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I. EXECUTIVE SUMMARY 

 

As a result of the Maryland State Highway Administration (SHA), District 6 Office’s attendance at the 
August 18th, 2016 at the Boonsboro Mayor and Council meeting. SHA, commissioned Brudis & 
Associates, Inc. (BAI) and RJM Engineering, Inc. (RJM) to provide a speed study and three (3) 
intersection studies along Alternate US 40 located in Boonsboro in Washington County, Maryland.  
 
The speed study documents the results of an engineering and traffic investigation of speed limits on a 
1.48-mile section of Alternate US 40 between MD 68 (Lappans Road) and Mousetown Road in 
Washington County. The investigation involved a field review of site conditions, collection and analysis 
of speed data, and analysis of accident data provided by SHA to assess whether the existing speed 
limits are greater or less than the maximum reasonable and safe speeds. 
 
BAI recommends reducing the speed limit in for Sections B and C to 25 mph and increasing the speed 
limit to 35 mph in Sections A and D. Section C (Gaines Place to Thomas Lane) of Alternate US 40,which 
is just west of MD 34 to just west of MD 66 (Maple Avenue) has the lowest 85th and 50th percentile 
speeds along the corridor and USLIMTS2 recommends a posted speed of 25 mph. Section B east of 
Mousetown Road to west of MD 34 (LM 10.70 to Gaines Place) has a slightly higher 85th and 50th 
percentile and USLIMTS2 recommended a posted speed of 30 mph. Section A MD 67 to east of 
Mousetown Road (MD 67 to LM 10.70) is a speed transition area from the 40 mph speed limit to the 30 
mph speed limit. Traffic heading eastbound has a higher 85th percentile speed (39 mph) than westbound 
(36 mph) which indicates that traffic is decelerating coming into Town and accelerating going out of 
Town. USLIMITS2 suggests a 35 mph speed limit in this section. Section D east of MD 66 (Thomas 
Lane to MD 68) is posted with a 40 mph speed limit and the 85th percentile speed is 38 mph. 
 
A comprehensive traffic study of the Alternate US 40 intersection at MD 66 (Maple Avenue), consisted 
of an operational analysis to study the delay experienced by the Alternate US 40 eastbound traffic and 
offer feasibility review of various upgrade options including an eastbound lead-left phase or an exclusive 
permissive left turn phase.  
 
In accordance with the “Left Turn Phasing Guidelines” dated April 1998 in a memorandum from the 
Maryland State Highway Administration, permissive left-turn phasing would be recommended for 
eastbound Alternate US 40 left-turn. BAI recommends that eastbound left-turn phasing for Alternate US 
40 at MD 66 (Maple Avenue) remain the same (i.e. permissive) to maintain the acceptable level of 
service. The modification of changing the existing phasing to exclusive and permissive left-turn phasing 
would not result in improved operations. By adding a left turn lane for eastbound traffic would improve 
the operation of the intersection.  
 
RJM analyzed the two-way stop sign controlled intersection of Alternate US 40 (North Main Street) at 
Shafer Park Drive / Orchard Drive. The purpose of this study is to identify existing and potential future 
traffic operation problems, and to identify and evaluate the potential improvements.  
 
A traffic signal warrant study was completed and the intersection did meet the signal Warrant 6, 
Coordinated Signal System. Consideration of retiming the signals at US 40 Alternate at MD 66 (Maple 
Avenue) and US 40 Alternate at MD 34 (Potomac Street / St Paul Street) to provide the necessary 
degree of vehicular platooning and the length of gaps for the traffic along Shafer Park Drive and Orchard 
Drive. Parked vehicles limit the sight distance for the motorists along Shafer Park Drive. Removing the 
western most on-street parking spot on the south side of the east leg (Alternate US 40) to increase the 
sight distance for motorists from Shafer Park Drive. This will help to reduce the potential crashes at the 
study intersection. 
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BAI analyzed the intersection of Alternate US 40 and MD 34 (Potomac Street)/St Paul Street to study 
the peak hour delays and determine if exclusive left turn lane(s) are justified for the Alternate US 40 
approaches. 
 
BAI recommends that the pavement markings along Alternate US 40 be revised to include a left-turn 
lane at the intersection of Alternate US 40 at MD 34 (Potomac Street)/ St Paul Street. The modification 
of the existing phasing to exclusive and permissive left-turn phasing would result in improved 
operations. Consideration will need to be given on how the left-turn lane is designed to reduce the 
number of parking spaces and the impacts to existing businesses. 
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II. ALTERNATE US 40 SPEED STUDY 

 
The Maryland State Highway Administration (SHA), District 6 Office commissioned Brudis & Associates, 
Inc. (BAI) to provide a speed study at four (4) locations along Alternate US 40 located in Boonsboro in 
Washington County, Maryland. The study also includes recommendations for speed reduction 
strategies on roadway sections showing a high differential between the posted and prevailing speeds. 
 
This study documents the results of an engineering and traffic investigation of speed limits on a 1.48-
mile section of Alternate US 40 between MD 68 (Lappans Road) and Mousetown Road in Washington 
County. The investigation involved a field review of site conditions, collection and analysis of speed 
data, and analysis of accident data provided by SHA to assess whether the existing speed limits are 
greater or less than the maximum reasonable and safe speeds. 
 
The study was performed in accordance with the Maryland Manual on Uniform Traffic Control Devices 
(MD-MUTCD, 2011 Edition), The Institute of Transportation Engineers (ITE), Traffic Engineering 
Handbook (Fifth Edition), the American Association of State Highway and Transportation Officials 
(AASHTO) A Policy on Geometric Design of Highways and Streets (2004), and all SHA directives and 
guidelines for traffic control devices. 

A. Existing Conditions  

 
Alternate US 40 within the study scope is currently posted at 30 miles per hour (mph) in both directions 
except westbound where it increases to 40 mph at 700 feet east of MD 68 (Lappans Road) and where 
it decreases from 40 mph 1500 feet east of MD 68 (Lappans Road) (Refer to Figure 1 – Study Area 
Map, Copyright Google Earth). 
 

  
Figure 1 – Study Area Map, Copyright Google Earth 

N 

NO  
SCALE 
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1. Road Characteristics 
 
Alternate US 40 is a two lane, two-way undivided roadway with 11-foot lane widths and 7.5-9 feet paved 
shoulders with gutters. The shoulders are mostly striped as on-street parking spaces between 
intersections. Pavement markings include double yellow centerline/white edge lines in good condition 
and existing signage consisting of guide signs, intersection warning signs, overhead “prepare to stop 
when flashing” sign, school area signs, 30 mph and 40 mph speed limit signs.  The terrain is generally 
flat with slight changes in horizontal/vertical alignment and grade. No sight distance issues were 
identified. The current traffic count is 5,823 vehicles per day westbound and 5,358 vehicles per day 
eastbound. (Refer to Appendix A: Traffic Count & Speed Data). 
 

2. Roadside Development and Environment 
 

The study scope along Alternate US 40 is not only surrounded predominately by single-family residential 
but also includes several commercial sites, city hall and various religious sites.  Most commercial and 
municipal offices are near the intersection of MD 34 (Potomac Street)/St. Paul Street.  There are about 
73 driveways/intersections along westbound Alternate US 40 and 63 driveways /intersections along 
eastbound of Alternate US 40. There is an average of 76 driveways and intersections access points per 
mile.  There is one (1) signal in the 40 mph zone and two (2) signals in the existing 30 mph zone.  
 

3. Parking Practices and Pedestrian Activity 
 

On-street parking activities were moderate, and had few conflicts with through traffic. A bike route is 
designated along Alternate US 40 within the study area, however no bicycle activity was observed. 
Sidewalks are on both sides with limited pedestrian activities. (Refer to Figure 2 –  Bike Route Sign and 
Sidewalk Along Alternate US 40)   

 

 
Figure 2 –  Bike Route Sign and Sidewalk Along Alternate US 40 
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B. Speed Data 

Basic speed limits for various streets and highways are set by Maryland vehicle law. However, in many 
instances, these statutory limits do not account for actual highway and traffic conditions important in the 
safe and efficient movement of traffic. Thus, the law provides that these limits can be raised or lowered 
based on the results of traffic engineering studies. 
 
Speed limits often are set higher or lower than the statutory limits when one or more of the following 
circumstances are present: 
 

 Atypical traffic characteristics because of particular land use or other conditions.  
 Road design elements substantially above or below what are typical.  
 Prevailing speeds consistently higher or lower than the statutory speed limit.  
 Transition between rural and urban areas on major highways.  
 Schools or other significant pedestrian traffic areas.  
 Road construction activity.  
 Frequent collisions in which speed is a contributing cause.  
 Unusual or unanticipated conditions.  
 

After a speed limit is established, changes in these circumstances could prompt further traffic 
engineering study to determine if it needs to be raised or lowered. The prevailing speed is the speed at 
which the majority of the traffic is traveling at or below (normally the 85th percentile). The 85th percentile 
speed is the speed at or below which 85 percent of the motorists drive on a given road when unaffected 
by slower traffic or poor weather. This speed indicates the speed that most motorists on that road 
consider safe and reasonable under ideal conditions. It is a good guideline for the appropriate speed 
limit for that road. 
 
