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EXECUTIVE SUMMARY 

Greenman-Pedersen, Inc. (GPI) has prepared this Traffic Impact and Access Study (TIAS) to 

analyze the traffic impacts of a proposed expansion to an existing Walmart and Meineke Car 

Care Center (Meineke) as well as the construction of a Lowe’s Home Improvement Warehouse 

to be located at 440 Highland Avenue (Route 107) in Salem, Massachusetts.  The project site is 

located on the west side of Highland Avenue and contains a 109,500± square foot Walmart store 

and a 3,084± square foot Meineke. The proposed project consists of expanding the existing 

Walmart building to 152,192± square feet, constructing a 153,063± square foot Lowe’s Home 

Improvement Warehouse (including a 31,204± square foot garden center), and expanding the 

Meineke Car Care Center up to 6,084± square feet.  As part of the project, the existing Camp 

Lion’s facility will be demolished and preliminary site work will be constructed for future 

finished site development by others.  The changes to the Camp Lion’s facility are to provide 

additional and improved accommodations for the existing users.  Concurrently with the project, 

the City of Salem is expected to build a new water storage tower.  Access to the water storage 

tower will be provided by way of a common access drive through the project site.  Neither the 

Camp Lion’s improvement nor the water storage tower is anticipated to result in a traffic impact. 

 

The project site is bounded by Highland Avenue to the east, retail uses to the north and south, 

and undeveloped land to the west and south.  Access to and egress from the Walmart portion of 

the site is currently provided via a signalized driveway on Highland Avenue and two right-

in/right-out driveways.  An internal cross connection is also provided with the adjacent retail 

parcel to the north.  Access to and egress from the Meineke is currently provided through an open 

curb cut along Highland Avenue allowing right-turns in and right-turns out only. 

 

As proposed, the existing signalized driveway to Walmart will be closed and relocated further 

south on Highland Avenue to the location of the existing southerly right-in/right-out driveway.  

The existing right-in/right-out driveway on the northern end of the property will be reconstructed 

to provide better accessibility and meet current state design standards.  The existing internal cross 

connection with the retail parcel to the north will be maintained as part of the project and a right-

in/right-out cross connection will be provided for the Meineke along the proposed site driveway.  
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The existing driveways to the Meineke will be modified as part of the roadway improvements but 

continue to provide right-turns in and right-turns out.  The proposed project will also improve the 

existing Camp Lion site driveway located just south of the project site.   
 

The project will require the issuance of a Highway Access Permit from the Massachusetts 

Department of Transportation (MassDOT) as well as the filing an Environmental Notification 

Form (ENF) and an Environmental Impact Report (EIR) through the Massachusetts 

Environmental Policy Act (MEPA) office of the Executive Office of Energy and Environmental 

Affairs (EOEEA). 
 

 

 

EXISTING CONDITIONS 
 

 

The study area consists of six intersections within the City of Salem as well as one intersection in 

the City of Lynn, which are all located along Route 107 (Highland Avenue in Salem and Western 

Avenue in Lynn).  In Salem, three of the study locations are signalized and include the 

intersections with Ravenna Avenue and Barnes Road, Olde Village Drive, and the Walmart main 

site driveway.  The other three Salem intersections are unsignalized allowing right-turns 

movements only and include the Highland Avenue intersections with Clark Street and the north 

Walmart site driveway, the south Walmart site driveway, and the Meineke driveway.  The study 

location in Lynn includes the signalized intersection of Western Avenue (Route 107) and Fays 

Avenue. 
 

Existing conditions within the study area were developed by conducting traffic counts in May 

and June 2008; comparing the traffic-count data to average-month condition traffic volumes; 

researching accident history; inventorying roadways, intersections, and traffic controls; 

evaluating vehicle speeds and sight distances; and assessing the availability of public 

transportation. Traffic counts were collected during the weekday AM peak period (7:00 to 

9:00 AM), the weekday PM peak period (4:00 to 6:00 PM), and the Saturday midday peak period 

(11:00 AM to 2:00 PM) at each of the study area locations. 
 

