Table 12 - Potential for Safety Improvement (PSI) by Safety Analysis Zone (Dulles Connector Road) 

 

4.12 Eastbound I-66 Ramp Safety Analysis Results 
Similar to the qualitative analyses conducted on the eastbound I-66 ramps impacted by the proposed 
widening project, the quantitative safety analysis using ISATe was also conducted on the ramps listed in 
Table 13.  As shown in Table 13, a total of eight ramps are directly or indirectly impacted by the proposed 
widening project; four of the ramps are located within the proposed widening project limits, three of the 
ramps are located upstream of the widening project limit, with one ramp located downstream of the 
widening project limits.  

                         Table 13 - Ramps Impacted by Eastbound I-66 Widening Project 

 
 

The HSM methods for crash prediction were applied to the eastbound I-66 ramps using ISATe.  The 
ISATe tool uses crash predictive models supplemented by safety performance functions (SPF) and crash 
modification factors (CMF), to estimate the long-term average crash frequency for a specific site based on 
AADT and roadway geometric details. Additionally, ISATe calculates an expected crash frequency at a 
particular location based on historical crash data through the Empirical Bayes (EB) method. For the 
purpose of this analysis, the EB method considered the historical crash data for the 2011 to 2015 study 
period to determine the expected crash frequency for the year of 2015. 

Based on the predicted and expected crash frequencies, the potential for safety improvement (PSI) can 
be determined. The PSI can be calculated by taking the difference of the predicted average crash 
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frequency from the expected average crash frequency. Simply, if the expected average crash frequency 
at a location is higher than the predicted average crash frequency, there is a potential of Safety 
improvement at this location. 

Existing 2015 ISATe summary results were obtained for each of the 8 ramps identified to be impacted by 
the proposed widening project.  Table 14 summarizes the predicted crash frequency, and Table 15 
summarizes the PSI for each ramp.  The focus of the safety analysis is on the characteristics and patterns 
from the KABC results; however, the results for PDO and total crashes are included as a point of 
reference. 

                 

                Table 14 - 2015 Predicted Crash Frequency (Eastbound I-66 Ramps) 

 
 

As shown in Table 14, the predicted crash frequencies for KABC crash values for existing conditions on 
the eastbound I-66 ramps ranged from 0.05 to 2.82.  The location with the highest predicted crash 
frequency is the eastbound Dulles Connector Road ramp to eastbound I-66. 

  

                Table 15 - 2015 Potential for Safety Improvements (Eastbound I-66 Ramps) 
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As shown in Table 15, the PSI values, which compares expected versus predicted crash frequencies 
from ISATe, range from -0.89 to 0.04.  Based on these results, the eastbound I-66 exit ramp to eastbound 
Route 7 has the highest potential for safety improvements with the Route 7 ramp to eastbound I-66 and 
the eastbound I-66 exit ramp to Westmoreland Street having the second highest potential for safety 
improvements.  However, with both values being close to 0.00, the potential for safety improvements is 
not significant at any ramp analyzed along eastbound I-66. 

4.13  Arterial Safety Analysis Results 
Similar to the qualitative analyses conducted on the eastbound I-66 ramps impacted by the proposed 
widening project, the quantitative safety analysis using ISATe was also conducted on the following ramp 
terminal intersections:  

 Westmoreland Street/Eastbound I-66 Off-Ramp 
 Fairfax Drive/Eastbound I-66 Off-Ramp 
 Sycamore Street/Eastbound I-66 On-Ramp 
 Glebe Road/Eastbound I-66 On-Ramp 

 
The HSM methods for crash prediction were applied to the ramp terminal intersections using ISATe.  The 
ISATe tool uses crash predictive models supplemented by safety performance functions (SPF) and crash 
modification factors (CMF), to estimate the long-term average crash frequency for a specific site based on 
AADT and roadway geometric details. Additionally, ISATe calculates an expected crash frequency at a 
particular location based on historical crash data through the Empirical Bayes (EB) method. For the 
purpose of this analysis, the EB method considered the historical crash data for the 2011 to 2015 study 
period to determine the expected crash frequency for the year of 2015. 

Based on the predicted and expected crash frequencies, the potential for safety improvement (PSI) can 
be determined. The PSI can be calculated by taking the difference of the predicted average crash 
frequency from the expected average crash frequency. Simply, if the expected average crash frequency 
at a location is higher than the predicted average crash frequency, there is a potential of Safety 
improvement at this location. 

Existing 2015 ISATe summary results were obtained for each of the ramp terminal intersections identified 
to be impacted by the proposed widening project.  Table 16 summarizes the predicted crash frequency, 
and Table 17 summarizes the PSI for each ramp terminal intersection.   

                     Table 16 - 2015 Predicted Crash Frequency (Ramp Terminal Intersections) 

 

As shown in Table 16, the existing conditions KABC crash values for the predicted crash frequencies for 
the ramp terminal intersections ranged from 0.27 to 1.90.  The location with the highest predicted crash 
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frequency is the Fairfax Drive/Eastbound I-66 off-ramp intersection.  The intersection with the lowest 
predicted crash frequency is the Westmoreland Street/Eastbound I-66 off-ramp intersection. 

Table 17 - 2015 Potential for Safety Improvements (Ramp Terminal Intersections) 

 

As shown in Table 17, the PSI values, which compares expected versus predicted crash frequencies 
from ISATe, range from -1.48 to 0.68.  Based on these results, the Sycamore Street/Eastbound I-66 on-
ramp intersection has the highest potential for safety improvement among the four ramp terminal 
intersections analyzed.  The Fairfax Drive/Eastbound I-66 off-ramp intersection has the lowest potential 
for safety improvement among the ramp terminal intersections analyzed with ISATe. 

HSM-based arterial crash analyses were also completed on adjacent arterial intersections that are 
impacted by the eastbound I-66 widening project.  These adjacent arterial intersections were identified to 
be intersections that are immediately adjacent to ramp terminal intersections that serve as access points 
to eastbound I-66.  The HSM methods for crash prediction were applied to these intersections using the 
VDOT-approved Extended HSM Spreadsheets.  For the collection of existing crash data, an area of 500 
feet from the center of each intersection was considered to account for crashes related to traffic signal 
queues.  At locations where intersections are closely spaced, the crash locations were reviewed 
individually and assigned to each intersection.  For the purpose of this analysis, each intersection was 
analyzed individually. 

Existing 2015 predicted crash frequencies were obtained for key arterial intersections adjacent to the 
existing ramp terminal intersections identified to be impacted by the proposed widening project.  Table 18 
summarizes the predicted crash frequency, and Table 19 summarizes the PSI for each key arterial 
intersection using the Extended HSM Spreadsheets.   
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                      Table 18 - 2015 Predicted Crash Frequency (Arterial Intersections) 

 

Based on the HSM methods for crash prediction within the Extended HSM Spreadsheets, the following 
are the top five arterial intersections with the highest predicted KABC crash frequency: 

 VA 7 & Idylwood Road 
 North Glebe Road & Fairfax Drive 
 US 29 & Spout Run Parkway 
 US 29 & North Sycamore Street 
 VA 7 & Shreve Road/Haycock Road 
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                      Table 19 - 2015 Potential for Safety Improvements (Arterial Intersections) 

 

As shown in Table 19, the PSI values, which compares expected versus predicted crash frequencies 
from ISATe, range from -0.2 to 2.0.  Based on these results, the following arterial have the highest 
potential for safety improvement: 

 VA 7 & Pimmit Drive 
 North Glebe Road & Fairfax Drive 
 US 29 & Fairfax Drive 
 VA 7 & Idylwood Road 
 Wilson Boulevard & North Glebe Road 

5. Future Safety Considerations – No-Build and Build 
In addition to being a tool for assessing the existing safety conditions of a particular facility, ISATe can 
also aid in the evaluation of future safety conditions and impacts to safety resulting from various design 
alternatives.  Using the principles outlined in the HSM, safety analyses were completed to evaluate future 
conditions resulting from the widening of eastbound I-66 and any alternate configurations to the ramps 
within the widening project area.  To address this second task, future conditions safety analyses were 
performed for the No-Build and proposed Build conditions.  
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5.1 2040 No-Build 
The HSM methods for crash prediction were applied to the study area network for 2040 No-Build 
conditions on the I-66 mainline, ramps, and the Dulles Connector road mainline using ISATe to calculate 
the predicted crash frequency.  The Extended HSM spreadsheets were used to complete safety analyses 
for the study area arterial intersections (ramp terminal and adjacent intersections) for 2040 No-Build 
conditions.  The results of these analyses are documented in the sections below. 

5.2  I-66 Mainline Safety Analysis Results 
The HSM methods for crash prediction were applied to the study area for 2040 No-Build conditions using 
ISATe to calculate the predicted crash frequency on I-66 within the study area. Since future year crash 
data for the 2040 No-Build condition was not available; only the predicted crash frequencies were 
calculated. For the purpose of predicting crash frequencies for the 2040 No-Build condition, the existing 
2015 geometric condition was used assuming no geometric changes are to be completed in 2040 under 
the No-Build condition. Additionally, the predicted traffic data was based on the implementation dynamic 
tolling system in both peak and off-peak direction for both Build and No-Build cases.  

As shown in Table 20, the predicted number of crashes per year for the 2040 No-Build condition ranges 
from 2.2 to 19.6 for KABC crashes and from 5.4 to 52.8 for PDO crashes.  As shown in the table below, 
the segment between Glebe Road and US 29/Spout Run Parkway (Exit 72) has the highest number of 
predicted crashes per year in terms of PDO, and total crashes for the 2040 No-Build condition.  The 
segment between VA Rte. 7 and the Dulles Connector Road is predicted to have the lowest crash 
frequency during the 2040 No-Build scenario.  The segment between Sycamore Street and Fairfax Drive 
(Exit 71) is predicted to have the highest frequency of KABC crashes.  It should be noted that the section 
with the highest total crash frequency, between Glebe Road and US 29/Spout Run Parkway, has 
changed from the 2015 Existing case. 

Table 20 - 2040 No-Build Predicted Crash Frequency Summary (I-66 Mainline) 

 

As identified in the latest Financially Constrained Long Range Plan (CLRP) for the Washington DC 
metropolitan area, I-66 inside the Beltway will operate as a HOT-3 facility in the 2040 No-Build condition. 
The crash frequency results from the 2040 No-Build condition are compared with 2015 crash frequencies 
in Table 21. The total number of predicted crashes per year is anticipated to increase in the 2040 No-
Build case compared to existing conditions. The 16% increase in the number of total crashes per year is a 
result of an 15% increase in KABC crashes and a 16% increase in PDO crashes.  
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Table 21 - 2040 No-Build and 2015 Existing Year Crash Frequency Comparison (I-66 Mainline) 

 

5.3  Dulles Connector Road Mainline Safety Analysis Results 
The HSM methods for crash prediction were applied to the study area for 2040 No-Build conditions using 
ISATe to calculate the predicted crash frequency on the Dulles Connector Road. Since future year crash 
data for the 2040 No-Build condition was not available; only the predicted crash frequencies were 
calculated. For the purpose of predicting crash frequencies for the 2040 No-Build condition, the existing 
2015 geometric condition was used considering no geometric changes are anticipated to be completed in 
2040 under the No-Build condition. 

