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EXECUTIVE SUMMARY 

This traffic report on the intersection of Patriots Road (Route 2A/101) & Gardner Road (Route 101) at 

North/South Main Street is being presented to the Town of Templeton to be used for possible 

traffic flow and safety improvements to the intersection.  The report provides the Town with 

some updated traffic and safety data, data analysis, maps and photos, and studies the feasibility 

of the roundabout alternative (alternative 3) of the 2004 EO418 project.   

 

The major problem at the intersection is the five approach geometry that creates confusion 

among drivers using the intersection.  Safety is a considerable problem at this intersection.  The 

crash rate is significantly higher than the MassHighway District 3 crash rate for unsignalized 

intersections and 1/3
rd

 of the crashes result in injuries.  Angle crashes accounted for the highest 

number of total crashes and injury crashes.  This situation indicates that safety improvements 

should be undertaken at the intersection.   

 

In this report you will find the details on the identified traffic and safety conditions, improvement 

alternatives, and recommendations. The MRPC is available to assist the Town as it determines 

alternatives and recommendations for implementation.  If the Town has any questions about this 

report, please contact George Snow at 978-345-7376 ext 312 or by e-mail at gsnow@mrpc.org. 
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Introduction 

This report provides the Town of Templeton with two major updates for the Patriots 

Road (Rte 2A/101)/Gardner Road (Rte 101) and North Main Street/South Main Street 

intersection that was last studied in 2004 as part of the EO418 project (see Appendix E).  First, 

updated data and analyses are provided that can be used to decide future actions.  Second, the 

feasibility of the roundabout alternative (Alternative 3) of the EO418 study is examined.  The 

updates include:   

• 2007 twenty-four traffic counts taken on approaches to the intersection 

• Changes or improvements to the intersection since 2004 

• 2020 projected PM peak hour turning movement volumes 

• Safety analysis 

• Conceptual drawing of the roundabout alternative (Alternative 3) 

• Roundabout capacity analysis  

• Potential operational and safety improvements at proposed roundabout based on 

findings compiled by the Federal Highway Administration (FHWA)  

Study Area 

The Patriots Road (Rte 2A & 101)/Gardner Road (Rte 101SWB) & 

North Main Street/South Main Street Intersection 

This intersection has five approaches:  

• Patriots Road (Rte 2A/101) - runs westbound (WB)  

• Patriots Road (Rte 2A/101) - runs eastbound (EB) 

• Gardner Road (Rte 101) - runs southwest bound (SWB) 

• North Main Street - runs southbound (SB) 

• South Main Street - runs northbound (NB) 

Patriots Road (Rte 2A/101EB-WB), the major road, is a two-lane arterial with auxiliary 

left turn lanes on each approach, and it has no traffic control devices.  The Patriots Road (Rte 

2A/101) EB approach is divided by a narrow textured and painted median.  Gardner Road (Rte 

101SWB) is a two-lane road/one-way approach to the intersection indicated by ONE WAY signs 

and is stop controlled by two STOP signs.  North and South Main Streets are two-lane roads 

controlled by one STOP sign each.   

Although truck traffic was not counted for the original 2004 study, field observations 

indicate that it is a significant percentage of total traffic at this intersection.  Since 2004 new 

pavement markings have been painted at the intersection.  Figure 1 is an oblique aerial photo of 

the intersection taken in 2002 that includes Orchard Lane.  Figure 2 shows geometric conditions, 

STOP sign locations, and pavement markings of the intersection as they appeared in 2004.  

Figures 3 through 7 are recent photographs of the five approaches.   

The major problem apparent at this intersection is the presence of five approaches.  

Vehicles stopped at the STOP controlled North or South Main Street or Gardner Road (Rte 

101SWB) approaches have numerous conflicting flows of traffic to avoid while making a 

maneuver through the intersection, and there is obvious confusion about right of way among 

vehicles on these approaches.   
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Figure 1 – Study Area 

 

North
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Overview of Analyses 

Operational Analyses 

An intersection may be improved to address poor traffic operation conditions.  

Operational conditions at an intersection are assessed based on the traffic flow that occurs during 

the peak hour (i.e., highest-volume hour) of a typical weekday.  Analyses of current conditions 

are based on traffic data collected in the current year.  For analyses of future conditions, a 

regional traffic growth factor based on historical trends in traffic volumes recorded in the MRPC 

region is used to predict future volumes.    

The Level Of Service (LOS) of a roadway traffic facility represents the quality of traffic 

flow and is used to assess the operation of that traffic facility.  LOS analyses are based on the 

methods in the Highway Capacity Manual (2000) (HCM).  LOS is defined differently for each 

type of traffic facility, such as an unsignalized intersection, signalized intersection, two-lane 

road, or multi-lane road.  For intersections, the LOS criteria are defined by the average amount 

of delay experienced by a vehicle at the intersection due to the traffic controls (i.e., signs or 

signals).  Usually each approach is assessed independently, since the LOS of the major and 

minor approaches may differ greatly.  Table 1 summarizes the LOS average control delay 

criteria for intersections controlled by STOP signs and those controlled by traffic signals.   

Where appropriate in evaluating improvement alternatives, LOS values and average 

control delay were estimated for each alternative and compared. 

Table 1 - Average Control Delay 

Average Control Delay  
(seconds per vehicle) LOS 

Stop-Controlled Signalized 

A #10.0 #10.0 

B 10.1 – 15.0 10.1 – 20.0 
C 15.1 – 25.0 20.1 – 35.0 
D 25.1 – 35.0 35.1 – 55.0 
E 35.1 – 50.0 55.1 – 80.0 
F >50.0 >80.0 

 

The following LOS descriptions apply to intersections: 

• LOS A describes operations with little or no delay due to very low major street traffic 

with many acceptable gaps and traffic flows easily.  

• LOS B describes operations where stopped vehicles experience short traffic delays but 

there are still many acceptable gaps in the major street traffic.   

• LOS C describes operations where stopped vehicles experience average traffic delays 

due to less frequent acceptable gaps in the major street traffic.   

• LOS D describes operations where stopped vehicles experience long traffic delays due to 

a limited number of acceptable gaps in the major street traffic.   

• LOS E describes operations where stopped vehicles experience very long traffic delays 

due to a very small number of acceptable gaps in the major street traffic.  This level is 

considered by many agencies to be the limit of acceptable delay. 

• LOS F describes operations where stopped vehicles experience extreme traffic delays 

due to virtually no acceptable gaps in the major street traffic.  This level, considered to 

be unacceptable to most drivers, often occurs with oversaturation, that is, when arrival 

flow rates exceed the capacity of the intersection. 
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Safety Analyses 

An intersection may be improved to address poor safety conditions.  The MRPC usually 

conducts a preliminary safety conditions assessment based on relevant crash data from the 

Massachusetts Highway Department (MHD).  The most important piece of required information 

for a crash record to be relevant is that it has accurate location information.  The MHD crash data 

for a minimum of the three most recent years is identified for the intersection in question.  The 

data is then examined for certain crash trends which at a minimum include obtaining the total 

number, severity, and manner.  The total number of crashes and traffic volume count data are 

used to calculate an intersection crash rate for the intersection.  Calculating the intersection crash 

rate is an effective tool for identifying and measuring safety problems at an intersection because 

it provides the probability that a crash will occur.  A high intersection crash rate equals a greater 

chance of a crash occurring.  An intersection crash rate is expressed as “crashes per million 

entering vehicles”.  For an intersection in question, the intersection crash rate is calculated as 

follows:  
 

   

 
 

After calculating the intersection crash rate it is then compared to the applicable MHD 

District average crash rates for unsignalized or signalized intersections.  The MRPC has two sets 

of MHD District average crash rates because communities within the MRPC region fall in either 

MHD District 2 or 3.  If the intersection crash rate is above the District average rate, it usually 

indicates a safety problem exists and further study of the safety conditions at the intersection 

should be undertaken if improvements are sought.  Relevant crash reports from the police 

department of the community where the intersection is located will need to be reviewed and 

gathered to determine the full extent of the safety problem.  An intersection site visit is also 

conducted.   

Average # of Crashes for 12 Month Period X 1,000,000 Entering Vehicles 

Average Daily Traffic (ADT) X 365 Days 
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Figure 2 – Patriots Rd (Rte 2A/101)/Gardner Rd (Rte 101)/N Main St/S Main St in 2004 

 

Figure 3 – Approaching the Intersection on South Main Street from the South 
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Figure 4A – Approaching the Intersection on Patriots Rd from the West 
(from south side of Patriots Rd) 

 

Figure 4B – Patriots Rd Westbound Lane Leaving the Intersection 
(from north side of Patriots Rd) 
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Figure 5 – Approaching the Intersection on North Main Street from the North 

 

Figure 6 – Approaching the Intersection on Gardner Road from the Northeast 
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Figure 7 – Approaching the Intersection on Patriots from the East 
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Operational Analyses 

This analysis has not been updated because the 2003 and the projected 2010 analysis are 

still valid at this time.  Turning movement volumes collected during the afternoon peak hour 

(4:00-5:00 PM) in 2003 are shown in Table 2, and projected volumes for the year 2010 are 

shown in Table 3.  LOS, delay, and vehicle queue length are shown in Table 4.  See Appendix 

A for full turning movement counts. 

Table 2 - 2003 PM Peak Hour Turning Movement Volumes 
(vehicles per hour) 

Approach Left Turn Through Right Turn Total 
South Main St - Northbound  16 15 51 82 

North Main St  - Southbound 67 14 48 129 

Gardner Rd/101 - Southwest-bnd 18 144 37 199 

Patriots Rd 2A/101 - Eastbound 78 207 36 321 

Patriots Rd 2A/101 - Westbound  37 186 71 294 

Table 3 - Projected 2010 PM Peak Hour Turning Movement Volumes 
(vehicles per hour) 

Approach Left Turn Through Right Turn Total 
South Main St - Northbound  18 17 58 93 

North Main St  - Southbound 76 16 54 146 

Gardner Rd/101 - Southwest-bnd 20 163 42 225 

Patriots Rd 2A/101 - Eastbound 88 234 41 363 

Patriots Rd 2A/101 - Westbound  42 210 80 332 

 

During the afternoon peak hour, given the volumes shown in Table 2, the Patriots Road 

(Rte 2A/101) approaches both have an LOS of A, which is the best possible value.  The South 

Main Street and Gardner Road (Rte 101SWB) approaches both have an LOS of C, which 

indicates acceptable delays.  The North Main Street approach has an LOS of E, which indicates 

long delays.  For the projected traffic flow in 2010 shown in Table 3, the LOS of the South Main 

Street and Gardner Road (Rte 101SWB) approaches would drop to D, and the LOS of the North 

Main Street approach would drop to F, which indicates an unacceptably long delay.  See Table 4 

below for delay and queue length. 

Table 4 – 2003 & Projected 2010 PM Peak LOS, Delay, Vehicle Queue Length 

LOS 
Delay (seconds per 

vehicle) 
Vehicle Queue 

Length Approach 

2003 2010 2003 2010 2003 2010 

South Main St - Northbound C D 21.8 32.3 1.6 2.7 

North Main St - Southbound  E F 45.3 104.3 4.1 7.6 

Gardner Rd/101 - Southwest-bnd  C D 19.8 26.9 2.6 4.0 

Patriots Rd 2A/101 - Eastbound A A 8.1 8.2 0.3 0.3 

Patriots Rd 2A/101 - Westbound A A 7.9 8.1 0.1 0.2 
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Safety Analyses 

Over a four-year period from 2002-2005 this intersection experienced a total of twenty-

one crashes.  Table 5 shows the crash summary (see Appendix B for full crash table).  However, 

it is highly likely that more crashes occurred here as there are twenty-nine crashes in the MHD 

data with incomplete location information that, if available, may place several at this 

intersection.  Of the four years, 2005 accounts for the highest percentage of total crashes at 38% 

and saw the total number of crashes increase by 100% over year 2004.  Of the twenty-one 

crashes that were located with certainty, fourteen (66.7%) were property damage only crashes 

and seven (33.3%) were nonfatal injury (NFI) crashes.  No fatal crashes occurred. 

According to the following statistics from the Massachusetts Strategic Highway Safety 

Plan (MSHSP), for years 2002-2004 (3-year period) intersection crashes accounted for: 

1. 39% of all crashes that result in fatalities and (incapacitating) injuries in 

Massachusetts.   

2. Of those crashes, nearly 35% occurred at intersections with no controls, 27.4% 

occurred at STOP controlled intersections, 32% occurred at intersections 

controlled by traffic signals, and 6% occurred at intersections controlled by other 

types of traffic control.   

Table 5 – 2002-2005 Crash Summary 

    Crash Severity Crash Manner 
Year of 
Crashes 
 

Percent or Avg 
Injuries Per Injury 
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2005 8 5 3 6 3 2 2 0 1 0 

% or Avg 38.1% 62.5% 37.5% 2.00 37.5% 25.0% 25.0% 0.0% 12.5% 0.0% 

2004 4 3 1 1 1 1 0 0 1 1 

% or Avg 19.0% 75.0% 25.0% 1.00 25.0% 25.0% 0.0% 0.0% 25.0% 25.0% 

2003 4 2 2 3 2 0 0 1 0 1 

% or Avg 19.0% 50.0% 50.0% 1.50 50.0% 0.0% 0.0% 25.0% 0.0% 25.0% 

2002 5 4 1 2 3 0 2 0 0 0 

% or Avg 23.8% 80.0% 20.0% 2.00 60.0% 0.0% 40.0% 0.0% 0.0% 0.0% 

4 YR Totals 21 14 7 12 9 3 4 1 2 2 

% or Avg   66.7% 33.3% 1.71 42.9% 14.3% 19.0% 4.8% 9.5% 9.5% 
                      

         
# of Nonfatal Injuries per 

Crash Manner 
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         7 2 2 1   

            58.3% 16.7% 16.7% 8.3%   
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Compared to the above MSHSP statistics, this intersection is: 

• Approximately 6% lower than injury statistic #1 - 33.3% vs. 39%.   

• Approximately 6% higher than injury statistic #2 - 33.3% vs. 27.4%.   

NFI crashes produced twelve injuries for an average of nearly two injuries (1.71) per NFI crash.  

Year 2005 saw the number of NFI crashes increase by 50% and the number of injuries that 

resulted increase by 100% over year 2003, the previous highest year.     

The crash manner types were as follows: angle crashes (meaning crashes involving at 

least one turning vehicle) accounted for nine (43%) crashes, four (19%) were rear-end crashes,  

three (14.3%) were sideswipe crashes, two (9.5%) were single vehicle crashes, one (4.8%) was a 

head-on crash, and the crash manner was Not Reported or Unknown for two crashes (9.5%).  

Angle crashes also accounted for the highest number of NFI crashes and injuries as follows: 

The number of NFI crashes by crash manner types: 

• Angle crashes accounted for 43% (3 of 7) 

• Single vehicle crashes accounted for 29% (2 of 7) 

• Rear-end crashes accounted for 14% (1 of 7) 

• Not reported/Unknown crashes accounted for 14% (1 of 7) 

The number of injuries by crash manner types:  

• Angle crashes accounted for 58% (7 of 12) 

• Rear-end crashes accounted for 17% (2 of 12) 

• Single vehicle crashes accounted for 17% (2 of 12) 

• Not reported/Unknown crashes accounted for 8% (1 of 12) 

According to the crash rate analyses based on MHD crash data, the crash rate at this 

intersection during 2002-2005 was 1.26 crashes per million entering vehicles.  As mentioned in 

the Introduction, this intersection is STOP controlled (unsignalized).  This rate exceeds the 

MHD District 2 average unsignalized intersection crash rate of 0.85 crashes per million entering 

vehicles, which indicates the existence of a safety problem.  Further study of the safety 

conditions at this intersection should be undertaken if safety improvements are sought.  Relevant 

crash reports from the Templeton Police Department will need to be reviewed and gathered to 

analyze the full extent of the safety problem.  See Appendix B for full crash rate analyses. 

The existing five-way approach geometry of the intersection is most likely the major 

contributing factor to the problematic crash rate and injury statistics.  Vehicles entering the 

intersection have numerous conflicting flows of traffic to avoid while making maneuvers through 

the intersection and there is confusion about right of way among vehicles traversing the 

intersection.  Sight distance appears to be sufficient except to the right for the North Main Street 

approach where vehicles using the approach have been observed pulling forward into the 

intersection to obtain an adequate view.  This is caused by the vegetation, permitted parking, 

dumpster near the corner, and the existing corner geometry (see Figures 3, 4A, 5, 7).   

   

Alternatives 

The EO418 project examined three alternatives to improve intersection layout and traffic 

flow based on projected 2010 traffic conditions.  Alternative 3 has been updated and includes 

projected 2020 traffic conditions and elements of Alternative 2.  The projected PM LOS analysis 

results are summarized in Table 6.  See Appendix C for full LOS analysis summaries. 
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Table 6 - 2010 Projected PM Peak LOS and Delay for Alternatives 

LOS Delay (seconds per vehicle)  
Approach No 

change 
Alt 1 Alt 2 Alt 3 

No 
change 

Alt 1 Alt 2 Alt 3 

South Main St - Northbound  D C C n/c 32.3 32.1 24.7 n/a 

North Main St  - Southbound F D F n/c 104.3 40.5 54.1 n/a 

Gardner Rd/101 - Southwest-bnd D C n/a n/c 26.9 28.5 n/a n/a 

Patriots Rd 2A/101 - Eastbound A C A n/c 8.2 21.7 8.2 n/a 

Patriots Rd 2A/101 - Westbound  A C A n/c 8.1 21.7 8.1 n/a 

Alternative 1: 

Install a traffic signal at this intersection   

A formal traffic control signal warrant study was not conducted.  However the LOS 

analysis shows the following.  Installing a signal would decrease the delay to traffic on North 

Main Street but increase delay to traffic on Patriots Road (Rte 2A/101).  The traffic on South 

Main Street and Gardner Road (Rte 101SWB) would have approximately the same delay as 

without a signal, but the LOS would improve because the delay would be caused by a signal.  

Future study should include a signal warrant study to fully compare the alternatives.   

Alternative 2:  
Convert the intersection into a four-way intersection by eliminating the one-way Gardner 

Road (Rte 101SWB) approach.   

Figure 8 shows the existing and proposed routing for Route 101.  Currently, Routes 

2A/101EB (Patriots Road) and 101SWB (Gardner Road) follow different paths near the 

intersection.  Route 101NEB intersects Route 2A further to the east, following Orchard Lane.  

In this alternative, Gardner Road (Rte 101SWB) traffic is directed to travel on Orchard Lane 

(Route 101).  The LOS of the South Main Street approach would be improved from D to C 

by this alternative, and the delay to traffic on North Main Street would be cut in half, 

although the LOS would not change.  The Patriots Road (Rte 2A/101) approaches would be 

basically unaffected.  Additionally, the eliminated segment of Gardner Road (Rte 101SWB) 

would need to be altered to prevent westbound traffic from utilizing it instead of the 

reconfigured Route 101 layout as described.   

If implemented, the radius of the turns between Orchard Lane (Rte 101) and Patriots 

Road (Rte 2A/101) and Gardner Road (Rte 101) and Orchard Lane (Rte 101) should be 

checked to ensure they will accommodate the trucks that travel on Route 101 through 

Templeton.  Table 7, excerpted from A Policy on Geometric Design of Highways and Streets 

by the American Association of State Highway and Transportation Officials, shows the 

design values for a 90-degree turn at an intersection to allow for various vehicles.   

Table 7 - Curve Radii for Various Design Vehicles at a 90-Degree Turn 

Simple curve radius with taper Design vehicle Simple curve 
radius (ft) Radius (ft) Offset (ft) Taper 

Passenger car 30 20 2.5 10:1 

Single-unit truck 50 40 2.0 10:1 

WB-40 (46’ semi) -- 45 4.0 10:1 

WB-50 (55’ semi) -- 60 4.0 15:1 
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Figure 8 - Existing Routing Of Rte 101 and Alternative 2  

 

Alternative 3:  
Convert the five-way intersection into a four-way single-lane roundabout with a new exit for 

Gardner Road NEB traffic (reverse the Rte 101SWB one-way approach to the northeast) and 

uses routing elements from Alternative 2.   

Modern Roundabout Description 

• It is a form of intersection that consists of a center island, one or more lanes 

circulating around the island, and entry/exit points with triangular splitter islands 

to direct the traffic.   

• Vehicles enter and exit the roundabout by turning right at slow speeds and the 

entering traffic yields to circulating traffic.  Truck traffic is able to negotiate 

circulating through the roundabout through the use of truck aprons on the center 

island. 

• Proper roundabout design includes speed reduction through deflection which 

contribute to safer merging, easier navigation of the intersection, less frequent and 

less severe crashes, and greater pedestrian safety.   

• Roundabouts also require less maintenance and longer service life than traffic 

signals, and they provide an opportunity for attractive landscaping.    
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Figure 9 - Alternative 3: Proposed Roundabout 
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Proposed Roundabout Description  

Figure 9 is a conceptual drawing of the proposed roundabout.  The existing intersection 

footprint would easily accommodate this proposed roundabout as opposed to a five-way 

roundabout which would most likely need a larger footprint that may require property 

takings.  Please note that this proposal serves as a model only and that there are other 

roundabout design options for this intersection.   

The proposed roundabout would have the following dimensions: 

• The outside diameter of the roundabout would be 100 feet. 

• The circular one-lane travel lane within the roundabout would be 17 feet wide.  

• The center island outside diameter would be 66 feet.   

• The truck apron would be 21 feet wide. 

Proposed design elements include: 

• Four of the five existing approaches to the intersection would have one entry lane 

and one exit lane.  Each entry/exit would be divided by splitter islands. 

• The existing one-way direction of the Gardner Road (Rte 101SWB) approach 

(see Figures 2 or 8) would be reversed to the northeast making it an exit from 

the roundabout for NEB traffic.  Vehicle travel would be limited to the right lane 

to align with the Gardner Road (Rte 101) NEB lane east of Orchard Lane.  The 

new direction of this road would entail converting its approach with Orchard 

Lane to a STOP controlled approach.   

• Vehicle travel on the Gardner Road (Rte 101SWB) approach east of Orchard 

Lane would be directed onto Orchard Lane SB as in Alternative 2.  The traffic 

destined for Patriots Road (Rte 2AEB & 2A/101WB) from this approach would 

have the right-of-way over the new Gardner Road (Rte 101) NEB approach at the 

intersection for two reasons:   

1. According to the 2007 24-hour traffic count, the traffic volume for the 

SWB approach is nearly 400 vehicles higher than the NEB approach.  See 

Appendix A for full 24-hour counts.   

2. This proposal calls for the Orchard Lane SB approach with Patriots Road to 

be converted to a STOP controlled approach.  If both the SWB and SB 

approaches were to become STOP controlled, vehicle delay would be 

considerable as a result of vehicles stopping twice within a short distance of 

only 200 feet. 

• The Route 101 section of Orchard Lane would be changed into a SB one-way 

road. 

• These changes would eliminate many turn movements for the Patriots Road at 

Orchard Lane and Gardner Road at Orchard Lane intersections thereby 

eliminating many traffic conflicts that would help improve safety conditions and 

traffic flow at these intersections.     
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Operational Analysis for Proposed Roundabout  

2020 Projections & New Westbound Traffic Volume  

Table 8 builds on the peak hour traffic volumes found in Tables 2 and 3.  It shows the 

traffic volume increase for the WB Patriots Road (Rte 2A/101) approach if either 

Alternatives 2 or 3 were to be implemented and provides 2020 traffic volume projections for 

all approaches.  See the Operational Analyses overview above for the method used to 

calculate the 2020 projections.   

The record (or row) titled New Westbound Volume moves traffic volumes from the 

SWB Gardner Road (Rte 101) approach to the WB Patriots Road (Rte 2A/101) approach.  In 

2003, the traffic volume increase would have been 199 vehicles.  For 2010 and 2020, the 

traffic volume increases are projected to be 225 and 290 vehicles respectfully.  The volume 

data in this table will be adjusted and used in the roundabout capacity analysis below.   