Speed data were collected using from pneumatic tube counters at four (4) locations in the study corridor.  
The data was collected on two (2) continuous typical weekdays (i.e., November 9 and November 10, 
2016). Specific data between 10 am and 2 pm during free-flow conditions were statistically summarized.   
(Refer to Table 1 - Speed Survey Results). The speeds have a margin of error of 1 mph or less. (Refer 
to Appendix A: Traffic Count & Speed Data). Site 1 is approximately 570 feet east of MD 68, Site 2 is 
approximately 120 feet west of Lakin Avenue, Site 3 is approximately 80 feet east of High Street and 
Site 4 is approximately 145 feet east of Mousetown Road. 
 

Table 1 - Speed Survey Results 

  Log   Sample   10 mph Percent Percentile Speed (mph)     
Percent 
Exceeding   

Posted 
Speed 

Location Mile Dir Size Mean Pace Speed In Pace 15% 50% 85% 95% Min Max Posted Limit 

Site 1  
E of MD 68 

9.16 WB 11052 33 30-39 58.7% 25 33 39 42 0-5 56-60 11.6% 40 

  EB 10647 33 30-39 64.1% 26 32 38 41 0-5 61-65 8.4% 40 

Site 2  
W of Lakin Ave 

10.12 WB 13514 26 21-30 76.1% 21 25 29 32 0-5 46-50 14.2% 30 

  EB 11975 25 22-31 66.2% 19 25 30 33 0-5 36-40 18.2% 30 

Site 3  
E of High St 

10.36 WB 10608 28 25-34 68.7% 22 28 33 35 0-5 51-55 35.8% 30 

  EB 11260 29 25-34 71.8% 23 28 33 36 0-5 46-50 36.9% 30 

Site 4  
E of Mousetown Rd 

10.64 WB 10410 32 27-36 69.1% 26 31 36 39 0-5 56-60 62.3% 30 

  EB 10462 34 30-39 63.4% 27 33 39 43 0-5 56-60 76.0% 30 
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At the western end of the study corridor, the 85th percentile speed is slightly below the posted speed of 
40 mph. Speeds are reduced by the time you get to Lakin Avenue in the middle of the study corridor 
and the 85th percentile speed is slightly below the 30 mph speed limit. Speeds increase slightly by High 
Street where the 85th percentile is 33 mph. From there the 85th percentile speeds increase in the eastern 
section to 39 mph in the eastbound direction and 36 mph in the westbound direction. This indicates that 
traffic is slowing down as it enters the town of Boonsboro and is accelerating as it leaves the Town.  
 
The minimum and the maximum speed range for each site and direction (EB, WB) was recorded for the 
48-hour time period that speeds were collected. This indicates that in all sites and directions the 
minimum speeds were between 0 and 5 mph. The maximum speeds were higher on sites 1 and 4 than 
in the center of Town. 

C. Crash History 

Crash data for the most recent 3-year period (2013-2015) was obtained by District 6.  There were 32 
police-reported intersection-related crashes found during the three (3) year study period, 19 of which 
were property damage only and 13 involved an injury of 17 people. All of the injury crashes were at an 
intersection/driveway. Six (6) of the injury crashes were rear-end crashes, five (5) were angle/left-turn 
crashes, one (1) was pedestrians and one (1) was a side swipe. (Refer to Table 2 – Intersection Crash 
Data Summary) (Refer to Appendix B – Crash Data).  
 

Table 2 - Intersection Crash Data Summary 

Year 2013 2014 2015 Total 

Fatal 0 0 0 0 

Injury 4 5 4 13 

Property 
Damage 

4 5 10 19 

Total 
Accidents 

8 10 14 32 

Collision Type No.  of Crashes 

Rear End 
 
 

14 

Angle 6 

Sideswipe 3 

Probable Cause No.  of Crashes 

Fell asleep/fainted etc. 3 

Fail to give full attention 12 

Followed too closely 2 

Fail to Obey Traffic Signal 
Fail 
 

2 
 Improper Backing 2 

Influence of Alcohol 2 

Fail to Yield Right-of-Way 2 

Surface Condition No.  of Crashes 

Wet 2 

Dry 30 

 

D. USLIMITS Analysis 

Road, traffic, and crash data were entered the USLIMITS2 expert speed zone advisor by Federal 
Highway Administration to determine the appropriate speed limit consistent with the Manual on Uniform 
Traffic Control Devices. USLIMITS2 is a quantitative web-based tool designed to help practitioners 
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objectively and consistently account for the myriad factors bearing on reasonable and safe speed. The 
software employs a risk-based set of decision rules using roadway, traffic, and crash data input by the 
user to recommend credible, safe, and enforceable speed limits for a specific segment of roadway. 
 
USLIMITS requires the analyst to classify the road section being analyzed into one (1) of three (3) basic 
types: Limited Access Freeway, Road Section in Develop area, and Road Section in Undeveloped area.  
The subject corridor’s length is 1.79 miles.  The whole road section is set to Road Section in Developed 
area. Based on locations of speed survey spots and AADT variation along the study corridor, the study 
was divided into four (4) sections for analyses.  
 
 

 The first section (Section A) is from MD 67 to Log Mile (LM) 10.70 which is approximately 630 feet 
east of Mousetown Road with a length of 0.25 miles. However, the system suggested the section is 
too short for speed zoning on public streets and roads for the recommended speed limit. It 
recommended that the zone be increased or combined with an adjacent zone. There is one (1) 
speed survey spots and no traffic signals in the section.  The section serves both through traffic and 
local residential needs.  Development along the corridor is primarily residential. There are 
approximately 37 driveways on both sides.  The Annual Average Daily Traffic (AADT) along the 
section is approximately 5,205 vehicles per day (Veh/Day). The posted speed limit is 30 mph.  On-
street parking on shoulders are available on both sides with low on-street parking activities. Most 
recent 3-year crash data within the zone indicated that there were two (2) crashes in the section 
with one (1) being an injury crash. 
 

 The second section (Section B) is from LM 10.70 to Gaines Place (LM 10.16) with a length of 0.54 
miles. There are one (1) speed survey spots and one (1) traffic signal.  The section serves both 
commercial and local residential needs.  Development along the corridor is primarily residential. 
There are approximately 13 driveways on both sides.  The Annual Average Daily Traffic (AADT) 
along the section is approximately 5,630 Veh/Day. The posted speed limit is 30 mph.  On-street 
parking on shoulders are available on both sides with high on-street parking activities. Most recent 
3-year crash data within the zone indicated that there were 11 crashes in the section with three (3) 
being an injury crash. 
 

 The third section (Section C) is from Gaines Place to Thomas Lane with the length of 0.45 miles. 
There is one (1) speed survey spot and one (1) traffic signal.  The section serves both commercial 
and local residential needs.   There are approximately 37 driveways on both sides.  The Annual 
Average Daily Traffic (AADT) along the section is approximately 5,987. Posted speed limit is 30 
mph.  On-street parking spaces are available on both sides with high on-street parking activities. 
Most recent 3-year crash data within the zone indicated that there were 10 crashes in the section 
with five (5) being an injury crash. 

 

 The fourth section (Section D) is from Thomas lane to MD 68 with a length of 0.55 miles. There is 
one (1) speed survey spot and one (1) traffic signal. The predominant land use along the road is 
residential. The Annual Average Daily Traffic (AADT) is 5,233. Posted speed limits is 30 mph except 
for 40 mph westbound 700 feet to MD 68.  On-street parking on both sides is permitted, however 
there is limited on-street parking activities.  Development along the street is primarily single -family 
homes.  There are approximately 70 driveways on both sides (most of them are residential 
driveways). The corridor contains a convenience store/gas station at the intersection of MD 68. Most 
recent 3-year crash data within the zone were input into the system to assist evaluating speeds. 
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USLIMITS recommends a speed limit of 35 mph in Section A, and Section D, a speed limit of 30 mph 
in Section B and a speed limit of 25 mph in Section C. (Refer to Table 3 – Summary of USLIMTS2 and 
Appendix C: USLIMITS2 Worksheets). 

 
Table 3 - Summary of USLIMITS2 Analysis 

 
Basic Project 
Information  

Project Name 
Alt US 40 
Section A 

Alt US 40  
Section B 

Alt US 40 
Section C 

Alt US 40  
Section D 

County Washington Washington Washington Washington 

Route Alt US 40 Alt US 40 Alt US 40 Alt US 40 

Termini from MD 67 LM 10.70 Gaines Pl Thomas Ln 

Termini to LM 10.70 
Gaines 
Place 

Thomas 
Lane MD 68 

Route Type Developed  Developed  Developed  Developed  

Roadway 
Information 
  
  
  
  
  
  
  
  
  
  
  

Section Length (miles)  0.25 0.54 0.45 0.55 

Current Speed Limit  30 30 30 40 

Terrain 
Flat and 
Rolling Flat Flat 

Flat and 
Rolling 

Adverse Alignment No No No No 

One-Way Street  No No No No 

Divided/Undivided   Undivided Undivided Undivided Undivided 

Number of Through Lanes 2 2 2 2 

Area Type  Commercial 
Commercial
, Residential 

Commercial
, Residential 

Residential, 
commercial 

Number of Driveways and 
Unsignalized Intersections 37 13 37 46 

Access points per mi 148 24 82 84 

Number of Signals  0 1 1 1 

Traffic 
Information 
  
  