 

 

FUTURE CONDITIONS 
 

 

Future conditions were derived by projecting existing volumes to the year 2014, representing a 

five-year design horizon consistent with MassDOT and EOEEA guidelines.  The future No-Build 

peak-hour traffic volumes were developed by applying a 1.0 percent compounded annual growth 

rate to the existing volumes and by adding traffic associated with six specific development 

projects that are planned to be constructed within the five-year design horizon. 
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As proposed, the existing Walmart store will be expanded to 152,192± square feet, the existing 

Meineke will be expended up to 6,084± square feet, and a 121,859± square foot Lowe’s Home 

Improvement Warehouse building with a 31,204± square foot garden center will be constructed.  

Access to the Walmart and Lowe’s portion of the site will be provided via two driveways on 

Highland Avenue; a right-in/right-out driveway on the north side of the property and a full 

access/egress signalized driveway on the south side.  The internal cross connection with the 

parcel to the north will also be maintained and a right-in/right-out cross connection will be 

provided for the Meineke along the proposed site driveway.  The existing Meineke and Camp 

Lion facility driveways along Highland Avenue will also be improved to meet current state 

design standards 

 

The proposed redevelopment project is expected to generate an additional 5,960 total vehicle 

trips (2,980 entering and 2,980 exiting) on a weekday.  During the critical peak hours, the 

proposed development is expected to generate 118 additional vehicle trips (72 entering and 46 

exiting) during the weekday AM peak hour, 583 additional vehicle trips (286 entering and 297 

exiting) during the weekday PM peak hour, and 752 additional vehicle trips (391 entering and 

361 exiting) during the Saturday midday peak hour.  Due to the effect of pass-by traffic (traffic 

that is already on the adjacent roadway), the development will increase new vehicles trips on 

roadways leading beyond the study area during the weekday AM, weekday PM, and Saturday 

midday peak hours, respectively.  The most significant increases will occur along Highland 

Avenue in the range of 38 to 282 vehicles per hour, which represents on average, one to five 

additional vehicles every minute during the peak hours.  Smaller increases are expected during 

all other times.  

 

 

 

ANALYSIS 
 

 

Capacity and queue analyses were conducted at the site driveways as well as at the study area 

intersections under 2009 Existing, 2014 No-Build, and 2014 Build traffic-volume conditions.  

The impact of traffic expected to be generated as a result of the development of the proposed 

project can be measured by comparing 2014 No-Build conditions to 2014 Build conditions.  The 

capacity analysis methodology is based on the concepts and procedures in the Highway Capacity 

Manual (HCM).  The concept of level of service (LOS) is defined as a qualitative measure 

describing operational conditions within a traffic stream and their perception by motorists and/or 

passengers. 
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Most study intersections operate at acceptable levels with vehicle queue lengths that do not 

exceed the available storage.  At the intersection of Western Avenue and Fays Avenue, 

deficiencies exist under the No-Build condition without the development of the proposed project.  

At the intersection of Highland Avenue and the main signalized site driveway, the redevelopment 

of the site is expected to result in queue lengths that exceed the available storage lengths.  As part 

of this project, mitigation measures are proposed at these locations to address the traffic related 

impacts of the project as well as the deficiencies that are expected independent of the project. 

 

 

 

MITIGATION 
 

 

The final component of the traffic study is the identification of “mitigation” measures that are 

expected to be effective in eliminating or improving anticipated deficiencies resulting from the 

combination of existing, background, and project-generated traffic.  As part of the proposed site 

redevelopment, mitigation measures are proposed at the main site driveway intersection with 

Highland Avenue as well as at the Western Avenue intersection with Fays Avenue. 