The ISATe analysis was applied for 2040 No-Build conditions to predict the number of crashes in 2040 
without the widening of eastbound I-66 inside the Beltway. As there are no observed crashes in the future 
year, only predicted crash frequencies were used in the analysis. As shown in Table 22, the predicted 
number of crashes per year for the 2040 No-Build condition ranges from 0.3 to 6.2 for KABC crashes and 
from 0.6 to 14.1 for PDO crashes.  

Table 22 - 2040 No-Build Predicted Crash Frequency Summary (Dulles Connector Road) 
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As identified in the latest Financially Constrained Long Range Plan (CLRP) for the Washington DC 
metropolitan area, I-66 inside the Beltway will operate as a HOT-3 facility in the 2040 No-Build condition. 
As a result, the anticipated traffic volumes on the Dulles Connector Road do not show a significant 
change compared to 2015 existing conditions. The crash frequency results from the 2040 No-Build 
condition are compared with 2015 crash frequencies in Table 23. The total number of predicted crashes 
per year decreases by 4% during the analysis period, which is a result of a 3% decrease in KABC 
crashes and a 4% decrease in PDO crashes. The sections with the highest and lowest total crash 
frequency remains unchanged in 2040 No-Build compared to the 2015 Existing year results; however, 
fluctuations in crash frequencies are noted due to the variation in traffic volumes on the entry/exit ramps 
in the study area. 

 

 
 

5.4 Eastbound I-66 Ramp Safety Analysis Results 
The HSM methods for crash prediction were applied to the study area ramps for 2040 No-Build conditions 
using ISATe to calculate the predicted crash frequency on the 8 ramps impacted by the eastbound I-66 
widening project. Since future year crash data for the 2040 No-Build condition was not available; only the 
predicted crash frequencies were calculated. For the purpose of predicting crash frequencies for the 2040 
No-Build condition, the existing 2015 geometric condition was used considering no geometric changes 
are anticipated to be completed in 2040 under the No-Build condition. Table 24 summarizes the predicted 
crashes for each individual ramp for the 2040 No-Build Condition.  

Table 23 - 2040 No-Build and Existing Year (2015) Crash Frequency Comparison (Dulles 
Connector Road) 
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                 Table 24 - 2040 No-Build Predicted Crash Frequency (Eastbound I-66 Ramps) 

 

Table 24 summarizes the results of the ISATe analysis for the 8 ramps on eastbound I-66 impacted by 
the proposed widening project for 2040 No-Build predicted crashes.  When comparing these results to the 
predicted crash frequencies for existing conditions, the same pattern is shown for the 2040 No-Build 
condition as seen in 2015 existing conditions.  Similar to the existing conditions predicted crashes, the 
highest predicted crash frequency is again seen at the eastbound Dulles Connector Road ramp to 
eastbound I-66 for 2040 No-Build conditions.   It should be noted that while the predicted crash frequency 
patterns are the same between 2015 existing conditions and the 2040 No-Build condition, the 2040 No-
Build predicted crash frequencies are lower than those calculated for the existing condition.  This 
decrease in predicted crashes is a direct result of lower forecasted volumes for the 2040 No-Build 
condition than experienced in 2015. 

5.5  Arterial Safety Analysis Results 
The HSM methods for crash prediction were applied to the study area ramp terminal intersections for 
2040 No-Build conditions using ISATe to calculate the predicted crash frequency on the four ramp 
terminal intersections impacted by the eastbound I-66 widening project. Since future year crash data for 
the 2040 No-Build condition was not available; only the predicted crash frequencies were calculated. For 
the purpose of predicting crash frequencies for the 2040 No-Build condition, the existing 2015 geometric 
condition was used considering no geometric changes are anticipated to be completed in 2040 under the 
No-Build condition. Table 25 summarizes the predicted crashes for each individual intersection for the 
2040 No-Build Condition.  
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              Table 25 - 2040 No-Build Predicted Crash Frequency (Ramp Terminal Intersections) 

 

With respect to predicted KABC crash frequency for the 2040 No-Build condition, the intersection of 
Fairfax Drive and the eastbound I-66 off-ramp was shown to have the highest predicted crash frequency.  
Similar to existing conditions, the Westmoreland Street/Eastbound I-66 off-ramp intersection is predicted 
to have the lowest crash frequency during 2040 No-Build conditions. 

The HSM methods for crash prediction were applied to key arterial intersections within the study area for 
2040 No-Build conditions using the Extended HSM Spreadsheets to calculate the predicted crash 
frequency on arterial intersections adjacent to, or within close proximity, to eastbound I-66 ramp terminal 
intersections. Since future year crash data for the 2040 No-Build condition was not available; only the 
predicted crash frequencies were calculated. For the purpose of predicting crash frequencies for the 2040 
No-Build condition, the existing 2015 geometric condition was used considering no geometric changes 
are anticipated to be completed in 2040 under the No-Build condition. Table 26 summarizes the predicted 
crashes for each arterial intersection for the 2040 No-Build Condition.  
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            Table 26 - 2040 No-Build Predicted Crash Frequency (Arterial Intersections) 

 

Resulting from the 2040 No-Build analysis for predicted crash frequency, the following arterial 
intersections have the highest predicted frequency in terms of KABC crash severity: 

 VA 7 & Idylwood Road 
 VA 7 & Pimmit Drive 
 North Glebe Road & Fairfax Drive 
 VA 7 & Shreve Road/Haycock Road 
 US 29 & Spout Run Parkway 

5.6 2040 Build 
The HSM methods for crash prediction were applied to the study area network for 2040 Build conditions 
on the I-66 mainline, ramps, and the Dulles Connector road mainline using ISATe to calculate the 
predicted crash frequency resulting from the widening of eastbound I-66.  The Extended HSM 
spreadsheets were used to complete safety analyses for the study area arterial intersections (ramp 
terminal and adjacent intersections) for 2040 Build conditions.  The results of these analyses are 
documented in the sections below. 
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5.7  I-66 Mainline Safety Analysis Results 
The ISATe analysis was also applied to 2040 Build alternative to predict the potential change in the 
number of crashes in 2040 as a result of the proposed widening. It should be noted that during the 2040 
Build scenario, the westbound widening between Sycamore Street and Washington Boulevard was also 
included in the roadway network.  As there are no observed crashes in the future year, only predicted 
crash frequencies were used in the analysis. The results of the 2040 Build analysis results are shown in 
Table 27.  As shown in Table 27, the predicted number of crashes for 2040 Build conditions range from 
2.6 to 21.8 for KABC crashes and from 6.5 to 61.7 for PDO crashes. The segments with the highest and 
lowest predicted crash frequencies continue to be the segment between VA Rte. 7 and the Dulles 
Connector Road and between Glebe Road and US 29/Spout Run Parkway, respectively. 

      Table 27 - 2040 Build Predicted Crash Frequency Summary (I-66 Mainline) 

 

The predicted crash frequency of the 2040 No-Build and 2040 Build conditions are compared in Table 28. 
As shown in the table below, the total crash frequency in the 2040 Build case has increased by 12% 
across the entire section of I-66 between VA Rte. 7 and US 29/Spout Run Parkway compared with the 
2040 No-Build condition. The 12% increase in total crash frequency between 2040 No-Build and 2040 
Build is likely the result of the anticipated increase in daily traffic volumes on I-66 resulting from the 
widening project. 

              Table 28 - 2040 Build and 2040 No-Build Crash Frequency Comparison (I-66 Mainline) 
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The crash frequency results from the 2040 Build condition have also been compared with 2015 crash 
frequencies as summarized in Table 29. The total predicted crash frequency for the entire section of I-66 
from VA Rte.7 to US 29/Spout Run Parkway between the 2040 Build and 2015 Existing conditions have 
increased by 30%.  

The 30% increase in the number of crashes is a result of 27% increase in KABC crashes and a 30% 
increase in PDO crashes. The sections of the I-66 inside the Beltway with the highest and lowest total 
crash frequency remains unchanged in 2040 Build compared to the 2040 No-Build analysis.  

         Table 29 - 2040 Build and 2015 Existing Year Crash Frequency Comparison (I-66 Mainline) 

 

As demonstrated in the results from the ISATe analyses conducted for predicted future conditions on I-66 
inside the Beltway resulting from the eastbound widening project, crashes are expected to increase in 
both 2040 No-Build and 2040 Build conditions when compared to model predicted crashes for the 2015 
Existing year.  While the results presented above predict the number of crashes within each section, it is 
also important to note if the length of the particular segments are influencing the results as produced 
within ISATe.  Table 30 below summarizes the predicted crashes per mile for each safety analysis 
segment of I-66 inside the Beltway within the widening project limits. 

Table 30 – ISATe Model Predicted Crashes Per Mile Comparison (I-66 Mainline) 

 

As summarized in the table above, the number of crashes per mile as predicted with ISATe does not 
appear to have any correlation to the length of a particular segment.  For example, the segment between 
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the Dulles Connector Road and Westmoreland Street is over one mile in length, and the segment 
between Westmoreland Street and US 29/Washington Boulevard, which is slightly over one quarter of a 
mile in length, have nearly identical model predicted crash densities in the 2040 Build scenario.  In both 
segments, the model predicted crashes per mile is expected to be significantly higher in the 2040 Build 
case than existing conditions.  However, the segments between Exit 69 and the Glebe Road overpass 
are predicted to have similar crash densities in the 2040 Build case than existing conditions. 

As traffic volumes on I-66 are expected to increase between the existing year (2015) and 2040, general 
increases in crash frequency may not be a complete indicator of overall safety. As such, an appropriate 
measure of exposure is required to normalize the results obtained from the analysis of crash frequencies 
using ISATe. Crash rates are used in this section as a standardized measure to compare the safety 
performance of I-66 between 2015 and 2040 No-Build and Build scenarios.  