Table 8 – New WB 2003 & Projected 2010 & 2020 PM Peak Hour Turning Movement Volumes 
(vehicles per hour) 

2003 Volumes Turn Movements   
Approach Left Turn  Through Right Turn Total 

Northbound (South Main St) 16 15 51 82 

Southbound (North Main St) 67 14 48 129 
Southwest-bnd (Gardner Rd/101) 18 144 37 199 

Eastbound (Patriots Rd 2A/101) 78 207 36 321 
Westbound (Patriots Rd 2A/101) 37 186 71 294 

New Westbound Volume 55 330 108 493 
          

2010 Volumes Turn Movements   

Approach Left Turn  Through Right Turn Total 

Northbound (South Main St) 18 17 58 93 

Southbound (North Main St) 76 16 54 146 
Southwest-bnd (Gardner Rd/101) 20 163 42 225 

Eastbound (Patriots Rd 2A/101) 88 234 41 363 
Westbound (Patriots Rd 2A/101) 42 210 80 332 

New Westbound Volume 62 373 122 557 
          

2020 Volumes Turn Movements   

Approach Left Turn  Through Right Turn Total 

Northbound (South Main St) 21 20 67 108 

Southbound (North Main St) 88 18 63 169 
Southwest-bnd (Gardner Rd/101) 23.6 188.9 48.5 261.1 

Eastbound (Patriots Rd 2A/101) 102 272 47 421 
Westbound (Patriots Rd 2A/101) 48.5 244.0 93.1 385.7 

New Westbound Volume 72 433 142 647 

Estimated Traffic Volume for new Gardner Rd NEB Exit (or destination) 

Based on an estimate from 2003 and 2007 traffic volumes, the PM peak hour traffic 

volumes for years 2003, 2010, and 2020 that would use the new Gardner Road (Rte 101) 

NEB exit are estimated to be 149, 168, and 195 vehicles respectfully.  See Appendix C to 

see how the estimate was determined.  The traffic volume for this new exit will contribute to 

the circulating traffic volume affecting the capacity of the Patriots Road (Rte 2A/101) WB 

entry approach.   
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Capacity Analysis of the Proposed Roundabout  

Roundabout LOS analysis methodology has not yet been established in the HCM.  This 

is reflected in Table 6 as the LOS and delay values for Alternative 3 are noted as “n/c” for 

“not calculated”.  However, the HCM has established single-lane roundabout capacity 

analysis which is applied below.  The analysis was completed using HCS+ software which 

implements HCM methodologies.    

The MassHighway Project Development & Design Guide defines intersection capacity as 

the maximum flow rate of motor vehicles that can be accommodated through an intersection.  

For roundabouts, “motor vehicle capacity is governed by the ability of entering traffic to 

enter the stream of motor vehicles in the circulating roadway.”  In other words, the capacity 

of each entry approach is analyzed separately and is affected by the circulating flow traffic 

volume.  When capacity is reached vehicles trying to enter the roundabout from an entry 

approach find it difficult to impossible to do so.  Motor vehicle capacity is stated in terms of 

vehicles per hour.   

Table 9 shows the results of the first step of the proposed roundabout capacity analysis.  

The traffic volumes in Table 8 have been adjusted for each entry approach and are used to 

calculate the capacity and assess performance by using the volume-to-capacity (V/C) ratio 

formula.   

Table 9 – 2003 & Predicted 2010 & 2020 Roundabout Circulation 

& Approach Entry Traffic Flow Volumes (vehicles per hour) 

Entry Approach 
Entry Approach 
Flow Volumes 

Origins & Destinations of Circulating Flow Volumes  
Affecting Approach Capacity 

Eastbound:  
Patriots Rd  
(Rte 2A/101) (combines all movements) 

Westbound Left Turn 
Movement 

Southbound Left 
Turn Movement 

Southbound Thru 
Movement 

Total Circulating 
Flow Volume 

Affecting 
Approach  
Capacity 

Years 2003 2010 2020 2003 2010 2020 2003 2010 2020 2003 2010 2020 2003 2010 2020 

Adjusted Volumes 396 446 517 64 72 83 75 86 99 24 27 30 163 185 212 
                                

Westbound:  
Patriots Rd  
(Rte 2A/101) (combines all movements) 

Eastbound Left Turn 
Movement 

Northbound Left 
Turn Movement 

Northbound Thru 
Movement &  

Gardner Rd NEB  
      

Years 2003 2010 2020 2003 2010 2020 2003 2010 2020 2003 2010 2020 2003 2010 2020 

Adjusted Volumes 563 636 739 100 112 130 28 31 36 175 198 230 303 341 396 
                                

Northbound: 
South Main St (combines all movements) 

Eastbound Left Turn 
Movement 

Eastbound Thru 
Movement 

Southbound Left 
Turn Movement 

      

Years 2003 2010 2020 2003 2010 2020 2003 2010 2020 2003 2010 2020 2003 2010 2020 

Adjusted Volumes 118 134 157 100 112 130 244 275 320 75 86 99 419 473 549 
                                

Southbound:  
North Main St (combines all movements) 

Westbound Left Turn 
Movement 

Westbound Thru 
Movement 

Northbound Left 
Turn Movement 

      

Years 2003 2010 2020 2003 2010 2020 2003 2010 2020 2003 2010 2020 2003 2010 2020 

Adjusted Volumes 155 176 202 64 72 83 372 420 488 28 31 36 464 523 607 

Description of Table 9: 

• The “Entry Approach” column lists the four entry approaches to the roundabout 

(see approaches in Figure 9).  

• The “Entry Approach Flow Volumes” column lists the adjusted hourly total entry 

traffic volumes for each entry approach for each analyses year.  These volumes 

are used as the numerator in the V/C ratio formula.   

• The three sub-columns under the heading “Origins & Destinations of Circulating Flow 

Volumes Affecting Approach Capacity” list the traffic origins and destinations that 
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circulate in front of each entry approach and their adjusted hourly total entry 

traffic volume for years 2003, 2010, and 2020.  The “Northern Thru Movement & 

Gardner Rd NEB” sub-column lists the results of combining the NB thru traffic 

volume with the estimated NEB traffic volume that affect the WB entry approach 

capacity. 

• The “Total Circulating Flow Volume Affecting Approach Capacity” column totals the 

adjusted hourly total traffic volume of the traffic destinations that circulate in 

front of each entry approach for years 2003, 2010, and 2020.  For example, the 

2003 volume of 163 vehicles combines the volumes of the “Westbound Left Turn” (64 

vehicles), “Southbound Left Turn” (75 vehicles), and “Southbound Thru” (24 vehicles) 

destinations.   

Table 10 shows the capacity and performance assessment results of each entry approach 

to the proposed roundabout.  Both results show an upper-bound solution and lower-bound 

solution.  The lower-bound solutions present lower capacity results and performance levels 

move closer to capacity.  Because there is limited experience with roundabouts in North 

America, it is recommended that the lower-bound results be used to represent the capacity 

and performance assessment results.  The capacity traffic volumes are used as the 

denominator in the V/C ratio formula.  See Appendix C for capacity analysis summaries. 

Table 10 –Roundabout Capacity and Performance Assessment Results 
(capacity in vehicles per hour) 

 Eastbound: 
Patriots Rd 

(Rte 2A/101) 

Westbound: 
Patriots Rd 

(Rte 2A/101) 

Northbound: 
South Main St 

Southbound: 
North Main St 

Year 2003         

Upper bound 1,219 1,090 995 960 
 Capacity  

Lower bound 1,010 895 809 780 

Upper bound 0.32 0.51 0.12 0.16  Performance 
(v/c Ratio) Lower bound 0.39 0.63 0.15 0.20 

Year 2010         
Upper bound 1,198 1,059 953 917 

 Capacity  
Lower bound 991 866 772 739 

Upper bound 0.37 0.60 0.14 0.19 Performance 
(v/c Ratio) Lower bound 0.45 0.73 0.17 0.24 

Year 2020         
Upper bound 1,171 1,014 897 858 

 Capacity  
Lower bound 967 825 722 687 

Upper bound 0.44 0.73 0.17 0.24 Performance 
(v/c Ratio) Lower bound 0.53 0.89 0.22 0.30 

• The “Eastbound”, “Northbound”, and “Southbound” entry approaches perform well under 

capacity until at least year 2020.  This translates into a traffic flow that will freely 

enter the circulating traffic flow.  It may be suggested that LOS for these entry 

approaches will be very acceptable to drivers. 

• By year 2010, the “Westbound” entry approach will perform under capacity.  This 

translates into a traffic flow that will be stable with only very slight delays.  It may be 

suggested that LOS for this entry approach will be acceptable. 

• By year 2020, the “Westbound” entry approach will perform near capacity.  This 

translates into a traffic flow that will be dense but stable with higher delays.  It may 

be suggested that LOS for this entry approach will be acceptable but delays will be 

noticeable. 
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Improved Safety at the Proposed Roundabout 

Two Safety Benefits 

1. A measurable reduction in crash severity. 

There is a significant safety problem at this intersection which is described above.  

Although there is not a method of predicting crash and crash severity reduction as a result of 

the construction of a roundabout, there is nationwide data that shows a significant reduction 

can occur when one is constructed.  The following statement is comes from the FHWA: 
 

“A 2000 study by the Insurance Institute for Highway Safety and several other 

organizations evaluated 24 intersections in California, Colorado, Florida, Kansas, Maine, 

Maryland, South Carolina, and Vermont before and after construction of roundabouts.   The 

study revealed a 39-percent decrease in crashes, a 76-percent decrease in injury crashes, and 

a 90-percent reduction in crashes involving fatal or incapacitating injuries.  A December 

2002 study of 15 single-lane roundabouts in Maryland showed a 60-percent decrease in 

total crash rates, an 82-percent reduction in injury crash rates, a 100-percent decrease in the 

fatal crash rate, and a 27-percent reduction in property-damage-only (PDO) crash rates.” 
 

2. Roundabouts incorporate safety design. 

Roundabouts are considered to be an innovative safety design by the FHWA to improve 

intersection safety and operational problems.  Roundabout design is described above.  

Because the design creates deflection that slows entering and circulating vehicles, the lower 

vehicle speeds produce lower impact forces when a crash occurs.  Also, when compared to a 

simple four-way intersection, this geometry produces far fewer conflict points that simplifies 

decision making for drivers.  A four-way intersection can have up to 32 vehicle to vehicle 

conflict points, whereas a four-way roundabout has only 8 vehicle to vehicle conflict points.  

A description and diagram of vehicle conflict points can be found in section 5.2 of the safety 

chapter of the FHWA publication Roundabouts: An Informational Guide. 
 

It is highly likely that the construction of a roundabout at this intersection will result in a 

measurable safety improvement similar to the national data described above.  
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Recommendations 

To improve the traffic flow and safety conditions at this intersection, the following 

improvements are recommended: 

Short term recommendation: 

• Remove vegetation and dumpster and restrict parking at the corner of Patriots Road 

and North Main Street to improve sight distance for vehicles trying to enter the 

intersection. 

Long term recommendation: 

• The above analysis demonstrates that a roundabout is feasible at this intersection.  

The operational analyses shows that the intersection will operate under capacity at 

least until 2020 and that safety will improve.  Converting the intersection into a 

modern roundabout as indicated in Alternative 3 for long term improvements should 

be considered. 

• More information about the benefits of roundabouts can be found in the FHWA 

publication: 

Roundabouts: An Informational Guide at: www.tfhrc.gov/safety/00068.htm 

See Chapter 4 at:  http://www.tfhrc.gov/safety/00-0674.pdf 

See Chapter 5 at:  http://www.tfhrc.gov/safety/00-0675.pdf 

See Appendix D for these chapters. 

NEXT STEPS & PROJECT DEVELOPMENT 

Future study should include:  

• Future study should include a complete and thorough comparative analysis of the 

alternatives for better decision making. 

• Conduct an intersection LOS analysis on the projected 2020 pm peak hour 

turning movement volumes for the Operational Analyses section above. 

• Conduct a signal warrant study of the intersection for alternative 1 and alternative 

comparative analyses.  

• Determine proposed roundabout LOS.  This is possible through at least two 

software packages (aaSIDRA and Rodel) that apply LOS criteria to roundabouts.     
 

The Project Development Process is found in Appendix E: 

The document in this appendix is Chapter 2 of the MassHighway Project 

Development & Design Guide.  It provides the procedures that a community must 

take if it decides to seek state or federal funds to pay for a roadway project.  Due to 

the magnitude of the recommendations, coordination with MassHighway is strongly 

recommended.  Reconstruction of the intersection geometrics should be eligible for 

state or federal funding assistance, therefore requests need to go through 

MassHighway.   
 

MRPC Contact: Please contact George Snow at 978-345-7376 ext 312 or by email at 

gsnow@mrpc.org with any questions concerning this report. 
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APPENDIX A 

Traffic Counts 

 



Montachusett Regional Planning Commission
R1427 Water Street
Fitchburg, MA 01420

Tel: (978) 345-7376 Email: mrpc@mrpc.org

 
 
Community: Templeton                    
Street: Gardner Road                    
Location: E. of N. Main St              
Function Class: U-5                     

 
Site Code: 29420073854

Station ID: 
Counter # 16642

Latitude: 0' 0.000 Undefined

Page 1

Start 11-Jul-07 East Hour Totals West Hour Totals Combined Totals
Time Wed Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon

12:00 2 49 3 36
12:15 2 31 0 36
12:30 1 45 1 42
12:45 0 44 5 169 0 31 4 145 9 314
01:00 2 32 1 46
01:15 1 33 3 32
01:30 2 39 1 63
01:45 2 34 7 138 0 39 5 180 12 318
02:00 1 34 3 40
02:15 1 34 1 42
02:30 0 50 1 48
02:45 3 46 5 164 1 44 6 174 11 338
03:00 0 48 2 35
03:15 0 36 1 51
03:30 2 41 0 56
03:45 0 59 2 184 0 34 3 176 5 360
04:00 3 33 1 59
04:15 3 32 2 46
04:30 2 41 7 39
04:45 6 54 14 160 3 35 13 179 27 339
05:00 6 41 4 35
05:15 5 40 19 35
05:30 8 41 27 35
05:45 9 38 28 160 16 27 66 132 94 292
06:00 14 29 10 38
06:15 15 47 44 22
06:30 26 46 39 32
06:45 24 30 79 152 23 22 116 114 195 266
07:00 24 17 43 34
07:15 27 27 37 14
07:30 28 23 65 29
07:45 25 27 104 94 40 38 185 115 289 209
08:00 22 20 45 32
08:15 23 20 50 21
08:30 27 10 40 21
08:45 19 18 91 68 51 16 186 90 277 158
09:00 34 14 41 9
09:15 31 15 38 9
09:30 35 11 39 8
09:45 25 10 125 50 30 10 148 36 273 86
10:00 37 7 32 8
10:15 30 4 43 10
10:30 28 8 29 15
10:45 32 1 127 20 44 13 148 46 275 66
11:00 22 5 47 4
11:15 23 8 44 3
11:30 18 5 48 6
11:45 33 4 96 22 39 8 178 21 274 43
Total  683 1381   1058 1408   1741 2789

Percent  33.1% 66.9%   42.9% 57.1%   38.4% 61.6%



Montachusett Regional Planning Commission
R1427 Water Street
Fitchburg, MA 01420

Tel: (978) 345-7376 Email: mrpc@mrpc.org

 
 
Community: Templeton                    
Street: North Main Street               
Location: N. of Gardner Rd (Rt.101)     
Function Class: U-6                     

 
Site Code: 2942007923

Station ID: 
Counter # 18131

Latitude: 0' 0.000 Undefined

Page 1

Start 11-Jul-07 North Hour Totals South Hour Totals Combined Totals
Time Wed Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon

12:00 6 45 2 31
12:15 5 30 3 34
12:30 4 39 3 35
12:45 5 35 20 149 3 30 11 130 31 279
01:00 2 30 1 28
01:15 1 34 1 38
01:30 1 34 1 30
01:45 0 39 4 137 0 34 3 130 7 267
02:00 0 28 2 33
02:15 1 24 0 33
02:30 1 33 1 15
02:45 3 43 5 128 0 38 3 119 8 247
03:00 0 26 1 32
03:15 0 43 0 29
03:30 0 51 0 30
03:45 1 54 1 174 3 30 4 121 5 295
04:00 0 53 0 35
04:15 0 55 1 25
04:30 0 51 0 25
04:45 1 52 1 211 4 31 5 116 6 327
05:00 2 54 3 29
05:15 3 34 5 39
05:30 2 56 15 28
05:45 3 40 10 184 19 26 42 122 52 306
06:00 6 43 21 16
06:15 5 54 26 23
06:30 9 38 47 24
06:45 13 49 33 184 30 29 124 92 157 276
07:00 18 31 52 26
07:15 27 28 35 29
07:30 20 29 32 21
07:45 25 25 90 113 38 33 157 109 247 222
08:00 17 26 39 27
08:15 28 30 38 12
08:30 21 25 31 19
08:45 13 23 79 104 22 23 130 81 209 185
09:00 17 24 20 28
09:15 20 13 31 12
09:30 23 18 37 15
09:45 28 18 88 73 31 3 119 58 207 131
10:00 24 13 26 13
10:15 24 14 22 17
10:30 23 18 29 12
10:45 29 9 100 54 32 5 109 47 209 101
11:00 32 7 31 7
11:15 33 6 26 2
11:30 27 7 24 11
11:45 37 12 129 32 20 3 101 23 230 55
Total  560 1543   808 1148   1368 2691

Percent  26.6% 73.4%   41.3% 58.7%   33.7% 66.3%



Montachusett Regional Planning Commission
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Community: Templeton                    
Street: North Main Street               
Location: N. of Gardner Rd (Rt.101)     
Function Class: U-6                     

 
Site Code: 2942007923

Station ID: 
Counter # 18131

Latitude: 0' 0.000 Undefined

Page 2

Start 12-Jul-07 North Hour Totals South Hour Totals Combined Totals
Time Thu Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon

12:00 6 * 2 *
12:15 5 * 3 *
12:30 4 * 3 *
12:45 5 * 20 0 3 * 11 0 31 0
01:00 2 * 1 *
01:15 1 * 1 *
01:30 1 * 1 *
01:45 0 * 4 0 0 * 3 0 7 0
02:00 0 * 2 *
02:15 1 * 0 *
02:30 1 * 1 *
02:45 3 * 5 0 0 * 3 0 8 0
03:00 0 * 1 *
03:15 0 * 0 *
03:30 0 * 0 *
03:45 1 * 1 0 3 * 4 0 5 0
04:00 0 * 0 *
04:15 0 * 1 *
04:30 0 * 0 *
04:45 1 * 1 0 4 * 5 0 6 0
05:00 2 * 3 *
05:15 3 * 5 *
05:30 2 * 15 *
05:45 3 * 10 0 19 * 42 0 52 0
06:00 6 * 21 *
06:15 5 * 26 *
06:30 9 * 47 *
06:45 13 * 33 0 30 * 124 0 157 0
07:00 18 * 52 *
07:15 27 * 35 *
07:30 20 * 32 *
07:45 25 * 90 0 38 * 157 0 247 0
08:00 17 * 39 *
08:15 28 * 38 *
08:30 21 * 31 *
08:45 13 * 79 0 22 * 130 0 209 0
09:00 17 * 20 *
09:15 20 * 31 *
09:30 23 * 37 *
09:45 28 * 88 0 31 * 119 0 207 0
10:00 24 * 26 *
10:15 24 * 22 *
10:30 27 * 25 *
10:45 28 * 103 0 25 * 98 0 201 0
11:00 35 * 36 *
11:15 22 * 32 *
11:30 33 * 37 *
11:45 40 * 130 0 22 * 127 0 257 0
Total  564 0   823 0   1387 0

Percent  100.0% 0.0%   100.0% 0.0%   100.0% 0.0%
Grand
Total

 1124 1543   1631 1148   2755 2691

Percent  42.1% 57.9%   58.7% 41.3%   50.6% 49.4%
  

ADT Not Calculated  



Montachusett Regional Planning Commission
R1427 Water Street
Fitchburg, MA 01420

Tel: (978) 345-7376 Email: mrpc@mrpc.org

 
 
Community: Templeton                    
Street: Gardner Road                    
Location: E. of N. Main St              
Function Class: U-5                     

 
Site Code: 29420073854

Station ID: 
Counter # 16642

Latitude: 0' 0.000 Undefined

Page 2

Start 12-Jul-07 East Hour Totals West Hour Totals Combined Totals
Time Thu Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon

12:00 2 * 3 *
12:15 2 * 0 *
12:30 1 * 1 *
12:45 0 * 5 0 0 * 4 0 9 0
01:00 2 * 1 *
01:15 1 * 3 *
01:30 2 * 1 *
01:45 2 * 7 0 0 * 5 0 12 0
02:00 1 * 3 *
02:15 1 * 1 *
02:30 0 * 1 *
02:45 3 * 5 0 1 * 6 0 11 0
03:00 0 * 2 *
03:15 0 * 1 *
03:30 2 * 0 *
03:45 0 * 2 0 0 * 3 0 5 0
04:00 3 * 1 *
04:15 3 * 2 *
04:30 2 * 7 *
04:45 6 * 14 0 3 * 13 0 27 0
05:00 6 * 4 *
05:15 5 * 19 *
05:30 8 * 27 *
05:45 9 * 28 0 16 * 66 0 94 0
06:00 14 * 10 *
06:15 15 * 44 *
06:30 26 * 39 *
06:45 24 * 79 0 23 * 116 0 195 0
07:00 24 * 43 *
07:15 27 * 37 *
07:30 28 * 65 *
07:45 25 * 104 0 40 * 185 0 289 0
08:00 22 * 45 *
08:15 23 * 50 *
08:30 27 * 40 *
08:45 19 * 91 0 51 * 186 0 277 0
09:00 34 * 41 *
09:15 31 * 38 *
09:30 35 * 39 *
09:45 19 * 119 0 31 * 149 0 268 0
10:00 27 * 31 *
10:15 35 * 34 *
10:30 30 * 40 *
10:45 34 * 126 0 41 * 146 0 272 0
11:00 28 * 40 *
11:15 * * * *
11:30 * * * * * * * * * *
11:45 * * * * * * * * * *
Total  608 0   919 0   1459 0

Percent  100.0% 0.0%   100.0% 0.0%   100.0% 0.0%
Grand
Total

 1291 1381   1977 1408   3200 2789

Percent  48.3% 51.7%   58.4% 41.6%   53.4% 46.6%
  

ADT Not Calculated  
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Community: Templeton                    
Street: Patriots Road (Rt.2A)           
Location: E. of S. Main Street          
Function Class: U-3                     

 
Site Code: 002942007916

Station ID: 
Counter # 3545

Latitude: 0' 0.000 Undefined

Page 1

Start 11-Jul-07 East Hour Totals West Hour Totals Combined Totals
Time Wed Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon

12:00 3 42 4 53
12:15 1 46 2 55
12:30 2 51 5 53
12:45 0 47 6 186 0 59 11 220 17 406
01:00 4 49 2 49
01:15 0 46 0 64
01:30 1 47 0 41
01:45 3 54 8 196 3 49 5 203 13 399
02:00 1 54 1 52
02:15 0 63 0 55
02:30 1 95 2 48
02:45 3 69 5 281 3 47 6 202 11 483
03:00 1 116 1 59
03:15 1 93 1 63
03:30 1 95 2 60
03:45 5 88 8 392 5 44 9 226 17 618
04:00 3 101 6 45
04:15 2 75 10 43
04:30 4 95 12 47
04:45 14 79 23 350 20 49 48 184 71 534
05:00 5 74 27 63
05:15 3 85 10 59
05:30 22 70 25 43
05:45 20 75 50 304 52 50 114 215 164 519
06:00 18 60 44 46
06:15 25 60 43 31
06:30 15 65 42 38
06:45 29 59 87 244 41 36 170 151 257 395
07:00 26 40 47 46
07:15 24 54 52 23
07:30 33 37 52 45
07:45 28 50 111 181 38 29 189 143 300 324
08:00 43 36 50 26
08:15 24 42 50 23
08:30 42 38 52 16
08:45 53 19 162 135 49 17 201 82 363 217
09:00 34 20 43 11
09:15 36 39 63 14
09:30 37 21 51 16
09:45 36 9 143 89 72 8 229 49 372 138
10:00 36 12 47 3
10:15 50 5 39 3
10:30 51 14 43 14
10:45 52 8 189 39 36 4 165 24 354 63
11:00 61 10 66 2
11:15 62 11 64 2
11:30 62 3 53 5
11:45 47 4 232 28 50 3 233 12 465 40
Total  1024 2425   1380 1711   2404 4136

Percent  29.7% 70.3%   44.6% 55.4%   36.8% 63.2%



Montachusett Regional Planning Commission
R1427 Water Street
Fitchburg, MA 01420

Tel: (978) 345-7376 Email: mrpc@mrpc.org

 
 
Community: Templeton                    
Street: Patriots Road (Rt.2A)           
Location: E. of S. Main Street          
Function Class: U-3                     

 
Site Code: 002942007916

Station ID: 
Counter # 3545

Latitude: 0' 0.000 Undefined

Page 2

Start 12-Jul-07 East Hour Totals West Hour Totals Combined Totals
Time Thu Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon

12:00 3 * 4 *
12:15 1 * 2 *
12:30 2 * 5 *
12:45 0 * 6 0 0 * 11 0 17 0
01:00 4 * 2 *
01:15 0 * 0 *
01:30 1 * 0 *
01:45 3 * 8 0 3 * 5 0 13 0
02:00 1 * 1 *
02:15 0 * 0 *
02:30 1 * 2 *
02:45 3 * 5 0 3 * 6 0 11 0
03:00 1 * 1 *
03:15 1 * 1 *
03:30 1 * 2 *
03:45 5 * 8 0 5 * 9 0 17 0
04:00 3 * 6 *
04:15 2 * 10 *
04:30 4 * 12 *
04:45 14 * 23 0 20 * 48 0 71 0
05:00 5 * 27 *
05:15 3 * 10 *
05:30 22 * 25 *
05:45 20 * 50 0 52 * 114 0 164 0
06:00 18 * 44 *
06:15 25 * 43 *
06:30 15 * 42 *
06:45 29 * 87 0 41 * 170 0 257 0
07:00 26 * 47 *
07:15 24 * 52 *
07:30 33 * 52 *
07:45 28 * 111 0 38 * 189 0 300 0
08:00 43 * 50 *
08:15 24 * 50 *
08:30 42 * 52 *
08:45 53 * 162 0 49 * 201 0 363 0
09:00 34 * 43 *
09:15 32 * 47 *
09:30 47 * 41 *
09:45 43 * 156 0 37 * 168 0 324 0
10:00 57 * 43 *
10:15 49 * 36 *
10:30 70 * 45 *
10:45 * * 176 0 * * 124 0 300 0
11:00 * * * * * * * * * *
11:15 * * * * * * * * * *
11:30 * * * * * * * * * *
11:45 * * * * * * * * * *
Total  792 0   1045 0   1837 0

Percent  100.0% 0.0%   100.0% 0.0%   100.0% 0.0%
Grand
Total

 1816 2425   2425 1711   4241 4136

Percent  42.8% 57.2%   58.6% 41.4%   50.6% 49.4%
  

ADT Not Calculated  



Montachusett Regional Planning Commission
R1427 Water Street
Fitchburg, MA 01420

Tel: (978) 345-7376 Email: mrpc@mrpc.org

 
 
Community: Templeton                    
Street: Patriots Rd (Rt.2A)             
Location: W. of N. Main St              
Function Class: U-5                     

 
Site Code: 002942007921

Station ID: 
Counter # 7137

Latitude: 0' 0.000 Undefined

Page 1

Start 11-Jul-07 East Hour Totals West Hour Totals Combined Totals
Time Wed Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon

12:00 3 84 10 96
12:15 4 79 4 80
12:30 3 76 2 67
12:45 2 60 12 299 5 73 21 316 33 615
01:00 5 79 1 69
01:15 0 57 2 64
01:30 3 67 4 76
01:45 2 85 10 288 4 90 11 299 21 587
02:00 0 58 3 70
02:15 5 82 2 72
02:30 0 80 1 88
02:45 1 86 6 306 0 79 6 309 12 615
03:00 2 96 5 107
03:15 3 86 4 104
03:30 1 81 1 124
03:45 0 83 6 346 4 118 14 453 20 799
04:00 2 82 3 108
04:15 5 104 6 110
04:30 7 86 8 103
04:45 15 69 29 341 7 80 24 401 53 742
05:00 6 73 25 131
05:15 19 71 38 88
05:30 38 105 34 91
05:45 29 92 92 341 31 94 128 404 220 745
06:00 35 64 55 74
06:15 43 92 53 87
06:30 65 60 65 84
06:45 71 51 214 267 58 100 231 345 445 612
07:00 46 51 52 75
07:15 72 58 73 66
07:30 81 42 85 57
07:45 78 53 277 204 54 56 264 254 541 458
08:00 57 74 57 67
08:15 81 41 52 59
08:30 64 48 60 43
08:45 77 29 279 192 58 44 227 213 506 405
09:00 74 33 56 41
09:15 60 28 69 31
09:30 72 19 51 22
09:45 58 18 264 98 70 30 246 124 510 222
10:00 61 19 70 25
10:15 80 10 75 12
10:30 60 9 81 20
10:45 63 12 264 50 57 8 283 65 547 115
11:00 63 6 62 23
11:15 68 9 76 16
11:30 76 5 79 7
11:45 66 6 273 26 90 12 307 58 580 84
Total  1726 2758   1762 3241   3488 5999

Percent  38.5% 61.5%   35.2% 64.8%   36.8% 63.2%



Montachusett Regional Planning Commission
R1427 Water Street
Fitchburg, MA 01420

Tel: (978) 345-7376 Email: mrpc@mrpc.org

 
 
Community: Templeton                    
Street: Patriots Rd (Rt.2A)             
Location: W. of N. Main St              
Function Class: U-5                     

 
Site Code: 002942007921

Station ID: 
Counter # 7137

Latitude: 0' 0.000 Undefined

Page 2

Start 12-Jul-07 East Hour Totals West Hour Totals Combined Totals
Time Thu Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon

12:00 3 * 10 *
12:15 4 * 4 *
12:30 3 * 2 *
12:45 2 * 12 0 5 * 21 0 33 0
01:00 5 * 1 *
01:15 0 * 2 *
01:30 3 * 4 *
01:45 2 * 10 0 4 * 11 0 21 0
02:00 0 * 3 *
02:15 5 * 2 *
02:30 0 * 1 *
02:45 1 * 6 0 0 * 6 0 12 0
03:00 2 * 5 *
03:15 3 * 4 *
03:30 1 * 1 *
03:45 0 * 6 0 4 * 14 0 20 0
04:00 2 * 3 *
04:15 5 * 6 *
04:30 7 * 8 *
04:45 15 * 29 0 7 * 24 0 53 0
05:00 6 * 25 *
05:15 19 * 38 *
05:30 38 * 34 *
05:45 29 * 92 0 31 * 128 0 220 0
06:00 35 * 55 *
06:15 43 * 53 *
06:30 65 * 65 *
06:45 71 * 214 0 58 * 231 0 445 0
07:00 46 * 52 *
07:15 72 * 73 *
07:30 81 * 85 *
07:45 78 * 277 0 54 * 264 0 541 0
08:00 57 * 57 *
08:15 81 * 52 *
08:30 64 * 60 *
08:45 77 * 279 0 58 * 227 0 506 0
09:00 74 * 56 *
09:15 69 * 67 *
09:30 74 * 78 *
09:45 72 * 289 0 58 * 259 0 548 0
10:00 62 * 57 *
10:15 56 * 63 *
10:30 44 * 76 *
10:45 66 * 228 0 70 * 266 0 494 0
11:00 41 * 57 *
11:15 * * * * * * * * * *
11:30 * * * * * * * * * *
11:45 * * * * * * * * * *
Total  1483 0   1508 0   2893 0

Percent  100.0% 0.0%   100.0% 0.0%   100.0% 0.0%
Grand
Total

 3209 2758   3270 3241   6381 5999

Percent  53.8% 46.2%   50.2% 49.8%   51.5% 48.5%
  

ADT Not Calculated  



Montachusett Regional Planning Commission
R1427 Water Street
Fitchburg, MA 01420

Tel: (978) 345-7376 Email: mrpc@mrpc.org

 
 
Community: Templeton                    
Street: South Main Street               
Location: S. of Patriots Rd (Rt.2A)     
Function Class: U-6                     

 
Site Code: 002942007936

Station ID: 
Counter # 3697

Latitude: 0' 0.000 Undefined

Page 1

Start 11-Jul-07 South Hour Totals North Hour Totals Combined Totals
Time Wed Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon

12:00 2 14 1 14
12:15 0 13 2 12
12:30 1 26 0 16
12:45 1 16 4 69 1 13 4 55 8 124
01:00 2 12 1 11
01:15 1 21 1 14
01:30 0 11 0 10
01:45 0 12 3 56 2 16 4 51 7 107
02:00 1 18 0 16
02:15 0 8 0 12
02:30 1 22 3 19
02:45 1 13 3 61 0 10 3 57 6 118
03:00 1 16 0 16
03:15 1 25 2 15
03:30 0 20 0 16
03:45 3 25 5 86 4 17 6 64 11 150
04:00 0 26 0 16
04:15 0 33 4 19
04:30 3 26 9 19
04:45 5 26 8 111 7 17 20 71 28 182
05:00 1 21 13 19
05:15 2 22 12 19
05:30 7 23 9 18
05:45 6 23 16 89 14 11 48 67 64 156
06:00 9 11 18 14
06:15 9 14 15 17
06:30 4 22 15 2
06:45 9 8 31 55 22 13 70 46 101 101
07:00 10 14 24 15
07:15 5 14 30 7
07:30 8 17 20 19
07:45 6 20 29 65 18 5 92 46 121 111
08:00 5 20 14 7
08:15 10 7 22 6
08:30 8 9 12 3
08:45 13 12 36 48 11 6 59 22 95 70
09:00 14 8 20 2
09:15 10 11 9 9
09:30 16 13 18 4
09:45 26 8 66 40 22 2 69 17 135 57
10:00 11 5 14 2
10:15 12 3 11 2
10:30 18 4 18 4
10:45 21 3 62 15 20 0 63 8 125 23
11:00 7 5 19 0
11:15 20 1 14 0
11:30 12 0 19 0
11:45 18 2 57 8 11 2 63 2 120 10
Total  320 703   501 506   821 1209

Percent  31.3% 68.7%   49.8% 50.2%   40.4% 59.6%



Montachusett Regional Planning Commission
R1427 Water Street
Fitchburg, MA 01420

Tel: (978) 345-7376 Email: mrpc@mrpc.org

 
 
Community: Templeton                    
Street: South Main Street               
Location: S. of Patriots Rd (Rt.2A)     
Function Class: U-6                     

 
Site Code: 002942007936

Station ID: 
Counter # 3697

Latitude: 0' 0.000 Undefined

Page 2

Start 12-Jul-07 South Hour Totals North Hour Totals Combined Totals
Time Thu Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon

12:00 2 * 1 *
12:15 0 * 2 *
12:30 1 * 0 *
12:45 1 * 4 0 1 * 4 0 8 0
01:00 2 * 1 *
01:15 1 * 1 *
01:30 0 * 0 *
01:45 0 * 3 0 2 * 4 0 7 0
02:00 1 * 0 *
02:15 0 * 0 *
02:30 1 * 3 *
02:45 1 * 3 0 0 * 3 0 6 0
03:00 1 * 0 *
03:15 1 * 2 *
03:30 0 * 0 *
03:45 3 * 5 0 4 * 6 0 11 0
04:00 0 * 0 *
04:15 0 * 4 *
04:30 3 * 9 *
04:45 5 * 8 0 7 * 20 0 28 0
05:00 1 * 13 *
05:15 2 * 12 *
05:30 7 * 9 *
05:45 6 * 16 0 14 * 48 0 64 0
06:00 9 * 18 *
06:15 9 * 15 *
06:30 4 * 15 *
06:45 9 * 31 0 22 * 70 0 101 0
07:00 10 * 24 *
07:15 5 * 30 *
07:30 8 * 20 *
07:45 6 * 29 0 18 * 92 0 121 0
08:00 5 * 14 *
08:15 10 * 22 *
08:30 8 * 12 *
08:45 13 * 36 0 11 * 59 0 95 0
09:00 17 * 19 *
09:15 9 * 10 *
09:30 12 * 10 *
09:45 10 * 48 0 12 * 51 0 99 0
10:00 15 * 17 *
10:15 17 * 12 *
10:30 14 * 17 *
10:45 * * 46 0 * * 46 0 92 0
11:00 * * * * * * * * * *
11:15 * * * * * * * * * *
11:30 * * * * * * * * * *
11:45 * * * * * * * * * *
Total  229 0   403 0   632 0

Percent  100.0% 0.0%   100.0% 0.0%   100.0% 0.0%
Grand
Total

 549 703   904 506   1453 1209

Percent  43.8% 56.2%   64.1% 35.9%   54.6% 45.4%
  

ADT Not Calculated  



Montachusett Regional Planning Commission
R1427 Water Street

Fitchburg, MA 01420
Turning Movement Count File Name : 294RT2A&101&NSMAIN RNDB Adj

Site Code : 00867539

Start Date : 11/18/2003

Page No : 1

Town: Templeton, MA

Street: Rt 2A (Patriots Rd)

Location: N/S Main St

Class/Type: Turning Movement Adjusted

Groups Printed- Vehicle

North Main St

From North

Rt 2A (Patriots Rd)

From East

South Main St

From South

Rt 2A (Patriots Rd)

From West

Start Time Right Thru Left
App.

Total
Right Thru Left

App.

Total
Right Thru Left

App.

Total
Right Thru Left

App.

Total

Int.

Total

04:00 PM 13 6 18 37 32 93 13 138 10 38 2 50 7 56 22 85 310

04:15 PM 10 3 19 32 26 70 11 107 16 41 3 60 13 48 25 86 285

04:30 PM 14 3 18 35 26 88 15 129 13 44 4 61 8 42 19 69 294

04:45 PM 11 2 12 25 24 79 16 119 12 41 7 60 8 61 12 81 285

Total 48 14 67 129 108 330 55 493 51 164 16 231 36 207 78 321 1174

05:00 PM 8 2 13 23 29 78 11 118 7 3 3 13 5 39 21 65 219

05:15 PM 14 7 20 41 28 83 8 119 7 6 6 19 6 48 12 66 245

05:30 PM 12 1 14 27 30 77 11 118 11 4 9 24 10 46 14 70 239

05:45 PM 8 3 10 21 18 65 13 96 9 3 6 18 2 38 13 53 188

Total 42 13 57 112 105 303 43 451 34 16 24 74 23 171 60 254 891

Grand Total 90 27 124 241 213 633 98 944 85 180 40 305 59 378 138 575 2065

Apprch % 37.3 11.2 51.5  22.6 67.1 10.4  27.9 59 13.1  10.3 65.7 24   

Total % 4.4 1.3 6 11.7 10.3 30.7 4.7 45.7 4.1 8.7 1.9 14.8 2.9 18.3 6.7 27.8

 North Main St  Traffic Volumes Moved to Rte 2A WB 
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Montachusett Regional Planning Commission
R1427 Water Street

Fitchburg, MA 01420
Turning Movement Count File Name : 294RT2A&101&NSMAIN RNDB Adj

Site Code : 00867539

Start Date : 11/18/2003

Page No : 2

Town: Templeton, MA

Street: Rt 2A (Patriots Rd)

Location: N/S Main St

Class/Type: Turning Movement Adjusted

North Main St

From North

Rt 2A (Patriots Rd)

From East

South Main St

From South

Rt 2A (Patriots Rd)

From West

Start Time Right Thru Left
App.

Total
Right Thru Left

App.

Total
Right Thru Left

App.

Total
Right Thru Left

App.

Total

Int.

Total

Peak Hour Analysis From 04:00 PM to 04:45 PM - Peak 1 of 1

Peak Hour for Entire Intersection Begins at 04:00 PM

04:00 PM 13 6 18 37 32 93 13 138 10 38 2 50 7 56 22 85 310

04:15 PM 10 3 19 32 26 70 11 107 16 41 3 60 13 48 25 86 285

04:30 PM 14 3 18 35 26 88 15 129 13 44 4 61 8 42 19 69 294

04:45 PM 11 2 12 25 24 79 16 119 12 41 7 60 8 61 12 81 285

Total Volume 48 14 67 129 108 330 55 493 51 164 16 231 36 207 78 321 1174

% App. Total 37.2 10.9 51.9  21.9 66.9 11.2  22.1 71 6.9  11.2 64.5 24.3   

PHF .857 .583 .882 .872 .844 .887 .859 .893 .797 .932 .571 .947 .692 .848 .780 .933 .947

 North Main St  Traffic Volumes Moved to Rte 2A WB 
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Justification for adjusting traffic volumes: Traffic origins and destinations will change due the proposed roundabout.  See table named "TABLE: 
ESTIMATING THE CIRCULATING TRAFFIC VOLUME AFFECTING WESTBOUND ENTRY APPROACH" in Appendix C to see how traffic 
origins/destinations and traffic volumes will change and how they were determined.



Montachusett Regional Planning Commission
R1427 Water Street

Fitchburg, MA 01420
Turning Movement Count File Name : 294 RT 2A&101&NSMAIN2

Site Code : 00867539

Start Date : 11/18/2003

Page No : 1

Town: Templeton, MA

Street: Rt 2A (Patriots Rd)

Location: N/S Main St, Gardner Rd

Class/Type: Turning Movement

Groups Printed- Vehicle

North Main St

From North

Gardner Rd

From Northeast

Rt 2A (Patriots Rd)

From East

South Main St

From South

Rt 2A (Patriots Rd)

From West

Start Time Right Thru Left
App.

Total

Hard

Right

Bear

Right

Bear

Left

Hard

Left

App.

Total
Right Thru Left

App.

Total
Right Thru Left

App.

Total
Right Thru Left

App.

Total

Int.

Total

04:00 PM 13 6 18 37 13 35 5 0 53 19 58 8 85 10 1 2 13 7 56 22 85 273

04:15 PM 10 3 19 32 13 35 5 0 53 13 35 6 54 16 3 3 22 13 48 25 86 247

04:30 PM 14 3 18 35 8 37 2 0 47 18 51 13 82 13 7 4 24 8 42 19 69 257

04:45 PM 11 2 12 25 3 37 6 0 46 21 42 10 73 12 4 7 23 8 61 12 81 248

Total 48 14 67 129 37 144 18 0 199 71 186 37 294 51 15 16 82 36 207 78 321 1025

05:00 PM 8 2 13 23 10 35 2 2 49 19 43 9 71 7 3 3 13 5 39 21 65 221

05:15 PM 14 7 20 41 11 31 2 0 44 17 52 6 75 7 6 6 19 6 48 12 66 245

05:30 PM 12 1 14 27 6 25 1 0 32 24 52 10 86 11 4 9 24 10 46 14 70 239

05:45 PM 8 3 10 21 4 16 2 0 22 14 49 11 74 9 3 6 18 2 38 13 53 188

Total 42 13 57 112 31 107 7 2 147 74 196 36 306 34 16 24 74 23 171 60 254 893

Grand Total 90 27 124 241 68 251 25 2 346 145 382 73 600 85 31 40 156 59 378 138 575 1918

Apprch % 37.3 11.2 51.5  19.7 72.5 7.2 0.6  24.2 63.7 12.2  54.5 19.9 25.6  10.3 65.7 24   

Total % 4.7 1.4 6.5 12.6 3.5 13.1 1.3 0.1 18 7.6 19.9 3.8 31.3 4.4 1.6 2.1 8.1 3.1 19.7 7.2 30
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Montachusett Regional Planning Commission
R1427 Water Street

Fitchburg, MA 01420
Turning Movement Count File Name : 294 RT 2A&101&NSMAIN2

Site Code : 00867539

Start Date : 11/18/2003

Page No : 2

Town: Templeton, MA

Street: Rt 2A (Patriots Rd)

Location: N/S Main St, Gardner Rd

Class/Type: Turning Movement

North Main St

From North

Gardner Rd

From Northeast

Rt 2A (Patriots Rd)

From East

South Main St

From South

Rt 2A (Patriots Rd)

From West

Start Time Right Thru Left
App.

Total

Hard

Right

Bear

Right

Bear

Left

Hard

Left

App.

Total
Right Thru Left

App.

Total
Right Thru Left

App.

Total
Right Thru Left

App.

Total

Int.

Total

Peak Hour Analysis From 04:00 PM to 04:45 PM - Peak 1 of 1

Peak Hour for Entire Intersection Begins at 04:00 PM

04:00 PM 13 6 18 37 13 35 5 0 53 19 58 8 85 10 1 2 13 7 56 22 85 273

04:15 PM 10 3 19 32 13 35 5 0 53 13 35 6 54 16 3 3 22 13 48 25 86 247

04:30 PM 14 3 18 35 8 37 2 0 47 18 51 13 82 13 7 4 24 8 42 19 69 257

04:45 PM 11 2 12 25 3 37 6 0 46 21 42 10 73 12 4 7 23 8 61 12 81 248

Total

Volume
48 14 67 129 37 144 18 0 199 71 186 37 294 51 15 16 82 36 207 78 321 1025

% App.

Total
37.2 10.9 51.9  18.6 72.4 9 0  24.1 63.3 12.6  62.2 18.3 19.5  11.2 64.5 24.3   

PHF .857 .583 .882 .872 .712 .973 .750 .000 .939 .845 .802 .712 .865 .797 .536 .571 .854 .692 .848 .780 .933 .939
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APPENDIX B 

Crash Table & Crash Rate Analyses 



Year 

of 

Crash

M
R

P
C

 

In
te

rs
e

c
tio

n
 

C
ra

s
h

 ID

MHD 

Crash 

Number

Crash Date
Crash 

Time
Crash Severity

Number 

of 

Vehicles

Total 

Nonfatal 

Injuries

Total 

Fatal 

Injuries

Manner of 

Collision

Vehicles Travel 

Directions

Most Harmful 

Events

Road 

Surface 

Condition

Ambient Light
Weather 

Condition

At Roadway 

Intersection

Distance from Nearest Roadway 

Intersection

Distance from 

Nearest 

Landmark

Address

2005 1-05 1847460 27-Feb-2005 12:23 PM Non-fatal injury 2 3 Angle
V1:Eastbound / 

V2:Northbound

Crash with motor 

vehicles in traffic
Dry Daylight Cloudy

PATRIOTS ROAD Rte 2A / SOUTH 

MAIN STREET Rte 2A
PATRIOTS ROAD Rte 2A

2005 2-05 1862304 24-Mar-2005 7:05 PM
Property damage 

only
2

Sideswipe, 

opp direction

V1:Northbound / 

V2:Westbound

Crash with motor 

vehicles in traffic
Dry

Dark - rdway 

not lighted
Clear

15 feet W from Intersection NORTH 

MAIN STREET / GARDNER ROAD
NORTH MAIN STREET

2005 3-05 1872012 21-Apr-2005 3:04 PM
Property damage 

only
2 Angle

V1:Northbound / 

V2:Westbound

Crash with motor 

vehicles in traffic
Dry Daylight Clear

120 PATRIOTS ROAD / GARDNER 

ROAD
120 PATRIOTS ROAD

2005 4-05 1895065 28-May-2005 9:53 PM Non-fatal injury 2 2 Rear-end
V1:Westbound / 

V2:Westbound

Crash with motor 

vehicles in traffic
Dry

Dark - lighted 

roadway
Cloudy

PATRIOTS ROAD / NORTH MAIN 

STREET
PATRIOTS ROAD

2005 5-05 1899691 17-Jun-2005 12:42 AM Non-fatal injury 1 1
Single vehicle 

crash
V1:Westbound

Crash with fixed 

object
Wet

Dark - lighted 

roadway
Rain GARDNER ROAD Rte 101 / Rte 101 TMLP 4 GARDNER ROAD Rte 101

2005 6-05 1941736 07-Oct-2005 9:30 AM
Property damage 

only
2 Rear-end

V1:Southbound / 

V2:Eastbound

Crash with motor 

vehicles in traffic
Dry Daylight Cloudy PATRIOTS ROAD Rte 101 / Rte 101

5 CORNER 

INTERSECTION
PATRIOTS ROAD Rte 101

2005 7-05 1944636 17-Oct-2005 9:30 PM
Property damage 

only
2 Angle

V1:Eastbound / 

V2:Eastbound

Crash with motor 

vehicles in traffic
Dry

Dark - lighted 

roadway
Clear

PATRIOTS ROAD / NORTH MAIN 

STREET
PATRIOTS ROAD

2005 8-05 1952757 04-Nov-2005 10:48 AM
Property damage 

only
2

Sdswipe, sm 

direction

V1:Northbound / 

V2:Eastbound

Crash with motor 

vehicles in traffic
Dry Daylight Cloudy

PATRIOTS ROAD / GARDNER 

ROAD
PATRIOTS ROAD

2004 1-04 1687489 20-Jan-2004 4:40 PM
Property damage 

only
2 Angle

V1:Northbound / 

V2:Westbound

Crash with motor 

vehicles in traffic
Dry Daylight Clear

PATRIOTS ROAD / SOUTH MAIN 

STREET
PATRIOTS ROAD

2004 2-04 1690099 15-Feb-2004 1:24 AM Non-fatal injury 1 1
Single vehicle 

crash
V1:Eastbound Crash with curb Dry

Dark - lighted 

roadway
Clear N MAIN STREET / PATRIOTS ROAD

E TEMPLETON 

CENTER
N MAIN STREET

2004 3-04 1862686 07-Mar-2004 4:00 PM
Property damage 

only
2 Unknown

V1:Westbound / 

V2:Not reported
Not reported Dry Daylight Clear

GARDNER RD Rte 

101 / N MAIN ST

2004 4-04 1769656 22-Aug-2004 1:10 PM
Property damage 

only
2

Sdswipe, sm 

direction

V1:Westbound / 

V2:Westbound

Crash with motor 

vehicles in traffic
Dry Daylight Clear

PATRIOTS ROAD Rte 101 / 

GARDNER ROAD Rte 101
PATRIOTS ROAD Rte 101

2003 1-03 1596998 10-Jun-2003 7:58 AM
Property damage 

only
2 Angle

V1:Westbound / 

V2:Northbound

Crash with motor 

vehicles in traffic
Dry Daylight Clear

10 feet S of Intersection PATRIOTS 

ROAD Rte 2A / N MAIN STREET
PATRIOTS RD Rte 2A E

2003 2-03 1595356 12-Jun-2003 3:24 PM
Property damage 

only
2 Head-on

V1:Southbound / 

V2:Westbound

Crash with motor 

vehicles in traffic
Dry Daylight Clear

PATRIOTS ROAD / NORTH MAIN 

STREET
PATRIOTS ROAD

2003 3-03 1671562 12-Dec-2003 12:37 PM Non-fatal injury 2 1 Not reported
V1:Westbound / 