85th Percentile Speed (mph)  39 33 30 38 

50th Percentile Speed (mph)  33 28 25 33 

AADT 10,436 10,934 12,745 10,260 

On Street Parking & Usage Not High High High Not High 

Pedestrian / Bicyclist Activity Not High High High High 

Accident 
Information1 

Years 3 3 3 3 

Crash AADT 10,436 10,934 12,745 10,260 

Total Crashes 2 11 10 9 

Injury Crashes 1 3 5 4 

Section Crash Rate 67 330 159 286 

Section Injury Rate 34 90 80 127 

Crash Rate for Similar Roads 247 205 247 205 

Injury Rate for Similar Roads 73 64 73 64 

Crash Rate 
Analysis 

Critical Crash Rate2 503 413 416 417 

Critical Injury Crash Rate 221 168 169 170 

USLIMILTS Recommended Speed Limit  35 30 25 35 

Comment 
      

 

1 Rates are per 100 million vehicle miles 
2 Critical rate is the rate above which the observed rate is statistically higher than the statewide average with 95 percent confidence 
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E. Speed Study Results and Recommendation 

The section of Alternate US 40 just west of MD 34 to just west of 
MD 66 (Maple Avenue) (Section C Gaines Place to Thomas 
Lane) has the lowest 85th and 50th percentile speeds along the 
corridor and USLIMTS2 recommends a posted speed of 25 mph. 
Section B east of Mousetown Road to west of MD 34 (LM 10.70 
to Gaines Place) has a slightly higher 85th and 50th percentile and 
USLIMTS2 recommended a posted speed of 30 mph. Section A 
MD 67 to east of Mousetown Road (MD 67 to LM 10.70) is a 
speed transition area from the 40 mph speed limit to the 30 mph 
speed limit. Traffic heading eastbound has a higher 85th 
percentile speed (39 mph) than westbound (36 mph) which 
indicates that traffic is decelerating coming into Town and 
accelerating going out of Town. USLIMITS2 suggests a 35 mph 
speed limit in this section. Section D east of MD 66 (Thomas Lane 
to MD 68) is posted with a 40 mph speed limit and the 85th 
percentile speed is 38 mph. 
 
BAI recommends reducing the speed limit in for Sections B and 
C to 25 mph and increasing the speed limit to 35 mph in 
Sections A and D. (Refer to Figure 3 – Recommended Speed 
Limits). 
  

Figure 3 - Recommended Speed Limits 
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II. ALTERNATE US 40 AND MD 66 (MAPLE AVENUE) 

 
The Maryland State Highway Administration (SHA), District 6 Office commissioned Brudis & Associates, 
Inc. (BAI) to provide a comprehensive traffic study of the Alternate US 40 intersection at MD 66 (Maple 
Avenue), located in Boonsboro in Washington County, Maryland.  
 
The main purposes of this study are: 
A. Operational analysis to study the delay experienced by the Alternate US 40 eastbound shared 

through/left approach and offer feasibility review of various upgrade options including an eastbound 
lead-left phase or an exclusive permissive left turn phase.  

B. Operational analysis to study the effect of change in right-turn sign at the intersection. The existing 
sign “Right Turn Permitted on Green Ball and Arrow” is proposed to be replaced with a “No Right 
Turn on Red” sign.  

C. Study of the school-zone pedestrian crossing to determine any upgrades needed for compliance 
with current MdMUTCD guidelines. 

 
Towards this goal, BAI conducted field observations, gathered existing intersection geometrics and 
traffic control devices, evaluated peak hour operations and overall safety at the intersection. Signal 
timing data, vehicle turning movement volumes and historic (3-year) crash data was provided by SHA. 
BAI performed intersection capacity analysis and evaluated historic crashes to provide alternatives and 
recommendations based on current conditions.  
 
The study was performed in accordance with the Maryland Manual on Uniform Traffic Control Devices 
(MD-MUTCD, 2011 Edition), The Institute of Transportation Engineers (ITE) Traffic Engineering 
Handbook (Fifth Edition), the American Association of State Highway and Transportation Officials 
(AASHTO) A Policy on Geometric Design of Highways and Streets (2011), and all SHA directives and 
guidelines for traffic control devices. 
 

A. Intersection Conditions/Features  

 
The intersection of Alternate US 40 at MD 66 (Maple Avenue) is a three-legged signalized intersection 
located in the Town of Boonsboro in Washington County, Maryland (Refer to Figure 1 – Study Area 
Map, Copyright Google Earth). This intersection is near Boonsboro School Complex (i.e., elementary 
school, middle school and high school) and the adjacent land use is mainly residential. On a regional 
level, Alternate US 40 serves as alternate route connecting Hagerstown and Frederick. For purposes 
of this study, Alternate US 40 is considered an east-west route and MD 66 (Maple Avenue) is considered 
north-south route. 
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Figure 4 – Study Area Map, Copyright Google Earth 

 
Alternate US 40 is classified as an “urban minor arterial” two-lane undivided roadway and is designated 
as Bike Route. The roadway has two (2) 11-foot travel lanes with 10-foot on-street parking on both sides 
except between 8 AM and 10 AM on the third Monday each month.  In the immediate intersection area, 
the on-street parking is forbidden and the space serves as a shoulder. Pavement marking “SCHOOL 
XING” is installed along Alternate US 40 approaching the intersection from both directions. The posted 
speed limit is 30 mph with “FINES DOUBLE” plaques. (Refer to Figure 5 - East Leg of Intersection, 
Looking West). (Refer to Figure 6 - West Leg of Intersection, Looking East). 
 

 
Figure 5 – East Leg of the Intersection, Looking West 
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Figure 6 –  West Leg of the Intersection, Looking East 

 

MD 66 (Maple Avenue) is classified as “Urban Collector” two-lane undivided highway with no shoulders. 
MD 66 (Maple Avenue) connects Boonsboro to Smithburg, and serves as a collector road to the 
entrance to schools near the subject intersection. MD 66 (Maple Avenue) intersects with Alternate US 
40 with approximately 45 degrees and causes limited sight distance looking to the west. (Refer to Figure 
7 - North Leg of Intersection, Looking South). The posted speed limit is 30 mph with “FINES DOUBLE” 
plaques. 
 
School House Court is a one-way street located immediately 50 feet east of the intersection. However 
vehicular activities were hardly seen to the road during the field visit.  
 

 
Figure 7  – North Leg of Intersection, Looking South 
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The intersection of Alternate US 40 and MD 66 (Maple Avenue) is signalized controlled with an exclusive 
pedestrian phasing. There are two (2) crossings on north leg and east leg of the intersection with school 
crossing assembly (S1-1 and W16-7P) and pedestrian signals with push buttons. There are sidewalks 
along the intersection connecting crossings with pedestrian ramps. There are no detectable warning 
surfaces at the pedestrian ramps and the ramps are not ADA accessible. The pedestrian pushbuttons 
are also not ADA compliant. Pavement markings within the intersection are in good condition however 
the crosswalks are not hatched as per the MDMUTCD. Intersection lighting is provided on the northeast 
corner of the intersection. (Refer to Figure 8 – Pedestrian Signals). 
 

 
Figure 8 - Pedestrian Signals 

B. Field Observation 

Brudis & Associates, Inc. conducted field observations at the intersection on October 26, 2016 between 
7:30 AM to 8:30 AM to observe traffic characteristics of peak hours and check the roadway geometric 
conditions. The following summarizes BAI’s observations: 
 

 The longest queue of vehicles on eastbound Alternate US 40 was about 10 cars during the morning 
peak period. Left-turning vehicles sometimes were bypassed by through vehicles using the 
shoulder.  

 The longest queue of vehicles on westbound Alternate US 40 was about 5 cars during the morning 
peak period. There is approximately 140 feet right-turn lane. Functionally, right-turn vehicles can 
always make right turns except during the pedestrian phasing.  

 There is a full-actuated signal control with cycle length varies from 60 to 80 seconds with extension, 
in addition, 20 seconds of actuated pedestrian phasing. 

 Limited pedestrian activities were observed to cross the street pressing pedestrian button to active 
the pedestrian phasing.  

C. Traffic Volumes and Capacity Analysis  

 
Thirteen-hour (13-hour) turning movement counts (TMCs) at the intersection collected on Wednesday, 
November 30, 2016 was obtained from SHA. The AM and PM peak hours were determined to be 7:30 
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to 8:30 AM and 4:15 to 5:15 PM. The turning movement volumes during these peak hours are 
summarized in Figure 9 – Existing Peak Hour Traffic Volumes AM(PM) below.  (Refer to Appendix A – 
Traffic Count & Speed Data). 

 

  
Figure 9  – Existing Peak Hour Traffic Volumes AM(PM) 

 
Using the volumes above, the level of service for the intersection was determined using the Highway 
Capacity Manual (HCM) (via Synchro/SimTraffic software). The HCM analysis shows that the 
intersection operates at LOS A (with 4.3 sec/veh. of overall control delay) during the AM peak hour and 
LOS A (with 3.7 sec/veh. of overall control delay) during the PM peak hour. The 95th percentile queue 
lengths were obtained from SimTraffic as the HCM methodology to simulate actual operations of the 
intersection (Refer to Table 4 – Existing Intersection HCM Capacity Analysis and Appendix D –
Synchro/SimTraffic Reports).  
 