Table 31 shows the percent change in crash rates between 2015 Existing and 2040 No-Build conditions 
for the entire length of I-66 from VA Rte. 7 and US 29/Spout Run Parkway (Exit 72). As shown in the table 
below, the total crash rate is expected to increase by 4% in the No-Build case compared to existing 
conditions. The fatal/injury crash rate is anticipated to increase by 3% in the 2040 No-Build case 
compared to existing conditions. The PDO crash rate is expected to increase by 5% in the 2040 No-Build 
case.  

              Table 31 - 2040 No-Build and 2015 Existing Crash Rate Comparison (I-66 Mainline) 

 

Similarly, the predicted crash rates for the 2040 Build case have been compared with the 2040 No-Build 
and 2015 Existing year crash rates. The results of this comparison are shown in Table 32 and Table 33, 
for the 2040 Build/2040 No-Build and 2040 Build/2015 Existing case comparisons, respectively. As shown 
in Table 32, the 2040 Build total crash rate along the entire length of I-66 from VA Rte. 7 to US 29/Spout 
Run Parkway (Exit 72) is expected to decrease by 1% due to the widening compared to the No-Build 
case, with KABC and PDO crash rates decreasing by 2% and 1%, respectively.  
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            Table 32 - 2040 Build and 2040 No-Build Crash Rate Comparison (I-66 Mainline) 

 

As shown in Table 33 below, the 2040 Build total crash rates for the entire length of I-66 between VA 
Rte.7 and US 29/Spout Run Parkway (Exit 72) are expected to increase compared to existing crash rates. 
In the 2040 Build scenario, the KABC, PDO, and total crash rates have decreased between Exit 69 and 
Exit 71; however, due to increases in total crash rates on segments outside of the widening project limits, 
the resulting total crash rate is anticipated to increase by 3% in the 2040 Build scenario compared to 
2015 Existing conditions.  The injury crash rate of the entire widening project limit is expected to increase 
by 1% in the 2040 Build case, while the PDO crash rate is expected to increase by 3% due to the 
widening project in 2040. 

          Table 33 - 2040 Build and 2015 Existing Crash Rate Comparison (I-66 Mainline) 

 
 

For the purpose of establishing traffic volumes to be used in the ISATe analysis tool and the calculation of 
crash rates for each segment of I-66 between the Dulles Connector Road and Glebe Road, average 
annual daily traffic (AADT) data was obtained from existing traffic counts and travel demand modelling 
efforts conducted for this study.  As such, the AADT for each segment of the I-66 mainline from VA Rte. 7 
to US 29/Spout Run Parkway (Exit 72) for the 2015 Existing, 2040 No-Build, and 2040 Build scenarios 
are summarized in Figure 88 below. 
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Figure 88 shows that AADT on the I-66 mainline is anticipated to increase in the 2040 Build scenario 
compared to existing conditions for each segment of I-66 between VA Rte. 7 and US 29/Spout Run 
Parkway.   

Another measure of the quantity of travel on a particular facility is through the measurement of vehicle 
miles traveled (VMT).  VMT is simply the vehicle count multiplied by the length of roadway segment. 
Because traffic volumes vary along a route, each location’s traffic volume is multiplied by the 
representative length of the route, and these values are added up to obtain the VMT for that route.  The 
VMT on I-66 for the 2015 Existing, 2040 No-Build, and 2040 Build scenarios are summarized in Figure 
89 below. 

Figure 88 - I-66 Mainline AADT by Analysis Zone 
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Similar to the forecasted ADT on I-66, the VMT is anticipated to increase in the 2040 Build scenario 
compared to existing conditions for each segment of I-66 between VA Rte. 7 and US 29/Spout Run 
Parkway (Exit 72).  Table 34 below provides a detailed comparison of the VMT on I-66 over the 2015 
Existing, 2040 No-Build, and 2040 Build scenarios. 

Table 34 - I-66 VMT Comparison 

 

As summarized above, the total VMT along I-66 is anticipated to increase by 11% for the 2040 No-Build 
case compared to existing conditions.  Additionally, total VMT is anticipated to increase by 26% on the I-
66 mainline in the 2040 Build scenario compared to existing conditions.   

As discussed in the sections above, ISATe analyses were conducted to assess safety conditions for the 
2015 Existing, 2040 No-Build, and 2040 Build scenarios using forecasted daily traffic volumes and 
proposed roadway geometric conditions.  Figure 90 below provides a comparison of the predicted crash 
frequencies for each analysis zone along I-66 for each scenario that was analyzed. 

Figure 89 - I-66 VMT by Analysis Zone 
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As shown in Figure 90, predicted crash frequencies along I-66 are expected to be higher in the 2040 
Build scenario when compared to 2015 Existing and 2040 No-Build conditions.  As predicted with the 
ISATe crash analysis tool, the two locations with the highest predicted crash frequencies in all scenarios 
are the sections between the Dulles Connector Road and Westmoreland Street and between Glebe Road 
and US 29/Spout Run Parkway. 

As mentioned above, crash rates can be used as a relative safety measure of each segment as it 
considers the exposure to potential crashes with respect to daily traffic volumes. The crash rate is 
calculated to determine the relative safety of each segment compared with other similar segments. The 
benefit of crash rate analysis is that it provides a more effective comparison of similar locations with 
safety issues. This allows for prioritization of these locations when considering safety improvements with 
limited resources. Typically, traffic volumes are expressed in the form of average annual daily traffic 
(AADT), while the number of crashes within a particular segment can be normalized as the number of 
crashes per 100 million vehicle-miles of travel (VMT). For the calculation of crash rates for the 2040 future 
year scenarios, the results of the ISATe analysis with respect to the total crash frequency for each 
segment were used. As such, the predicted crash frequency output from ISATe is used as the total 
number of crashes in the calculation of future crash rates.  Figure 91 below summarizes the comparison 
of crash rates for each analysis zone of I-66 between 2015 Existing, 2040 No-Build, and 2040 Build 
scenarios. 

 

 

 

 

 

Figure 90 - I-66 ISATe Predicted Crash Frequency Comparison 
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As shown in Figure 91, the calculated crash rates for each analysis zone on I-66 show some variation 
between existing, 2040 No-Build, and 2040 Build conditions at the eastern end of the widening project 
limits.  The analysis zones between US 29 (Exit 69) and Fairfax Drive shows a decrease in the total crash 
rate between the 2040 Build and 2015 Existing conditions, while the remaining sections shower higher 
crash rates in the 2040 Build case than 2015 existing conditions. It should also be noted that crash rates 
for 2040 Build conditions are lower than the 2040 No-Build case within the majority of the analysis 
sections on I-66; with the lone exception being the eastern end of the study area between Fairfax Drive 
(Exit 71) and Glebe Road which is not expected to be included in the eastbound widening project limits. 
Table 35 below provides a detailed comparison of the calculated crash rates on I-66 over the 2015 
Existing, 2040 No-Build, and 2040 Build scenarios. 

Table 35 - I-66 Crash Rate Comparison 

 

As shown in Table 35, the total crash rate for I-66 between VA Rte. 7 and US 29/Spout Run Parkway is 
anticipated to increase by 4% in the 2040 No-Build scenario compared to existing conditions.  For the 

Figure 91 - I-66 Crash Rates by Analysis Zone 
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2040 Build condition, the total crash rate is anticipated to increase by 3% compared to existing conditions.  
While the total crash rate for the entire study area of I-66 between VA Rte. 7 and US 29/Spout Run 
Parkway (Exit 72) is anticipated to increase when comparing 2040 Build to 2015 Existing conditions, it is 
important to note that the segments between US 29/Washington Boulevard and Fairfax Drive (Exit 71) 
that are within the widening project are anticipated to decrease in the 2040 Build scenario with the 
eastbound widening project compared to 2015 Existing conditions. 

As documented in Section 4.2, the segments of eastbound I-66 between the Dulles Connector Road and 
US 29/Washington Boulevard experiences the highest number of crashes within the widening project 
study area.  This segment of eastbound I-66 also experiences the highest level of recurring congestion 
due to the heavy volume of traffic merging onto I-66 from the Dulles Connector Road and the two 
downstream exit ramps at Westmoreland Street and US 29/Washington Boulevard.  The three ramps 
from the Dulles Connector Road, Westmoreland Street, and US 29/Washington Boulevard create 
separate areas of merging and diverging that requires weaving movements to occur.   Figure 92 
summarizes the existing PM peak hour volumes for the weaving movements on eastbound I-66 between 
the Dulles Connector Road, Westmoreland Street, and US 29/Washington Boulevard.  It should be noted 
that for the analysis of the existing weave movements, 2016 PM peak hour volumes were used as 
detailed origin/destination data was not available for 2015.  It is expected that for 2040 No-Build   
conditions, travel patterns in the study area will not change.  As such, the existing origin/destination splits 
that were observed in 2016 were then applied to 2040 No-Build PM peak hour volumes to determine the 
weave volumes between the Dulles Connector Road and US 29/Washington Boulevard without the 
widening project.  The 2040 No-Build weave volumes are summarized in Figure 93.
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Figure 92 - Existing PM Peak Hour Weave Volumes (Dulles Connector Road to US 29/Washington Boulevard)
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Figure 93 - 2040 No-Build PM Peak Hour Weave Volumes (Dulles Connector Road to US 29/Washington Boulevard)
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By comparing the PM peak hour weaving volumes from the 2016 Existing and 2040 No-Build cases, the 
number of weaving vehicles between the Dulles Connector Road and Westmoreland Street is expected to 
decrease from 60 vehicles per hour for 2016 Existing conditions to 40 vehicles per hour in the 2040 No-
Build case. Within this section, none of the vehicles that originate from the Dulles Connector Road are 
required to make a lane change to get to Westmoreland Street. Conversely, 50 of the vehicles that 
originate from eastbound I-66 upstream of the Dulles Connector Road interchange are required to make 
one lane change per hour to be able to get off at Westmoreland Street. As such, there are 50 lane 
change maneuvers per hour required within the Dulles Connector Road and Westmoreland Street 
weaving section. In the 2040 No-Build, case there will be the same number of lane changes, as the traffic 
volume on eastbound I-66 is not expected to change compared to 2016 Existing conditions.  

The lane changing vehicles (from I-66 to Westmoreland Street) currently must find a gap among the 
2,110 vehicles per hour that come from the Dulles Connector Road and are in one lane after the 
termination of the acceleration lane at the Great Falls Street overpass. Considering a uniform distribution, 
this equates to 1.7 vehicles per second (assuming all vehicles remain in the same lane and only the 
weaving vehicles change lanes). In the 2040 No-Build scenario there is a forecasted 1,620 vehicles per 
hour on the Dulles Connector Road ramp to eastbound I-66, which equates to 2.22 vehicle per second. 
As such, the average gap between vehicles that occupy the target lane on the right side of the weaving 
area is increased by 30%. As a result, it could be concluded that the weaving maneuver between the 
Dulles Connector Road and Westmoreland Street will be performed easier than the 2016 Existing case 
due to the forecasted reduction in peak hour volumes in the 2040 No-Build scenario compared to existing 
conditions. 