 

The main signalized site driveway will be relocated further south to the location of the existing 

southerly right-turn in/right-turn out driveway.  The existing main site driveway will be closed, 

reducing the number of curb cuts along Highland Avenue.  The proposed intersection will be 

widened to include additional turn lanes, provide signalized control to existing uses along 

Highland Avenue, and provide an additional location for Highland Avenue southbound traffic to 

U-turn to travel northbound.  The existing northerly right-in/right-out driveway will be modified 

to meet current state design standards.  The southbound travel lanes along Highland Avenue past 

the main site driveway will be realigned to improve the existing merge area from two lanes to 

one.  Additional signage will be added along Highland Avenue to better define the intersection 

geometry as well as indentify the merge area.  With the implementation of the improvements 

described, the intersection and merge area are expected to operate at acceptable levels and 

vehicle queue lengths are not expected to exceed the available storage lengths. 
 

Under No-Build conditions, deficiencies are expected at the intersection of Western Avenue and 

Fays Avenue during the weekday PM peak hour independent of the proposed project.  To 

mitigate the project’s traffic impact at this location and address existing operational deficiencies, 

an exclusive right-turn lane is proposed on the Western Avenue southbound approach to Fays 

Avenue.  In addition, the existing traffic signal equipment will be upgraded and traffic signal 

timing changes are proposed to increase the amount of “green time” provided to the Western 

Avenue approaches during each signal cycle.  The combination of these measures will mitigate 

the traffic impact of the project and improve the intersection operations over the No-Build 

condition. 
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EXISTING CONDITIONS 

INTRODUCTION 
 

 

Greenman-Pedersen, Inc. (GPI) has prepared this Traffic Impact and Access Study (TIAS) to 

analyze the traffic impacts of a proposed expansion to an existing Walmart store and Meineke 

Car Care Center (Meineke) as well as the construction of a Lowe’s Home Improvement 

Warehouse to be located along Highland Avenue (Route 107) in Salem, Massachusetts.  This 

study identifies traffic mitigation measures necessary to minimize those impacts.  The project site 

is located on the west side of Highland Avenue just north of the Lynn City line.  The existing site 

contains a 109,438± square foot Walmart store and a 3,084± square foot Meineke Car Care 

Center.  The proposed project consists of expanding the existing Walmart building to 152,192± 

square feet, expanding the existing Meineke up to 6,084± square feet, and constructing a 

153,063± square foot Lowe’s Home Improvement Warehouse (including a 31,204± square foot 

garden center).  As part of the project, the existing Camp Lion’s facility will be demolished and 

preliminary site work (e.g. rough grading, stubbed utilities, and a new access drive) will be 

constructed for future finished site development (e.g. paved parking, buildings, etc.) by others.  

The changes to the Camp Lion’s facility are to provide additional and improved accommodations 

for the existing users.  Concurrently with the project, the City of Salem is expected to build a 

new water storage tower.  Access to the water storage tower will be provided by way of a 

common access drive through the project site.  Neither the Camp Lion’s improvement nor the 

water storage tower is anticipated to result in a traffic impact. 
 

The project site is bounded by Highland Avenue to the east, undeveloped land to the south and 

west, and a retail development to the north.  Access to and egress from the Walmart portion of 

the site is currently provided via a signalized driveway on Highland Avenue and two right-

in/right-out driveways.  An internal cross connection is also provided with the adjacent retail 

parcel to the north.  A right-in/right-out driveway along Highland Avenue is provided for 

Meineke.  As proposed, the signalized site driveway will be closed and relocated further south on 

Highland Avenue to the location of the existing southerly right-in/right-out site driveway.  The 

existing right-in/right-out driveway on the northern end of the property will be reconstructed to 

provide better accessibility and meet current state design standards.  Current access to the 

Meineke and the Camp Lion site along Highland Avenue to the south of the site will be 
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maintained and improved to meet current state design standards.  The existing internal cross 

connection with the parcel to the north will be maintained as part of the project. A right-turn in 

and right-turn out only cross connection will also be provided to the existing Meineke located 

along the proposed main site driveway.  The site location in relation to the surrounding roadways 

is shown on the map on Figure 1. 
 