V2:Westbound

Crash with motor 

vehicles in traffic

Not 

reported
Not reported

Not 

reported

PATRIOTS ROAD / GARDNER 

ROAD Rte 101

PATRIOTS ROAD  (FIRE 

PRO TECH)

2003 4-03 1674358 25-Dec-2003 3:53 PM Non-fatal injury 2 2 Angle
V1:Eastbound / 

V2:Northbound

Crash with motor 

vehicles in traffic
Dry Daylight Cloudy

PATRIOTS ROAD Rte 2A / SOUTH 

MAIN STREET

PATRIOTS ROAD Rte 2A 

(E TEMPLETON CENTER)

2002 1-02 1437737 29-Jan-2002 11:07 AM
Property damage 

only
2 Rear-end

V1:Southbound/V

2:Southbound

Crash with motor 

vehicles in traffic
Wet Daylight Cloudy 132B PATRIOTS ROAD

2002 2-02 1466009 15-Jun-2002 6:25 PM Non-fatal injury 2 2 Angle
V1:Westbound/ 

V2:Northbound

Crash with motor 

vehicles in traffic
Wet Daylight Rain

GARDNER RD/ N 

MAIN ST / Rte 101

2002 3-02 1471102 11-Jul-2002 12:03 PM
Property damage 

only
2 Rear-end

V1:Westbound/ 

V2:Westbound

Crash with motor 

vehicles in traffic
Dry Daylight Clear

PATRIOTS ROAD/NORTH MAIN 

STREET
PATRIOTS ROAD

2002 4-02 1480321 25-Aug-2002 1:40 PM
Property damage 

only
2 Angle

V1:Northbound/V

2:Westbound

Crash with motor 

vehicles in traffic
Dry Daylight Cloudy

PATRIOTS ROAD/NORTH MAIN 

STREET
PATRIOTS ROAD

2002 5-02 1521339 16-Dec-2002 10:40 AM
Property damage 

only
2 Angle

V1:Northbound/V

2:Eastbound

Crash with motor 

vehicles in traffic
Snow Daylight Snow GARDNER ROAD/PATRIOTS ROAD GARDNER ROAD

 02 - 05 Crash Data for Patriots Rd/Gardner Rd/North&South Main Sts Intersection in Templeton



 CITY/TOWN : COUNT DATE : Nov-03 MHD USE ONLY

 DISTRICT : 2 UNSIGNALIZED : X SIGNALIZED : Source #

~  INTERSECTION  DATA  ~

 MAJOR STREET: Patriots Rd (Rtes 2A & 101) ST #

 MINOR STREET(S): Gardner Rd (Rte 101 WB) ST #

N Main St ST #

S Main St ST #

ST #

1) N Main St

1)      5) Gardner Rd

North INTERSECTION

4) Patriots Rd 5) REF #

4) 2)

3) S Main St 3) 2) Patriots Rd

PM Peak  Hour  Volumes

1 2 3 4 5

SB WB NB EB WB

129 294 82 321 199 1,025

0.090 APPROACH ADT : 11,389  ADT = TOTAL VOL/"K" FACT.

21
# OF 

YEARS :
4

AVERAGE # OF 

ACCIDENTS ( A ) :
5.25

1.26 RATE  =
( A * 1,000,000 )                     

( ADT * 365 )

Comments :  

Project Title & Date: Patriots Rd & Gardner Rd/N Main St/S Main St Roundabout Feasibility Report 08/07

VOLUMES (PM) :

" K "  FACTOR :

TOTAL # OF 

ACCIDENTS :

CRASH RATE CALCULATION :

DIAGRAM

(Label Approaches)

APPROACH :
Total Entering 

Vehicles
DIRECTION :

MassHighwayMassHighwayMassHighwayMassHighway
CRASH  RATE  WORKSHEET

Templeton

INTERSECTION
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APPENDIX C 

LOS Analyses Summaries 

Circulating Traffic Volume Estimate for WB Entry  

Roundabout Capacity Analyses Summaries   

 



101 33

75 32

95 41

79 54

350 160

Thru 207 Left Turn 67 Right Turn 51 46% of

Thru* 15 325 325 equals NB Thru + NEB total

149

Thru 234 Left Turn 76 Right Turn 58 46% of

Thru* 17 368 368 equals NB Thru + NEB total

168

Thru 272 Left Turn 88 Right Turn 67 46% of

Thru* 20 427 427 equals NB Thru + NEB total

195

NOTES:

(green) percentage (46%) used to calculate Gardner Rd NEB volume for 2003, 2010, 2020

(yellow) EB & NEB volume 

*not an EB destination (blue) but is a destination that affects the WB entry approach. Not added to EB volume

(blue & yellow) adds NB Thru volume to Gardner Rd NEB volume. The combined total affects the WB entry approach

EB Volume 

Subtotal 

EB Volume 

Subtotal 

EB Volume 

Subtotal 

Gardner Rd 

NEB Vol

215

2020 Total Volume 

Affecting WB Entry 

Approach

Gardner Rd 

NEB Vol

185

2010 Total Volume 

Affecting WB Entry 

Approach

164

Gardner Rd 

NEB Vol

Eastbound Volume on Patriots Rd East of S Main St

4:00

4:15

4:30

EB (2A W of N/S Main St)

Gardner Rd EB Volume (160) as a Percentage of Patriots Rd EB Volume (350) (160/350) equals:

Assumption: 100% of Gardner EB volume East of Orchard Ln originates from Patriots Rd EB

SB (N Main St) NB (N Main St)

2010 EB Peak Hour Traffic Volume & Origins for Patriots Rd E of N/S Main St

EB (2A W of N/S Main St) SB (N Main St) NB (N Main St)

PM Peak Hour in 15 Minute Intervals PM Peak Hour in 15 Minute Intervals

4:45

2020 EB Peak Hour Traffic Volume & Origins for Patriots Rd E of N/S Main St

EB (2A W of N/S Main St) SB (N Main St) NB (N Main St)

46%

2003 Total Volume 

Affecting WB Entry 

Approach

Table: Estimating the Circulating Traffic Volume Affecting Westbound Entry Approach

2003 EB Peak Hour Traffic Volume & Origins for Patriots Rd E of N/S Main St

4:00

4:15

4:30

4:45

Total Total

Eastbound Volume on Gardner Rd East of Orchard Ln

2007 24 Hour Traffic Volume (Vol) Count Data



Rt 2A/Rt 101/South main St/North Main St – 2003 Unsignalized 5-Way LOS Analysis 

  EB WB NB SB SWB 

  L T R L T R L T R L T R L 
T (bear 

rt) R 

V 78 207 36 37 186 71 16 15 51 67 14 48 18 144 37 

PHF 0.78 0.85 0.69 0.71 0.8 0.93 0.57 0.54 0.8 0.88 0.58 0.86 0.75 0.97 0.71 

vp 100 244 52 52 233 76 28 28 64 76 24 56 24 148 52 

lane group L TR L TR LTR LTR LTR (2 lanes) 

tc,base 4.1 n/a n/a 4.1 n/a na 7.5 6.5 6.9 7.5 6.5 6.9 7.5 6.5 6.9 

tc 4.1 n/a n/a 4.1 n/a na 7.5 6.5 6.9 7.5 6.5 6.9 7.5 6.5 6.9 

tf 2.2 n/a n/a 2.2 n/a n/a 3.5 4.0 3.3 3.5 4.0 3.3 3.5 4.0 3.3 

vc 309 n/a n/a 296 n/a n/a 959 470 270 1051 535 271 911 371 76 

cp 1263 n/a n/a 1277 n/a n/a 214 495 734 184 454 733 232 562 976 

cm 1263 n/a n/a 1277 n/a n/a 133 437 734 146 401 733 184 496 976 

p0 0.92 n/a n/a 0.96 n/a n/a 0.79 0.94 0.91 0.48 0.94 0.92 0.87 0.70 0.95 

v/cm 0.08 n/a n/a 0.04 n/a n/a 0.21 0.06 0.09 0.52 0.06 0.08 0.13 0.30 0.05 

c 1263 n/a 1277 n/a 332 237 465 

v/c 0.08 n/a 0.04 n/a 0.36 0.66 0.48 

queue length 0.3 n/a 0.1 n/a 1.6 4.1 2.6 

control delay 8.1 n/a 7.9 n/a 21.8 45.3 19.8 

LOS A A C E C 
 

Rt 2A/Rt 101/South main St/North Main St – 2010 Unsignalized 5-Way LOS Analysis 

  EB WB NB SB SWB 

  L T R L T R L T R L T R L 
T(bear 

rt) R 

V 88 234 41 42 210 80 18 17 58 76 16 54 20 163 42 

PHF 0.78 0.85 0.69 0.71 0.8 0.93 0.57 0.54 0.8 0.88 0.58 0.86 0.75 0.97 0.71 

vp 113 275 59 59 263 86 32 31 73 86 28 63 27 168 59 

lane group L TR L TR LTR LTR LTR (2 lanes) 

tc,base 4.1 n/a n/a 4.1 n/a na 7.5 6.5 6.9 7.5 6.5 6.9 7.5 6.5 6.9 

tc 4.1 n/a n/a 4.1 n/a na 7.5 6.5 6.9 7.5 6.5 6.9 7.5 6.5 6.9 

tf 2.2 n/a n/a 2.2 n/a n/a 3.5 4.0 3.3 3.5 4.0 3.3 3.5 4.0 3.3 

vc 349 n/a n/a 334 n/a n/a 1084 531 305 1188 606 306 1031 420 86 

cp 1221 n/a n/a 1237 n/a n/a 174 457 697 146 414 696 190 528 962 

cm 1221 n/a n/a 1237 n/a n/a 96 395 697 110 358 696 143 456 962 

p0 0.91 n/a n/a 0.95 n/a n/a 0.67 0.92 0.90 0.22 0.92 0.91 0.81 0.63 0.94 

v/cm 0.09 n/a n/a 0.05 n/a n/a 0.33 0.08 0.10 0.78 0.08 0.09 0.19 0.37 0.06 

c 1221 n/a 1237 n/a 264 187 411 

v/c 0.09 n/a 0.05 n/a 0.52 0.95 0.62 

queue length 0.3 n/a 0.2 n/a 2.7 7.6 4.0 

control delay 8.2 n/a 8.1 n/a 32.3 104.3 26.9 

LOS A A D F D 



Rt 2A/Rt 101/South main St/North Main St – 2010 Signalized 5-Way LOS Analysis 

  EB WB NB SB SWB 

  L T R L T R L T R L T R L T (bear rt) R 

V 88 234 41 42 210 80 18 17 58 76 16 54 20 163 42 

PHF 0.78 0.85 0.69 0.71 0.8 0.93 0.57 0.54 0.8 0.88 0.58 0.86 0.75 0.97 0.71 

vp 113 275 59 59 263 86 32 31 73 86 28 63 27 168 59 

lane group L TR L TR LTR LTR LTR (2 lanes) 

s 840 1850 869 1830 1577 1457 3263 

v 113 334 59 349 136 177 254 

phase 1 2 3 

tL 7 7 7 

g 25 13 13 

g/C 0.35 0.18 0.18 

c 292 642 302 635 285 263 589 

v/c 0.39 0.52 0.20 0.55 0.48 0.67 0.43 

v/s 0.13 0.18 0.07 0.19 0.09 0.12 0.08 

d1 17.7 18.7 16.5 19.0 26.5 27.5 26.2 

d2 3.8 3.0 1.4 3.4 5.6 12.9 2.3 

d3 0 0 0 0 0 0 0 

d 21.6 21.7 17.9 22.4 32.1 40.5 28.5 

LOS C C B C C D C 

dA 21.7 21.7 32.1 40.5 28.5 

LOSA C C C D C 

YC 0.39                            

L 9               

Xc 0.45               
 



EB WB NB SB

Left Turn Traffic Volume, veh/h 78 55 16 67 
Peak Hour Factor 0.78 0.86 0.57 0.88 

Flow rate, veh/h 100 63 28 76 

Thru Traffic Volume, veh/h 207 330 15 14 
Peak Hour Factor 0.85 0.89 0.54 0.58 

Flow rate, veh/h 243 370 27 24 

Right Turn Traffic Volume, veh/h 36 108 51 48 
Peak Hour Factor 0.69 0.88 0.80 0.86 

Flow rate, veh/h 52 122 63 55 

EB WB* NB SB

 Capacity  Upper bound 1219 995 962 

 Lower bound 1010 809 780 

 v/c Ratio  Upper bound 0.32 0.12 0.16 

 Lower bound 0.39 0.15 0.20 

Year 2003A Roundabout Capacity Analysis Summary**

*See Year 2003B for WB Entry Approach

**This is a modified version of the HCS printout

Vcs 461 

Entry Approach Capacity Computation

Vcw 155 

Vcn 419 

Circulating Flow Computation

Approach Flow (veh/h) Vc (veh/h)

Vce 163 

Van 118 

Vas 155 

Vae 395 

Vaw 555 

Approach Flow Computation

Approach Flow (veh/h) Va (veh/h)

Volume Adjustments

4:00:00 PM Peak



EB WB NB SB

Left Turn Traffic Volume, veh/h 78 55 16 67 

Peak Hour Factor 0.78 0.86 0.57 0.88 

Flow rate, veh/h 100 63 28 76 

Thru Traffic Volume, veh/h 207 330 164 14 

Peak Hour Factor 0.85 0.89 0.93 0.58 

Flow rate, veh/h 243 370 176 24 

Right Turn Traffic Volume, veh/h 36 108 51 48 

Peak Hour Factor 0.69 0.84 0.80 0.86 

Flow rate, veh/h 52 128 63 55 

EB WB NB* SB

 Capacity  Upper bound 1219 1090 962 

 Lower bound 1010 895 780 

 v/c Ratio  Upper bound 0.32 0.51 0.16 

 Lower bound 0.39 0.63 0.20 

*See Year 2003A for NB Entry Approach

**This is a modified version of the HCS printout

Vcs 461 

Entry Approach Capacity Computation

Vcw 304 

Vcn 419 

Circulating Flow Computation

Approach Flow (veh/h) Vc (veh/h)

Vce 163 

Van 267 

Vas 155 

Vae 395 

Vaw 561 

Approach Flow Computation

Approach Flow (veh/h) Va (veh/h)

Volume Adjustments

4:00:00 PM Peak

Year 2003B Roundabout Capacity Analysis Summary**



EB WB NB SB

Left Turn Traffic Volume, veh/h 88 62 18 76 

Peak Hour Factor 0.78 0.86 0.57 0.88 

Flow rate, veh/h 112 72 31 86 

Thru Traffic Volume, veh/h 234 373 17 16 

Peak Hour Factor 0.85 0.89 0.54 0.58 

Flow rate, veh/h 275 419 31 27 

Right Turn Traffic Volume, veh/h 41 122 58 54 

Peak Hour Factor 0.69 0.84 0.80 0.86 

Flow rate, veh/h 59 145 72 62 

EB WB* NB SB

 Capacity  Upper bound 1198 953 917 

 Lower bound 991 772 739 

 v/c Ratio  Upper bound 0.37 0.14 0.19 

 Lower bound 0.45 0.17 0.24 

**This is a modified version of the HCS printout

Year 2010A Roundabout Capacity Analysis Summary**

*See Year 2010B for WB Entry Approach

Vcs 522 

Entry Approach Capacity Computation

Vcw 174 

Vcn 473 

Circulating Flow Computation

Approach Flow (veh/h) Vc (veh/h)

Vce 185 

Van 134 

Vas 175 

Vae 446 

Vaw 636 

Approach Flow Computation

Approach Flow (veh/h) Va (veh/h)

Volume Adjustments

4:00:00 PM Peak



EB WB NB SB

Left Turn Traffic Volume, veh/h 88 62 18 76 

Peak Hour Factor 0.78 0.86 0.57 0.88 

Flow rate, veh/h 112 72 31 86 

Thru Traffic Volume, veh/h 234 373 185 16 

Peak Hour Factor 0.85 0.89 0.93 0.58 

Flow rate, veh/h 275 419 198 27 

Right Turn Traffic Volume, veh/h 41 122 58 54 

Peak Hour Factor 0.69 0.84 0.80 0.86 

Flow rate, veh/h 59 145 72 62 

EB WB NB* SB

 Capacity  Upper bound 1198 1059 917 

 Lower bound 991 866 739 

 v/c Ratio  Upper bound 0.37 0.60 0.19 

 Lower bound 0.45 0.73 0.24 

*See Year 2010A for NB Entry Approach

**This is a modified version of the HCS printout

Vcs 522 

Entry Approach Capacity Computation

Vcw 341 

Vcn 473 

Circulating Flow Computation

Approach Flow (veh/h) Vc (veh/h)

Vce 185 

Van 301 

Vas 175 

Vae 446 

Vaw 636 

Approach Flow Computation

Approach Flow (veh/h) Va (veh/h)

Year 2010B Roundabout Capacity Analysis Summary**

Volume Adjustments

4:00:00 PM Peak



EB WB NB SB

Left Turn Traffic Volume, veh/h 102 72 21 88 

Peak Hour Factor 0.78 0.86 0.57 0.88 

Flow rate, veh/h 130 83 36 100 

Thru Traffic Volume, veh/h 272 433 20 18 

Peak Hour Factor 0.85 0.89 0.54 0.58 

Flow rate, veh/h 319 486 37 31 

Right Turn Traffic Volume, veh/h 47 142 67 63 

Peak Hour Factor 0.69 0.84 0.80 0.86 

Flow rate, veh/h 68 169 83 73 

EB WB* NB SB

 Capacity  Upper bound 1171 897 858 

 Lower bound 967 722 687 

 v/c Ratio  Upper bound 0.44 0.17 0.24 

 Lower bound 0.53 0.22 0.30 

*See Year 2020B for WB Entry Approach

**This is a modified version of the HCS printout

Vcs 605 

Entry Approach Capacity Computation

Vcw 203 

Vcn 549 

Circulating Flow Computation

Approach Flow (veh/h) Vc (veh/h)

Vce 214 

Van 156 

Vas 204 

Vae 517 

Vaw 738 

Approach Flow Computation

Approach Flow (veh/h) Va (veh/h)

Year 2020A Roundabout Capacity Analysis Summary**

Volume Adjustments

4:00:00 PM Peak



EB WB NB SB

Left Turn Traffic Volume, veh/h 102 72 21 88 

Peak Hour Factor 0.78 0.86 0.57 0.88 

Flow rate, veh/h 130 83 36 100 

Thru Traffic Volume, veh/h 272 433 215 18 

Peak Hour Factor 0.85 0.89 0.93 0.58 

Flow rate, veh/h 319 486 231 31 

Right Turn Traffic Volume, veh/h 47 142 67 63 

Peak Hour Factor 0.69 0.84 0.80 0.86 

Flow rate, veh/h 68 169 83 73 

EB WB NB* SB

 Capacity  Upper bound 1171 1013 858 

 Lower bound 967 825 687 

 v/c Ratio  Upper bound 0.44 0.73 0.24 

 Lower bound 0.53 0.89 0.30 

*See Year 2020A for NB Entry Approach

**This is a modified version of the HCS printout

Vcs 605 

Entry Approach Capacity Computation

Vcw 397 

Vcn 549 

Circulating Flow Computation

Approach Flow (veh/h) Vc (veh/h)

Vce 214 

Van 350 

Vas 204 

Vae 517 

Vaw 738 

Approach Flow Computation

Approach Flow (veh/h) Va (veh/h)

Year 2020B Roundabout Capacity Analysis Summary**

Volume Adjustments

4:00:00 PM Peak
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APPENDIX D 

Roundabouts: An Informational Guide 

Chapter 4: Operation & Chapter 5: Safety 
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81Roundabouts: An Informational Guide  •  4: Operation

Roundabouts produce both controldelay and geometric delay.

This chapter presents methods for analyzing the operation of an existing or plannedroundabout. The methods allow a transportation analyst to assess the operationalperformance of a facility, given information about the usage of the facility and itsgeometric design elements. An operational analysis produces two kinds of esti-mates: (1) the capacity of a facility, i.e., the ability of the facility to accommodatevarious streams of users, and (2) the level of performance, often measured in termsof one or more measures of effectiveness, such as delay and queues.
The Highway Capacity Manual (1) (HCM) defines the capacity of a facility as “themaximum hourly rate at which persons or vehicles can reasonably be expected totraverse a point or uniform section of a lane or roadway during a given time periodunder prevailing roadway, traffic, and control conditions.” While capacity is a spe-cific measure that can be defined and estimated, level of service (LOS) is a qualita-tive measure that “characterizes operational conditions within a traffic stream andtheir perception by motorists and passengers.” To quantify level of service, theHCM defines specific measures of effectiveness for each highway facility type.Control delay is the measure of effectiveness that is used to define level of serviceat intersections, as perceived by users. In addition to control delay, all intersectionscause some drivers to also incur geometric delays when making turns. A systemsanalysis of a roadway network may include geometric delay because of the slowervehicle paths required for turning through intersections. An example speed profileis shown in Chapter 6 to demonstrate the speed reduction that results from geo-metric delay at a roundabout.
While an operational analysis can be used to evaluate the performance of an exist-ing roundabout during a base or future year, its more common function in the U.S.may be to evaluate new roundabout designs.
This chapter:
• Describes traffic operations at roundabouts;• Lists the data required to evaluate the performance of a roundabout;• Presents a method to estimate the capacity of five of the six basic round-about configurations presented in this guide;• Describes the measures of effectiveness used to determine the performanceof a roundabout and a method to estimate these measures; and• Briefly describes the computer software packages available to implement thecapacity and performance analysis procedures.
Appendix A provides background information on the various capacity relationships.

Chapter 4 Operation
CONTENTS



Federal Highway Administration82

4.1  Traffic Operation at Roundabouts

4.1.1  Driver behavior and geometric elements
A roundabout brings together conflicting traffic streams, allows the streams tosafely merge and traverse the roundabout, and exit the streams to their desireddirections. The geometric elements of the roundabout provide guidance to driversapproaching, entering, and traveling through a roundabout.
Drivers approaching a roundabout must slow to a speed that will allow them tosafely interact with other users of the roundabout, and to negotiate the round-about. The width of the approach roadway, the curvature of the roadway, and thevolume of traffic present on the approach govern this speed. As drivers approachthe yield line, they must check for conflicting vehicles already on the circulatingroadway and determine when it is safe and prudent to enter the circulating stream.The widths of the approach roadway and entry determine the number of vehiclestreams that may form side by side at the yield line and govern the rate at whichvehicles may enter the circulating roadway. The size of the inscribed circle affectsthe radius of the driver’s path, which in turn determines the speed at which driverstravel on the roundabout. The width of the circulatory roadway determines thenumber of vehicles that may travel side by side on the roundabout.
The British (2), French (3), and German (4) analytical procedures are based on em-pirical relationships that directly relate capacity to both traffic characteristics androundabout geometry. The British empirical relationships reveal that small sublanechanges in the geometric parameters produce significant changes in capacity.
For instance, if some approaches are flared or have additional short lanes, theseprovide considerably more capacity for two reasons. First, wider entries requirewider circulatory roadway widths. This provides for more opportunities for the cir-culatory traffic to bunch together, thus increasing the number of acceptable oppor-tunities to enter, thereby increasing capacity. Second, the typical size of groups ofdrivers entering into acceptable opportunities in the circulatory traffic is quite small,so short lanes can be very effective in increasing group sizes, because the shortlane is frequently able to be filled.
The British (2) use the inscribed circle diameter, the entry width, the approach(road) half width, the entry radius, and the sharpness of the flare to define theperformance of a roundabout. The sharpness of the flare, S, is a measure of therate at which the extra width is developed in the entry flare. Large values of Scorrespond to short, severe flares, and small values of S correspond to long, gradualflares (5).
The results of the extensive empirical British research indicate that approach halfwidth, entry width, average effective flare length and entry angle have the mostsignificant effect on entry capacity. Roundabouts fit into two general classes: thosewith a small inscribed circle diameter of less than 50 m (165 ft.) and those with adiameter above 50 m. The British relationships provide a means of including both ofthese roundabout types. The inscribed circle diameter has a relatively small effectfor inscribed diameters of 50 m (165 ft) or less. The entry radius has little effect oncapacity provided that it is 20 m (65 ft) or more. The use of perpendicular entries (70

Approach speed is governed by:•  Approach roadway width• Roadway curvature• Approach volume

Geometric elements that affectentry capacity include:• Approach half width• Entry width• Entry angle• Average effective flarelength
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degrees or more) and small entry radii (less than 15 m [50 ft]) will reduce capacity.The presence of the geometric parameters in the British and French models allowdesigners to manipulate elements of their design to determine both their opera-tional and safety effects. German research has not been able to find the sameinfluence of geometry, although this may be due to the relatively narrow range ofgeometries in Germany (4).
Thus, the geometric elements of a roundabout, together with the volume of trafficdesiring to use a roundabout at a given time, may determine the efficiency withwhich a roundabout operates.
4.1.2  Concept of roundabout capacity
The capacity of each entry to a roundabout is the maximum rate at which vehiclescan reasonably be expected to enter the roundabout from an approach during agiven time period under prevailing traffic and roadway (geometric) conditions. Anoperational analysis considers a precise set of geometric conditions and traffic flowrates defined for a 15-minute analysis period for each roundabout entry. While con-sideration of Average Annual Daily Traffic volumes (AADT) across all approaches isuseful for planning purposes as provided in Exhibit 1-13 and Chapter 3, analysis ofthis shorter time period is critical to assessing the level of performance of theroundabout and its individual components.
The capacity of the entire roundabout is not considered, as it depends on manyterms. However, Exhibit 1-13 provides threshold average daily traffic volumes forthe various categories of roundabouts, assuming four legs. Below these thresh-olds, a four-legged roundabout with roadways intersecting perpendicularly shouldhave adequate capacity (provided the traffic volumes are reasonably balanced andthe geometry does not deviate substantially from those shown on the design tem-plates in Exhibits 1-7 through 1-12). The focus in this chapter on the roundaboutentry is similar to the operational analysis methods used for other forms ofunsignalized intersections and for signalized intersections. In each case, the capac-ity of the entry or approach is computed as a function of traffic on the other (con-flicting) approaches, the interaction of these traffic streams, and the intersectiongeometry.
For a properly designed roundabout, the yield line is the relevant point for capacityanalysis. The approach capacity is the capacity provided at the yield line. This isdetermined by a number of geometric parameters in addition to the entry width.On multilane roundabouts it is important to balance the use of each lane, becauseotherwise some lanes may be overloaded while others are underused. Poorly de-signed exits may influence driver behavior and cause lane imbalance and conges-tion at the opposite leg.