Similarly, for the weaving section between the Dulles Connector Road and US 29/Washington Boulevard, 
vehicles that originate from the Dulles Connector Road are required to make one lane change to continue 
onto eastbound I-66.  As shown in the figures above, the volume of vehicles making the lane change from 
the Dulles Connector Road to continue onto eastbound I-66 during the PM peak hour is 1,350 vehicles in 
the Existing case and 1,040 vehicles in the 2040 No-Build case. For vehicles from eastbound I-66 in the 
Existing case, 470 vehicles per hour are required to make one lane change to exit at US 29/Washington 
Boulevard while in the 2040 No-Build case, it is anticipated that there will be 480 vehicles per hour that 
will be making the lane change to exit at US 29/Washington Boulevard. As a result, the average gap 
between vehicles in the right most lane is estimated to be 1.75 seconds for the 2016 Existing scenario, 
and is expected to increase to 2.27 second in the 2040 No-Build case. Due to the forecasted reduction in 
PM peak hour volumes in the 2040 No-Build scenario, there is expected to be a 16% reduction in the 
overall number of lane changes required (1,820 lane changes in the Existing case compared to 1,520 in 
the 2040 No-Build case) and about a 29% increase in the average gap between vehicles. Based on these 
results, the operation of the weaving section between Dulles Connector Road and US 29/Washington 
Boulevard will improve in the 2040 No-Build case compared to existing conditions.  

Similar comparisons were made for the weave area between the Dulles Connector Road and US 
29/Washington Boulevard to assess operations in the 2040 Build scenario compared to 2040 No-Build 
conditions.  It is expected that for 2040 Build conditions, travel patterns in the study area will not change.  
As such, the existing origin/destination splits that were observed in 2016 were then applied to 2040 Build 
PM peak hour volumes to determine the weave volumes between the Dulles Connector Road and US 
29/Washington Boulevard with the widening project.  The 2040 Build weave volumes are summarized in 
Figure 94.
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Figure 94 - 2040 Build PM Peak Hour Weave Volumes (Dulles Connector Road to US 29/Washington Boulevard) 
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With the widening of eastbound I-66 from two to three through lanes in the 2040 Build case, vehicles 
exiting the Dulles Connector Road are not required to make a lane change to continue onto eastbound I-
66 at either of the weaving sections on Westmoreland Street or US 29/Washington Boulevard. However, 
vehicles on eastbound I-66 will be required to make two lane changes to exit at Westmoreland Street. In 
the case of a two-lane exit ramp to US 29/Washington Boulevard, vehicles on eastbound I-66 are 
required to make one lane change in the 2040 Build case to exit at US 29/Washington Boulevard and two 
lane changes if a single lane exit ramp is used. As such, for the weaving section between the Dulles 
Connector Road and Westmoreland Street there will be 120 lane changes (60 vehicles x 2 lane changes) 
required for vehicles on eastbound I-66 that want to exit at Westmoreland Street. For the section between 
the Dulles Connector Road and US 29/Washington Boulevard, there would be 550 vehicles required to 
change lanes. As such, in the case of a one lane exit ramp to US 29/Washington Boulevard, there will be 
1,100 lane changes required (550 vehicles x 2 lane changes) and in the case of a two-lane exit ramp 
there would be 550 lane changes required (550 vehicles x 1 lane change).  

As there will be two lanes that vehicles on the Dulles Connector Road could be distributed to, and by 
assuming an even distribution of vehicle on these lanes, the gaps between vehicles for the 2040 Build 
scenario is expected to be 2.8 seconds between the Dulles Connector Road and Westmoreland Street.  
For the segment between the Dulles Connector Road and US 29/Washington Boulevard, the available 
gap between vehicles is expected to be 2.9 seconds in the case of a one lane exit ramp and 2.2 seconds 
in the case of a two-lane exit ramp to US 29/Washington Boulevard. 

Comparing the 2040 Build case to the 2016 Existing case shows that for the weaving section between the 
Dulles Connector Road to Westmoreland Street there would be an expected 120 lane changes required 
(60 vehicles x 2 lane changes) in the 2040 Build case and 50 lane changes required (50 vehicles x 1 lane 
change) in the 2016 Existing case. This shows a 140% increase in the number of lane changes in this 
section. However, the average gap between vehicles are expected to increase from 1.7 seconds to 2.8 
seconds which equates to a 65% increase between the 2040 Build and 2016 Existing scenarios.  

For the weaving section between the Dulles Connector Road and US 29/Washington Boulevard, there 
would be a total of 1,100 lane changes expected (550 vehicles x 2 lane changes) in the case of a two-
lane exit ramp and 550 lane changes required (550 vehicles x 1 lane change) in the case of a one lane 
exit ramp at US 29/Washington Boulevard in the 2040 Build case. As such, when compared to the 1,820 
lane changes required in the 2016 Existing case (1,350 vehicles from the Dulles Connector Road to 
eastbound I-66 and 470 vehicles from eastbound I-66 to US 29/Washington Boulevard), the total number 
of lane changes required in this section is expected to decrease by about 40% in the case of a one lane 
exit ramp and by 70% in the case of a two-lane exit ramp. Furthermore, the average gap between 
vehicles is expected to increase by 25% in the case of a one lane exit ramp and by 66% in the case of a 
two-lane exit ramp at US 29/Washington Boulevard. As such, the operation of the weaving section 
between the Dulles Connector Road and US 29/Washington Boulevard is expected to improve under the 
2040 Build case. 

As shown above, overall VMT on I-66 is expected to increase by 23% between the 2040 Build and 2015 
Existing conditions.  In comparison, total crash rates on I-66 are anticipated to increase by 5% for the 
2040 Build condition compared to existing conditions.  As such, the predicted increase in crashes 
resulting from the eastbound widening project is not anticipated to be in the same order of magnitude as 
the expected increase in volume and VMT anticipated in the 2040 Build scenario.  Furthermore, the 2040 
No-Build crash rates are predicted to be higher than those anticipated for the 2040 Build scenario, which 
shows that safety may be improved on I-66 due to the widening project when compared to future 
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conditions without the project.  Finally, with the additional lane on eastbound I-66 provided by the 
widening project, the number of lane changes are expected to decrease between the Dulles Connector 
Road and US 29/Washington Boulevard for the 2040 Build case.  Furthermore, the available gap between 
vehicles needing to make a lane change is expected to increase in the 2040 Build scenario as a result of 
the widening project.  As such, it can be determined that safety on I-66 will not be negatively impacted as 
a result of the forecasted increase in daily traffic volumes associated with the widening of eastbound I-66. 
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5.8  Dulles Connector Road Mainline Safety Analysis Results 
The ISATe analysis was also applied to 2040 Build alternative to predict the potential change in the 
number of crashes in 2040 with the proposed widening. As there are no observed crashes in the future 
year, only predicted crash frequencies were used in the analysis.  As shown in Table 36, the predicted 
number of crashes for 2040 Build conditions range from 0.2 to 5.2 for KABC and from 0.7 to 16.4 for PDO 
crashes.   

Table 36 - 2040 Build Predicted Crash Frequency Summary (Dulles Connector Road) 

 

The crash frequency results from 2040 Build conditions are compared with 2015 crash frequencies in 
Table 37. The total crash frequency between 2040 Build and 2015 Existing conditions increases by 4%. 
This is a result of a 10% decrease in KABC crashes and an 11% increase in PDO crashes. The sections 
of the Dulles Connector Road with the highest and lowest total crash frequency remains unchanged in 
2040 Build compared to the existing year analysis.  

 

 

Additionally, the crash frequency of the 2040 No-Build and 2040 Build conditions are compared in Table 
38. As shown in the table below, the total crash frequency in the 2040 Build case has increased in 
comparison to the 2040 No-Build condition. The increase in crash frequency between 2040 No-Build and 

Table 37 - 2040 Build and Existing Year (2015) Crash Frequency Comparison 
(Dulles Connector Road) 
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2040 Build can be attributed to the anticipated increase in traffic volumes resulting from the eastbound I-
66 widening project.  

Table 38 - 2040 Build and 2040 No-Build Crash Frequency Comparison (Dulles Connector Road) 

 

As traffic volumes on the Dulles Connector Road are expected to increase between the existing year 
(2015) and 2040, general increases in crash frequency may not be a complete indicator of overall safety. 
As such, an appropriate measure of exposure is required to normalize the results obtained from the 
analysis of crash frequencies using ISATe. Crash rates are used in this section as a standardized 
measure to compare the safety performance of the Dulles Connector Road between 2015 and 2040 No-
Build and Build scenarios.  

Table 39 shows the percent change in crash rates between the 2015 Existing and 2040 No-Build 
scenarios. When comparing the 2015 Existing and 2040 No-Build crash rates, the total crash rate along 
the Dulles Connector Road between I-495 and I-66 is expected to be essentially unchanged in the 2040 
No-Build scenario. Additionally, the fatal/injury (KABC) crash rate is anticipated to have a minimal change 
of 1% between 2040 No-Build and 2015 Existing scenarios. Finally, the PDO crash rate is expected to 
remain unchanged between the 2040 No-Build and 2015 Existing scenarios.  

Table 39 - 2040 No-Build vs. 2015 Existing Crash Rate Comparison (Dulles Connector Road) 
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Similarly, the predicted crash rates for the 2040 Build case have been compared with the 2040 No-Build 
and 2015 existing year crash rates to assess any impacts to safety that can be directly attributed to the 
eastbound I-66 widening project. The results are shown in Table 40 and Table 41, for the 2040 Build 
versus 2040 No-Build and 2040 Build versus 2015 comparisons, respectively. As shown in Table 40 the 
total crash rate is expected to decrease by 2% compared to the 2040 No-Build crash rates.   

Table 40 - 2040 Build vs. 2040 No-Build Crash Rate Comparison (Dulles Connector Road) 

 

Similarly, as shown in Table 41 the total crash rate in the 2040 Build case is expected to decrease by 2% 
compared with the 2015 existing crash rates. Injury (KABC) crash rates are anticipated to decrease by 
15% across the entire length of the Dulles Connector Road between I-495 and I-66 while PDO crash 
rates are anticipated to increase by 5% for the 2040 Build condition compared to the 2040 No-Build 
condition.  