Since the project is located on Highland Avenue (Route 107), a state-maintained roadway, the 

project will require the issuance of a Highway Access Permit from the Massachusetts 

Department of Transportation (MassDOT).  The proposed project is expected to generate more 

than 3,000 total vehicle trips per day (including both inbound trips and outbound trips) and, 

accordingly, requires the filing of an Environmental Notification Form (ENF) and an 

Environmental Impact Report (EIR) through the Massachusetts Environmental Policy Act 

(MEPA) office of the Executive Office of Energy and Environmental Affairs (EOEEA). 
 

 

 

GEOMETRICS AND TRAFFIC CONTROL 
 

 

Evaluation of the traffic impacts associated with the proposed Walmart and Meineke expansion 

and the Lowe’s Home Improvement Warehouse development involves the description and 

quantification of existing roadway and traffic conditions in the area.  In preparing this study for 

the proposed development, the following intersections have been analyzed and evaluated: 
 

• Highland Avenue (Route 107) at Ravenna Avenue and Barnes Road – City of Salem 

• Highland Avenue at Olde Village Drive – City of Salem 

• Highland Avenue at Walmart north driveway and Clark Street – City of Salem 

• Highland Avenue at Walmart main (signalized) driveway – City of Salem 

• Highland Avenue at Walmart south driveway – City of Salem 

• Highland Avenue at Meineke driveway (462 Highland Avenue) – City of Salem 

• Western Avenue (Route 107) at Fays Avenue – City of Lynn 
 

A description of each roadway and the geometric and traffic control characteristics of each of 

these intersections are provided below, followed by quantification of existing traffic volumes, 

accident history, vehicle speeds, and sight distance. 
 

 

Study Area Roadways 
 

The jurisdictional responsibility and classification of each study area roadway is listed in Table 1. 

As shown, Highland Avenue is under MassDOT jurisdiction while Western Avenue, Ravenna 

Avenue, Barnes Road, Olde Village Drive, Clark Street, and Fays Avenue are under local 

jurisdiction.  
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Table 1 

ROADWAY CLASSIFICATION AND JURISDICTIONAL RESPONSIBILITY 

 

 

Roadway Roadway Classification Responsible Agency 
   

Highland Avenue (Route 107) Urban Principal Arterial MassDOT 
   

Western Avenue (Route 107) Urban Principal Arterial Local Jurisdiction (City of Lynn) 
   

Ravenna Avenue Local Road Local Jurisdiction (City of Salem) 
   

Barnes Road Local Road Local Jurisdiction (City of Salem) 
   

Olde Village Drive Local Road Local Jurisdiction (City of Salem) 
   

Clark Street Local Road Local Jurisdiction (City of Salem) 
   

Fays Avenue Local Road Local Jurisdiction (City of Lynn) 
   

 

 

Study Area Intersections 

 

Highland Avenue at Ravenna Avenue and Barnes Road 

 

Highland Avenue, Ravenna Avenue, and Barnes Road intersect to form a four-way intersection 

under actuated signal control. The Highland Avenue northbound and southbound approaches 

each consist of a 12-foot wide exclusive left-turn lane, a 13-foot wide through lane, and a 12-foot 

wide shared through/right-turn lane. Directional travel on Highland Avenue is separated by a 

raised median with guardrail. The Ravenna Avenue eastbound approach consists of a 16-foot 

wide general-purpose travel lane with no pavement markings separating directional flow. The 

Barnes Road westbound approach consists of a 12-foot wide general-purpose travel lane with no 

pavement markings separating directional flow. The posted speed limit on Highland Avenue is 

45 miles per hour (mph) at this intersection. Sidewalks are provided along the east side of 

Highland Avenue and a crosswalk is striped across the Highland Avenue southern leg. Land use 

in the vicinity of the intersection consists of residential homes.  