Table 4 - Existing Intersection HCM Capacity Analysis 

Intersection 
Approach 

Movement 

Total Delay 
(s/veh) 

 
AM (PM) 

LOS 
 

AM (PM) 

95th %ile Queue 
Length (ft) 

 
AM (PM) 

Alt US 40 EB  
Left 18.8 (24.1) B (C) N/A 

Through 16.3 (21.7) B (C) 211 (274) 

Alt US 40 WB 
Through 7.3 (7.8) A (A) 107 (137) 

Right 2.0 (1.9) A (A) 46 (49) 

MD 66 SB 
Left 11.5 (13.6) B (B) 295 (157) 

Right 7.1 (9.8) A (A) N/A 

Overall  8.7 (12.9) A (B)  
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D. Crash Analysis (2013-2015) 

 

SHA provided crash data reported for most recent three years from January 1, 2013 to December 31, 
2015 for the study intersection. (Refer to Table 5 – Intersection Crash Data Summary and Appendix B 
– Crash Data). There were 3 crashes reported at the intersection. Two (2) were rear end crashes one 
(1) form each direction on Alternate US 40 and one (1) angle left turn crash. 
 

Table 5 – Intersection Crash Data Summary 

Year 2013 2014 2015 
2014 

Total 

Fatal 0 0 0 
0 

0 

Injury 0 1 1 
1 

2 

Property 
Damage 

0 0 1 
0 

1 

Total 
Accidents 

0 1 2 
1 

3 

Collision Type No.  of Crashes 

Rear End 
 
 

2 

Angle 1 

Probable Cause No.  of Crashes 

Fail to yield the right of way 1 

Followed too closely 1 

Other or Unknown 1 

Surface Condition No.  of Crashes 

Wet 0 

Dry 3 

Time Period No.  of Crashes 

Peak 2 

Non-peak 1 

  

E. Left-Turn Phasing Analysis 

 

A detailed left turn phasing analysis was conducted utilizing the “Left Turn Phasing Guidelines” dated 
April 1998 in a memorandum from the Maryland State Highway Administration, Office of Traffic and 
Safety. A cycle length of 100 seconds was used in the calculation. (Refer to Table 6 – Left-Turn 
Flowchart Determining Procedures). 
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Table 6 -  Left-Turn Flowchart Determining Procedures 

Evaluation Step 
Alternate US 40 at MD 66 

EB Left Turn 

I.Determine the left-turn volume in the hour of the highest left-turn 
demand and divide by the number of cycles per hour.  Determine 
whether the result is greater than 2.0. 

 Left-turning volume in the hour of 
the highest left-turn demand = 108 
 The number of cycles per hour = 
3600 / 100 = 36 
 108 / 36 = 3.0 
 3.0 > 2; YES; (Go to Step II) 

II. Determine the number of lanes of traffic opposing the left turn 
movement.  These would all be lanes on the opposite approach 
with through or right-turning vehicles or both. 

 2; (Go to Step III) 

III.Multiply the left-turn volume by the hourly volume of the opposing 
through traffic.  Use the same hour as in Step I.  Compare the 
answer with either 70,000 for one opposing lane, 100,000 for two 
opposing lanes or 144,000 for three opposing lanes. 

 108 x 617 = 66,636 
 66,636 < 100,000; NO; (Go to Step 
IV) 

IV.Determine whether the speed on the opposing approach is greater 
than 45 mph. 

 30 mph; NO; (Go to Step V) 

V.Determine whether the sight distance is restricted.  Restricted sight 
distance is < 250 feet when speeds are 35 mph or less and < 400 
feet when speeds are 40 mph or more. 

 ~550 feet; NO; (Go to Step VI)  

VI.Determine whether there is a severe left-turn accident problem that 
could be corrected by exclusive phasing.  The engineer should 
thoroughly review accident data and visit the site in question to 
insure all other countermeasures have been exhausted. 

 No.  Only 1 crash were related to 
EB left turning movement during 
2013-2015; NO 

Recommended Left-Turn Phasing Permissive 

 

BAI analyzed an alternative traffic signal phasing plan for the study intersection. The alternative 
analyzed the impacts from changing the left-turn phasing on Alternate US 40 from permissive to 
exclusive/permissive.  
 

1. Exclusive Permissive Left-turn Phase  
The study intersection is proposed to be modified to exclusive and permissive left-turn phasing on 
Alternate US 40 at MD 66 (Maple Avenue). The combination of exclusive and permissive left-turn 
phasing should reduce average delay of left-turn vehicles and reduce exclusive green arrow time. 
However, the conflict between left-turn vehicles and opposing thru vehicles on Alternate US 40 would 
remain. There is no need to modify lane configuration and roadway geometrics. The following analysis 
is conducted to analyze the degree of the impact of the exclusive/permissive left-turn phasing to the 
traffic operational performance at the intersection. Synchro capacity analysis was conducted for the 
proposed exclusive and permissive left-turn phasing for Alternate US 40 at MD 66 (Maple Avenue) 
(Refer to Table 7 – E/P Intersection Synchro/SimTraffic Capacity Analysis and Appendix D – 
Synchro/SimTraffic Reports). 
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Table 7 – E/P Intersection Synchro/SimTraffic Capacity Analysis 

Intersection 
Approach 

Movement 

Total Delay 
(s/veh) 

 
AM (PM) 

LOS 
 

AM (PM) 

95th %ile Queue 
Length (ft) 

 
AM (PM) 

Alt US 40 EB  
Left 16.6 (19.9) B (B) N/A 

Through 10.9 (15.1) B (B) 207 (274) 

Alt US 40 WB 
Through 5.1 (8.2) A (A) 88 (209) 

Right 1.7 (1.7) A (A) 51 (104) 

MD 66 SB 
Left 19.7 (27.7) B (C) 145 (222) 

Right 10.9 (16.6) B (B) N/A 

Overall  8.2 (13.1) A (B)  

 

Based upon the analysis, the overall intersection delay improves slightly for the AM peak hour and 
degrades slightly for the PM peak hour. The delay for eastbound left-turn movement along Alternate 
US 40 would improve during both peak hours. However, the southbound MD 66 (Maple Avenue) will 
experience higher delay, especially in the PM peak.  
 

F. Left Turn Lane Analysis 

 

Based on the existing capacity analysis, BAI analyzed the intersection with a left turn lane for eastbound 
Alternative US 40 to determine how the intersection operation will accommodate a proposed left turn 
lane. This alternative analyzed the impacts from adding a left-turn lane with permissive left turn phasing 
for eastbound Alternate US 40. 
 
The study intersection is proposed to be modified to restripe Alternate US 40 to include a left-turn lane 
on Alternate US 40 at MD 66 (Maple Avenue). The restriping of Alternate US 40 will not require widening 
of Alternate US 40 but will result in the loss of on street parking. The left-turn lane would have storage 
for about 4 vehicles (100 feet long plus transition taper). This will result in about four (4) to six (6) parking 
spaces on each side of MD 66 (Maple Avenue). 
 
Synchro capacity analysis was conducted for the proposed left-turn lane for Alternate US 40 at MD 66 
(Maple Avenue) (Refer to Table 8 – Synchro Capacity Analysis: Left-Turn Lane (AM/PM) and Appendix 
D – Synchro/SimTraffic Output). Based upon the analysis, the overall intersection delay improves for 
the intersection (LOS A/A) and the queues on each approach are reduced,  
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Table 8 – Synchro Capacity Analysis: Left-Turn Lane (AM/PM) 

Intersection 
Approach 

Movement 

Total Delay 
(s/veh) 

 
AM (PM) 

LOS 
 

AM (PM) 

95th %ile Queue 
Length (ft) 

 
AM (PM) 

Alt US 40 EB  
Left 19.0 (18.5) B (B) 85 (72) 

Through 6.5 (9.5) A (A) 107 (204) 

Alt US 40 WB 
Through 6.8 (7.7) A (A) 97 (138) 

Right 2.0 (1.9) A (A) 49 (46) 

MD 66 SB 
Left 11.7 (13.2) B (B) 107 (147) 

Right 6.5 (10.1) A (B) N/A 

Overall  6.7 (8.7) A (A)  

G. Evaluation of Proposed Signs 

 
There is a sign on the mast arm that regulates that Alternate US 40 westbound vehicles can make right-
turns only during permissive or protective phasing.  The purpose of the sign is to work with traffic signals 
protecting pedestrians crossing MD 66 (Maple Avenue). After field review and assessment of proposed 
left-turn phasing, evaluation of replacing the exiting sign “Right Turn Permitted on Green Ball and Arrow” 
with a “No Turn on Red” sign has following suggestions: 
 

 The sign of “Right Turn Permitted on Green Ball and Arrow” is not a standard sign; 

  “No Turn on Red” (R10-11b) shall be used in the intersection per MdMUTCD (2011); 
 
(Refer to Table 9 – NTOR Synchro/SimTraffic Capacity Analysis and Appendix D – 
Synchro/SimTraffic Reports). 
 