Table 41 - 2040 Build vs. 2015 Existing Crash Rate Comparison (Dulles Connector Road) 

 

For the purpose of establishing traffic volumes to be used in the ISATe analysis tool and the calculation of 
crash rates for each segment of the Dulles Connector Road between I-495 and I-66, AADT data was 
obtained from travel demand modelling efforts conducted for this study.  As such, the AADT for each 
segment of the Dulles Connector Road for 2015 Existing, 2040 No-Build, and 2040 Build scenarios are 
summarized in Figure 95 below. 
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As shown in Figure 95, except for the analysis zones within the I-495 and Dolley Madison Boulevard (VA 
Rte. 123) interchanges, 2040 No-Build daily traffic volumes are expected to decrease compared to 
existing volumes, likely resulting from the planned change in HOV occupancy requirements from two to 
three people in a vehicle by 2040.  Daily traffic volumes for the 2040 Build scenario with the widening of 
eastbound I-66 are then expected to be higher than 2040 No-Build and 2015 Existing scenarios. 

Another measure of the quantity of travel on a particular facility is through the measurement of VMT.  
VMT is simply the vehicle count multiplied by the length of roadway segment. Because traffic volumes 
vary along a route, each location’s traffic volume is multiplied by the representative length of the route, 
and these values are added up to obtain the VMT for that route.  The VMT of the Dulles Connector Road 
for the 2015 Existing, 2040 No-Build, and 2040 Build scenarios are summarized in Figure 96 below. 

 

 

 

 

 

 

 

 

 

Figure 95 - Dulles Connector Road AADT by Analysis Zone 
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As shown in Figure 96, the VMT for the majority of the analysis segments along the Dulles Connector 
Road is anticipated to be higher in the 2040 Build scenario than existing conditions in 2015.  Table 42 
below provides a detailed comparison of the VMT on the Dulles Connector Road over the 2015 Existing, 
2040 No-Build, and 2040 Build scenarios. 

Table 42 - Dulles Connector Road VMT Comparison 

 

As summarized above, the total VMT along the Dulles Connector Road is anticipated to decrease by 4% 
for the 2040 No-Build case compared to existing conditions.  Conversely, total VMT is anticipated to 
increase by 6% on the Dulles Connector Road in the 2040 Build scenario compared to existing 
conditions.   

As discussed in the sections above, ISATe analyses were conducted to assess safety conditions for the 
2015 Existing, 2040 No-Build, and 2040 Build scenarios using forecasted daily traffic volumes and 

Figure 96 - Dulles Connector Road VMT by Analysis Zone 
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proposed roadway geometric conditions.  Figure 97 below provides a comparison of the predicted crash 
frequencies for each analysis zone along the Dulles Connector Road for each scenario that was 
analyzed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As shown in Figure 97, predicted crash frequencies along the Dulles Connector Road are not anticipated 
to vary significantly between 2015 Existing and 2040 Build scenarios.  Except for the analysis zones near 
I-495 and I-66, the majority of the predicted crash frequencies in the 2040 Build scenario are comparable 
to the crash frequencies predicted in ISATe for existing conditions. 

Figure 98 below summarizes the comparison of crash rates for each analysis zone of the Dulles 
Connector Road between 2015 Existing, 2040 No-Build, and 2040 Build scenarios. 

 

 

 

 

 

 

 

Figure 97 - Dulles Connector Road ISATe Predicted Crash Frequency Comparison 
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As shown in Figure 98, the calculated crash rates for each analysis zone on the Dulles Connector Road 
for the 2040 Build condition are not expected to vary significantly from existing conditions.  The 
exceptions lie within the analysis zone near I-495 which shows an increase in the total crash rate 
between the 2040 Build and 2015 Existing conditions, and the zone at the eastern end of the Dulles 
Connector Road/Dolley Madison Boulevard interchange, which shows a decrease in the total crash rate 
between 2040 Build and 2015 Existing conditions.  2040 Build crash rates within the other zones are 
anticipated to be similar to existing conditions.  Table 43 below provides a detailed comparison of the 
calculated crash rates on the Dulles Connector Road over the 2015 Existing, 2040 No-Build, and 2040 
Build scenarios. 

Table 43 - Dulles Connector Road Crash Rate Comparison 

 

Figure 98 - Dulles Connector Road Crash Rates by Analysis Zone 
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As shown in Table 43, the total crash rate for the Dulles Connector Road between I-495 and I-66 is 
anticipated to be essentially unchanged in the 2040 No-Build scenario compared to existing conditions.  
For the 2040 Build condition, the total crash rate is anticipated to increase by 2% compared to existing 
conditions. 

As shown above, overall VMT on the Dulles Connector Road is expected to increase by 6% between the 
2040 Build and 2015 Existing conditions.  In comparison, total crash rates on the Dulles Connector Road 
are anticipated to decrease by 2% for the 2040 Build condition compared to existing conditions.  Based 
on the increase in VMT, combined with the decrease in total crash rate on the Dulles Connector Road, it 
can be determined that safety on the Dulles Connector Road will not be negatively impacted as a result of 
the forecasted increase in daily traffic volumes associated with the widening of eastbound I-66. 

10.5.9 Eastbound I-66 Ramp Safety Analysis Results 
The HSM methods for crash prediction were applied to the study area ramps for 2040 Build conditions 
using ISATe to calculate the predicted crash frequency on the 8 ramps impacted by the eastbound I-66 
widening project. Since future year crash data for the 2040 Build condition was not available; only the 
predicted crash frequencies were calculated. As part of the widening project, the eastbound I-66 mainline 
from the Dulles Connector Road to Fairfax Drive will be widened to three through lanes.  In addition, the 
ramps from eastbound I-66 to US 29/Washington Boulevard/Fairfax Drive and the eastbound I-66 ramp to 
Fairfax Drive at the eastern terminus of the project will be widened to two lanes at each location. Table 44 
summarizes the predicted crashes for each individual ramp for the 2040 Build Condition.  

                Table 44 - 2040 Build Predicted Crash Frequency (Eastbound I-66 Ramps) 

 

As shown in Table 44 above, the predicted crash frequencies for the 2040 Build condition range from 
0.05 at the eastbound I-66 exit ramp to Westmoreland Street to 4.34 at the eastbound Dulles Connector 
Road to eastbound I-66.   

Table 45 summarizes the results of the ISATe analysis for the eastbound I-66 ramps impacted by the 
proposed widening project for the 2040 Build condition in comparison to the 2015 Existing and 2040 No-
Build analysis results.  In all ISATe analyses the eastbound Dulles Connector Road ramp to eastbound I-
66 had the highest number of predicted crashes per year.  However, the number of predicted crashes as 
calculated by ISATe for each of the scenarios indicates that there will not be a significant safety concern 
because of the widening project on any of the ramps within the proposed project limits. 
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5.10  Arterial Safety Analysis Results 
The HSM methods for crash prediction were applied to the four ramp terminal intersections for 2040 Build 
conditions using ISATe to calculate the predicted crash frequency resulting from the eastbound I-66 
widening project. Since future year crash data for the 2040 Build condition was not available; only the 
predicted crash frequencies were calculated. Table 46 summarizes the predicted crashes for each ramp 
terminal for the 2040 Build Condition.  

                 Table 46 - 2040 Build Predicted Crash Frequency (Ramp Terminal Intersections) 

 

With respect to predicted KABC crash frequency for the 2040 Build condition, the intersection of Fairfax 
Drive and the eastbound I-66 off-ramp continues to show the highest predicted crash frequency resulting 
from the ISATe analysis of future safety conditions.  Furthermore, the Westmoreland Street/Eastbound I-
66 off-ramp intersection is predicted to continue to have the lowest crash frequency during 2040 Build 
conditions. 

The HSM methods for crash prediction were applied to key arterial intersections within the study area for 
2040 Build conditions using the Extended HSM Spreadsheets to calculate the predicted crash frequency 
on arterial intersections adjacent to, or within close proximity, to eastbound I-66 ramp terminal 
intersections. Since future year crash data for the 2040 Build condition was not available; only the 
predicted crash frequencies were calculated. For the purpose of predicting crash frequencies for the 2040 
Build condition, the existing 2015 geometric condition was used considering no geometric changes are 
anticipated to be completed in 2040 under the Build condition. Table 47 summarizes the predicted 
crashes for each arterial intersection for the 2040 Build Condition.  

 

Table 45 - 2040 Build Predicted Crash Frequency Comparison (Eastbound I-66 Ramps) 
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               Table 47 - 2040 Build Predicted Crash Frequency (Arterial Intersections) 

 

Resulting from the 2040 Build analysis for predicted crash frequency, the following arterial intersections 
have the highest predicted frequency in terms of KABC crash severity: 

 VA 7 & Idylwood Road 
 North Glebe Road & Fairfax Drive 
 VA 7 & Pimmit Drive 
 VA 7 & Shreve Road/Haycock Road 
 US 29 & Spout Run Parkway 

 

Table 48 summarizes the results of the ISATe analysis for the ramp terminal intersections impacted by 
the proposed widening project for the 2040 Build condition in comparison to the 2015 Existing and 2040 
No-Build analysis results.  In all ISATe analyses, the intersection of the eastbound I-66 off-ramp to Fairfax 
Drive had the highest number of predicted crashes per year.  However, the number of predicted crashes 
as calculated by ISATe for each of the scenarios do not show a significant increase compared to 2015 
existing conditions.  Furthermore, in terms of the total number of predicted crashes as calculated with 
ISATe between 2040 Build and 2015 existing conditions, the results show that the total number of 
crashes will be similar for 2040 Build conditions as compared to 2015 existing conditions for the ramp 
terminal intersections.  As such, the analysis of future safety conditions has revealed that there will not be 
a significant safety concern due to the widening project on any of the ramp terminal intersections within 
the proposed project limits. 
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Table 48 -2040 Build Predicted Crash Frequency Comparison (Ramp Terminal Intersections) 

 

The same comparison between 2040 Build, 2040 No-Build, and 2015 existing safety conditions were 
made for each of the arterial intersections analyzed with the Extended HSM Spreadsheets.  As shown in 
Table 49 below, the total number of crashes for the 2040 Build scenario across all arterial intersections 
are predicted to be similar to 2015 existing conditions as a result of the eastbound I-66 widening project.  
Furthermore, when comparing the predicted crash frequencies at individual arterial intersections, the 
results of the analysis of 2040 Build conditions do not predict a significant increase in crash frequency at 
any of the arterial intersections analyzed.  As such, safety is not anticipated to be significantly impacted at 
any of the key arterial intersections within the eastbound I-66 widening project area. 