 

Highland Avenue at Olde Village Drive 

 

Olde Village Drive intersects Highland Avenue from the west to form a three-way intersection 

under actuated signal control. The Highland Avenue northbound approach consists of a 13-foot 

wide exclusive left-turn lane and two 12-foot wide through lanes. The Highland Avenue 

southbound approach consists of a 12-foot wide through lane and a 12-foot wide shared 

through/right-turn lane. Directional travel on Highland Avenue is separated by a raised median 

with guardrail. The Olde Village Drive eastbound approach consists of 30-foot wide general-
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purpose travel lane. Directional travel on Olde Village Drive is separated by a raised median 

island at the intersection. The posted speed limit on Highland Avenue is 45 mph. Sidewalks are 

provided along both sides of Highland Avenue and along the south side of Olde Village Drive. 

There are no crosswalks provided in the vicinity of the intersection. Land use in the vicinity of 

the intersection consists of a retail plaza (400 Highland Place), a self storage facility, residential 

homes, and vacant land.  

 

Highland Avenue at Walmart North Driveway and Clark Street 

 

Highland Avenue is intersected by the Walmart north driveway from the west and Clark Street 

from the east to form two unsignalized T-type intersections separated along Highland Avenue by 

a raised median with guardrail. The Highland Avenue northbound and southbound approaches 

each consist of a 12-foot wide through lane and a 12-foot wide shared through/right-turn lane.  

The Walmart north driveway consists of a 20-foot wide right-in/right-out driveway under STOP-

sign control. There are no pavement markings separating directional travel on the Walmart north 

driveway. The Clark Street westbound approach consists of a 19-foot wide travel lane and only 

allows right turns to and from the side street roadway.  Directional flow on Clark Street is 

separated by a faded double yellow centerline.  The posted speed limit on Highland Avenue is 35 

mph in the northbound direction and 45 mph in the southbound direction. Sidewalks are present 

along the east side of Highland Avenue and no crosswalks are provided in the vicinity of the 

intersection.  Land use in the vicinity of the intersection consists of Walmart, Dunkin’ Donuts, a 

retail plaza (400 Highland Place), and residential homes. 

 

Highland Avenue at Walmart Main (Signalized) Driveway 

 

The Walmart main driveway intersects Highland Avenue from the west to form a T-type 

intersection under actuated signal control.  The Highland Avenue northbound approach consists 

of a 12-foot wide exclusive left-turn lane and two 12-foot wide through lanes. The Highland 

Avenue southbound approach consists of two 12-foot wide through lanes and an 11-foot wide 

exclusive right-turn lane.  Directional travel on Highland Avenue is separated by a median with 

guardrail. The Walmart main driveway eastbound approach consists of a 27-foot wide lane that is 

used as an exclusive left-turn lane and an exclusive right-turn lane.  Directional travel on the 

Walmart main driveway eastbound approach is separated by a raised median island at the 

intersection. The posted speed limit on Highland Avenue is 35 mph in the northbound direction 

and 45 mph in the southbound direction. Sidewalks are present along the east side of Highland 

Avenue.  Land use in the vicinity of the intersection consists of Walmart and Uncle Bob’s Self-

Storage facility. 
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Highland Avenue at Walmart South Driveway 
 

Highland Avenue is intersected by the Walmart south driveway from the west to form an 

unsignalized T-type intersection.  The Highland Avenue northbound approach consists of two 

12-foot wide through lanes.  The Highland Avenue southbound approach consists of a 12-foot 

wide through lane and a 12-foot wide shared through/right-turn lane.  Directional flow along 

Highland Avenue is separated by a raised median with guardrail.  The Walmart south driveway 

consists of a 30-foot wide right-in/right-out driveway under STOP-sign control.  There are no 

pavement markings separating directional travel on the Walmart south driveway. The posted 

speed limit on Highland Avenue is 35 mph in the northbound direction and 45 mph in the 

southbound direction.  Sidewalks are present along the east side of Highland Avenue and no 

crosswalks are provided in the vicinity of the intersection.  Land use in the vicinity of the 

intersection consists of Walmart, commercial businesses, and the Meineke Car Care Center. 