Table 9 – NTOR Synchro/SimTraffic Capacity Analysis 

Intersection 
Approach 

Movement 

Total Delay 
(s/veh) 

 
AM (PM) 

LOS 
 

AM (PM) 

95th %ile Queue 
Length (ft) 

 
AM (PM) 

Alt US 40 EB  
Left 18.8 (23.6) B (C) N/A 

Through 16.3 (21.1) B (C) 211 (275) 

Alt US 40 WB 
Through 7.4 (7.4) A (A) 107 (145) 

Right 2.1 (1.8) A (A) 46 (78) 

MD 66 SB 
Left 11.3 (13.1) B (B) 114 (154) 

Right 7.1 (8.5) A (A) N/A 

Overall  8.7 (12.4) A (B)  
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H. Study of the School-Zone Signage 

 

The subject intersection is adjacent to Boonsboro Educational Complex consisted of elementary school, 
middle school and high school. MD 66 (Maple Avenue) serves main access to the complex.  The 
immediate section of the intersection is designated as school zone with crosswalks and relevant school 
crossing assembly and pavement markings.  Based on field investigations, the key observations are as 
follows: 
 

a) There is no School Crossing Assembly to identify the location of the beginning of the 
designated school zone for eastbound Alternate US 40. 

b) The southbound Speed Limit Sign with “Fines Double” plaque in the school zone is only 100 
feet to the stop line that is too close per MdMUTCD Chapter 7 “Examples of School Advance 
Sign with School Crossing – School Zone without Speed Reduction”; 

c) The crosswalks are not hatched with diagonal white lines where there is school crossing.   
d) ADA sidewalk ramps do not have detectable warning surfaces and are not to SHA standards. 
e) Pedestrian pushbuttons are not ADA accessible from the sidewalk and do not meet SHA 

standards. 
(Refer to Figure 10 - School Zone Along Alternate US 40). (Refer to Figure 11 - Crosswalks in subject 
Intersection). 
 
 

 
Figure 10 - School Zone Along Alternate US 40 
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Figure 11 - Crosswalks in the Subject Intersection 
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I. Alternate US 40 and MD 66 (Maple Avenue) Summary 

Brudis & Associates, Inc. examined the safety and traffic operations of the intersection of Alternate US 
40 and MD 66 (Maple Avenue).  
 
Field survey and review of the geometric features identified the subject intersection is currently 
operating at acceptable conditions. The analyses based on Highway Capacity Manual methodology 
indicate that the existing intersection operates at an acceptable level of service (LOS A) for the 2016 
traffic volumes. The crash data indicates that only one (1) angle left turn crash and one (1) rear-end 
crash were on the eastbound approach for Alternate US 40 in three (3) years of crash data.  There are 
no major operational or safety issues identified. Only potential issue is eastbound left turning vehicles 
resulting in queueing or bypassing of through vehicles and possible rear-end or side-swipe crashes.  
 
In accordance with the “Left Turn Phasing Guidelines” dated April 1998 in a memorandum from the 
Maryland State Highway Administration, permissive left-turn phasing would be recommended for 
eastbound Alternate US 40 left-turn. A left-turn phasing alternative, i.e., Exclusive Permissive Left-turn 
Phase, was proposed to improve safety and operation of the intersection. The overall intersection delay 
improves slightly for the AM peak hour and degrades slightly for the PM peak hour. The delay for 
eastbound left-turn movement along Alternate US 40 would improve during both peak hours.  
 
BAI recommends that eastbound left-turn phasing for Alternate US 40 at MD 66 (Maple Avenue) remain 
the same (i.e. permissive) to maintain the acceptable level of service. The modification of changing the 
existing phasing to exclusive and permissive left-turn phasing would not result in improved operations. 
By adding a left turn lane for eastbound traffic would improve the operation of the intersection. Below 
are signing and pavement marking recommendations for the intersection of Alternate US 40 and MD 
66 (Maple Avenue): 
 

a) A School Crossing Assembly to identify the location of the beginning of the designated school 
zone for eastbound Alternate US 40 should be installed with a “Fines Double” sign.  

b) A speed limit sign should be installed approximately 200 feet in advance of the School 
Crossing Assembly. 

c) The southbound Speed Limit Sign with “Fines Double” plaque in the school zone is only 100 
feet to the stop line that is too close and should be removed. 

d) The crosswalks should be hatched with diagonal white lines.   
e) Sidewalks and sidewalk ramps should be brought up to ADA standards. 
f) Pedestrian pushbuttons Should be brought up to current standards. 
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III. ALTERNATE US 40 AT SHAFER PARK DRIVE/ ORCHARD DRIVE INTERSECTION TRAFFIC 

STUDY 

  
The two-way stop sign controlled intersection of Alternate US 40 (North Main Street) at Shafer Park 
Drive / Orchard Drive is in Boonsboro, Washington County, Maryland. This intersection traffic study was 
conducted by RJM Engineering, Inc. (RJM) for the Maryland State Highway Administration (MDOT 
SHA). 
 
The purpose of this study is to identify existing and potential future traffic operation problems, and to 
identify and evaluate the potential improvements. A 13-hour turning movement count and three-year 
crash data were provided by MDOT SHA. Field observations were conducted by RJM on weekdays in 
November 2016. The study includes intersection capacity analysis via Synchro and SimTraffic software, 
crash data analysis, and the evaluation of the existing roadway geometrics and the traffic control 
devices.  
 

A. Existing Conditions 

1. Intersection Geometry and Control 
 
The study intersection’s location in the roadway network is shown in Figure 12. The aerial image of the 
existing condition is shown in Figure 13.  
 
Alternate US 40 (North Main Street) is an urban minor arterial. It runs 22.97 miles from Potomac Street 
in Hagerstown east to US 40 in Frederick. It parallels US 40 and much of I-70. Near the study 
intersection, Alternate US 40 is a two-lane two-way, undivided, curbed road. No turning lanes are 
provided. The posted speed limit is 30 mph. It is considered as an east-west road in this study. 
 
Shafer Park Drive and Orchard Drive are local roads. Shafer Park Drive is considered as the south leg 
of the study intersection. It connects a local park and residential areas. Orchard Drive is considered as 
the north leg of the study intersection and connects residential areas. Near the study intersection, both 
Shafer Park Drive and Orchard Drive are two-lane two-way, undivided, curbed roads. No turning lanes 
are provided. The posted speed limit is 25 mph along both roads. They are considered as north-south 
roads in this study. 
 

 The intersection is unsignalized. Shafer Park Drive and Orchard Drive are stop sign controlled. 

 Sidewalks are provided along both sides of each leg. Crosswalks are across the west and the 
south legs of the intersection. No pedestrian signals are provided. 

 No bus stops or other public transit stations are in the study area.  

 Street lights are available at all four corners of the intersection. 

 Land uses near the study area include low-density residential developments located to the north 
and the south of US 40 Alternate, and low-density commercial and residential developments 
along US 40 Alternate. 
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Figure 12 - Area Map 
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Figure 13 – Aerial Image of the Existing Condition 

B. Traffic Data 

The turning movement count at the study intersection was conducted on Tuesday, November 29, 2016. 
The count was a 13-hour count with 15-minute intervals. The AM peak hour was from 7:45 AM to 8:45 
AM with 1,000 vehicles and zero (0) pedestrians. The PM peak hour was from 5:15 PM to 6:15 PM with 
1,061 vehicles and seven (7) pedestrians. The existing peak hour turning movement volumes are shown 
in Figure 14. The complete vehicular turning movement and pedestrian count report is included in 
Appendix A - Traffic Count & Speed Data. 

Shafer Park Dr 

US 40 Alt 

Orchard Dr 
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Figure 14 - Peak Hour Traffic Volumes 

C. Field Observations and Surveys 

Field observations were conducted on Tuesday, November 8, 2016 and Thursday, November 17, 2016 
during AM and PM peak hours and off-peak hours. (Refer to Figures 15 – 20 Site Photographs). 
Following are the findings: 

 Traffic signs, pavement markings, and other traffic control facilities were observed to be in good working 
condition. 

 All the queues were observed to be cleared during each signal cycle. During PM peak hour, queues 
from adjacent intersections along the east leg or the driveway to the gas station along the west leg were 
observed to extend to the Shafer Park Drive/Orchard Drive intersection (Refer to Figure 18 - Queues 
from adjacent intersections along Alternate US 40 extended to the study intersection (looking east)). 

 Although on-street parking along the south side of the east leg (Alternate US 40) is prohibited between 
8 AM to 10 AM, parked vehicles during the non-prohibited times create a sight distance concern for 
northbound Shafer Park Drive motorists that are attempting to enter onto Alternate US 40 (Refer to 
Figure 19 - Parked vehicles along the south side of the east leg limit the sight distance from Shafer Park 
Drive (looking east)). 

 During the peak hours, left-turn and through motorists from Shafer Park Drive and Orchard Drive have 
to wait an inordinate length of time before they can find safe gaps. Some motorists from Shafer Park 
Drive were observed with aggressive driving behaviors, which also caused the motorists along Alternate 
US 40 to brake their vehicles. 

 Less than five (5) students were observed crossing the study intersection after school dismissal time in 
the afternoon. 
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Figure 15 - Northbound Shafer Park Drive 

 

Figure 16 - Southbound Orchard Drive 
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Figure 17 - Eastbound Alternate US 40 

 

Figure 18 - Westbound Alternate US 40 
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Figure 19 - Queues from adjacent intersections along Alternate US 40  
extended to the study intersection (looking east) 

 

 

Figure 20 - Parked vehicles along the south side of the east leg limit the sight  
distance from Shafer Park Drive (looking east) 
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D. Capacity Analysis and Signal Warrant Analysis 

In this study, the capacity analysis was conducted using Synchro (version 9) traffic analysis software, 
and SimTraffic (version 9) traffic simulation software. 