Table 49 - 2040 Build Predicted Crash Frequency Comparison (Arterial Intersections) 

 

6. Future Safety Considerations – Supplemental Safety Analyses on I-
66 Mainline 
As discussed in the previous sections, the prediction of future safety on I-66 inside the Beltway between 
the VA Rte. 7 entry ramp and the US 29/Spout Run Parkway exit ramp resulting from the eastbound 
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widening project was analyzed using ISATe.  ISATe is a safety analysis tool used to evaluate freeway 
and interchange systems.  ISATe predicts crashes by mainline freeway segments, ramp segments, and 
ramp terminals based on geometric and operational characteristics of the particular portion of the project 
being analyzed.  The analysis of mainline freeway segments includes both directions and assumes the 
same geometry and interchange spacing exists in both directions of the given facility.  In addition, ISATe 
also analyses ramp terminal crossroad intersections based on the number and arrangement of lanes and 
the type of traffic control at the intersection.  Using existing traffic count data, roadway geometry, future 
travel demand forecasts, and the most recent design plans for the widening project, predicted future 
crash frequencies were calculated for 2015 Existing conditions as well as 2040 for both No-Build and 
Build scenarios.   

As shown in Figure 99 below, the total number of crashes as calculated with the ISATe tool is predicted 
to increase for both the 2040 No-Build and 2040 Build scenarios.  The 2040 No-Build scenario includes 
the tolling of eastbound I-66 during the AM peak period, while the 2040 Build scenario includes the 
eastbound tolling and widening projects.  Furthermore, it should be noted that the results presented in 
Figure 99 are the ISATe model predicted crashes for both eastbound and westbound directions of I-66 
from VA Rte. 7 to US 29/Spout Run Parkway. 

 

Figure 99 – Predicted Total Crashes from ISATe (I-66 Mainline) 

Additionally, as shown in Figure 100, crash densities in the sections of I-66 between the Dulles 
Connector Road and US 29/Washington Boulevard are predicted to increase substantially in both the 
2040 No-Build and 2040 Build scenarios.   
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Figure 100 - Predicted Crash Densities from ISATe (I-66 Mainline) 

However, the results produced by ISATe as shown above are not consistent with the qualitative 
assessment of future safety resulting from both the eastbound widening project and the implementation of 
peak period tolling in both directions of I-66 inside the Beltway.  With the eastbound widening project, 
vehicles that are destined for downstream exits in Arlington or Washington DC are no longer subjected to 
the lane drop at the Great Falls Street overpass, and with the “option” lane at the US 29/Washington 
Boulevard exit, vehicles either do not have to make a lane change from the Dulles Connector Road or 
only must make one lane change to proceed eastbound on I-66.  Additionally, with the implementation of 
peak period tolling in both directions, demand for vehicles entering the facility will be managed such that 
travel speeds on I-66 inside the Beltway do not fall below a set threshold of 55 MPH.  This guaranteed 
travel speed, managed by tolls, will produce a smoother traffic flow on I-66, which in turn, reduces the 
potential for rear end crashes caused by frequent stops and starts that are indicative of congested travel 
conditions. 

As discussed in earlier chapters of this report, VISSIM simulations of peak hour traffic operations have 
been conducted for the eastbound widening project to assess operations before and after the project.  
Based on the VISSIM simulations and results presented earlier, the overall operations of I-66 inside the 
Beltway will be improved due to both the tolling project and the eastbound widening project.  Using 
metrics from these VISSIM simulations such as the number of lane changes, traffic volumes per lane, 
average and standard deviation of speed on eastbound I-66 during the PM peak hour, the improvements 
in traffic operations can be quantified and related to safety resulting from the eastbound widening project.   

The number of lane changes can be indicative of the overall quality of traffic flow on a given facility.  The 
higher number of lane changes would indicate disruptions in the traffic stream, which in turn, could 
increase the potential for crashes to occur.  A lower number of lane changes would indicate more uniform 
traffic flow, which would reduce the potential for crashes to occur.  As such, the average number of lane 
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changes on eastbound I-66 from the VA Rte. 7 entry ramp to the Glebe Road entry ramp from the VISSIM 
simulations during the PM peak hour are summarized in Figure 101 below. 

 

Figure 101 - Average Number of Lane Changes per Vehicle on Eastbound I-66 

As shown in Figure 101, the average number of lane changes per vehicle on eastbound I-66 during the 
PM peak hour is expected to increase in the 2040 No-Build case, but decrease in the 2040 Build case 
compared to the 2015 Existing scenario.  It should be noted that the average number of lane changes in 
2040 Build is expected to be lower than existing conditions, which is indicative of better overall operations 
and smoother traffic flow than what is currently experienced on eastbound I-66 during the PM peak hour.  
As such, reductions in the average number of lane changes per vehicle can be expected to reduce the 
number of crashes on eastbound I-66 during the PM peak hour. 

The level of congestion on a facility has been shown to impact safety. Highly congested conditions often 
result in an increase in crashes caused by frequent stops and starts.  As such, as a proxy for congestion 
ADT per lane and average peak period traffic volume per hour per lane are summarized.  The average 
peak period traffic volume per lane is the four-hour AM and PM peak hour average per hour per lane 
volume for the 2015 Existing, 2040 No-Build, and 2040 Build scenarios. As shown in Figure 102 below, 
the ADT per lane increases in the 2040 No-Build case compared with Existing; however, due to the 
implementation of tolls that will manage traffic demand entering I-66, the peak period level of congestion 
is expected to decrease. Both the ADT per lane and peak period volume per hour per lane are expected 
to decrease in the 2040 Build case compared to both Existing and 2040 No-Build scenarios.  
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Figure 102 - ADT and Average Peak Period Volume Per Hour Per Lane on Eastbound I-66 

Finally, average speeds are another metric that can influence the safety of a given facility.  Higher speeds 
indicate smooth traffic flow, which reduces the potential for crashes to occur from frequent stops created 
by congestion.  High variations in average speeds can lead to an increased crash risk.  As such, the 
standard deviation of speed and average speeds on eastbound I-66 from the VA Rte. 7 entry ramp to the 
Glebe Road entry ramp during the PM peak hour have been analyzed and summarized in Figure 103 
below. 

 

Figure 103 - Speed Standard Deviation & Average Speeds on Eastbound I-66 

As shown in Figure 103, the standard deviation of speeds on eastbound I-66 during the PM peak hour 
decrease in both the 2040 No-Build and 2040 Build scenarios compared to the 2015 Existing case.  As a 
result, average speeds on eastbound I-66 between the VA Rte. 7 entry ramp and the Glebe Road entry 
ramp are expected to be higher than existing conditions for both 2040 scenarios during the PM peak 
hour. 

Given the qualitative results produced by the VISSIM simulations that support the improvement of future 
safety of eastbound I-66 inside the Beltway as a result of the widening project, the ISATe results that 
show an increase in total crashes in the 2040 Build scenario present a different assessment of future 
safety of the facility. The methodology used in ISATe analyses for future crash prediction contains some 
restricting assumptions that makes its application to I-66 inside the Beltway problematic, especially when 
analyzing the effect of the one directional widening of I-66 inside the Beltway. Some of the most important 
restrictions of analyzing future safety conditions on eastbound I-66 using ISATe relate to the differing 
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composition of vehicles on I-66 inside the Beltway during the HOV non-restricted and restricted periods, 
traffic flows, proposed roadway geometry, and the crash modification factors contained within ISATe that 
are used to calculate predicted crash frequencies as a result of a particular project. 

The vehicle combination on I-66 inside the Beltway varies within the day. Due to the HOV restriction that 
is currently in effect on I-66, the share of HOV-2 vehicles is higher during the AM peak period in the 
eastbound direction and similarly during the PM peak period in the westbound direction. ISATe does not 
account for this temporal variation in traffic pattern, rather it assumes a uniform vehicle composition 
occurs throughout the analysis period. 

Additionally, when considering the effect of roadway widening, as both the number of lanes and AADT 
are expected to increase, the performance of the model that is only based on AADTs could be 
questionable. Although the use of CMFs for the proportion of hours with traffic per lane of more than 
1,000 vehicles, somehow considers the effect of congestion, but it does not fully account for the hourly 
variation of traffic flow. Many scholars have shown that measures that combine traffic volumes and some 
proxy of capacity are relatively more accurate for crash prediction. Measures such as density and volume 
to capacity ratios have been considered in some of the crash models developed in different research.  

As described above, the ISATe analysis tool analyzes a freeway segment for safety in both directions.  As 
both directions of a freeway are modeled concurrently in ISATe, all the attributes of the freeway, including 
both the geometry and traffic flows, are assumed to be equally distributed on both sides. In the case of 
the widening project this has two important drawbacks: 

 Other than the spot improvement in the westbound direction between Sycamore Street and the 
slip ramp from US 29/Washington Boulevard, the widening is mostly happening in one direction 
of I-66. Therefore, the change in the traffic flow is not expected to be equal in both the 
westbound and eastbound directions. As such, the equality assumption of ISATe could induce 
some potential bias. 

 The lane balance and geometry, nor the traffic distribution, are equal in the eastbound and 
westbound directions of I-66 inside the Beltway. The location of off/on ramps are not similar (as 
there are no ramps in the westbound direction at Westmoreland Street) and the lane balance are 
not the same in the base year (2015 Existing).  For example, between Sycamore Street and 
Fairfax Drive there are two lanes in the eastbound direction and three lanes in the westbound 
direction.  

 The AADTs are lower in the eastbound direction between the Dulles Connector Road and 
Sycamore Street and higher after Sycamore Street to Glebe Road compared with the westbound 
direction. The differences in AADT are approximately ±10% at these locations.  
 

Additionally, the estimation of Crash Modification Factors (CMFs) within ISATe are based on the 
geometry of a given facility in both directions. As such, average (eastbound and westbound) geometric 
characteristics will be used in the estimation of CMFs. This will inflate the effect of the geometric 
characteristics of the eastbound direction and could introduce potential errors.  

Finally, given that the ISATe analysis tool produces predicted crash results for both directions of a given 
facility, it is not possible to attribute any improvements in safety to an improvement in one direction only.  
In other words, given how the results are produced in ISATe, it is not possible to report predicted future 
crashes for the eastbound direction only resulting from the widening project. 

As such, alternative safety analysis methods have been considered in conjunction with the ISATe 
analysis. The methods include the development of a Safety Performance Function (SPF) for eastbound I-
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66 inside the Beltway for the AM peak period where the HOV restrictions are in effect, and other times of 
day that also include the effect of the number of lanes in the form of the number of vehicles per lane. 

As an alternative a new SPF is estimated for eastbound I-66 inside the Beltway. The number of crashes 
are then predicted using the proposed SPF for eastbound I-66 inside the Beltway. As the travel pattern 
and vehicle combinations are expected to be different in the peak/restricted periods compared with the 
non-restricted periods, two separate SPFs are estimated for each time period. The model development 
methodology as well as the results of the application of the proposed model to eastbound I-66 will be 
presented below.  