4.2 Data Requirements
The analysis method described in this chapter requires the specification of trafficvolumes for each approach to the roundabout, including the flow rate for each di-rectional movement. Volumes are typically expressed in passenger car vehicles perhour (vph), for a specified 15-minute analysis period. To convert other vehicle typesto passenger car equivalents (pce), use the conversion factors given in Exhibit 4-1.

Perpendicular entries and small
entry radii reduce capacity;
inscribed circle diameters of 50m (165 ft) or less have littleeffect on  capacity.

Roundabout capacity defined.

Operational analyses consider15-minute volumes, as opposedto the daily volumes used inplanning analyses.

The approach capacity is thecapacity provided at the yieldline.

Different size vehicles havedifferent capacity impacts;passenger cars are used as thebasis for comparison.
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Car 1.0
Single-unit truck or bus 1.5
Truck with trailer 2.0
Bicycle or motorcycle 0.5
Source: (6), (7)

Passenger CarVehicle Type Equivalent (pce)
Exhibit 4-1. Conversion factorsfor passenger car equivalents(pce).

Traffic volume data for an urban roundabout should be collected for each directionalmovement for at least the morning and evening peak periods, since the variousmovements, and thus approach and circulating volumes, may peak at different times.At rural roundabouts, the analyst should check the requirements of the agencywith the jurisdiction of the site. The reader is referred to the Manual of Transporta-tion Engineering Studies (8) for a complete discussion of traffic volume data collec-tion methods. Typically, intersection volume counts are made at the intersectionstop bar, with an observer noting the number of cars that pass that point over aspecified time period. However, particularly with respect to cases in which de-mand exceeds capacity (when queues do not dissipate within the analysis period),it is important to note that the stop bar counts reflect only the volume that isserved, not the demand volume. In this case, care must be taken to collect dataupstream of the end of a queue so that true demand volumes are available foranalysis.
The relationship between the standard origin-to-destination turning movements atan intersection and the circulating and entry flows at a roundabout is important, yetis often complicated to compute, particularly if an intersection has more than fourapproaches. For conventional intersctions, traffic flow data are accumulated by di-rectional turning movement, such as for the northbound left turn. For roundabouts,however, the data of interest for each approach are the entry flow and the circulat-ing flow. Entry flow is simply the sum of the through, left, and right turn move-ments on an approach. Circulating flow is the sum of the vehicles from differentmovements passing in front of the adjacent uptstream splitter island. At existingroundabouts, these flows can simply be measured in the field. Right turns areincluded in approach volumes and require capacity, but are not included in thecirculating volumes downstream because they exit before the next entrance.
For proposed or planned four-legged roundabouts, Equations 4-1 through 4-4 canbe applied to determine conflicting (circulating) flow rates, as shown graphically inExhibit 4-2.
VEB,circ = VWB,LT + VSB,LT + V SB,TH  + VNB,U-turn + VWB,U-turn + VSB,U-turn (4-1)
VWB,circ = VEB,LT + VNB,LT + VNB,TH + VSB,U-turn + VEB,U-turn + VNB,U-turn (4-2)
VNB,circ = VEB,LT + VEB,TH + VSB,LT + VWB,U-turn + VSB,U-turn + VEB,U-turn (4-3)
VSB,circ = VWB,LT + VWB,TH + VNB,LT + VEB,U-turn + VNB,U-turn + VWB,U-turn (4-4)

Determining circulatingvolumes as a function ofturning movement volumes.

Entry flow and circulating flowfor each approach are thevolumes of interest forroundabout capacity analysis,rather than turningmovement volumes.
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Exhibit 4-2. Traffic flowparameters.

While this method is mathematically correct, it is somewhat sensitive to errors andinconsistencies in the input data. It is important that the counts at all of the loca-tions in the roundabout be made simultaneously. Inconsistencies in the data fromcounts taken on different days can produce meaningless results, including nega-tive volumes. At a minimum, the sum of the entering and exiting volumes shouldbe checked and adjustments should be made if necessary to ensure that the sameamount of traffic enters and leaves the roundabout.

For existing roundabouts, when approach, right-turn, circulating, and exit flows arecounted, directional turning movements can be computed as shown in the follow-ing example. Equation 4-5 shows the through movement flow rate for the east-bound approach as a function of the entry flow rate for that approach, the exit flowrate for the opposing approach, the right turn flow rate for the subject approach,the right  turn flow rate for the approach on the right, and the circulating flow ratefor the approach on the right. Other through movement flow rates can be esti-mated using a similar relationship.
VEB,TH  = VEB,entry  + VWB,exit   - VEB,RT  -  VNB,RT  - VNB,circ (4-5)
The left turn flow rate for an approach is a function of the entry flow rate, thethrough flow rate, and the right turn flow rate for that same approach, as shown inEquation 4-6. Again, other movements’ flows are estimated using similar equa-tions.
VEB,LT  = VEB,entry  - VEB,TH  - VEB,RT (4-6)
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4.3 Capacity
The maximum flow rate that can be accommodated at a roundabout entry de-pends on two factors: the circulating flow on the roundabout that conflicts with theentry flow, and the geometric elements of the roundabout.
When the circulating flow is low, drivers at the entry are able to enter the round-about without significant delay. The larger gaps in the circulating flow are moreuseful to the entering drivers and more than one vehicle may enter each gap. Asthe circulating flow increases, the size of the gaps in the circulating flow decrease,and the rate at which vehicles can enter also decreases. Note that when comput-ing the capacity of a particular leg, the actual circulating flow to use may be lessthan demand flows, if the entry capacity of one leg contributing to the circulatingflow is less than demand on that leg.
The geometric elements of the roundabout also affect the rate of entry flow. Themost important geometric element is the width of the entry and circulatory road-ways, or the number of lanes at the entry and on the roundabout. Two entry lanespermit nearly twice the rate of entry flow as does one lane. Wider circulatory road-ways allow vehicles to travel alongside, or follow, each other in tighter bunches andso provide longer gaps between bunches of vehicles. The flare length also affectsthe capacity. The inscribed circle diameter and the entry angle have minor effectson capacity.
As at other forms of unsignalized intersection, when traffic flows on an approachexceed approximately 85 percent of capacity, delays and queue lengths vary sig-nificantly about their mean values (with standard deviations of similar magnitudeas the means). For this reason, the analysis procedures in some countries (Austra-lia, Germany, and the United Kingdom), and this guide, recommend that round-abouts be designed to operate at no more than 85 percent of their estimated ca-pacity.
As performance data become available for roundabouts designed according to theprocedures in this guide in the United States, they will provide a basis for develop-ment of operational performance procedures specifically calibrated for U.S. condi-tions. Therefore, analysts should consult future editions of the Highway CapacityManual.

Roundabouts should bedesigned to operate at no morethan 85 percent of theirestimated capacity. Beyond thisthreshold, delays and queuesvary significantly from theirmean values.

4.3.1 Single-lane roundabout capacity
Exhibit 4-3 shows the expected capacity for a single-lane roundabout for both theurban compact and urban/rural single-lane designs. The exhibit shows the variationof maximum entry flow as a function of the circulating flow on the roundabout. Thecalculation of the circulating flow was described previously. The capacity forecastshown in the chart is valid for single-lane roundabouts with inscribed circle diam-eters of 25 m to 55 m (80 ft to 180 ft). The capacity forecast is based on simplifiedBritish regression relationships in Appendix A, which may also be derived with agap-acceptance model by incorporating limited priority behavior.

Roundabout approach capacityis dependent on the conflictingcirculating flow and theroundabout’s geometricelements.
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Exhibit 4-3. Approach capacityof a single-lane roundabout.

The slope of the upper linechanges because circulatingflow downstream from aroundabout entry should notexceed 1,800 veh/h.

Note that in any case, the flow rate downstream of the merge point (between theentry and the next exit) should not be allowed to exceed 1,800 veh/h. Exceedingthis threshold may indicate the need for a double-lane entry.
The urban compact design is expected to have a reduced capacity, but has signifi-cant benefits of reduced vehicle speeds through the roundabout (per the Germanequations in Appendix A). This increases safety for pedestrians and bicyclists com-pared with the larger single lane roundabouts. Mini-roundabout capacities may beapproximated using the daily maximum service volumes provided for them in Chap-ter 3, but in any case should not exceed the capacity of the urban compact design.

Circulating flow should not
exceed 1,800 veh/h at any
point in a single-laneroundabout. Exit flowsexceeding 1,200 veh/h mayindicate the need for adouble-lane exit.
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4.3.2 Double-lane roundabout capacity
Exhibit 4-4 shows the expected capacity of a double-lane roundabout that is basedon the design templates for the urban/rural double-lane roundabouts. The capacityforecast shown in the chart is valid for double-lane roundabouts with inscribedcircle diameters of 40 m to 60 m (130 ft to 200 ft). The capacity forecast is based onsimplified British regression relationships in Appendix A, which may also be de-rived with a gap-acceptance model by incorporating limited priority behavior. Largerinscribed diameter roundabouts are expected to have slightly higher capacities atmoderate to high circulating flows.

Exhibit 4-4.  Approachcapacity of a double-laneroundabout.

4.3.3 Capacity effect of short lanes at flared entries
By flaring an approach, short lanes may be added at the entry to improve the perfor-mance. If an additional short lane is used, it is assumed that the circulatory roadwidth is also increased accordingly. The capacity of the entry is based on the as-sumption that all entry lanes will be effectively used. The capacity is given by theproduct of the appropriate factor in Exhibit 4-5 and the capacity of a two-lane round-about in Exhibit 4-4. Refer to Appendix A for a derivation of these factors (9).

When flared approaches areused, the circulatory road width
must be widened.

See Appendix A for furtherinformation on the effects of shortlanes at flared entries.
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4.3.4  Comparison of single-lane and double-lane roundabouts
Exhibit 4-6 shows a comparison of the expected capacity for both the single-laneand double-lane roundabouts. Again, it is evident that the number of lanes, or thesize of the entry and circulating roadways, has a significant effect on the entrycapacity.

Exhibit 4-5.  Capacity reductionfactors for short lanes.

The use of short lanes cannearly double approachcapacity, without requiring atwo-lane roadway prior to theroundabout.

Exhibit 4-6.  Capacitycomparison of single-lane anddouble-lane roundabouts.

0 * 0.500
1 0.707
2 0.794
4 0.871
6 0.906
8 0.926
10 0.939

Number of vehicle spaces inthe short lane, nf
Factor (applied to double-laneapproach capacity)

Source (10)

*Used for the case of a single lane entry  to a double-lane roundabout.
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Exhibit 4-7.  Capacity reductionfactor M  for a single-laneroundabout assumingpedestrian priority.

4.3.5 Pedestrian effects on entry capacity
Pedestrians crossing at a marked crosswalk that gives them priority over enteringmotor vehicles can have a significant effect on the entry capacity. In such cases, ifthe pedestrian crossing volume and circulating volume are known, the vehicularcapacity should be factored (multiply by M) according to the relationship shown inExhibit 4-7 or Exhibit 4-8 for single-lane and double-lane roundabouts, respectively.Note that the pedestrian impedance decreases as the conflicting vehicle flow in-creases. The Highway Capacity Manual (1) provides additional guidance on the ca-pacity of pedestrian crossings and should be consulted if the capacity of the cross-walk itself is an issue.

The effects of conflictingpedestrians on approachcapacity decrease as conflictingvehicular volumes increase, asentering vehicles become morelikely to have to stop regardlessof whether pedestrians arepresent.

Source: (10)
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4.3.6  Exit capacity
An exit flow on a single lane of more than 1,400 veh/h, even under good operatingconditions for vehicles (i.e., tangential alignment, and no pedestrians and bicyclists)is difficult to achieve. Under normal urban conditions, the exit lane capacity is in therange of 1,200 to 1,300 veh/h. Therefore, exit flows exceeding 1,200 veh/h mayindicate the need for a double-lane exit (11).

4.4 Performance Analysis
Three performance measures are typically used to estimate the performance of agiven roundabout design: degree of saturation, delay, and queue length. Each mea-sure provides a unique perspective on the quality of service at which a roundaboutwill perform under a given set of traffic and geometric conditions. Whenever pos-sible, the analyst should estimate as many of these parameters as possible toobtain the broadest possible evaluation of the performance of a given roundaboutdesign. In all cases, a capacity estimate must be obtained for an entry to the round-about before a specific performance measure can be computed.

Exhibit 4-8.  Capacityreduction factor M  for adouble-lane roundaboutassuming pedestrian priority.

Source: (10)

Key performance measures forroundabouts:• Degree of saturation• Delay• Queue length
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4.4.1 Degree of saturation
Degree of saturation is the ratio of the demand at the roundabout entry to thecapacity of the entry. It provides a direct assessment of the sufficiency of a givendesign. While there are no absolute standards for degree of saturation, the Austra-lian design procedure suggests that the degree of saturation for an entry lane shouldbe less than 0.85 for satisfactory operation. When the degree of saturation ex-ceeds this range, the operation of the roundabout will likely deteriorate rapidly,particularly over short periods of time. Queues may form and delay begins to in-crease exponentially.

4.4.2 Delay
Delay is a standard parameter used to measure the performance of an intersec-tion. The Highway Capacity Manual (1) identifies delay as the primary measure ofeffectiveness for both signalized and unsignalized intersections, with level of ser-vice determined from the delay estimate. Currently, however, the Highway Capac-ity Manual only includes control delay, the delay attributable to the control device.Control delay is the time that a driver spends queuing and then waiting for anacceptable gap in the circulating flow while at the front of the queue. The formulafor computing this delay is given in Equation 4-7 (12, based on 13; see also 14).Exhibit 4-9 shows how control delay at an entry varies with entry capacity andcirculating flow. Each curve for control delay ends at a volume-to-capacity ratio of1.0, with the curve projected beyond that point as a dashed line.

(4-7)

where: d = average control delay, sec/veh;v x = flow rate for movement x, veh/h;cmx = capacity of movement x, veh/h; andT = analysis time period, h (T = 0.25 for a 15-minute period).
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Note that as volumes approach capacity, control delay increases exponentially,with small changes in volume having large effects on delay. An accurate analysis ofdelay under conditions near or over saturation requires consideration of the follow-ing factors:
• The effect of residual queues. Roundabout entries operating near or over capac-ity can generate significant residual queues that must be accounted for be-tween consecutive time periods. The method presented above does not ac-count for these residual queues. These factors are accounted for in the delayformulae developed by Kimber and Hollis (15); however, these formulae aredifficult to use manually.
• The metering effect of upstream oversaturated entries. When an upstream en-try is operating over capacity, the circulating volume in front of a downstreamentry is less than the true demand. As a result, the capacity of the downstreamentry is higher than what would be predicted from analyzing actual demand.
For most design applications where target degrees of saturation are no more than0.85, the procedures presented in this section are sufficient. In cases where it isdesired to more accurately estimate performance in conditions near or over capac-ity, the use of software that accounts for the above factors is recommended.
Geometric delay is the additional time that a single vehicle with no conflictingflows spends slowing down to the negotiation speed, proceeding through the in-tersection, and accelerating back to normal operating speed. Geometric delay may

Exhibit 4-9. Control delay as afunction of capacity andentering flow.
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be an important consideration in network planning (possibly affecting route traveltimes and choices) or when comparing operations of alternative intersection types.While geometric delay is often negligible for through movements at a signalized orstop-controlled intersection, it can be more significant for turning movements suchas those through a roundabout. Calculation of geometric delay requires an esti-mate of the proportion of vehicles that must stop at the yield line, as well as knowl-edge of the roundabout geometry as it affects vehicle speeds during entry, nego-tiation, and exit. Procedures for calculating the number of stops and geometricdelay are given in the Australian design guide (16).
4.4.3  Queue length
Queue length is important when assessing the adequacy of the geometric designof the roundabout approaches.
The average queue length (L vehicles) can be calculated by Little’s rule, as shown inEquation 4-8 (17):
L = v •  d / 3600 (4-8)
where: v = entry flow, veh/hd = average delay, seconds/veh
Average queue length is equivalent to the vehicle-hours of delay per hour on anapproach. It is useful for comparing roundabout performance with other intersec-tion forms, and other planning procedures that use intersection delay as an input.
For design purposes, Exhibit 4-10 shows how the 95th-percentile queue lengthvaries with the degree of saturation of an approach (18, 19). The x-axis of the graphis the degree of saturation, or the ratio of the entry flow to the entry capacity.Individual lines are shown for the product of T and entry capacity. To determine the95th-percentile queue length during time T, enter the graph at the computed de-gree of saturation. Move vertically until the computed curve line is reached. Thenmove horizontally to the left to determine the 95th-percentile queue length. Alter-natively, Equation 4-8 can be used to approximate the 95th-percentile queue. Notethat the graph and equation are only valid where the volume-to-capacity ratio im-mediately before and immediately after the study period is no greater than 0.85 (inother words, the residual queues are negligible).
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Exhibit 4-10. 95th-percentilequeue length estimation.

(4-9)

where: Q95= 95th percentile queue, veh,vx = flow rate for movement x, veh/h,cm,x= capacity of movement x, veh/h, andT = analysis time period, h (0.25 for 15-minute period).

Source: (19)
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4.4.4 Field observations
The analyst may evaluate an existing roundabout to determine its performance andwhether changes to its design are needed. Measurements of vehicle delay andqueuing can be made using standard traffic engineering techniques. In addition,the analyst can perform a qualitative assessment of the roundabout performance.The following list indicates conditions for which corrective design measures shouldbe taken (20). If the answers to these questions are negative, no corrective actionsneed be taken.
• Do drivers stop unnecessarily at the yield point?• Do drivers stop unnecessarily within the circulating roadway?• Do any vehicles pass on the wrong side of the central island?• Do queues from an external bottleneck back up into the roundabout from an exitroad?• Does the actual number of entry lanes differ from those intended by the de-sign?• Do smaller vehicles encroach on the truck apron?• Is there evidence of damage to any of the signs in the roundabout?• Is there any pedestrian activity on the central island?• Do pedestrians and cyclists fail to use the roundabout as intended?• Are there tire marks on any of the curb surfaces to indicate vehicle contact?• Is there any evidence of minor accidents, such as broken glass, pieces of rim,etc., on the approaches or the circulating roadway?• Is there any gravel or other debris collected in nontraveled areas that could be ahazard to bicycles or motorcyclists?• Are the vehicle speeds appropriate?

4.5 Computer Software for Roundabouts
While the analytical procedures of different countries are not very complex, theyare repetitive and time consuming, so most of these procedures have been imple-mented in software. A summary of current (as of 1999) software products and theanalytical procedures that they implement is presented in Exhibit 4-11. The reader isalso advised to consult the latest version of the U.S. Highway Capacity Manual.While the procedures provided in this chapter are recommended for most applica-tions covered by this guide, models such as ARCADY, RODEL, SIDRA, KREISEL, orGIRABASE may be consulted to determine the effects of geometric parameters,particularly for multilane roundabouts outside the realm of this guide, or for fine-tuning designs to improve performance. Note that many of these models repre-sent different underlying data or theories and will thus produce different results.Chapter 8 provides some information on microscopic simulation modeling whichmay be useful alternatives analysis in systems context.

Points to consider for a qualitativeassessment of roundaboutperformance.
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Name Scope Application and Qualities (1999 versions) Exhibit 4-11.Summary ofroundaboutsoftware productsfor operationalanalysis.British method (50 percent confidence limits). Capacity, delay, andqueuing. Includes projected number of crashes per year. Data werecollected at extensive field studies and from experiments involvingdrivers at temporary roundabouts. Empirical relationships were de-veloped from the data and incorporated into ARCADY. This modelreflects British driving behavior and British roundabout designs. Aprime attribute is that the capacities it predicts have been measured.
British method (user-specified confidence limits). Capacity, delay, andqueuing. Includes both an evaluation mode (geometric parametersspecified) and a design mode (performance targets specified). Includesa crash prediction model. RODEL uses the British empirical equa-tions. It also assists the user in developing an appropriate roundaboutfor the traffic conditions.
Australian method, with analytical extensions. Capacity, delay, queue,fuel, and environmental measures. Also evaluates two-way stop-con-trolled, all-way stop controlled, and signalized intersections. It alsogives roundabout capacities from U.S. HCM 1997 and German pro-cedures. SIDRA is based on gap acceptance processes. It uses fielddata for the gap acceptance parameters to calibrate the model. Therehas been limited field evaluation of the results although experiencehas shown that the results fit Australian and U.S. single-lane (21) round-about conditions satisfactorily. An important attribute is that the usercan alter parameters to easily reflect local driving.
U.S. HCM 1997 method. Limited to capacity estimation based onentering and circulating volume. Optional gap acceptance parametervalues provide both a liberal and conservative estimate of capacity.The data used to calibrate the models were recorded in the U.S. Thetwo curves given reflect the uncertainty from the results. The upper-bound average capacities are anticipated at most roundabouts. Thelower bound results reflect the operation that might be expected untilroundabouts become more common.
Developed in Germany. Offers many user-specified options to imple-ment the full range of procedures found in the literature from U.S.(including this chapter), Europe, Britain, and Australia. KREISEL givesthe average capacity from a number of different procedures. It pro-vides a means to compare these procedures.
French method. Capacity, delay, and queuing projections based onregression. Sensitive to geometric parameters. Gives average val-ues.

All configurations

All configurations

Single-laneroundaboutswith a limitedrange ofvolumes

All configurationsand other controltypes

All configurations

All configurationsincluding multipleroundaboutinteractions

ARCADY

RODEL

SIDRA

HCS-3

KREISEL

GIRABASE
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Chapter   5 Safety
Roundabouts may improve the safety of intersections by eliminating or altering con-flict types, by reducing speed differentials at intersections, and by forcing drivers todecrease speeds as they proceed into and through the intersection. Though round-about crash records in the United States are limited, the experiences of other coun-tries can be used to help design roundabouts in this country. Understanding thesensitivity of geometric element parameters, along with the crash experience, willassist the designer in optimizing the safety of all vehicle occupants, pedestrians, andbicyclists.