The existing condition capacity analysis results from Synchro are included in Tables 11 and 12 including 
the Level of Service (LOS), volume to capacity ratio (v/c), and average vehicle delay. The 95th 
percentile queue lengths from SimTraffic are shown in Table 13. The Synchro and SimTraffic reports 
for the existing condition can be found in Appendix D. Northbound Shafer Park Drive concurrently 
operates at LOS “E” during AM peak hour. All other approaches operate at LOS “D” or above during 
AM and PM peak hours. 

Synchro utilizes the procedures outlined in the Highway Capacity Manual (HCM). Aerial photographs 
of the study area and field measurement results were used to develop the geometric condition. When 
using SimTraffic, each traffic model was seeded for 15 minutes and conducted with five 60-minute runs. 
The existing condition models were visually calibrated and checked to the queue lengths, delays, and 
speeds observed during the field visits. The numbers of vehicles entered and exited during the 
simulations were also reviewed. Headway factors, turning speeds, and other parameters were then 
adjusted if necessary to match the models to the observed conditions. Some differences between the 
simulation results and observations could be caused by the traffic volume difference on the traffic count 
day and on the field observation day. 

The study intersection was examined with regard to delay, queue length, v/c, and LOS. LOS is an 
indicator of the operating conditions, which occur on a roadway under different volumes of traffic, and 
is defined in the HCM by six levels, “A” through “F.” A number of operational factors can influence the 
LOS including geometry, travel speeds, delay, and the number of pedestrians. Depending on the time 
of day and year, a roadway may operate at varying levels. LOS “A” represents the best operating 
conditions and is an indicator of ideal travel conditions with vehicles operating at or above posted speed 
limits with little or no delays. Conversely, LOS “F,” or failure, generally indicates forced flow conditions 
illustrated by long delays and vehicle queues. Level of Service “C” indicates a condition of stable flow 
and is generally considered satisfactory in rural areas. Under LOS “D” conditions, delays are 
considerably longer than under LOS “C,” but are considered acceptable in urban areas. At LOS “E” the 
roadway begins to operate at unstable flow conditions as the facility is operating at or near its capacity. 

A traffic signal warrant analysis was also conducted for the study intersection using the 2016 existing 
volumes. The analysis was based on the Maryland Manual on Uniform Traffic Control Devices 
(MUTCD). Although the study intersection does not meet other signal warrants based on the traffic data 
and observations, it meets signal Warrant 6, Coordinated Signal System. The adjacent traffic control 
signals were observed not providing the necessary degree of vehicular platooning for the study 
intersection during peak hours. The adjacent signalized intersections are Alternate US 40 at MD 66 
(Maple Avenue) and Alternate US 40 at MD 34 (Potomac Street / St Paul Street). They are both more 
than 1,000 feet away from the study intersection. There are several unsignalized intersections and many 
on-street parking spots between the study intersection and the adjacent signalized intersections. The 
warrant analysis worksheet is in Appendix E – Traffic Signal Warrant Worksheets. 

 

E. Crash Analysis 

MDOT SHA’s Office of Traffic and Safety supplied the crash data along Alternate US 40 from MD 68 to 
MD 67 for the period of January 1, 2013 to December 31, 2015. The complete crash data is in Appendix 
B.  A total of 32 crashes were recorded from 2013 to 2015 with no fatalities and 17 injuries along this 
1.79-mile road. Four out of the 32 crashes happened at the study intersection. All four crashes 
happened during afternoon off peak hours. Each of the four crashes were a different type of crash as 
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shown in Table 10. However, three of them have “Failure to Give Full Attention” as the probable cause. 
Two crashes involved northbound through vehicles and westbound vehicles. One crash involved a 
westbound left turn vehicle and a pedestrian. 

Table 10 - Crash Data Summary 

Time of Day No. of 
Crashes 

Vehicle Type No. of 
Vehicles 

12:00 AM to 6:00 AM 
6:00 AM to 12:00 PM 
12:00 PM to 6:00 PM 
6:00 PM to 12:00 AM 

0 
0 
4 
0 

Passenger Car 
Sport Utility Vehicle 
Pick-Up Truck 
Emergency Vehicle 
Other Types 

N/A 
N/A 
N/A 
N/A 
N/A 

Crash Type No. of 
Crashes 

Probable Cause No. of Crashes 

Rear-End 

Angle 

Pedestrian 

Other 

Opposite 
Direction 

Sideswipe 

Left Turn 

Parked Vehicle 

1 

1 

1 

1 

0 

0 

0 

0 

Failure to Give Full 
Attention 

Fail to Yield Right-of-Way 

Followed Too Closely 

Too Fast for Conditions 

Fail to Obey Traffic 
Signal 

Fail to Obey Other 
Control 

Stopping in Lane 
Roadway 

Improper Lane Change 

Fell Asleep/Fainted, etc. 

Physical/Mental Difficulty 

Other or Unknown 

3 

 

1 

0 

0 

0 

 

0 

 

0 

0 

0 

0 

0 

Weather 
Condition 

No. of 
Crashes 

Direction of Travel No. of 
Movements 

Clear/Cloudy 
Foggy 
Raining 
Snow/Sleet 
Other 

4 
0 
0 
0 
0 

NB (LT, ST, RT) 
SB (LT, ST, RT) 
EB (LT, ST, RT) 
WB (LT, ST, RT) 
Other 

2 (0, 2, 0) 
0 (0, 0, 0) 
2 (0, 2, 0) 
3 (2, 1, 0) 
0 

Severity No. of 
Crashes 

Condition of Drivers No. of Drivers 

Fatal 
Injury 
Property Damage 

0 
3 
2 

Normal 
Alcohol 
Other 

4 
0 
0 

Illumination No. of 
Crashes 

Surface Condition No. of Crashes 

Day 
Dawn/Dusk 
Night 

4 
0 
0 

Wet 
Dry 
Snow/Ice 

0 
4 
0 
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F. Proposed Improvement 

Based on the field observations, the crash data analysis, and the capacity analysis of the existing 
condition, the following two improvement alternatives are suggested: 

 Alternative 1: Convert this two-way stop sign controlled intersection into a signalized 
intersection. This will help to reduce the delays along northbound Shafer Park Drive and 
potential crashes at the study intersection.  

 Alternative 2: Remove the western most on-street parking spot on the south side of the east 
leg (Alternate US 40) to increase the sight distance for motorists from Shafer Park Drive. 
This will help to reduce the potential crashes at the study intersection.  

 Alternative 3: Consider retiming the signals at US 40 Alternate at MD 66 (Maple Avenue) 
and US 40 Alternate at MD 34 (Potomac Street / St Paul Street) to provide the necessary 
degree of vehicular platooning and the length of gaps for the traffic along Shafer Park Drive 
and Orchard Drive. This alternative is out of the scope of this study and is not analyzed. 

The capacity analysis results from Synchro for the existing condition and the proposed Alternative 
1 are shown in Tables 11 and 12. The 95th percentile queue lengths from SimTraffic for the existing 
condition and the proposed Alternative 1 are shown in Table 13. The Synchro and SimTraffic reports 
can be found in Appendices C and D. Capacity analysis for the proposed Alternative 2 was not 
performed since removing one on-street parking spot won’t have meaningful impacts on the 
intersection capacity. 

 
Table 11 - Approach LOS and v/c  
Analysis Results from Synchro 

LOS(v/c) 
AM PM 

Existing Alt 1 Existing Alt 1 

NB E(0.43) D(0.43) D(0.19) D(0.21) 

SB C(0.36) D(0.22) C(0.19) C(0.13) 

EB A(0.06) A(0.38) A(0.05) A(0.37) 

WB A(0.01) A(0.56) A(0.01) A(0.49) 

Overall N/A A(0.54) N/A A(0.46) 

 
Table 12 - Approach Vehicle Delay (second/vehicle)  

Analysis Results from Synchro 

Delay 
AM PM 

Existing Alt 1 Existing Alt 1 

NB 49.7 37.9 31.7 35.2 

SB 22.6 35.2 16.7 34.6 

EB 1.6 3.4 1.3 3.1 

WB 0.3 5.0 0.3 3.9 

Overall 4.8 8.4 2.5 6.2 

 

The capacity analysis results show that the proposed Alternative 1 will improve the AM northbound 
LOS from “E” to “D” as shown in Table 10. All other approaches will operate at LOS “D” or above. 
Alternate US 40 will operate at LOS “A”. As shown in Table 11, the average vehicle delay will be 
shortened from 49.7 seconds to 37.9 seconds along the northbound approach during AM peak hour. 
However, the average delays along other approaches will be increased by 3.5 to 17.9 seconds along 
the minor streets and 1.8 to 4.7 seconds along Alternate US 40. The overall average vehicle delays 
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will be increased by 3.6 seconds during the AM peak hour and 3.7 seconds during the PM peak 
hour. 

The average 95th percentile queue lengths will be increased along all the approaches during both 
AM and PM peak hours, but the maximum length will be no more than 208 feet which is along 
Alternate US 40. (Refer to Table 13 - Average 95th Percentile Queue Lengths (feet) from SimTraffic 
Simulation). 