 

Highland Avenue at Meineke Driveway (462 Highland Avenue) 
 

Highland Avenue is intersected by the Meineke driveway from the west to form an unsignalized 

T-type intersection.  The Highland Avenue northbound approach consists of two 12-foot wide 

through lanes.  The Highland Avenue southbound approach consists of a 12-foot wide through 

lane and a 12-foot wide shared through/right-turn lane.  Directional flow along Highland Avenue 

is separated by a raised median with guardrail.  The Meineke driveway is 26 feet wide and is 

under STOP control.  There are no pavement markings separating directional travel on the 

Meineke driveway.  The posted speed limit on Highland Avenue is 35 mph in the northbound 

direction and 45 mph in the southbound direction.  Sidewalks are present along the east side of 

Highland Avenue and no crosswalks are provided in the vicinity of the intersection.  Land use in 

the vicinity of the intersection consists of Walmart, commercial business, and the Meineke Car 

Care Center. 

 

Western Avenue at Fays Avenue 
 

Fays Avenue intersects Western Avenue from the west to form a T-type intersection under 

actuated signal control.  The Western Avenue northbound approach consists of a 12-foot wide 

exclusive left-turn lane and an 11-foot wide through lane.  The Western Avenue southbound 

approach consists of a 16-foot wide general-purpose travel lane.  Directional travel on Western 

Avenue is separated by a painted median and a double yellow centerline.  The Fays Avenue 

eastbound approach consists of a 15-foot wide general-purpose travel lane. There are no 

pavement markings separating directional travel on Fays Avenue.  The posted speed limit on 

Western Avenue is 35 mph.  Sidewalks are provided along both sides of Western Avenue and 

Fays Avenue.  Crosswalks are striped across the Western Avenue north leg and Fays Avenue.  

Land use in the vicinity of the intersection consists of residential homes. 
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TRAFFIC VOLUMES 
 

 

Base traffic conditions within the study area were developed by conducting manual turning 

movement counts (TMCs), vehicle classification counts, and automatic traffic recorder (ATR) 

counts in May and June 2008.  The TMCs and vehicle classification counts were performed at 

the study area intersection locations during the weekday AM peak period (7:00 to 9:00 AM), the 

weekday PM peak period (4:00 to 6:00 PM), and the Saturday midday peak period (11:00 AM to 

2:00 PM).  The ATR counts were conducted along Highland Avenue adjacent to the site to 

collect both weekday and Saturday daily traffic volumes as well as vehicle speed measurements. 

Since historical traffic volume data along roadways in the vicinity of the site have shown a slight 

decrease in traffic volumes over the past few years the counts collected are used in the study to 

represent current existing traffic volumes.  All traffic-count data are provided in the Appendix. 
 

Traffic on a given roadway typically fluctuates throughout the year depending on the area and the 

type of roadway. To determine if the traffic-count data needed to be adjusted to account for this 

fluctuation, seasonal and historical traffic-volume data were reviewed from nearby MassDOT 

Permanent Count Stations.1  This information revealed that May traffic volumes are 

approximately 3 to 4 percent higher than annual average-month conditions and June traffic 

volumes are approximately 3 to 12 percent higher than annual average-month conditions. 

Therefore, the May and June traffic counts were used as collected to provide a conservative 

(higher than average) analytical framework.  This further supports the use of the collected traffic 

volumes to represent existing 2009 traffic conditions.  The MassDOT seasonal adjustment data 

are provided in the Appendix. 
 

Table 2 summarizes the existing daily and peak-hour traffic volumes along Highland Avenue. 

Figures 2 through 4 graphically depict the 2009 Existing weekday AM, weekday PM, and 

Saturday midday peak-hour traffic flow networks, respectively. 