5.1 Introduction
Many studies have found that one of the benefits of roundabout installation is theimprovement in overall safety performance. Several studies in the U.S., Europe, andAustralia have found that roundabouts perform better in terms of safety than otherintersection forms (1, 2, 3, 4). In particular, single-lane roundabouts have been foundto perform better than two-way stop-controlled (TWSC) intersections in the U.S. (5).Although the frequency of reported crashes is not always lower at roundabouts, thereduced injury rates are usually reported (6). Safety is better at small and mediumcapacity roundabouts than at large or multilane roundabouts (1, 7). While overallcrash frequencies have been reduced, the crash reductions are most pronounced formotor vehicles, less pronounced for pedestrians, and equivocal for bicyclists, de-pending on the study and bicycle design treatments (4, 6, 7). Crash statistics forvarious user groups are reported in Section 5.3.
The reasons for the increased safety level at roundabouts are:
• Roundabouts have fewer conflict points in comparison to conventional intersec-tions. The potential for hazardous conflicts, such as right angle and left turnhead-on crashes is eliminated with roundabout use. Single-lane approach round-abouts produce greater safety benefits than multilane approaches because offewer potential conflicts between road users, and because pedestrian crossingdistances are short.
• Low absolute speeds associated with roundabouts allow drivers more time toreact to potential conflicts, also helping to improve the safety performance ofroundabouts.• Since most road users travel at similar speeds through roundabouts, i.e., havelow relative speeds, crash severity can be reduced compared to some tradition-ally controlled intersections.• Pedestrians need only cross one direction of traffic at a time at each approachas they traverse roundabouts, as compared with unsignalized intersections. Theconflict locations between vehicles and pedestrians are generally not affectedby the presence of a roundabout, although conflicting vehicles come from amore defined path at roundabouts (and thus pedestrians have fewer places tocheck for conflicting vehicles). In addition, the speeds of motorists entering andexiting a roundabout are reduced with good design. As with other crossings

Roundabouts may improveintersection safety by:
• Eliminating or alteringconflicts
• Decreasing speeds into andthrough the intersection
• Decreasing speeddifferentials
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requiring acceptance of gaps, roundabouts still present visually impaired pe-destrians with unique challenges, as described in Chapter 2.
For the design of a new roundabout, safety can be optimized not only by relying onrecorded past performance of roundabouts in general, but primarily by applying alldesign knowledge proven to impact safety. For optimum roundabout safety andoperational performance the following should be noted:
• Minimizing the number of potential conflicts at any geometric feature shouldreduce the multiple vehicle crash rate and severity.• Minimizing the potential relative speed between two vehicles at the point ofconflict will minimize the multiple vehicle crash rate and severity (it may alsooptimize capacity). To reduce the potential relative speed between vehicles,either the absolute speeds of both vehicles need to be reduced or the anglebetween the vehicle paths needs to be reduced. Commuter bicyclist speedscan range from 20 to 25 km/h (12 to 15 mph) and designs that constrain thespeeds of motor vehicles to similar values will minimize the relative speeds andimprove safety. Lower absolute speeds will also assist pedestrian safety.
• Limiting the maximum change in speed between successive horizontal geo-metric elements will minimize the single vehicle crash rate and severity.

5.2 Conflicts
The frequency of crashes at an intersection is related to the number of conflict pointsat an intersection, as well as the magnitude of conflicting flows at each conflict point.A conflict point is a location where the paths of two motor vehicles, or a vehicle anda bicycle or pedestrian queue, diverge, merge, or cross each other.
Besides conflicts with other road users, the central island of a roundabout pre-sents a particular hazard that may result in over-representation of single-vehiclecrashes that tend to occur during periods of low traffic volumes. At cross intersec-tions, many such violations may go unrecorded unless a collision with anothervehicle occurs.
The following sections present a variety of conflicts among vehicles, bicycles, andpedestrians. Both legal conflicts (queuing at an intersection, merging into a trafficstream) and conflicts prohibited by law or by traffic control devices (failure to yieldto pedestrians, running a stop sign) have been included for completeness. Eventhough traffic control devices can significantly reduce many conflicts, they can noteliminate them entirely due to violations of those devices. Many of the most seri-ous crashes are caused by such violations.
As with crash analyses, conflict analyses are more than the simple enumeration ofthe number of conflicts. A conflict analysis should account for the following fac-tors:
• Existence of conflict point;

Conflict points occur where onevehicle path crosses, merges ordiverges with, or queues behindthe path of another vehicle,pedestrian, or bicycle.

Conflicts can arise from bothlegal and illegal maneuvers;many of the most seriouscrashes are caused by failure toobserve traffic control devices.
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• Exposure, measured by the product of the two conflicting stream volumes at agiven conflict point;• Severity, based on the relative velocities of the conflicting streams (speed andangle); and• Vulnerability, based on the ability for a member of each conflicting stream tosurvive a crash.

5.2.1  Vehicle conflicts
5.2.1.1 Single-lane roundabouts
Exhibit 5-1 presents a diagram of vehicle-vehicle conflict points for a traditionalthree-leg (“T”) intersection and a three-leg roundabout. As the figure shows, thenumber of vehicle-vehicle conflict points for roundabouts decreases from nine tosix for three-leg intersections. Note that these diagrams do not take into accountthe ability to separate conflicts in space (through the use of separate left or rightturning lanes) or time (through the use of traffic control devices such as stop signsor traffic signals).

Roundabouts bring thesimplicity of a “T” intersectionto intersections with more thanthree legs.

Exhibit 5-1. Vehicle conflictpoints for “T” Intersectionswith single-lane approaches.

Exhibit 5-2 presents similar diagrams for a traditional four-leg (“X” or “cross”) inter-section and a four-leg roundabout. As the figure shows, the number of vehicle-vehicle conflict points for roundabouts decreases from 32 to 8 for four-leg intersec-tions.

CONTENTS



Federal Highway Administration106

Exhibit 5-2. Vehicle conflictpoint comparison for intersec-tions with single-lane ap-proaches.

A four-leg single-lane round-about has 75% fewer vehicleconflict points—compared to aconventional intersection.

Conflicts can be divided into three basic categories, in which the degree of severityvaries, as follows:• Queuing conflicts. These conflicts are caused by a vehicle running into the backof a vehicle queue on an approach. These types of conflicts can occur at theback of a through-movement queue or where left-turning vehicles are queuedwaiting for gaps. These conflicts are typically the least severe of all conflictsbecause the collisions involve the most protected parts of the vehicle and therelative speed difference between vehicles is less than in other conflicts.
• Merge and diverge conflicts. These conflicts are caused by the joining or separat-ing of two traffic streams. The most common types of crashes due to mergeconflicts are sideswipes and rear-end crashes. Merge conflicts can be more se-vere than diverge conflicts due to the more likely possibility of collisions to theside of the vehicle, which is typically less protected than the front and rear of thevehicle.
• Crossing conflicts. These conflicts are caused by the intersection of two trafficstreams. These are the most severe of all conflicts and the most likely to involveinjuries or fatalities. Typical crash types are right-angle crashes and head-on crashes.
As Exhibit 5-1 and Exhibit 5-2 show, a roundabout reduces vehicular crossing con-flicts for both three- and four-leg intersections by converting all movements to rightturns. Again, separate turn lanes and traffic control (stop signs or signalization) canoften reduce but not eliminate the number of crossing conflicts at a traditionalintersection by separating conflicts in space and/or time. However, the most se-vere crashes at signalized intersections occur when there is a violation of the traf-fic control device designed to separate conflicts by time (e.g., a right-angle colli-sion due to running a red light, and vehicle-pedestrian collisions). Therefore, theability of single-lane roundabouts to reduce conflicts through physical, geometricfeatures has been demonstrated to be more effective than the reliance on driverobedience of traffic control devices.

Crossing conflicts are the most
severe and carry the highestpublic cost.

Diverging

Crossing

Merging
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5.2.1.2 Double-lane roundabouts
In general, double-lane roundabouts have some of the same safety performancecharacteristics as their simpler single-lane counterparts. However, due to the pres-ence of additional entry lanes and the accompanying need to provide wider circu-latory and exit roadways, double lane roundabouts introduce additional conflictsnot present in single-lane roundabouts. This makes it important to use the mini-mum required number of entry, circulating and exit lanes, subject to capacity con-siderations. For example, according to United Kingdom roundabout crash models,for a 10,000 entering Average Daily Traffic (ADT), flaring the entry width from one totwo lanes is likely to increase injury crashes by 25 percent (8).
The number of vehicular and pedestrian conflicts points in both conventional inter-sections and roundabouts increases considerably when they have additional ap-proach lanes. The designer is encouraged to graphically determine conflicts for aparticular location, as this information can raise awareness of design issues andmay be useful in public presentations.
The types of conflicts present in multilane roundabouts that do not exist in single-lane roundabouts occur when drivers use the incorrect lane or make an improperturn. These types of conflicts are depicted in Exhibit 5-3 and Exhibit 5-4, respec-tively. While these types of conflicts can also be present in other intersection forms,they can be prevalent with drivers who are unfamiliar with roundabout operation.The conflicts depicted in Exhibit 5-4, in particular, can be created by not providing aproper design geometry that allows vehicles to travel side-by-side throughout theentire roundabout (see Chapter 6). Crashes resulting from both types of conflictscan also be reduced through proper driver education.

Double-lane roundabouts have
some of the same safetyperformance characteristics assingle-lane roundabouts, butintroduce additional conflicts.

Incorrect lane use and incorrectturns are multilane roundaboutconflicts that do not exist insingle-lane roundabouts.

Exhibit 5-3. Improper lane-useconflicts in double-laneroundabouts.
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As with single-lane roundabouts, the most severe vehicular crossing conflicts areeliminated and replaced by less severe merging conflicts. The additional conflictsunique to multilane roundabouts are generally low-speed sideswipe conflicts thattypically have low severity. Therefore, although the number of conflict points increasesat multilane roundabouts when compared to a single lane roundabouts, the overallseverity of conflicts is generally less than alternative intersection control.
5.2.2 Pedestrian conflicts
Vehicle-pedestrian conflicts can be present at every intersection, even those withminimal pedestrian volume. The following sections examine pedestrian conflicts atsignalized intersections and at roundabouts.
Signalized intersections offer the opportunity to reduce the likelihood of pedes-trian-vehicle conflicts through the use of signal phasing that allows only a fewmovements to move legally at any given time. Exhibit 5-5 summarizes the typicalpedestrian conflicts present on one approach to a signalized intersection. As theexhibit shows, a pedestrian crossing at a typical signalized intersection (permittedor protected-permitted left turns, right turns on red allowed) faces four potentialvehicular conflicts, each coming from a different direction:
• Crossing movements on red (typically high-speed, illegal)• Right turns on green (legal)• Left turns on green (legal for protected-permitted or permitted left turn phasing)• Right turns on red (typically legal)
In terms of exposure, the illegal movements should be accorded a lower weightthan legal conflicts. However, they may be accorded an offsetting higher weight interms of severity. For an intersection with four single-lane approaches, this resultsin a total of 16 pedestrian-vehicle conflicts.

Exhibit 5-4. Improper turnconflicts in double-laneroundabouts.

Types of pedestrian crossingconflicts present at signalizedintersections.
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Exhibit 5-5. Vehicle-pedestrianconflicts at signalized intersec-tions.

Pedestrians at roundabouts, on the other hand, face two conflicting vehicular move-ments on each approach, as depicted in Exhibit 5-6:• Conflict with entering vehicles; and• Conflict with exiting vehicles.
At conventional and roundabout intersections with multiple approach lanes, an ad-ditional conflict is added with each additional lane that a pedestrian must cross.

The direction conflictingvehicles will arrive from is morepredictable for pedestrians atroundabouts.

Exhibit 5-6. Vehicle-pedestrianconflicts at single-lane round-abouts.
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5.2.3 Bicycle conflicts
Bicycles face similar conflicts as motor vehicles at both signalized intersectionsand roundabouts. However, because bicyclists typically ride on the right side of theroad between intersections, they face additional conflicts due to overlapping pathswith motor vehicles. Conflicts unique to bicyclists occur on each approach to con-ventional four-leg intersections, as depicted in Exhibit 5-7 (showing left turns likemotor vehicles or left turns like pedestrians).

Exhibit 5-7.  Bicycle conflictsat conventional intersections(showing two left-turn options).

At roundabouts, bicycles may be provided the option of traveling as a vehicle or asa pedestrian. As a result, the conflicts experienced by bicyclists are dependent onhow they choose to negotiate the roundabout, as shown in Exhibit 5-8. When trav-eling as a vehicle at a single-lane roundabout, an additional conflict occurs at thepoint where the bicyclist merges into the traffic stream; the remainder are similarto those for motor vehicles. At double-lane and larger roundabouts where bicyclesare typically traveling on the outside part of the circulatory roadway, bicyclists facea potential conflict with exiting vehicles where the bicyclist is continuing to circu-late around the roundabout. Bicyclists may feel compelled to “negotiate” the circle(e.g., by indicating their intentions to drivers with their arms) while avoiding con-flicts where possible. Bicyclists are less visible and therefore more vulnerable tothe merging and exiting conflicts that happen at double-lane roundabouts.
When traveling as a pedestrian, an additional conflict for bicyclists occurs at the pointwhere the bicyclist gets onto the sidewalk, at which point the bicyclist continuesaround the roundabout like a pedestrian. On shared bicycle-pedestrian paths or onsidewalks, if bicyclists continue to ride, additional bicycle-pedestrian conflicts occurwherever bicycle and pedestrian movements cross (not shown on the exhibit).

Bicycles can be provided withthe option of traveling as eithera vehicle or a pedestrianthrough a roundabout.
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5.3  Crash Statistics
 This section summarizes the overall safety performance of roundabouts in variouscountries (including the U.S.) and then examines the detailed collision types expe-rienced in France and Queensland, Australia. Pedestrian and bicycle crash statis-tics are discussed separately, including design issues for visually impaired pedes-trians.
5.3.1 Comparisons to previous intersection treatment
Exhibit 5-9 shows the crash frequencies (average annual crashes per roundabout)experienced at eleven intersections in the U.S. that were converted to roundabouts.As the exhibit shows, both types of roundabouts showed a reduction in both injuryand property-damage crashes after installation of a roundabout. It should be notedthat due to the small size of the data sample, the only result that is statisticallysignificant is the injury crash reduction for small and moderate roundabouts.

Exhibit 5-8.  Bicycle conflictsat roundabouts (showing twoleft-turn options).

Bicycle-pedestrian conflicts canalso occur on shared pathwaysadjacent to the roundabout.
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Percent Change 5

Exhibit 5-9. Average annualcrash frequencies at 11 U.S.intersections converted toroundabouts.

Notes:1. Mostly single-lane roundabouts with an inscribed circle diameter of 30 to 35 m (100 to 115 ft).2. Multilane roundabouts with an inscribed circle diameter greater than 50 m (165 ft).3. Inj. = Injury crashes4. PDO = Property Damage Only crashes5. Only injury crash reductions for small/moderate roundabouts were statistically significant.Source: (9)
Compared to results from Australia, France, and the United Kingdom, these crashfrequencies are quite high. Annual crash frequencies in France, Australia, and UnitedKingdom of 0.15, 0.6, and 3.31 injury crashes per roundabout, respectively, havebeen reported (1, 10). The reader should note that the UK has many high-volume,multilane roundabouts.
In spite of the higher frequencies, injury crash rates, which account for traffic vol-ume exposure, are significantly lower at U.S. roundabout sites. In a recent study ofeight single-lane roundabouts in Maryland and Florida, the injury crash rate wasfound to be 0.08 crashes per million entering vehicles (5). By comparison, theinjury crash rate was reported to be 0.045 crashes per million entering vehicles inFrance and 0.275 crashes per million entering vehicles in the United Kingdom (1, 10).
Experiences in the United States show a reduction in crashes after building a round-about of about 37 percent for all crashes and 51 percent for injury crashes. Thesevalues correspond with international studies with much larger sample sizes, asshown in Exhibit 5-10.

Small/Moderate1 8 4.8 2.0 2.4 2.4 0.5 1.6 -51% 73%  -32%
Large2 3 21.5 5.8 15.7 15.3 4.0 11.3 -29% -31%  -10%
Total 11 9.3 3.0 6.0 5.9 1.5 4.2 -37% -51%  -29%

Type ofRoundabout Sites
BeforeRoundabout Roundabout

Total Inj. PDO Total Inj. PDOTotal Inj.3 PDO4

Exhibit 5-10. Mean crashreductions in various countries. Country
Mean Reduction (%)

All Crashes Injury Crashes
Australia 41 - 61% 45 - 87%
France 57 - 78%
Germany 36%
Netherlands 47%
United Kingdom 25 - 39%
United States 37% 51%
Source: (2), France: (11)
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Crash Type of Entering- SingleCountry Description Roundabout circulating Rear-end Vehicle

The findings of these studies show that injury crashes are reduced more dramati-cally than crashes involving property damage only. This again is in part due to theconfiguration of roundabouts, which eliminates severe crashes such as left turn,head-on, and right angle collisions. Most of these studies also show that crashreduction in rural areas is much higher than in urban areas.
Note that the geometry of many studied sites may not necessarily conform togood roundabout design. Improved design principles, such as an emphasis on achiev-ing consistent speeds, may result in better safety performance. It should also benoted that these crash reductions are generally for sites where roundabouts wereselected to replace problem intersections. Therefore, they do not necessarily rep-resent a universal safety comparison with all other intersection types.
Collisions at roundabouts tend to be less severe than at conventional intersec-tions. Most crashes reported at roundabouts are a result of drivers failing to yieldon entry, referred to as entering-circulating crashes. In addition, rear-end collisionsand single vehicle crashes have been reported in many studies. Exhibit 5-11 showsthe percentage of the three main crash types reported in different countries.

Caveats for comparing theresults of crash studies.

1. Percentages do not necessarily sum to 100% because only three major crash categories are shown.Source: (10)

Exhibit 5-11. Reportedproportions of major crashtypes at roundabouts.

Australia All crashes Single and 51% 22% 18%multilane
France Injury crashes Single and 37% 13% 28%multilane
Germany All crashes Single lane 30% 28% 17%
Switzerland All crashes Single and 46% 13% 35%multilane
United Kingdom Injury crashes Single and 20 - 71% 7 - 25% 8 - 30%multilane

Type of Crash1

5.3.2 Collision types
It is instructive for designers to examine details of collision types and location atroundabouts. Statistics are available for roundabouts designed according to localpractices in France, Queensland (Australia), and the United Kingdom. It should benoted that the reported frequencies are to some extent related to the specificdesign standards and reporting processes used in these countries.
Exhibit 5-12 presents a summary of the percentage of crashes by collision type.The numbered items in the list correspond to the numbers indicated on the dia-grams given in Exhibit 5-13 as reported in France. The French data illustrate colli-sion types for a sample of 202 injury crashes from 179 urban and suburban round-abouts in France for the period 1984–1988 (12). For comparison purposes, data
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from Queensland, Australia (13) and the United Kingdom (1) have been superim-posed onto the same classification system.
The results in Exhibit 5-12 are instructive for a number of reasons:• A variety of collision types can take place at roundabouts. A designer should beaware of these collision types when making decisions about alignment andlocation of fixed objects. It is recommended that these collision types be adoptedas conflict types in the U.S. to conduct traffic conflict analysis and report crashesat roundabouts.
• Although reporting methodologies may vary somewhat, crash experience var-ies from country to country. This may be due to a combination of differences indriver behavior, and design features.

1.  Failure to yield at entry (entering-circulating) 36.6% 50.8%  71.1%
2. Single-vehicle run off the circulatory roadway 16.3%  10.4% 8.2%2

3. Single vehicle loss of control at entry 11.4% 5.2% 2

4.  Rear-end at entry 7.4% 16.9% 7.0%3

5. Circulating-exiting 5.9% 6.5%
6.  Pedestrian on crosswalk  5.9% 3.5%4

7.  Single vehicle loss of control at exit 2.5% 2.6% 2

8.  Exiting-entering 2.5%
9.  Rear-end in circulatory roadway 0.5% 1.2%
10. Rear-end at exit 1.0% 0.2%
11.  Passing a bicycle at entry 1.0%
12. Passing a bicycle at exit 1.0%
13.  Weaving in circulatory roadway 2.5% 2.0%
14.  Wrong direction in circulatory roadway 1.0%
15.  Pedestrian on circulatory roadway 3.5% 4

16.  Pedestrian at approach outside crosswalk 1.0% 4

Other collision types 2.4% 10.2%
Other sideswipe crashes 1.6%
Notes:1. Data are for “small” roundabouts (curbed central islands > 4 m [13 ft] diameter, relatively large ratio ofinscribed circle diameter to central island size)2. Reported findings do not distinguish among single-vehicle crashes.3. Reported findings do not distinguish among approaching crashes.4. Reported findings do not distinguish among pedestrian crashes.Sources: France (12), Australia (13), United Kingdom (1)

Queensland UnitedCollision Type France (Australia) Kingdom1
Exhibit 5-12. Comparison ofcollision types at roundabouts.
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Exhibit 5-13. Graphicaldepiction of collision types atroundabouts.

Source (8)
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Three of the predominant types of collision are: (1) failures to yield at entry tocirculating vehicles, (2) single vehicle run-off the circulatory roadway, and (3) singlevehicle run-into the central island. A more recent crash study (14) confirmed a highproportion of single vehicle crashes: 49 percent in rural areas, versus 21 percent inurban areas. According to crash models from the United Kingdom, single vehiclecrashes range between 20 and 40 percent depending on traffic and design charac-teristics of sites. In the United Kingdom models, separation by urban and ruralareas is not provided.
To reduce the severity of single vehicle crashes, special attention should be ac-corded to improving visibility and avoiding or removing any hard obstacles on thecentral island and splitter islands in both urban and rural environments. A Frenchstudy (14) identified a number of major obstacles that caused fatalities and injuries:trees, guardrail, concrete barriers, fences, walls, piers, sign or light poles, land-scaping pots or hard decorative objects, and steep cross-slopes on the centralisland.
In rural areas, the benefit of lighting has not yet been quantified. In France, only 36percent of the rural sites are lighted. At these sites, 46 percent of all crashes, and49 percent of single vehicle crashes occur at night (14).
The French study (7) in 15 towns of 202 urban roundabout crashes compared withall crossroads reported the percentage of crashes by user type, as shown in Ex-hibit 5-14. The percentage of crashes concerning pedestrians was similar to allcrossroads. However, the percentage of crashes involving bicycles and mopedswas larger—15.4 percent for urban crossroads overall versus 24.2 percent for round-abouts, i.e., almost 60 percent more.

Exhibit 5-14. Crash percent-age per type of user for urbanroundabouts in 15 towns inwestern France. Pedestrians 6.3% 5.6%
Bicycles 3.7% 7.3%
Mopeds 11.7% 16.9%
Motor cycles 7.4% 4.8%
Cars 65.7% 61.2%
Utility vehicles 2.0% 0.6%
Heavy goods vehicles 2.0%  3.0%
Bus/coach 0.8% 0.6%
Miscellaneous 0.4% 0.0%
Total 100.0% 100.0%
Source: (7)

User All Crossroads Roundabouts
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5.3.3 Pedestrians
As was described previously, vehicular injury crashes normally decrease when round-abouts are installed at an existing intersection. The safety benefits of roundaboutshave been found to generally carry over to pedestrians as well, as shown in Britishstatistics of Exhibit 5-15. This may be due to the reduced speeds at roundabouts ascompared with the previous intersection forms.

Exhibit 5-15. British crashrates for pedestrians atroundabouts andsignalized intersections.

For pedestrians, the risk of being involved in a severe collision is lower at round-abouts than at other forms of intersections, due to the slower vehicle speeds.Likewise, the number of conflict points for pedestrians is lower at roundaboutsthan at other intersections, which can lower the frequency of collisions. The splitterisland between entry and exit allows pedestrians to resolve conflicts with enteringand exiting vehicles separately.
A Dutch study of 181 intersections converted to roundabouts (4) found reductions(percentage) in all pedestrian crashes of 73 percent and in pedestrian injury crashesof 89 percent. In this study, all modes shared in the safety benefits to greater(passenger cars) or lesser extents (bicycles), as shown in Exhibit 5-16.

Exhibit 5-16. Percentagereduction in the number ofcrashes by mode at 181converted Dutch roundabouts.