 

Table 13 - Average 95th Percentile Queue 
Lengths (feet) from SimTraffic Simulation 

Queue 
Length 

AM PM 

Existing Alt 1 Existing Alt 1 

NB 63 77 44 53 

SB 91 97 61 68 

EB 105 194 87 168 

WB 39 208 51 125 

 

G. Summary and Recommendations 

The summary and recommendations of the traffic study at the intersection of Alternate US 40 (North 
Main Street) at Shafer Park Drive / Orchard Drive are as follows: 

 Under the existing condition, only northbound Shafer Park Drive operates at LOS “E” at certain time of 
the day. 

 Parked vehicles limit the sight distance for the motorists along Shafer Park Drive. 

 Motorists from Shafer Park Drive must wait a long time before they can find safe gaps during peak 
hours. Some motorists were observed to take aggressive actions to cross the intersection. 

 Based on the safety and capacity concerns and analysis, two alternatives are considered: 

o Alternative 1: Convert this two-way stop sign controlled intersection into a signalized intersection. 
This will help to reduce the delays along northbound Shafer Park Drive and potential crashes at 
the study intersection.  

o Alternative 2: Remove the western most on-street parking spot on the south side of the east leg 
(Alternate US 40) to increase the sight distance for motorists from Shafer Park Drive. This will help 
to reduce the potential crashes at the study intersection. 

o Alternative 3: Consider retiming the signals at US 40 Alternate at MD 66 (Maple Avenue) and US 
40 Alternate at MD 34 (Potomac Street / St Paul Street) to provide the necessary degree of 
vehicular platooning and the length of gaps for the traffic along Shafer Park Drive and Orchard 
Drive. This alternative is out of the scope of this study and is not analyzed. 

 The study intersection meets signal Warrant 6, Coordinated Signal System. 

 The capacity analysis results show that the proposed Alternative 1 will improve LOS along northbound 
Shafer Park Drive from “E” to “D” as shown in Table 11. 

Alternative 2 is economical and will help to reduce the potential crashes. However, Alternative 1 will 
improve the intersection safety as well as improve its capacity.  
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IV. ALTERNATE US 40 AND MD 34 (POTOMAC STREET)/ST. PAUL STREET INTERSECTION 

OPERATIONAL ANALYSIS 

 
The Maryland State Highway Administration (SHA), District 6 Office commissioned Brudis & Associates, 
Inc. (BAI) to provide an operational analysis of the Alternate US 40 intersection at MD 34 (Potomac 
Street)/St Paul Street, located in Boonsboro in Washington County, Maryland.  
 
The main purpose of this study is to study the peak hour delays and determine if exclusive left turn 
lane(s) are justified for the Alternate US 40 approaches. The report includes a summary of traffic data 
and observations at the intersection, capacity analysis, crash analyses, evaluations of alternatives, a 
list of proposed improvement alternatives at the intersection. 
 
To achieve the goal, BAI conducted field observations, connected existing intersection geometrics and 
traffic control devices, reviewed peak hour operations and overall safety at the intersection. Signal 
timing data, vehicle turning movement volumes and historic (3-year) crash data was provided by SHA. 
BAI performed intersection capacity analysis and evaluated historic crashes to provide alternatives and 
recommendations based on existing conditions.  
 
The study was performed in accordance with the Maryland Manual on Uniform Traffic Control Devices 
(MD-MUTCD, 2011 Edition), The Institute of Transportation Engineers (ITE), Traffic Engineering 
Handbook (Fifth Edition), the American Association of State Highway and Transportation Officials 
(AASHTO) A Policy on Geometric Design of Highways and Streets (2004), and all SHA directives and 
guidelines for traffic control devices. 
 

A. Intersection Conditions/Features  

 
The intersection of Alternate US 40 at MD 34 (Potomac Street)/ St Paul Street is a four-legged 
signalized intersection in Boonsboro of Washington County, Maryland (Refer to Figure 1 – Study Area 
Map, Copyright Google Earth). This intersection is near the center of Boonsboro and the adjacent land 
use is mainly commercial. On a regional level, Alternate US 40 serves as alternate route connecting 
Hagerstown and Frederick. For purposes of this study, Alternate US 40 is considered east-west and 
MD 34/ St Paul Street is considered north-south. 
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Figure 21 - Study Area Map, Copyright Google Earth 

 
Alternate US 40 is classified as a “urban minor arterial” two-lane undivided roadway of Secondary 
Highways in the State Highway System and is designated as a Bike Route. (Refer to Figure 22 - East 
Leg of Intersection, Looking West). (Refer to Figure 23 - West Leg of Intersection, Looking East). The 
roadway has two 11-feet traveling lanes with 8-feet on-street parking on both sides except between 8 
AM and 10 AM on the third Monday each month.  Posted speed limit is 30 mph in both directions. 
 

 
Figure 22 - East Leg of the Intersection, Looking West 
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Figure 23 - West Leg of the Intersection, Looking East 

 

MD 34 is classified as “Urban Minor Arterial” two-lane undivided highway near the subject intersection. 
MD 34 connects Boonsboro to West Virginia to the west. The posted speed limit is 25 mph. (Refer to 
Figure 24 - South Leg of Intersection, Looking North). 

 

 
Figure 24 - South Leg of Intersection, Looking North 

 
 
St Paul Street (MU160) is a municipal two-lane undivided roadway. The lane widths are respectively 
8.5 and 9.5 feet near the intersection. (Refer to Figure 25 - North Leg of Intersection, Looking South). 
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Figure 25 - North Leg of Intersection, looking South 

 
The intersection is signalized controlled with exclusive pedestrian phasing. There are crossings on each 
leg of the intersection with pedestrian signals. There are sidewalks along the intersection connecting 
the crossings with pedestrian ramps. Pavement markings of the intersection are in good condition to 
clearly regulate the traffic flow as designed. Intersection lighting is provided along Alternate US 40 on 
both sides.  
 

B. Field Observation 

Brudis & Associates, Inc. conducted field observations at the intersection on October 26, 2016 between 
7:30 AM to 8:30 AM and on December 14, 2016 between 3:00 PM 4:30 PM to observe traffic 
characteristics of peak hours and check the roadway geometric conditions. The following summarizes 
BAI’s observations: 
 

 The longest queue of vehicles on westbound Alternate US 40 was about 7 vehicles during the AM 
peak period and about 30 vehicles in the PM peak period. Left-turning vehicles were bypassed using 
the forbidden parking spaces.  

 The longest queue of vehicles on eastbound Alternate US 40 was about 10 vehicles during the AM 
and PM peak periods. However, all vehicles could be cleared during one traffic signal cycle.   

 The longest queue of vehicles on northbound MD 34 was about 12 vehicles during the AM peak 
period and 9 vehicles during PM peak period. However, the queue could be cleared due to low 
volumes from the opposite direction. 

 A full-actuated signal control with cycle length varies from 96 to 130 seconds. Sometimes included 
within the cycle length an exclusive pedestrian phase would be actuated. 

 Low pedestrian activities were observed to cross the street pressing pedestrian button to activate 
the pedestrian phasing.  

 There are no detectable warning surfaces for the ADA ramps and the push buttons are not at current 
SHA standards. 
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C. Traffic Volumes and Capacity Analysis  

 
Thirteen-hour (13-hour) turning movement counts (TMCs) at the intersection collected on Thursday, 
December 1, 2016 was obtained from SHA. The AM and PM peak hours were determined to be 7:45 
to 8:45 AM and 4:30 to 5:30 PM. The turning movement volumes during these peak hours are 
summarized in Figure 26 – Existing Peak Hour Traffic Volumes AM(PM) below.  (Refer to Appendix A 
– Traffic Count & Speed Data). 

 

  
Figure 26 - Existing Peak Hour Traffic Volumes AM(PM) 

 

Using the volumes above, the level of service for the intersection was determined using the Highway 
Capacity Manual (HCM) (via Synchro/SimTraffic software). The HCM analysis shows that the 
intersection operates at LOS C (with 24.3 sec/veh. of overall control delay) during the AM peak hour 
and LOS F (with 82.6 sec/veh. of overall control delay) during the PM peak hour. The 95th percentile 
queue lengths were obtained from SimTraffic as the HCM methodology to simulate actual operations 
of the intersection (Refer to Table 14 – Existing Intersection HCM Capacity Analysis and Appendix D –
Synchro/SimTraffic Reports).  
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Table 14 - Existing Intersection HCM Capacity Analysis 

Intersection Approach 
Total Delay 

(s/veh) 
AM (PM) 

LOS 
AM (PM) 

95th %ile Queue 
Length (ft) 
AM (PM) 

Alt US 40 EB LT 27.4 (72.5) C (E) 

307 (763)  TH 15.2 (16.5) B (B) 

 RT 14.4 (14.6) B (B) 

Alt US 40 WB 

LT 30.9 (64.9) C (E) 

386 (1852) TH 18.3 (30.1) B (C) 

RT 16.2 (27.1) B (C) 

MD 34 NB 
(Potomac Street) 

LT 32.7 (33.8) C (C) 

339 (285) TH 33.7 (35.0) C (C) 

RT 33.8 (33.2) C (C) 

St. Paul Street SB 

LT 16.2 (20.6) B (C) 

83 (119) TH 19.5 (19.8) B (B) 

RT 19.1 (18.9) B (B) 

Overall 22.4 (25.6) C (C)  

D. Crash Analysis (2013-2015) 

 

SHA provided crash data reported for most recent three years from January 1, 2013 to December 31, 
2015 for the study intersection. (Refer to Table 15 – Intersection Crash Data Summary and Appendix 
B – Crash Data). 