In this method, a new Safety Performance Function (SPF) has been estimated for eastbound I-66 inside 
the Beltway. Two separate models were estimated based on AM peak traffic volumes (restriction period) 
and traffic on the other times of the day. The AM peak period has been considered to coincide with the 
restriction hours. As in the Highway Safety Manual, a Negative Binomial model has been used for the 
SPFs. This is as the variance and mean of the crash data usually do not meet the Poisson distribution 
assumption (mean and variances are not equal in crash data). The dispersion parameter of both models 
are assumed to be a function of the segment length, as in HSM. 

Both models are estimated based on the five-year historical crash data from 2011 to 2015 that was 
extracted from the VDOT crash data base and the five-year AADT information from the VDOT 
jurisdictional traffic data publications. The SPF developed for eastbound I-66 in the AM peak period (HOV 
restriction hours) is as given in Equation 1: 

𝑵𝑵𝒕𝒕𝒕𝒕,𝒊𝒊 = 𝟎𝟎.𝟏𝟏𝟏𝟏𝒆𝒆
�𝟏𝟏.𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝒏𝒏(𝑳𝑳𝒊𝒊)+𝟎𝟎.𝟐𝟐𝟏𝟏𝟏𝟏𝟑𝟑𝟑𝟑𝒏𝒏�

𝑽𝑽𝒕𝒕𝒕𝒕,𝒊𝒊
𝒏𝒏𝒊𝒊

��
                                                                              Equation 1 

In this equation: 

𝑁𝑁𝑡𝑡𝑡𝑡,𝑖𝑖= Denotes the number of predicted crashes per year on section, 𝑖𝑖, during the restricted time 
period, 𝑡𝑡𝑡𝑡, (Crashes/Year) 

𝐿𝐿𝑖𝑖= The length of section, 𝑖𝑖, (Miles) 

𝑉𝑉𝑡𝑡𝑡𝑡,𝑖𝑖= Traffic volume on section, 𝑖𝑖, during the restricted time period, 𝑡𝑡𝑡𝑡, on an average weekday, 

𝑛𝑛𝑖𝑖= Number of lanes on section, 𝑖𝑖, 

All the variable in the proposed model are significant within 95% confidence level. Similarly, an SPF has 
been estimated for other times of the day using the same method described above. The SPF for I-66 
inside the Beltway for other (non-HOV restricted) times of the day is given in Equation 2: 

𝑵𝑵𝒐𝒐𝒕𝒕,𝒊𝒊 = 𝟎𝟎.𝟏𝟏𝟑𝟑𝒆𝒆
�𝟎𝟎.𝟕𝟕𝟎𝟎𝟕𝟕𝟑𝟑𝒏𝒏(𝑳𝑳𝒊𝒊)+𝟎𝟎.𝟑𝟑𝟏𝟏𝟒𝟒𝟑𝟑𝒏𝒏�

𝑽𝑽𝒕𝒕𝒕𝒕,𝒊𝒊
𝒏𝒏𝒊𝒊

��
                                                                              Equation 2 

In this equation 𝑁𝑁𝑜𝑜𝑡𝑡,𝑖𝑖 is the total number of crashes in other non-HOV restricted times of the day, all 
parameters of this model are similar to that of Equation 1. Based on the five-year crash data from 2011 
to 2015 on I-66 inside the Beltway, the number crashes could be estimated using Equation 3:  

𝑵𝑵𝒕𝒕,𝒊𝒊,𝒔𝒔,𝒏𝒏𝒏𝒏 = 𝑵𝑵𝒕𝒕,𝒊𝒊 × 𝑷𝑷𝒔𝒔 × 𝑷𝑷𝒏𝒏𝒏𝒏 × ∏ 𝑪𝑪𝑪𝑪𝑷𝑷𝒌𝒌𝒌𝒌                                                                               Equation 3 
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In this equation: 

𝑁𝑁𝑡𝑡,𝑖𝑖,𝑠𝑠,𝑛𝑛𝑛𝑛= Number of crashes on section 𝑖𝑖, during time period 𝑡𝑡, of severity type 𝑠𝑠, involving 𝑛𝑛𝑛𝑛 vehicles, 

𝑁𝑁𝑡𝑡,𝑖𝑖= Number of crashes predicted by the SPF on section 𝑖𝑖, during time period 𝑡𝑡, 

𝑃𝑃𝑠𝑠= The share of crashes with severity type 𝑠𝑠 (e.g. PDO and KABC), 

𝑃𝑃𝑛𝑛𝑛𝑛= The share of crashes that involves 𝑛𝑛𝑛𝑛 vehicles (e.g. single and multiple vehicle),  

𝐶𝐶𝐶𝐶𝑃𝑃𝑘𝑘= Crash modification factor for attribute 𝑘𝑘. 

The share of PDO crashes were 75% during the five-year analysis period during the HOV-restricted time 
period and 72% during the non-HOV restricted time period based on the historical data. Multiple vehicle 
crashes constitute 91% of PDO crashes and 85% of KABC crashes during the five-year analysis period. 
The crash modification factors are estimated similar to the method proposed by the freeways 
supplementary section of the Highway Safety Manual and as implemented in ISATe.  

The proposed models were applied to I-66 inside the Beltway for the Existing year (2015), as well as 
Build and No-build alternatives. The application of the models to 2015 data could be also used to 
evaluate the accuracy of the model. The results of the proposed model for estimating the number of 
crashes on I-66 inside the Beltway in the Existing year in given in Table 50 

Table 50 - 2015 Existing Year Predicted Crash Frequency (Proposed SPF) 

 

The observed number of crashes in 2015 based on VDOT data base was 100 total crashes within this 
section. As such, the result of the model is close to the ones observed in 2015.  

The results of the application of the proposed model to eastbound I-66 are given in Figure 104 for each 
model year for the entire corridor from VA Rte. 7 to US 29/Spout Run Parkway (Exit 72) and in Figure 
105 for each individual section. As in the ISATe model, the geometric characteristics of the Build scenario 
is based on the most recent PFI plans. The average daily traffic forecasts are based on the latest travel 
demand model runs prepared by for this study. As such, the CMFs and the ADT are similar in both 
models (ISATe and the proposed model).  
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Figure 104 - Total Number of Predicted Crashes on Eastbound I-66 (Proposed SPF) 

As shown in Figure 104, the total number of crashes predicted for the entire length of eastbound I-66 
from VA Rte.7 to US 29/Spout Run Parkway (Exit 72) is expected to decrease for both the 2040 No-Build 
and 2040 Build scenarios. 
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Figure 105 - Predicted Number of Crashes per Mile by Section on Eastbound I-66 (Proposed SPF) 

When analyzing the predicted safety of each section of eastbound I-66, the application of the proposed 
SPF shows that the predicted number of crashes between the Dulles Connector Road and Fairfax Drive 
will decrease in the 2040 Build case compared to 2015 Existing conditions.  However, in the sections of 
eastbound I-66 that will not be widened in the 2040 Build scenario (i.e. west of the Dulles Connector 
Road and east of Fairfax Drive), the proposed SPF results in an increase in crashes compared to the 
2040 No-Build case. 

The results of the new SPF and the ISATe procedures are compared in Figure 106 for eastbound I-66 
inside the Beltway from the Dulles Connector Road to Fairfax Drive. The ISATe results are divided by two 
to represent the share of crashes in the eastbound direction only. As shown in the figure below, the 
number of crashes consistently increases in the ISATe model for both 2040 No-Build and 2040 Build 
cases compared with the 2015 Existing condition. Based on the ISATe model results, the number of 
crashes are expected to increase by about 16% in the 2040 No-Build case and by 30% in the 2040 Build 
case, compared with the 2015 Existing conditions scenario. 
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Figure 106 - ISATe and Proposed SPF Results Comparison 

When comparing the results using the new SPF to existing conditions, the new SPF shows that the total 
number of crashes is expected to decrease in both the 2040 No-Build and 2040 Build cases compared 
with the 2015 Existing case. It is projected that the total number of crashes will decrease by 3% in the 
2040 No-Build case and by 16% in the 2040 Build case compared to existing conditions.   

Additionally, Figure 10.106 presents a comparison to the observed number of crashes that occurred 
within the study are in 2015 to assess the accuracy of both the ISATe and new SPF models that have 
been developed.  As shown in the figure below, the ISATe result for the 2015 Existing case is 
approximately 21% higher than the observed number of crashes.  However, the new SPF model results in 
a predicted number of crashes for the 2015 Existing case that is essentially equal to the observed number 
of crashes in 2015.   As such, it can be determined that the new SPF methodology is a more accurate 
representation of the predicted future safety conditions along eastbound I-66 within the study area. 

7. Safety Analysis Conclusions 
Planning-level crash analysis was performed using industry standard practice and highway safety 
analysis tools. This analysis evaluated the safety performance of the existing condition and assessed the 
differences between the 2040 No-Build and Build alternatives within safety analysis zones in the I-66 
corridor corresponding to interchanges, freeway segments, ramp segments, intersections, and key 
arterial intersections affected by changes in forecasted traffic volumes as a result of the eastbound 
widening project. Both qualitative and quantitative analyses were conducted to evaluate existing, No-
Build, and Build conditions in the I-66 corridor between the Dulles Connector Road and Glebe Road. The 
safety analyses focused on the network as a system, including mainline segments, ramps, ramp terminal 
intersections, and key arterial intersections within the widening project study area.  Additionally, given the 
regional importance of the Dulles Connector Road and the level of access provided to and from I-66, 
qualitative and quantitative safety analyses were also conducted to assess what impacts, if any, may 
occur with respect to safety on the Dulles Connector Road as a result of the widening of eastbound I-66. 
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The results of the qualitative safety analysis of existing conditions on eastbound I-66 showed that the 
segment of eastbound I-66 between the Dulles Connector Road and US 29/Washington Boulevard has 
the highest number of total crashes of the entire I-66 inside the Beltway corridor, predominantly consisting 
of rear end type crashes.  While the majority of these crashes are non-injury crashes, these segments 
also have the highest number of injury crashes (Type A, B, and C) of the entire I-66 study area.  Of the 
entire study area between the Dulles Connector Road and Glebe Road, the segments between 
Westmoreland Street and US 29/Washington Boulevard were identified as safety hot spots with total and 
injury crash rates that exceed statewide averages for similar facilities.  Figure 107 below presents a 
visual summary of the magnitude of the existing crash history in terms of crash density along eastbound I-
66 inside the Beltway for the five-year period between 2011 and 2015.
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Figure 10.107 - Existing Crash Density (Eastbound I-66) 
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As shown in the previous figure, the eastbound section of I-66 between the Dulles Connector Road and 
US 29/Washington Boulevard experiences the highest number of crashes per mile within the widening 
project limits.  The end of the second ramp lane from the Dulles Connector Road at the Great Falls Street 
overpass, combined with the termination of the third through lane as an “Exit Only” lane at US 
29/Washington Boulevard, creates severe disruptions in the eastbound traffic stream and subsequent 
congestion and increased potential for crashes to occur.  As such, the goal of the eastbound widening 
project is to alleviate the significant recurring congestion while subsequently improving safety along I-66 
between the Dulles Connector Road and Glebe Road. 