Mini-roundabout 0.31
Conventional roundabout 0.45
Flared roundabout 0.33
Signals 0.67
Source: (1, 15)

Pedestrian CrashesIntersection  Type per Million Trips

Passenger car 63% 95%
Moped  34% 63%
Bicycle 8% 30%
Pedestrian 73% 89%
Total 51% 72%
Source: (4)

Mode All Crashes Injury Crashes
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A risk analysis of 59 roundabouts and 124 signalized intersections was carried outon crash data in Norway between 1985 and 1989. Altogether, 33 crashes involvingpersonal injury were recorded at the 59 roundabouts. Only 1 of these crashesinvolved a pedestrian, compared with the signalized intersections, where pedestri-ans were involved in 20 percent of the personal injury crashes (57 of 287 injurycrashes) (16).
Further, there is no quantitative evidence of increased safety for pedestrians atroundabouts with striped (zebra) crossings, where pedestrians have priority. There-fore, striped crossings have generally not been used in other countries. However,in the U.S., it is recommended that all crosswalks be striped except at rural loca-tions with low pedestrian volumes. Although this is not their intended function,striped crosswalks may further alert approaching drivers to a change in their appro-priate speed near the yield point.
Crash data have not been collected to indicate whether a pedestrian has a disabil-ity, and no studies have focused specifically on the safety of visually impaired pe-destrians at roundabouts. This is an area requiring further research.
5.3.3.1 Information access for blind or visually impaired pedestrians
Roundabout crossing skills may be difficult for disabled pedestrians to performwithout assistance. For example, audible pedestrian-activated signals may be con-sidered on an approach, although this treatment is not typical. Any leg of any round-about could be equipped with a pedestrian-activated signal at the pedestrian cross-ing, if a balanced design requires providing assistance to pedestrians at that loca-tion. For example, motorized volume that is too heavy at times to provide a suffi-cient number of gaps acceptable for pedestrians may warrant a pedestrian signalequipped with audible devices to assist people with visual disabilities.
When crossing a roundabout, there are several areas of difficulty for pedestrianswho are blind or visually impaired. It is desirable that a visually impaired pedestrianwith good travel skills should be able to arrive at an unfamiliar intersection and crossit with pre-existing skills and without special, intersection-specific training. Round-abouts pose problems at several points of the crossing experience, from the per-spective of their access to information:
• The first task of the visually impaired pedestrian is to locate the crosswalk. Thiscan be difficult if the roundabout is not properly landscaped and if the curb edgeof the ramp is not marked with a detectable warning surface (see Chapter 6).The crosswalk direction must also be unambiguous.

Zebra-stripe markings are
recommended at most

roundabouts to indicatepedestrian crossings.

Safety of visually impairedpedestrians at roundaboutsrequires further research.

Challenges that roundaboutspose to visually impairedpedestrians.

• Depending upon whether the visually impaired pedestrian is crossing the round-about in a clockwise or counterclockwise direction, they must listen for a safegap to cross either the entrance or exit lane(s). The primary problem is the soundof traffic on the roundabout, which may mask the sound of cars approaching the
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Chapters 6 and 7 providesuggestions on designingroundabouts to accommodate
persons with disabilities.

crosswalk. While crossing the exit lane poses the greater hazard to the pedes-trian who is visually impaired because of the higher speed of the vehicles, cross-ing the entrance may also pose significant problems. Entering traffic, while slower,may also be intimidating as it may not be possible to determine by sound alonewhether a vehicle has actually stopped or intends to stop. Sighted pedestriansoften rely upon communication through eye contact in these situations; how-ever, that is not a useful or reliable technique for the pedestrian who is visuallyimpaired. Both these problems are further exacerbated at roundabouts withmultilane entrances and exits. In these roundabouts, a stopped car in the nearlane may mask the sounds of other traffic. It may also block the view of thedriver in the far lane of the cane or guide dog of a person who is visually im-paired who begins to cross (this is also a problem for children and people usingwheelchairs on any crossing of a multilane road).
• The third task is locating the splitter island pedestrian refuge. If this refuge isnot ramped, curbed, or equipped with detectable warnings, it is not detectableby a pedestrian who is visually impaired.• Crossing the remaining half of the crossing (see the second bullet above).• Locating the correct walkway to either continue their path or locate the adjacentcrosswalk to cross the next leg of the roundabout.
Unless these issues are addressed by a design, the intersection is “inaccessible”and may not be permissible under the ADA. Chapters 6 and 7 provide specificsuggestions to assist in providing the above information. However, more researchis required to develop the information jurisdictions need to determine where round-abouts may be appropriate and what design features are required for people withdisabilities. Until specific standards are adopted, engineers and jurisdictions mustrely on existing related research and professional judgment to design pedestrianfeatures so that they are usable by pedestrians with disabilities.
Possible design remedies for the difficulties faced by pedestrians include tight en-tries, raised speed tables with detectable warnings, treatments for visually im-paired pedestrians to locate crosswalks, raised pavement markers with yellow flash-ing lights to alert drivers of crossing pedestrians, pedestrian crossings with actu-ated signals set sufficiently upstream of the yield line to minimize the possibility ofexiting vehicle queues spilling back into the circulatory roadway (6). However, thesafety of these treatments at roundabouts has not been tested in the United States.
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Exhibit 5-17.  British crashrates (crashes per million trips)for bicyclists and motorcyclistsat roundabouts and signalizedintersections.

A French study (7) compared the crashes in 1988 in 15 towns in the west of Franceat both signalized intersections and roundabouts, as shown in Exhibit 5-18. Theconclusions from the analysis were:• There were twice as many injury crashes per year at signalized intersectionsthan at roundabouts;• Two-wheel vehicles were involved in injury crashes more often (+77 percent) atsignalized intersections than on roundabouts;• People were more frequently killed and seriously injured per crash (+25 per-cent) on roundabouts than at signalized intersections;• Proportionally, two-wheel vehicle users were more often involved in crashes (16percent) on roundabouts than at signalized intersections. Furthermore, the con-sequences of such crashes were more serious.

5.3.4 Bicyclists
As shown in Exhibit 5-17,  at British roundabouts bicyclists fare worse in terms ofcrashes at roundabouts than at signalized intersections.

Mini-roundabout 3.11 2.37
Conventional roundabout 2.91  2.67
Flared roundabout 7.85 2.37
Signals  1.75 2.40
Source: (1, 15)

Intersection  Type Bicyclists Motorcyclists

Exhibit 5-18.  A comparison ofcrashes between signalized androundabout intersections in1998 in 15 French towns. Number of crossroads 1,238 179
Number of personal injuries 794  59
Number of crashes involving 2-wheel vehicles 278 28
Personal injury crashes/year/crossroad 0.64 0.33
2-wheel vehicle crashes/year/crossroad 0.23 0.13
Crashes to 2-wheel vehicles per 100 crashes 35.0  40.7
Serious crashes/year/crossroad 0.14 0.089
Serious crashes to 2-wheel vehicles/year/crossroad 0.06 0.045
Serious crashes/100 crashes 21.9 27.1
Serious crashes to 2-wheel vehicles/100 crashesto a 2-wheel vehicle 27.0 33.3
Source: (7)

SignalizedCrossroads Roundabouts
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All European countries report that a more careful design is necessary to enhancebicyclists’ safety. The type of bicycle crashes depends on the bicycle facilities pro-vided at the roundabout. If there are no bicycle facilities, or if there is a bike lane onthe outer area of the circulatory roadway, crashes typically occur between enteringcars and circulating bicyclists as well as between cars heading into an exit andcirculating bicyclists. Improperly placed signs on the splitter island may also be acontributing factor.
As a result, most European countries have the following policies:
• Avoid bike lanes on the outer edge of the circulatory roadway.• Allow bicyclists to mix with vehicle traffic without any separate facility in thecirculatory roadway when traffic volumes are low, on single lane roundaboutsoperating at lower speeds (e.g., up to 8,000 vehicles per day in the Netherlands(4)).
• Introduce separated bicycle facilities outside the circulatory roadway when ve-hicular and bicycle volumes are high. These separated bicycle facilities cross theexits and entries at least one car length from the edge of the circulatory road-way lane, adjacent to the pedestrian crossings. In some countries, bicyclistshave priority over entering and exiting cars, especially in urban areas (e.g., Ger-many). Other countries prefer to give priority to car traffic showing a yield signto bicyclists (e.g., Netherlands). The latter solution (i.e., separate bicycle facili-ties with vehicular traffic priority at the crossing points) is the standard solutionfor rural areas in most European countries.
Speed is a fundamental risk factor in the safety of bicyclists and pedestrians. Typi-cal bicyclist speeds are in the range of 20 to 25 km/h (12 to 15 mph), and designsthat constrain the speeds of vehicles to similar values will minimize the relativespeeds and thereby improve safety. Design features that slow traffic such as tight-ening entry curvature and entry width, and radial alignment of the legs of a round-about, such as with the urban compact design, are considered safe treatments forbicyclists (17).
In the Netherlands, a 90 percent decrease in injury crashes was experienced withseparate bicycle paths around roundabouts where bicyclists do not have right-of-way at the crossings (17).
A bicycle crash prediction model from Sweden has been validated against data forSwedish, Danish, and Dutch roundabouts (18). The model provides reasonable re-sults for roundabouts with up to 12,000 vehicles per day and 4,000 bicycles perday. The model tends to over-predict crashes (i.e., is conservative) for roundaboutscarrying more than 12,000 vehicles per day that are also designed with separatebicycle paths with crossings on the approach legs. It is calibrated for crossroadintersections as well as roundabouts. To obtain the expected cycling crashes peryear at roundabouts, the value derived from the general junction model is factoredby 0.71, implying that bicycle crashes at roundabouts are 71 percent less frequentthan at junctions in general. However, the reader is cautioned when extrapolatingEuropean bicycling experience to the U.S., as drivers in Europe are more accus-tomed to interacting with bicyclists.

Typical European practice is to
provide separated bicycle
facilities outside the circulatoryroadway when vehicular andbicycle volumes are high.
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5.4  Crash Prediction Models
Crash prediction models have been developed for signalized intersections in theU.S., as discussed previously in Chapter 3. However, no crash prediction modelsexist yet for U.S. roundabouts and driver behavior. Given the relatively recent intro-duction of roundabouts to the U.S. and driver unfamiliarity with them, crash predic-tion models from other countries should be used cautiously. As reported earlier inSection 5.3, crash statistics vary from country to country, both in terms of magni-tude and in terms of collision types. Consequently, the application of a crash pre-diction model from another country may not accurately predict crash frequenciesat U.S. locations. Nonetheless, these crash prediction models from other coun-tries can be useful in understanding the relative effects of various geometric fea-tures on the number of crashes that might be expected. The user is thus cautionedto use these models only for comparative purposes and for obtaining insights intothe refinement of individual geometric elements, not to use them for predictingabsolute numbers of crashes under U.S. conditions.
Crash models relating crash frequency to roundabout characteristics are availablefrom the United Kingdom. The sample consisted of 84 four-leg roundabouts of allsizes, small to large and with various number of approach lanes and entry lanes(flared or parallel entries) (1). Approach speeds were also evenly represented be-tween 48 to 64 km/h (30 to 40 mph) and 80 to 113 km/h (50 to 70 mph). Crash datawere collected for periods of 4 to 6 years, a total of 1,427 fatal, serious, and slightinjuries only. The proportion of crashes with one casualty was 83.7 percent, andthose with two casualties was 12.5 percent. The models are based on generalizedlinear regression of the exponential form, which assumes a Poisson distribution.Their goodness of fit is expressed in terms of scaled deviations that are moder-ately reliable. No additional variables, other than those listed below, could furtherimprove the models significantly (see also (8)).
The British crash prediction equations (1), for each type of crash are listed in Equa-tions 5-1 through 5-5. Note that these equations are only valid for roundaboutswith four legs. However, the use of these models for relative comparisons may stillbe reasonable.
Entry-Circulating: (5-1)

where: A = personal injury crashes (including fatalities) per year per roundaboutapproach;Qe = entering flow (1,000s of vehicles/day)Qc = circulating flow (1,000s of vehicles/day)Ce = entry curvature = 1/Ree = entry width (m)v = approach width (m)R = ratio of inscribed circle diameter/central island diameterPm = proportion of motorcycles (%)
θ = angle to next leg, measured centerline to centerline (degrees)

Crash prediction models havenot been developed for U.S.roundabouts.
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Approaching: (5-2)
where: A = personal injury crashes (including fatalities) per year at roundaboutapproach or leg;Qe = entering flow (1,000s of vehicles/day)Ce = entry curvature = 1/ReRe = entry path radius for the shortest vehicle path (m)e  = entry width (m)
Single Vehicle: (5-3)
where: A  = personal injury crashes (including fatalities) per year at roundaboutapproach or legQe = entering flow (1,000s of vehicles/day)Ce = entry curvature = 1/ReRe = entry path radius for the shortest vehicle path (m)V = approach width (m)Ca = approach curvature = 1/RaRa = approach radius (m), defined as the radius of a curve between 50 m(164 ft) and 500 m (1,640 ft) of the yield line
Other (Vehicle): (5-4)
where: A = personal injury crashes (including fatalities) per year at roundaboutapproach or legQec = product Qe • QcQe   = entering flow (1,000s of vehicles/day)Qc   = circulating flow (1,000s of vehicles/day)Pm = proportion of motorcycles
Pedestrian: (5-5)
where: A = personal injury crashes (including fatalities) per year at roundaboutapproach or legQep = product (Qe + Qex). QpQe   = entering flow (1,000s of vehicles/day)Qex = exiting flow (1,000s of vehicles/day)Qp  = pedestrian crossing flow (1,000s of pedestrians/day)
According to the U.K. crash models, the major physical factors that were statisti-cally significant are entry width, circulatory width, entry path radius, approach cur-vature, and angle between entries. Some of the effects of these parameters are asfollows:
• Entry width: For a total entry flow of 20,000 vehicles per day, widening an entryfrom one lane to two lanes is expected to cause 30 percent more injury crashes.At 40,000 vehicles per day, widening an entry from two lanes to three lanes willcause a 15 percent rise in injury crashes. Moreover, the models could not takeinto account the added hazard to bicyclists and pedestrians who will have totravel longer exposed distances. (8)
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• Circulatory width: Widening the circulatory roadway has less impact on crashesthan entry width. Crashes are expected to rise about 5 percent for a widening oftwo meters. (8)• Entry path radius: Entry-circulating collision type increases with entry path ra-dius (for the fastest path), while single vehicle and approach collision typesdecrease. For a double-lane approach, an optimum entry path radius is 50 to 70m (165 to 230 ft). (8)
• Approach curvature: Approach curvature is safer when the approach curve is tothe right and less so when the curve is to the left. This implies that a design isslightly safer when reverse curves are provided to gradually slow drivers beforeentry. For a double-lane approach roundabout with entering flow of 50,000 ve-hicles per day, changing a straight approach to a right-turning curve of 200 m(650 ft) radius reduces crash frequency by 5 percent. (8)
• Angle between entries: As the angle between entries decreases, the frequencyof crashes increases. For example, an approach with an angle of 60 degrees tothe next leg of the roundabout increases crash frequency by approximately 35percent over approaches at 90-degree angles. Therefore, the angle betweenentries should be maximized to improve safety.
An approach suggested in Australia (13) differs from the British approach in that theindependent variables are based on measures related to driver behavior. For in-stance, the collision rate for single vehicle crashes was found to be:

(5-6)and (5-7)
where: Asp= the number of single vehicle crashes per year per leg for vehicle pathsegments prior to the yield line.Asa = the number of single vehicle crashes per year per leg for vehicle pathsegments after the yield line.Q   = the average annual daily traffic in the direction considered—one waytraffic only (veh/d)L   =  the length of the driver’s path on the horizontal geometric  element (m).S   =  the 85th-percentile speed on the horizontal geometric element (km/h).

∆S  =  the decrease in the 85th-percentile speed at the start on the horizon-tal geometric element (km/h). This indicates the speed change fromthe previous geometric element.R  = the vehicle path radius on the geometric element (m).
These equations demonstrate a direct relationship between the number of crashes,overall speed magnitudes, and the change in speed between elements. Therefore,this equation can be used to estimate the relative differences in safety benefitsbetween various geometric configurations by estimating vehicle speeds throughthe various parts of a roundabout.

Maximize angles betweenentries.
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VI. TRANSPORTAION ELEMENT 

 

A. INTRODUCTION 

 

As part of the EO418 Program, the Montachusett Regional Planning Commission (MRPC) prepared a scope of work 

for the Town of Templeton to conduct a comprehensive traffic engineering investigation of the operational condi-

tions of the intersection of Patriots Road (Route 2A)/Gardner Road (Route 101)/North and South Main Streets in 

East Templeton .  In addition, a Pavement Management System (PMS) for town roads was examined to assist local 

officials and a trail plan that can be utilized by the town in the development of multi-purpose trails within the com-

munity.  Figure 1 outlines the study area for this report. 
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Figure 1 – Study Area 
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B. TRAFFIC ENGINEERING INVESTIGATION 

 

1. Overview of Analyses 

  

a) Operational Analyses 

 

Operational conditions at each intersection were assessed based on the traffic flow that occurs during the afternoon 

peak (i.e., highest-volume) hour of a typical weekday.  Analyses of current conditions were based on traffic data 

collected in 2003.  For analyses of future (i.e., 2010) conditions, a regional traffic growth factor of 1.77% per year 

(based on trends in traffic volumes recorded in the Montachusett region) was used to predict future volumes.    

 

The level of service (LOS) of an intersection or road segment represents the quality of traffic flow and is used to 

assess the operation of that facility.  LOS analyses are based on the methods in the Highway Capacity Manual 

(2000).  LOS is defined differently for each type of facility, such as an unsignalized intersection, signalized intersec-

tion, two-lane road, or multi-lane road.  For intersections, the LOS is defined by the average amount of delay experi-

enced by a vehicle at the intersection due to the traffic controls (i.e., signs or signals).  Usually each approach is as-

sessed independently, since the LOS of the major and minor approaches may differ greatly.  Table 1 summarizes the 

LOS definitions for intersections controlled by STOP signs and those controlled by traffic signals.   

 

 

Table 1 - LOS Definitions for Intersections 

 

Average Control Delay  

(s per vehicle) LOS 

Stop-Controlled Signalized 

A <10.0 <10.0 

B 10.1 – 15.0 10.1 – 20.0 

C 15.1 – 25.0 20.1 – 35.0 

D 25.1 – 35.0 35.1 – 55.0 

E 35.1 – 50.0 55.1 – 80.0 

F >50.0 >80.0 

 

 

When evaluating alternatives, LOS values and average control delay were estimated for each alternative and com-

pared.  Intersections were also evaluated for possible signalization.  The Manual of Uniform Traffic Control Devices 

contains warrants for installation of traffic signals.  If an intersection meets the criteria of at least one of the war-

rants, installation of a signal may be appropriate.  These warrants, which are reprinted in the Appendix C of this 

report, include criteria such as minimum volumes, peak hour delay, and accidents.  If recent data is available, it can 

be compared to the warrants to assess the appropriateness of a traffic signal under current conditions. 

 

b) Safety Analyses 

 

Safety of the intersection was assessed by identifying relevant records in the Massachusetts crash database and from 

the Ashburnham Police Department and examining them for trends, and by visiting the sites.   

 

One of the most common safety problems at an intersection is inadequate sight distance from the minor road ap-

proaches.  A driver stopped at an intersection needs to be able to see a certain distance in both directions along the 

major road in order to safely turn onto or cross the major road.  This distance, known as the required intersection 

sight distance, is calculated as d = 1.47vtg , where v is the design speed on the major road and tg is the time gap, de-

fined in Figures 2a and 2b (excerpted from A Policy on Geometric Design of Highways and Streets).     
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Figure 2a – Time Gap for Left Turns from a STOP Sign 

 
Design Vehicle Time gap(s) design speed of major road (tg) 

Passenger Car 7.5 

Single-unit truck 9.5 

Combination truck 11.5 

Note:  Time gaps are for a stopped vehicle to turn right or left onto a two-lane highway with no median and grades 

3 percent or less.  The table values require adjustment as follows: 

For multilane highways: 

For left turns onto two-way highways with more than two lanes, add 0.5 seconds for passenger 

cars or 0.7 seconds for trucks for each additional lane, from the left, in excess of one, to be crossed 

by the turning vehicle.   

For minor road approach grades: 

If the approach grade is an upgrade that exceeds 3 percent; add 0.2 seconds for each percent 

grade for left turns. 

 

 

Figure 2a – Time Gap for Right Turns or Crossing Maneuvers from a STOP Sign  

 

Design Vehicle Time gap (s) at design speed of major 

road (tg) 

Passenger Car 6.5 

Single-unit truck 8.5 

Combination truck 10.5 

Note:

  

Time gaps are for a stopped vehicle to turn right onto or 

cross a two-lane highway with no median and grades 3 per-

cent or less.  The table values require adjustment as follows: 

For multilane highways: 

For crossing a major road with more than two lanes, add 0.5 

seconds for passenger cars and 0.7 seconds for trucks for 

each additional lane to be crossed and for narrow medians 

that cannot store the design vehicle.  

For minor road approach grades: 

If the approach grade is an upgrade that exceeds 3 percent, 

add 0.1 seconds for each percent grade.  
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2. Intersection Analysis - Patriots Road (Route 2A)/Gardner Road (Route 101)/North Main Street/South 

Main Street 

 

This intersection has five approaches: Route 2A (Patriots Road) westbound and eastbound, Route 101 (Gardner 

Road) southbound, North Main Street, and South Main Street.  Route 2A, the major road, is a four-lane arterial run-

ning east and west, and it has no traffic control devices at this intersection.  The eastbound approach is divided by a 

narrow textured and painted median.  Route 101 southbound is a one-way, two-lane road controlled by a STOP sign.  

North and South Main Streets are two-lane roads controlled by STOP signs.  Figure 3 is a sketch of the intersection, 

and Figures 4 through 8 are photographs of the five approaches.  

 

 

Figure 3 – Patriots Road (Route 2A)/Gardner Road (Route 101)/North Main Street/South Main Street 

 

 
 

 



Templeton Community Development Plan   Transportation XI-VI-6 

Figure 4 – Approaching the Intersection on South Main Street from the South 

 

 
 

 

Figure 5 – Approaching the Intersection on North Main Street from the North 
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Figure 6 – Approaching the Intersection on Route 101S from the Northwest 

 

 
 

 

Figure 7 – Approaching the Intersection on Route 2A from the West 
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Figure 8 – Approaching the Intersection on Route 2A from the East 

 

 
 

 

a) Operational Conditions 

 

Turning movement volumes collected during the afternoon peak hour (4:00-5:00 PM) in 2003 are shown in Table 2, 

and predicted volumes for the year 2010 in Table 3.   

 

 

Table 2 - 2003 PM Peak Turning Movement Volumes 

 

Approach Left Turn Through Right Turn Total 

Northbound (South Main St) 16 15 51 82 

Southbound (North Main St) 67 14 48 129 

Southwest-bound (101S) 18 144 37 199 

Eastbound (2A) 78 207 36 321 

Westbound (2A) 37 186 71 294 

 

 

 

Table 3 - Predicted 2010 PM Peak Turning Movement Volumes 

 

Approach Left Turn Through Right Turn Total 

Northbound (South Main St) 18 17 58 93 

Southbound (North Main St) 76 16 54 146 

Southwest-bound (101S) 20 163 42 225 

Eastbound (2A) 88 234 41 363 

Westbound (2A) 42 210 80 332 
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During the afternoon peak hour, given the volumes shown in Table 2, the Route 2A approaches both have an LOS of 

A, which is the best possible value.  The South Main Street and Route 101S approaches both have an LOS of C, 

which indicates acceptable delays.  The North Main Street approach has an LOS of E, which indicates long delays.  

For the predicted traffic flow in 2010, the LOS of the South Main Street and Route 101S approaches would drop to 

D, and the LOS of the North Main Street approach would drop to F, which indicates an unacceptably long delay. 

 

b) Safety Conditions 

 

In 2000-2002, five crashes were reported at this intersection.  Two were rear-end collisions, and one was a collision 

with a parked vehicle.  The other two were angle collisions, meaning crashes involving at least one turning vehicle.  

One of the angle collisions involved a vehicle on North Main Street and one on Route 2A westbound.  The other 

involved a vehicle on South Main Street and one on Route 2A westbound, and resulted in two injuries. 

 

One of the most common safety problems at intersections is inadequate sight distance from the minor road ap-

proaches.  A driver stopped at an intersection needs to be able to see a certain distance in both directions along the 

major road in order to safely turn onto or cross the major road.  The available sight distance at the intersection ap-

pears to be sufficient, except possibly looking to the right from the North Main Street approach.  Vehicles using this 

approach seem to pull forward far enough to have an adequate view. 

 

Some of the pavement markings are badly faded, namely the markings on Route 101S and the crosswalks on Route 

2A westbound and South Main Street.  North and South Main Streets do not have any pavement markings (e.g., 

double yellow lines).  Also, the median on Route 2A eastbound is difficult to see from the other approaches because 

it is flat and not clearly marked. 

 

The major problem that is apparent at this intersection is the presence of five approaches, three of which are con-

trolled by STOP signs.  Vehicles stopped on North or South Main Street or 101S have numerous conflicting flows of 

traffic to avoid while making a maneuver through the intersection, and there is obvious confusion about right of way 

among vehicles on these approaches.   

 

c) Alternatives 

 

Based on the predicted traffic conditions in 2010, several alternatives were examined to improve the intersection 

layout and traffic flow.  The analysis results are summarized in Table 4. 