Table 15 – Intersection Crash Data Summary 

Year 2013 2014 2015 
2014 

Total 

Fatal 0 0 0 
0 

0 

Injury 0 0 0 
1 

0 

Property 
Damage 

0 0 1 
0 

1 

Total Accidents 0 0 1 
1 

1 

Collision Type No.  of Crashes 

Other 1 

Probable Cause No.  of Crashes 

Other or Unknown 1 

Surface Condition No.  of Crashes 

Wet 0 

Dry 1 

Time Period No.  of Crashes 

Peak 0 

Non-peak 1 

Illumination No.  of Crashes 

Day 1 

Dark –Lights On 0 
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E. Left-Turn Analysis 

Based on the existing capacity analysis, BAI analyzed alternative traffic signal phasing plans and/or 
geometric improvements for the intersection to improve the long delays and queues on Alternate US 
40. The first alternative analyzed the impacts of adding a lead left turn phase for westbound Alternate 
US 40. The second alternative analyzed the impacts from adding a left-turn lane and the third alternative 
analyzed the impacts of changing the left-turn phasing on Alternate US 40 from permissive to 
exclusive/permissive. 
 

1. Alternative 1: WB Lead Left-Turn Phasing  
This alternative revises the phasing for westbound Alternative US 40 by adding a protective left turn 
arrow at the beginning of the green for westbound Alternative US 40. This will allow a westbound left-
turning vehicle to proceed if they are one of the first few vehicles waiting at the red signal. If no left-
turning vehicles are within the first few vehicles in the queue, then this phase is not effective.  
 
Synchro capacity analysis was conducted for the proposed westbound left-turn phase for Alternate US 
40 at MD 34 (Potomac Street)/St Paul Street (Refer to Table 16 – WB Lead Left-Turn Phase Analysis 
and Appendix D – Synchro/SimTraffic Reports). Based upon the analysis, the overall intersection delay 
stays about the same for the intersection (LOS C/C) and the westbound Alternate US 40 approach does 
improve. However, since there is an additional phase the to the traffic signal, the side streets MD 34 
(Potomac Street)/St Paul Street will have longer delays and queues. 
 

 
Table 16 – WB Lead Left-Turn Phase Analysis 

Intersection Approach 
Total Delay 

(s/veh) 
AM (PM) 

LOS 
AM (PM) 

95th %ile Queue 
Length (ft) 
AM (PM) 

Alt US 40 EB LT 18.4 (48.1) C (D) 

285 (591)  TH 13.5 (14.7) B (B) 

 RT 13.0 (12.3) B (B) 

Alt US 40 WB 

LT 30.3 (53.7) C (D) 

346 (1723) TH 16.7 (23.7) B (C) 

RT 14.2 (16.9) B (B) 

MD 34 NB 
(Potomac Street) 

LT 43.8 (45.2) D (D) 

408 (333) TH 43.0 (50.9) D (D) 

RT 47.5 (43.2) D (D) 

St. Paul Street SB 

LT 23.4 (24.6) C (C) 

89 (134) TH 20.2 (24.6) C (C) 

RT 20.4 (22.8) C (C) 

Overall 25.3 (26.1) C (C)  
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2. Alternative 2: Left-Turn Lane  
The study intersection is proposed to be modified to restripe Alternate US 40 to include a left-turn lane 
on Alternate US 40 at MD 34 (Potomac Street)/St Paul Street. The restriping of Alternate US 40 will not 
require widening of Alternate US 40 but will result in the loss of on street parking. The left-turn lane 
would have storage for about 4 vehicles (100 feet long plus transition taper). This will result in about 
four (4) to six (6) parking spaces on each side of MD 34 (Potomac Street)/St Paul Street. 
 
Synchro capacity analysis was conducted for the proposed left-turn lane for Alternate US 40 at MD 34 
(Potomac Street)/St Paul Street (Refer to Table 17 – Left-Turn Lane Analysis and Appendix D – 
Synchro/SimTraffic Reports). Based upon the analysis, the overall intersection delay improves for the 
intersection (LOS C/C) and only the westbound Alternate US 40 left turn is at a LOS D in the PM peak 
hour.  The westbound queue drops from 1852 feet down to 320 feet in the PM peak hour. 

 

 
Table 17 - Left-Turn Lane Analysis 

Intersection Approach 
Total Delay 

(s/veh) 
AM (PM) 

LOS 
AM (PM) 

95th %ile Queue 
Length (ft) 
AM (PM) 

Alt US 40 EB LT 29.4 (33.5) C (C) 32 (29) 

 TH 20.0 (23.9) C (C) 258 (339) 

 RT 18.6 (22.5) B (C)  

Alt US 40 WB 

LT 28.0 (47.8) C (D) 80 (113) 

TH 18.2 (21.1) B (C) 216 (320) 

RT 18.6 (18.7) B (B)  

MD 34 NB 
(Potomac Street) 

LT 26.7 (26.5) C (C) 

296 (250) TH 26.6 (28.4) C (C) 

RT 26.7 (26.6) C (C) 

St. Paul Street SB 

LT 17.2 (21.9) B (C) 

88 (125) TH 17.9 (17.9) B (B) 

RT 18.2 (19.3) B (B) 

Overall 21.7 (23.8) C (C)  
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3. Alternative 3: Exclusive Permissive Left-turn Phase  
The study intersection is proposed to be modified to include the left-turn lane and to include 
exclusive/permissive left-turn phasing on Alternate US 40 at MD 34 (Potomac Street)/St Paul Street. 
The combination of exclusive and permissive left-turn phasing should reduce average delay of left-turn 
vehicles.  
 
Synchro capacity analysis was conducted for the proposed exclusive/permissive left-turn phasing for 
Alternate US 40 at MD 34 (Potomac Street)/St Paul Street (Refer to Table 18 – E/P Left-Turn Phasing 
w/ Left-Turn Lane and Appendix D – Synchro/SimTraffic Reports). Based upon the analysis, the overall 
intersection delay is the same for the intersection (LOS C/C). All movements would operate at a LOS 
C or better and the westbound Alternate US 40 left turn improves from a LOS D to a LOS C in the PM 
peak hour. 
 
 

Table 18 - E/P Left-Turn Phasing w/ Left-Turn Lane 

Intersection Approach 
Total Delay 

(s/veh) 
AM (PM) 

LOS 
AM (PM) 

95th %ile Queue 
Length (ft) 
AM (PM) 

Alt US 40 EB LT 21.6 (26.9) C (C) 39 (31) 

 TH 21.3 (26.6) C (C) 267 (360) 

 RT 19.6 (23.1) B (C)  

Alt US 40 WB 

LT 18.7 (30.2) B (C) 79 (100) 

TH 18.9 (21.3) B (C) 209 (326) 

RT 15.4 (18.6) B (B)  

MD 34 NB 
(Potomac Street) 

LT 29.5 (32.1) C (C) 

330 (286) TH 27.5 (32.6) C (C) 

RT 28.6 (32.1) C (C) 

St. Paul Street SB 

LT 19.9 (22.6) B (C) 

94 (128) TH 23.1 (19.6) C (B) 

RT 19.5 (21.5) B (C) 

Overall 23.0 (25.2) C (C)  
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F. Alternate US 40 and MD 34 (Potomac Street)/St. Paul Street Intersection Operational 
Analysis Summary 

 
BAI has reviewed and analyzed the traffic signal operation of the intersection of Alternate US 40 and 
MD 34 (Potomac Street)/St Paul Street. The crash data indicates no left-turn safety concern for the 
Alternate US 40 left turns. Capacity analysis of existing conditions show the intersection operates at an 
acceptable LOS C during the AM and PM peak periods. However, the queues along Alternate US 40 
are 763 feet eastbound and 1852 feet westbound in the PM peak hour. 
 
BAI conducted capacity analyses to evaluate the impact of a westbound lead left-turn phase. The results 
suggest that the overall intersection delay slightly goes up for the intersection but stays at LOS C (C) 
and only the westbound Alternate US 40 left turn is at a LOS D in the PM peak hour. However, the 
queues along Alternate US 40 would be slightly reduced to 591 feet eastbound and 1723 feet 
westbound in the PM peak hour. 
 
BAI conducted capacity analyses to evaluate the impact of a left-turn lane. The results suggest that the 
overall intersection delay slightly improves for the intersection but stays at LOS C (C) and only the 
westbound Alternate US 40 left turn is at a LOS D in the PM peak hour. However, the queues along 
Alternate US 40 would be reduced to 339 feet eastbound and 320 feet westbound in the PM peak hour. 
 
As a third alternative, use of exclusive/permissive left-turn phasing on Alternate US 40 was evaluated. 
The results suggest that the overall intersection delay would be about the same for the AM and PM 
peak period. The westbound left-turn movement along Alternate US 40 would improve to LOS C from 
LOS D.  
 
BAI recommends that the pavement markings along Alternate US 40 be revised to include a left-turn 
lane at the intersection of Alternate US 40 at MD 34 (Potomac Street)/ St Paul Street. The modification 
of the existing phasing to exclusive and permissive left-turn phasing would result in improved 
operations. Consideration will need to be given on how the left-turn lane is designed to reduce the 
number of parking spaces and the impacts to existing businesses. 
 

 

 

 

 

 

 
 
 

 

 
 
 