The results of the quantitative safety analysis of I-66 within the widening project limits using ISATe 
showed that the highest predicted crash frequencies occur in the segment between Sycamore Street and 
Fairfax Drive.  While this does not match the observed crash history over the five-year period between 
2011 and 2015, the results were consistent between Existing, 2040 No-Build, and 2040 Build analysis 
scenarios.  Overall, the total predicted crash frequency of I-66 within the widening project area is 
anticipated to increase by 10% in the 2040 Build condition compared to the 2040 No-Build scenario.  
When comparing the total predicted crash frequency between 2040 Build and 2015 Existing conditions 
based on analyses conducted with ISATe, the widening project will result in a 21% increase in the total 
crash frequency in 2040 compared to the 2015 Existing scenario.  For predicted crash frequencies on the 
Dulles Connector Road due to the eastbound I-66 widening project, total crash frequencies are 
anticipated to increase by 9% in the 2040 Build scenario compared to the 2040 No-Build case.  However, 
comparing the predicted 2040 Build crash frequencies to 2015 Existing predicted crash frequencies, the 
eastbound I-66 widening project will result in a 4% increase in predicted crash frequencies.  In both 
comparisons, the predicted crash frequencies for injury type crashes (Type K, A, B, C) are expected to 
decrease in the 2040 Build case compared with 2040 No-Build and 2015 Existing scenarios.  With 
respect to the ramp terminal and key arterial intersections in the study area, the predicted total crash 
frequencies for the 2040 Build case are anticipated to have minimal increases over existing conditions. 

It is anticipated that changes in traffic volumes will occur on the I-66 inside the Beltway corridor as a 
result of the widening project.  While analysis of future year safety conditions using ISATe is a proven 
method to predict crashes resulting from changes to roadway geometry, it may not provide the most 
complete comparison between existing and future year scenarios.  As such, detailed analyses into the 
forecasted volume changes and predicted crash rates were also conducted for existing and 2040 No-
Build and Build scenarios.  In terms of traffic volumes and forecasted usage of the facility resulting from 
the eastbound widening project, overall VMT on I-66 is expected to increase by 26% between the 2040 
Build and 2015 Existing conditions.  In comparison, total crash rates on I-66 are anticipated to increase by 
3% for the 2040 Build condition compared to existing conditions.  Furthermore, the 2040 No-Build crash 
rates are predicted to be higher than those anticipated for the 2040 Build scenario, which shows that 
safety may be improved on I-66 due to the widening project when compared to future conditions without 
the project.  While the total crash rate for the entire study area of I-66 between VA Rte. 7 and US 
29/Spout Run Parkway is anticipated to increase when comparing 2040 Build to 2015 Existing conditions, 
it is important to note that the segments between US 29/Washington Boulevard and Fairfax Drive (Exit 
71) that are within the widening project are anticipated to decrease in the 2040 Build scenario with the 
eastbound widening project compared to 2015 Existing conditions.  As such, it can be determined that 
based on predicted future crash rates safety on I-66 will not be negatively impacted because of the 
forecasted increase in daily traffic volumes associated with the widening of eastbound I-66 for the 2040 
Build case. 
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Additional analyses of the weaving section between the Dulles Connector Road and US 29/Washington 
Boulevard were also conducted to assess any impacts that may occur resulting from the widening project 
and anticipated volume changes associated with the project.  With the additional lane on eastbound I-66 
provided by the widening project, the number of lane changes are expected to decrease between the 
Dulles Connector Road and US 29/Washington Boulevard for the 2040 Build case.  Furthermore, the 
available gap between vehicles needing to make a lane change is expected to increase in the 2040 Build 
scenario because of the widening project. These reductions in the number of lane changes and the 
increased time to make the required lane changes to reach the exit ramps at Westmoreland Street or US 
29/Washington Boulevard, or to continue eastbound on I-66, should aid in reducing disruptions in the 
eastbound traffic stream on I-66. By reducing disruptions caused by lane changes within a short distance, 
overall traffic operations on eastbound I-66 should improve thus improving safety through the reduced 
potential for crashes caused by frequent merge/diverge and lane change maneuvers. 

As discussed in the above sections, ISATe analyses were conducted for the prediction of existing and 
future safety conditions of I-66, the Dulles Connector Road, and the various entry/exit ramps and ramp 
terminal intersections affected by the proposed eastbound widening project area in accordance with 
standard industry practice.  However, given the roadway geometry, interchange access points, and 
variances in the vehicle composition that use I-66 throughout a typical day, limitations in the methodology 
built into the ISATe analysis tool were discovered.  Most importantly, ISATe predicts future crash 
frequencies for both directions of a given facility and assumes a uniform roadway cross section and 
interchange spacing occurs in both directions; both of these conditions do not exist on I-66 inside the 
Beltway.  The goal of this study is to assess the future safety conditions of eastbound I-66 due to the 
proposed widening project, which as the project team has discovered, cannot be accurately completed 
using standard industry tools such as ISATe.  As such, new Safety Performance Functions (SPF) were 
developed for eastbound I-66 that considers the volumes and roadway geometry for only eastbound I-66 
and considers the differences in travel patterns and vehicle combinations that occur during the AM peak 
period HOV-restricted compared with the non-restricted periods.  Based on these variations, two separate 
SPFs are estimated for the HOV-restricted and non-HOV restricted periods which coincide with the AM 
peak period and PM peak period, respectively.  

Based on the application of these new SPF, the total number of crashes that are predicted to occur on 
eastbound I-66 within the proposed widening limits will decrease in the 2040 Build case compared to 
2040 No-Build and 2015 Existing conditions.  Considering the entire length of eastbound I-66 from VA 
Rte. 7 to US 29/Spout Run Parkway, the total number of crashes resulting from the eastbound widening 
project is predicted to decrease by 16% in the 2040 Build case compared to existing conditions.  The 
results of the predicted crash densities that have been developed from the application of the new SPF is 
shown in Figure 108 below. 
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Figure 108 - 2040 Build Predicted Crash Density (Eastbound I-66) 
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As shown in Figure 108, the dark red area near the US 29/Washington Boulevard exit ramp has reduced 
to an orange shade, indicative of reduced crash density resulting from the eastbound widening project.  
However, it is difficult to ascertain exact locations where crashes are predicted to be reduced or 
eliminated with the proposed geometric changes.  As such, the results summarized in the above figure 
are the result of globally applying predicted percentages of crash increases or decreases within each 
analysis segment along eastbound I-66.  Due to the complexity of the area of Westmoreland Street and 
US 29/Washington Boulevard, it is not unreasonable to expect some crashes to occur; however, as 
shown in the above figure, the total number of crashes that occur within that area should be reduced with 
the widening project. 

While the standard industry practice of applying ISATe methodology to predict future safety conditions on 
I-66 resulting from the eastbound widening project has shown that the number of crashes is predicted to 
increase, the widening project should qualitatively improve future safety conditions.  Through the removal 
of the existing lane drop at the Great Falls Street overpass, those lane change maneuvers will be 
removed from the traffic stream, thus decreasing the potential for future rear-end or sideswipe crashes to 
occur.  Additionally, through the construction of a two-lane exit ramp at US 29/Washington Boulevard, the 
number of required lane changes will be reduced, thus creating a smoother traffic flow that has been 
shown to reduce congestion, and therefore, improve safety.  This qualitative assessment of safety is 
supported through the VISSIM simulations that have been conducted for this study that has shown a 
reduction in average number of lane changes per vehicle, improved average speeds, and less variation in 
travel speeds.  Furthermore, the new SPF that have been developed have produced results that are more 
consistent with these qualitative expectations for the proposed widening project. 

Based on the results presented above, the following conclusions can be made regarding the future safety 
resulting from the proposed widening project: 

 Due to inherent limitations built into the methodology for future crash prediction, ISATe is 
not the appropriate tool for the analysis of future safety on I-66 inside the Beltway. 

o ISATe methodology reports predicted crash frequencies for a facility in both directions 
and assumes that roadway geometry, interchange spacing, traffic volumes, and vehicle 
composition applies to both directions.  I-66 inside the Beltway is a unique facility given 
the peak period HOV restrictions and the differing interchange access points and 
roadway cross sections that exist in both directions.   

o The results provided by ISATe do not match with qualitative expectations for safety on 
eastbound I-66 due to the widening project. 

 Additional Safety Performance Functions that have been developed for eastbound I-66 
better resemble expected safety outcomes and traffic simulation results. 

o Total number of crashes are expected to increase in the 2040 Build condition as 
predicted with the new Safety Performance Functions developed for eastbound I-66. 

o The predicted safety results from the new Safety Performance Functions are consistent 
with VISSIM simulation results that show reductions in lane changes and improved travel 
speeds resulting from the widening project. 

 Overall safety on I-66 is expected to improve as a result of the project with tolling and 
widening projects. 

o Through implementing peak direction/period dynamic tolls on I-66, overall demand will 
be managed to maintain a consistent speed through the entire corridor.  By reducing 
congestion, and subsequent stop-and-go travel conditions, the potential for rear-end 
crashes will be reduced.   
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o The proposed widening project will eliminate the existing lane drop at the Great Falls 
Street overpass, which reduces the number of required lane changes and potential for 
future rear-end and sideswipe crashes to occur.  

o The proposed two-lane exit ramp at US 29/Washington Boulevard reduces the number 
of lane changes required for vehicles from eastbound I-66 that wish to exit at US 
29/Washington Boulevard and Dulles Connector Road vehicles that wish to continue 
eastbound on I-66 towards Arlington or Washington DC.  This reduction in required lane 
changes will provide higher travel speeds and a smoother traffic stream that will reduce 
the potential for future crashes to occur. 

o The combination of the tolling of eastbound I-66 during the morning peak period and the 
proposed widening project will provide overall higher travel speeds and smoother traffic 
flow through the management of demand to enter I-66 along the entire length of the 
eastbound widening project.  The improved traffic flow will reduce the potential for future 
crashes to occur because of the widening project, thus improving overall safety of the 
facility. 
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