 

 

Table 4 - 2010 PM Peak LOS and Delay 

 

LOS Delay (s per vehicle)  

Approach No 

change 
Alt 1 Alt 2 Alt 3 

No 

change 
Alt 1 Alt 2 Alt 3 

Northbound (South Main St) D C C n/c 32.3 32.1 24.7 n/a 

Southbound (North Main St) F D F n/c 104.3 40.5 54.1 n/a 

Southwest-bound (101S) D C n/a n/c 26.9 28.5 n/a n/a 

Eastbound (2A) A C A n/c 8.2 21.7 8.2 n/a 

Westbound (2A) A C A n/c 8.1 21.7 8.1 n/a 

 

   

1. Alternative 1 is to install a traffic signal at this intersection.  A formal traffic signal warrant study was not con-

ducted due to lack of recent traffic volume data.  Installing a signal would decrease the delay to traffic on North 

Main Street but increase delay to traffic on Route 2A.  The traffic on South Main Street and Route 101S would 

have approximately the same delay as without a signal, but the LOS would improve because the delay would be 

caused by a signal. 

 

2. Alternative 2 is to eliminate the one-way Route 101S approach.  Figure 8 shows the existing and proposed rout-

ing for Route 101.  Currently, Routes 101N and 101S follow slightly different paths near the intersection under 
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study.  Route 101N intersects Route 2A about one block to the east, following School Street.  In this alternative, 

Route 101S traffic is directed to travel on School Street as well.   The LOS of the South Main Street approach 

would be improved from D to C by this alternative, and the delay to traffic on North Main Street would be cut 

in half, although the LOS would not change.  Route 2A would be basically unaffected. 
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Figure 8 - Existing (Left) and Alternative (Right) Routing Of Route 101 
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If Alternative 2 were implemented, the radius of the turns between Routes 101 and 2A should be checked to en-

sure they will accommodate the trucks that travel on Route 101 through Ashburnham.  Table 5, excerpted from 

A Policy on Geometric Design of Highways and Streets, shows the design values for a 90-degree turn at an in-

tersection to allow for various vehicles. 

 

Additionally, that segment of Gardner Road between School Street and North Main Street would need to be al-

tered to eliminate westbound traffic from utilizing it instead of the reconfigured Route 101S layout as described.   

 

 

Table 5 - Curve Radii for Various Design Vehicles at a 90-Degree Turn 
 

Simple curve radius with taper Design vehicle Simple curve 

radius (ft) Radius (ft) Offset (ft) Taper (H:V) 

Passenger car 30 20 2.5 10:1 

Single-unit truck 50 40 2.0 10:1 

WB-40 (46’ semi) -- 45 4.0 10:1 

WB-50 (55’ semi) -- 60 4.0 15:1 

 

 

3. Alternative 3 is to convert the five-way intersection to a roundabout.  A modern roundabout consists of a central 

island, one or more lanes circulating around the island, and entry/exit points with triangular islands to direct the 

traffic.  Vehicles enter and exit the roundabout by turning right at slow speeds (i.e., 25 mph or less), and enter-

ing traffic yields to circulating traffic.  At this intersection, a roundabout would keep the traffic conflicts to a 

minimum and improve conditions on the minor approaches.  Good roundabout design includes speed reduction 

and speed consistency, which contribute to safer merging, easier navigation of the intersection, less frequent and 

less severe collisions, and greater safety for pedestrians.  Roundabouts also require less maintenance and longer 

service life than traffic signals, and they provide an opportunity for attractive landscaping.  Much more informa-

tion about the costs and benefits of roundabouts can be found in Roundabouts: An Informational Guide, a Fed-

eral Highway Administration publication (available on the internet at www.tfhrc.gov/safety/00068.htm).  See 

also Appendix E for an abstract of this document.  The Route 101S approach could also be changed to a two-

way road, and Route 101N rerouted to follow the same path as 101S.  That change would eliminate most of the 

left turns from Route 2A east of the intersection onto School Street.   

 

The LOS and delay values for Alternative 3 are noted as “n/c” for “not calculated” because a methodology has 

not yet been established in the Highway Capacity Manual for roundabouts.  For the predicted peak hour traffic 

in 2010, a five-leg roundabout would be operating under capacity, as shown in Table 6. 

 

Table 6 - 2010 PM Peak Roundabout Performance 

 

Approach Volume 

(veh/hr) 

Capacity 

(veh/hr) 

V/C 

Northbound (South Main St) 136 750-722 0.18-0.18 

Southbound (North Main St) 177 723-780 0.23-0.24 

Southwest-bound (101S) 254 756-760 0.33-0.34 

Eastbound (2A) 447 633-979 0.46-0.71 

Westbound (2A) 408 623-999 0.41-0.66 

  

 

 

d) Conclusions & Recommendations 

To improve the traffic flow and safety conditions at this intersection, the following improvements are recommended: 

 

• Repaint existing but faded pavement markings on the Route 2A and 101 approaches. 
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• Add pavement markings (e.g., longitudinal double yellow lines) on the North and South Main Street 

approaches. 

 

• Delineate the existing narrow median on the Route 2A eastbound approach with paint or by installing 

curbing around the median. 

 

• Modify the layout of the intersection by either rerouting Route 101S outside of the intersection (Alter-

native 2) or converting the intersection to a roundabout (Alternative 3). 

 

 

Due to the magnitude of the recommendations, coordination with MassHighway is strongly recommended.  

Reconstruction of the intersection geometrics should be eligible for state or federal funding assistance, there-

fore requests need to go through MassHighway. A synopsis of the project request and implementation proc-

ess to seek state funding assistance for a roadway project is included in Appendix F. 
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Chapter 2

Project Development 

Project Development is the process that takes a transportation 

improvement from concept through construction. There are several 

goals for this process: 

To ensure context sensitivity though an open, consensus-building 

dialog among project proponents, reviewers, the public, and other 

parties.

To foster thinking beyond the roadway pavement to achieve the 

optimum accommodation for all modes. 

To encourage early planning, public outreach, and evaluation so that 

project needs, goals and objectives, issues, and impacts can be 

identified before significant resources are expended. 

To achieve consistent expectations and understanding between project 

proponents and those entities who evaluate, prioritize, and fund 

projects.

To ensure allocation of resources to projects that address local, 

regional, and statewide priorities and needs. 

Project delays and escalating costs are discouraging to everyone involved. 

Projects that are ultimately built but do not meet expectations in 

addressing needs are also frustrating. This project development 

framework, and the principles that it embraces, will:   

Help carry out projects effectively;  

Ensure good project planning, design, and implementation; and, 

Set the stage for long-term success.  

Effective partnerships on projects are important throughout project 

development and require strong commitment and action from all 

Individuals involved, whether they be MassHighway or Federal Highway 

Administration (FHWA) staff, elected officials, local planning
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and public works professionals, citizens, or consultants. Real 

partnerships require ongoing relationships of trust and collaboration. 

The project development process is one of a set of tools needed to 

achieve context-sensitive design. The process is structured to 

encourage public outreach throughout planning, design, environmental 

review, and construction so that those affected by transportation 

projects are in general agreement regarding the project’s need, the 

selected approach to meet this need, and the refinements to the 

project that result as the process evolves. Section 2.9 of this chapter 

overviews public outreach approaches and tools to assist in 

establishing an effective project development process. 

This project development process is complemented by the inclusion of 

the project’s context as a basic design control. Flexibility for 

determining specific design elements that satisfy the project need, and 

are responsive to the context of the project, is inherent in the 

subsequent chapters of this Guidebook. 

Applicable Projects 

Project proponents are required to follow the process described in this 

chapter whenever MassHighway is involved in the decision-making 

process. The project development procedures are, therefore, 

applicable to any of the following situations: 

When MassHighway is the proponent; or  

When MassHighway is responsible for project funding (state or 

federal-aid projects); or  

When MassHighway controls the infrastructure (projects on state 

highways). 

In addition to MassHighway, many other agencies and organizations 

may be involved in a project. These procedures are written to be a 

useful resource for projects that are locally sponsored, funded, and 

reviewed, as well as for those which fall under the jurisdiction of other 

Massachusetts authorities. Projects with local jurisdiction and local 

funding sources are not required to go though this review process 

unless the project is located on the National Highway or Federal-Aid 

Systems. Proponents designing projects on local roads, however, may 

benefit from the project development steps outlined in this chapter 

and the design guidance found in subsequent chapters. 
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Project Development Process Overview 

The project development process is initiated in response to an 

identified need in the transportation system. It covers a range of 

activities extending from identification of a project need to a finished 

set of contract plans, and to construction.  

The identified transportation need might include one or more of the 

following: a congestion problem, a safety concern, facility condition 

deterioration, a need for better multi-modal accommodation, an 

environmental enhancement, or an economic improvement opportunity. 

The development of solutions to address these needs often involves 

input from transportation planners, community leaders, citizens, 

environmental specialists, landscape architects, natural resource 

agencies, local public works officials, permitting agencies, design 

engineers, financial managers, and agency executives. Solutions might 

target a single mode of transportation, or address the range of road 

users including pedestrians, bicyclists, transit operators, automobile 

drivers, and truckers moving freight and goods. It is important to 

engage the right team of people on the project from the beginning. 

The sequence of decisions made through the project development 

process progressively narrows the project focus and, ultimately, leads 

to a project that addresses the identified needs. There should be 

ample opportunities for public participation throughout the process.  

Transportation decision-making is complex and can be influenced by 

legislative mandates, environmental regulations, financial limitations, 

agency programmatic commitments, and partnering opportunities. 

Decision-makers and reviewing agencies, when consulted early and 

often throughout the project development process, can ensure that all 

participants understand the potential impact these factors can have on 

project implementation. An eight-step project development process is 

defined to move a project from problem identification to completion, 

as illustrated in Exhibit 2-1. 
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Exhibit 2-1 
Overview of Project Development  

STEP I�  Problem/Need/Opportunity �

�  Identification

STEP II� Planning

STEP III�  Project Initiation

STEP IV�  Environmental/Design/ROW Process

STEP V�  Programming

STEP VI�  Procurement

STEP VII�  Construction

STEP VIII� Project Assessment

PROCESS OUTCOMES

1. Project Need Form (PNF)

2. Project Planning Report             �

(If necessary)

3. Project Initiation Form (PIF)

3. Identification of Appropriate Funding

3. Definition of Appropriate Next Steps

3. Project Review Committee Action

4. Plans, Specs and Estimates (PS&E)

4. Environmental Studies and Permits

4. Right-of-Way Plans

4. Permits

5. Regional and State TIP

5. Programming of Funds

6. Construction Bids and Contractor 

Selection

7. Built Project 

Source: MassHighway  

These eight steps are described in detail in the subsequent sections of 

this chapter. 

2-4 Project Development January 2006



2006 EDITION 

2.1 Step I: Problem/Need/Opportunity Identification 

Projects begin with the identification of a problem, need, or 

opportunity. This can result from a regularly maintained asset or 

performance management system, such as MassHighway’s bridge 

management system, the top 1,000 intersections safety list, or a 

recent corridor or area planning process. Problem, need or opportunity 

identification can also occur through the regional planning initiatives of 

a Metropolitan Planning Organization or arise from community, 

legislative, or citizen input. Communities and state transportation 

agencies are responsible for providing a wide range of transportation 

services. A number of on-going system management and planning 

processes are often where projects begin. These include: 

Long-Range Transportation Plans 

Statewide, Regional, and Metropolitan Area Plans 

Corridor Studies and Plans 

Asset Management Systems 

Bridge

Pavement

Performance Management Systems 

Congestion Management 

Safety Management 

Operational Plans and Initiatives 

Road Safety Audits 

Local/Community Plans 

Americans with Disabilities Act (ADA) Program Access. (These 

improvements must be incorporated in all transportation 

improvement projects or may be proposed as separate barrier 

removal projects.) 

Road safety audits, noted above, are a relatively new activity in the 

United States with more emphasis on crash prevention—designing safer 

new roads and modifying existing roads before crash statistics reveal a 

problem. Road safety audits foster safer road projects by promoting 

elimination or mitigation of safety hazards (such as dangerous 

intersection layouts) and encouraging incorporation of crash-reducing 

features (such as traffic control devices, delineation, etc.) during the 

planning and design stages of project development. 
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2.1.1 Problem/Need/Opportunity Definition 

As problems, needs, or opportunities for improvements arise they can be 

simple and straightforward, or complex in nature without an obvious 

solution at the start. 

Most issues are addressed through the development of a discrete project, 

specifically tailored to solve the identified need or problem. These 

projects could include, as examples: geometric improvements at an 

intersection, or increased parking and improved bicycle and pedestrian 

access at a transit station where parking demand clearly exceeds supply, 

or traffic control enhancements. These types of projects often proceed 

relatively quickly from issue identification into actual design.  

Other more significant needs require a robust multi-modal planning effort 

to identify possible solutions and analyze various alternatives. For 

example, with a corridor whose roadway network is overly congested, or 

whose transit service is overcrowded, there may be a need for a corridor- 

or location-specific planning study. These studies may require an 

extensive public participation process to identify the problems and 

examine a wide range of possible solutions through an alternatives 

analysis. 

As a first step in the project development process, the proponent would 

lead an effort to: 

Define the problem, need, or opportunity based on objective 

criteria; 

Establish preliminary project goals and objectives; and, 

Define the scope of planning and public outreach needed. 

2.1.2 Project Need Form 

This step in the project development process leads to completion of a 

Project Need Form (PNF). The problem/need/opportunity identification 

and PNF process is illustrated in Exhibit 2-2. The PNF provides sufficient 

material to understand the transportation need(s), and results in one of 

the following three outcomes:  

Verification of the problem, need, or opportunity to enable it to 

move forward into design; 

Determination of the level of further project planning warranted; 

or,

Dismissal of a project from further consideration. 
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Exhibit 2-2 
Step I:  Problem/Need/Opportunity Identification  

Problem/Need/

Opportunity
Project Definition

Project Need �

Form (PNF)

PNF Evaluation

Suggested �

Revisions

Proceed with Project Planning / No Go

Define problem,�

need, or �

opportunity

Define goals�

and objectives�

Define context

Identify Project�

Constituents

Define and�

initiate public�

outreach for�

the planning�

process

Project Need Form

(Transportation �

Evaluation Criteria)

MassHighway District�

Review, Advisory �

Opinion and Guidance

Source: MassHighway 

A copy of the Project Need Form is provided in Appendix 2-A-1 of this 

chapter. Electronic versions of this form and instructions for completion can 

be found on MassHighway’s website (www.mass.gov/mhd).

At the beginning of this process, the proponent should meet with potential 

participants, such as MassHighway District staff, the MPO, regional planning 

agencies, environmental agencies, local boards and officials, and community 
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members. This proactive, informal review and consultation can help ensure 

the project will develop with fewer problems in future phases. 

The Project Need Form is important to define the condition, deficiency, 

or situation that indicates the need for action — the project need.

The statement should be supported by facts, statistics, or even by 

plans or photographs to the extent that information is available.  

The project need is not a project description (such as “replace a 

bridge” or “reconstruct a road”). That approach “decides” the project 

outcome too early in the process. A goal of the PNF is to state, in 

general terms, the deficiencies or needs related to the transportation 

facility (such as “the bridge is structurally deficient” or “the pavement 

is in poor condition”). The Project Need Form should document the 

problems and explain why corrective action is needed. An example of a 

need could be: 

The intersection is hazardous. The high-crash rate at the 

intersection illustrates this problem. 

Other examples might be: 

There is significant congestion at the intersection. During peak 

periods, traffic from the side street has difficulty exiting onto the 

main street and long queues develop.  

Or:

There is no formal accommodation for bicycles or pedestrians 

between the elementary school and the large residential 

neighborhood to the north where a significant portion of the 

student body live. 

The purpose of a project is driven by these needs. As examples, the 

purpose might be to improve safety, to enhance mobility, to enhance 

commercial development, to improve structural capacity, to enhance 

pedestrian and bicycle movement, etc., or some combination of these.  

2.1.3 Transportation Evaluation Criteria 

The MPOs and MassHighway use transportation evaluation criteria 

(TEC) to assess whether proposed transportation projects should be 

supported with state or federal funding. The criteria are organized by 

two basic project purposes: preserving the current transportation 
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system; and improving or expanding the transportation system. A 

discussion of these criteria are provided as Appendix 2-A-2 to this 

chapter. These are useful in the preparation of a Project Need Form 

and should be submitted as an attachment, if available. 

2.1.4 Identify Project Constituents and Public Outreach Plan 

When defining the project need, the proponent should also think about 

public support of the project. To achieve this, the Project Need Form 

should:

Identify interested parties; 

Document public outreach and feedback to date (if any); and 

Outline a public participation process for moving forward. 

More information on the types of project constituents and elements of 

an outreach plan are found in Section 2.9. 

2.1.5 Project Planning Scope 

With the preliminary elements of a project defined (need, goals and 

objectives, project constituents, etc.) in the Project Need Form, the 

planning scope necessary to move the project forward requires 

definition.

The proponent may need to conduct planning activities appropriate to the 

extent and complexity of the type of project under consideration to 

ensure that all project benefits, impacts, and costs are objectively 

estimated: 

For a straightforward project (examples might include a sidewalk 

project, roadway resurfacing, or a traffic signal equipment 

upgrade), the proponent can seek approval to advance the project 

to design from the Project Need Form. In this case, the 

proponent defines the actions proposed to address the project 

need(s), describes the alternatives considered (if necessary), and 

documents any anticipated impacts as part of the Project Need 

Form. (This may also be the best approach where detailed planning 

for the project has already occurred and is documented). 

For more complex projects (as examples, if there are several 

alternatives to consider, if there are contextual constraints which 

add complexity to the solution, or if there is keen public interest), 

the project proponent should define the range of actions to be 
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considered and suggest a planning scope for a Project Planning 

Report. Guidance on the scope of this effort is provided in the next 

section of this chapter. 

2.1.6 Project Need Form Review 

Once the Project Need Form is prepared, it is submitted to the 

MassHighway District Office and Metropolitan Planning Organization staff 

for initial review. MassHighway typically develops a multi-disciplinary team 

to review project requests.  

The intent of the Project Need Form review process is to allow the 

proponent to propose a project at its most basic level to the MassHighway 

District Office and MPO staff. Through this process, MassHighway and 

MPO staff can provide guidance for project scoping and planning 

considerations, in addition to suggestions for likely steps needed for 

project approvals. This guidance can be very valuable, especially if given 

before the proponent invests significant time and resources in the project 

design. The MassHighway and MPO staff suggestions at this stage can go 

a long way in ensuring the project’s success. 

Through this review, the proponent may be asked to answer questions 

that arise from the PNF review, to provide further documentation on 

the alternatives considered, and/or to complete (additional) public 

outreach.

After the Project Need Form has been reviewed and evaluated by the 

MassHighway District Office, a project requiring further planning would 

move into Planning (Step II). Some projects that are straightforward, 

or are supported by prior planning studies, are expected to move 

directly to Project Initiation (Step III). 
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-- A copy of the PNF should be sent to local MPO staff -- 1

Massachusetts Highway Department – District ___ 

Project Need Form (PNF) 
This form is intended to provide preliminary information about the proposed project.  It is not 

expected that all information that is asked for is available or known but applicants are 

encouraged to complete the form as fully as possible.

From:      Title:      

Municipality/Organization:        

Phone:     Fax:        

Date:      Email:      

Project Reference No. (to be filled out by MassHighway): ________________ 

PART I – LOCATION IDENTIFICATION AND DESCRIPTION OF NEED 

Municipality:

Route and/or Street(s): 

Bridge ID Number (if applicable):          

Who owns the roadway/facility?   

Estimated project limits by mile marker and station from MassHighway’s roadway 

database or other distinguishing landmarks such as cross street(s). Include a locus map of 

the project and photos illustrating project need: 

Start:            

End:            

Total Mileage:          

Please provide a brief description of the project need: 

Estimated Construction Cost:      

Does the project have Federal Funding?    Yes No
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If yes, legislation:      Amount: $   

Is the project authorized in a state transportation bond bill? Yes No

If yes, bill:       Amount: $   

PART II – PROJECT BACKGROUND 

In what type of area is the project located? Project limits may include more than one type of 

area.  For a definition of areas, please refer to Chapter 3 of the Guidebook. 

  Rural Natural     Suburban High Density 

  Rural Village     Suburban Village/Town Center 

  Rural Developed     Urban Residential or CBD 

  Suburban Low Density   

How does the roadway/facility function in the community? 

  High-speed, primary corridor with limited access 

  Moderate speed, major corridor between towns/regions 

  Low to moderate speed corridor between towns/regions 

  Moderate speed, major street connecting residential areas to a town center or major connector 

  Low to moderate speed street connecting residential areas with other streets 

  Primarily or exclusively a residential street 

What is the federal functional classification of the road? 

  Interstate      Rural Principal Arterial 

  Urban Principal Arterial    Rural Minor Arterial 

  Urban Minor Arterial    Rural Major Collector 

Urban Collector     Rural Minor Collector 

Is the proposed project on the National Highway System?   Yes    No

Does the project have any Intelligent Transportation System Components?

Yes No If yes, describe:       

Is the project a footprint road project? Yes No

Is the project a footprint bridge project? Yes No
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Provide whatever information is available to characterize the current, general use of the 

facility (attach traffic counts).

CHARACTERISTIC USE/DATA DATA 

SOURCE

NOT AVAILABLE/ 

Comments

Number of Lanes    

Lane Width    

Shoulder Width    

Sidewalk Availability/Width    

Bicycle Facility Availability/Width    

Existing Right of Way    

Current Average Annual Daily Traffic 

(AADT)

   

Current Peak Hour Vehicular Volume    

Current Peak Hour Bicycle Traffic    

Current Peak Hour Pedestrian Traffic    

Percent Truck Traffic    

Current Transit Operations/Facilities    

Traffic Control (signal, flash, signs, etc.)    

Roadway Lighting    

Pavement Condition an d Markings    

Posted Speed Limit    

85
th

 Percentile Speed    

PART III – TRANSPORTATION NEEDS ASSESSMENT 

Choose a project type – Roadway, Sidewalk or Multiuse Path; Bridge or Other.  Answer the 

questions that apply to the proposed project.  Depending on the nature of the project, not all 

questions need to be answered.  For all projects, answer For All Projects. 

Roadway, Sidewalk, Multiuse Path

  Preventive Maintenance    

  Rehabilitation/Resurfacing   

  Reconstruction 

  Widening 

  New Facility   

  Intersection, Roundabout or Traffic Signal Improvements 

  New Interchange or Interchange Reconfiguration 

  Safety 
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What is the condition of the facility, e.g. extent of cracking, deterioration, 

rideabiltiy/walkability, surface condition, structural adequacy, etc.? Include a 

pavement management system (PMS) condition rating from a MassHighway 

approved PMS, as appropriate, and attach photo documentation with this submittal 

showing typical facility surface or site conditions. 

What year was the last repair made to the facility (at minimum a preventative 

maintenance treatment)? 

What repair was made to the facility? (Use repair typed above and describe) 

What is the crash history or other safety concerns of the facility? (For safety 

projects, consult MassHighway’s Traffic Division for more detailed analysis 

requirements).

Are there mobility issues for motorists, bicyclists or pedestrians? (As an alternate to 

this question, attach Transportation Evaluation Criteria Form.) 

Are there congestion issues? Provide level of service analysis results if necessary. (As 

an alternate to this question, attach Transportation Evaluation Criteria Form.) 

What other conditions exist that warrant this project? (As an alternate to this 

question, attach Transportation Evaluation Criteria Form.) 
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Evaluate the impact of the project on the following resources/environmental 

conditions. If major impact”, “ minor impact”, or “will improve” are selected, 

describe below. (As an alternate to this question, attach Transportation Evaluation 

Criteria Form.) 

RESOURCE/

CONDITION 

MAJOR

IMPACT

MINOR

IMPACT

NO

IMPACT

WILL

IMPROVE

UNKNOWN

Cultural

Resources

     

Wetlands      

Hazardous 

Materials

     

Air Quality      

Noise      

Other      

Bridge

  Maintenance 

  Rehabilitation 

  Replacement 

  New or Widening 

What is the bridge rating and date of inspection?  

  Structurally Deficient?     Functionally Obsolete?  

  Posted?       Unknown?

What is the condition of the bridge elements? 

What is the condition of other infrastructure elements? 
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What is the schedule of preventative maintenance? 

If a new bridge or a bridge that does not meet current eligibility requirements, 

describe why the project is proposed. 

Other

  New or Expanded TDM/Park and Ride Lot 

  New or Expanded Traffic Management System 

  Traffic Calming, Streetscape, Lighting, or Transit Improvements 

  Intelligent Transportation Systems 

  Other 

Describe the conditions that warrant the project. 

For All Projects

Describe Right of Way Issues 

  Probably adequate 

  Probably will require takings 

  Probably will require easements and/or rights of entry 

  Unknown 

Describe known project area concerns or constraints. 

Describe the project’s effect on multimodal accommodation. 
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PART IV – PUBLIC PROCESS 

Please describe the public process associated with the project to date. 

  None to Date 

What is the expected level of community interest in the project? 

  High    Medium    Low    Unknown 

Describe issues of concern raised by the public during the public process to date. 