                                                 
1MassDOT 2006 Traffic Volumes; Permanent Count Station 35 located on Route 128, north of Brimbal Avenue in Beverly; and 

Permanent Count Station 550 located on Route 1, north of Lowell Street in Peabody. 
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Table 2 

EXISTING TRAFFIC-VOLUME SUMMARY 
 

 

 

Location/Time Period 

Daily Volume 

(vpd) 
a
 

Peak-Hour 

Volume (vph) 
b
 K Factor 

c
 

Directional 

Distribution 
d
 

     

Highland Avenue adjacent to the site: 

Weekday 

Saturday  

 

26,360 

25,310 

 

2,062 

2,031 

 

7.8 

8.0 

 

51% SB 

53% NB 
     

a Vehicles per day. 
b Vehicles per hour. 
c Percent of average daily traffic occurring during the peak hour. 
d SB = southbound; NB = northbound. 

 

 

 

TRAFFIC ACCIDENTS 
 

 

Accident data for the study area intersections were obtained from MassDOT for the most recent 

three-year period available (between 2004 and 2006).  These data were supplemented with 

accident data from the Salem Police Department (between 2005 and 2007) to verify the accuracy 

of the MassDOT data.  Based on a review of the available accident data, the MassDOT data 

appears to be consistent with the Salem Police Department data.  A summary of the accident data 

at the study area intersections is provided in Table 3. 
 

In addition to the accident summary, incident occurrence should be compared to the volume of 

traffic through a particular intersection to determine any significance.  Accordingly, the accident 

rates were calculated for each study area intersection and compared with the statewide and 

district-wide (MassDOT District 4) averages.  An intersection accident rate is a measure of the 

frequency of accidents compared to the volume of traffic through an intersection and is presented 

in accidents per million entering vehicles (acc/mev).  For unsignalized intersections, the 

statewide average is 0.66 acc/mev and the district-wide average is 0.63 acc/mev.  For signalized 

intersections, the statewide average is 0.87 acc/mev and the district-wide average is 

0.88 acc/mev.  A comparison of the calculated accident rate to these averages can be used to 

establish the significance of accident occurrence and whether or not potential safety problems 

exist.  All crash rate worksheets are provided in the Appendix. 
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Table 3 

ACCIDENT SUMMARY 

 

 

 Number of Accidents Severity 
a
 Accident Type 

b
 Percent During 

Location Total 

Average 

per Year 

Accident 

Rate 
c
 PD PI F CM RE HO FO Ped

 
Other 

Commuter 

Peak 
d
 

Wet/Icy 

Conditions 

 

Highland Avenue at  

Ravenna Avenue and Barnes Road 

 

 

 

7 

 

 

2.3 

 

 

0.21 

 

 

5 

 

 

2 

 

 

0 

 

 

2 

 

 

1 

 

 

0 

 

 

2 

 

 

0 

 

 

2 

 

 

43% 

 

 

57% 

Highland Avenue at Olde Village Drive 

 

18 6.0 0.55 11 7 0 1 6 0 2 0 9 17% 39% 

Highland Avenue at and Clark Street 

 

2 0.7 0.06 1 1 0 1 1 0 0 0 0 0% 50% 

Highland Avenue at Walmart driveways
 e
 

 

24 8.0 0.77 18 5 1 4 7 0 2 0 11 42% 25% 

Highland Avenue at Meineke driveway 

 

0 0.0 0.00 0 0 0 0 0 0 0 0 0 0% 0% 

Western Avenue at Fays Avenue 

 

10 3.3 0.33 6 4 0 4 6 0 0 0 0 30% 30% 

Source: Salem Police Department and MassDOT Traffic Operations Safety Management System for the Western Avenue and Fays Avenue intersection. 
a PD = property damage only; PI = personal injury; F = fatality. 
b CM = cross movement/angle; RE = rear end; HO = head on; FO = fixed object; Ped = pedestrian. 
c Measured in accidents per million entering vehicles. 
d Percent of vehicle incidents that occurred during the weekday AM and weekday PM commuter peak periods. 
e Accident data did not distinguish between the Walmart north, main, and south driveways. 
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The intersection of Highland Avenue at Olde Village Road has experienced, on average, six 

accidents per year, of which, approximately 61 percent (11 of 18) resulted in property damage 

only. Approximately 33 percent (6 of 18) of the reported accidents involved rear-end-type 

collisions, and approximately 11 percent (2 of 18) involved a collision with a fixed object. 

Approximately 17 percent (3 of 18) of the reported accidents occurred during the weekday 

commuter peak period, and approximately 38 percent (7 of 18) occurred under wet/icy roadway 

conditions. This intersection has experienced an accident rate of 0.55, which is lower than the 

district-wide and statewide averages for signalized intersections. There were no fatalities reported 

at this intersection during the times periods studied.  Based on the accident history data, there 

does not appear to be a safety concern at this location.  
 

The intersections of Highland Avenue and the Walmart driveways have experienced, on average, 

eight accidents per year; however, the accident data did not distinguish between the three existing 

Walmart driveways. Approximately 75 percent (18 of 24) of the reported accidents resulted in 

property damage only and approximately 29 percent (7 of 24) involved rear-end-type collisions. 

Approximately 42 percent (10 of 24) of the reported accidents occurred during the weekday 

commuter peak period, and approximately 25 percent (6 of 24) occurred under wet/icy roadway 

conditions.    

 

Although the Walmart driveway intersections with Highland Avenue were considered as one 

location, the data revealed an accident rate of 0.77 which is lower than the district-wide and 

statewide averages for signalized intersections.  There was one fatality on Highland Avenue at 

the Walmart main driveway on June 13, 2007. The accident occurred when a vehicle traveling in 

the Highland Avenue southbound right-turn only lane continued to travel southbound on 

Highland Avenue and collided with another vehicle in the southbound through lane.  

Accordingly, additional signage is proposed as part of the development project to provide 

advance lane use signs to better define the intersection geometry.  This will inform drivers prior 

to the intersection on which lane to travel. 
 

The remaining study area intersections have experienced, on average, three accidents or less per 

year. No fatalities were reported at these intersections during the time periods studied, and the 

accident rates are lower than the district-wide and state-wide averages. Based on the accident 

history data, there does not appear to be a safety concern at these locations. 
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VEHICLE SPEEDS 

 

 

Speed measurements were conducted along Highland Avenue by measuring the elapsed time for 

vehicles traveling a short, pre-measured distance between two checkpoints.  The travel time is 

recorded using ATRs over a 24-hour period, thereby also recording travel speeds during non-

peak hours when vehicle speeds are not affected by platooning.  Dividing the elapsed time by the 

measured distance between checkpoints derives the speed. The results of the speed measurements 

are summarized in Table 4. 

 

 

Table 4 

OBSERVED TRAVEL SPEEDS 
a
 

 

 

 

Location/Direction 

Posted 

Speed Limit 

Median 

Speed 

85
th

 Percentile 

Speed 
b
 

 

Highland Avenue 

adjacent to the site: 

 Northbound 

 Southbound 
 

 

 

 

35 

45 

 

 

 

40 

31 

 

 

 

46 

41 

a In miles per hour (mph). 
b Speed at, or below which 85 percent of all observed vehicles travel. 

 

 

As shown, the median speeds on Highland Avenue were found to be 40 and 31 mph with 85
th

 

percentile speeds of 46 and 41 mph for northbound and southbound travel, respectively. Speeds 

in the southbound direction were observed to be below the posted speed limit of 45 mph for 

Highland Avenue.  However, vehicles traveling northbound on Highland Avenue were observed 

to be traveling at speeds in excess of the posted speed limit of 35 mph.  
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SIGHT DISTANCE 
 

 

To identify potential safety concerns associated with site access and egress, sight distances have 

been evaluated at the proposed site driveway locations to determine if the available sight 

distances for vehicles exiting the site meet or exceed the minimum distances required for 

approaching vehicles to safely stop.  The available sight distances were compared with minimum 

requirements, as established by the American Association of State Highway and Transportation 

Officials (AASHTO).2  AASHTO is the national standard by which vehicle sight distance is 

calculated, measured, and reported.  The Massachusetts Executive Office of Transportation 

(EOT) and the EOEEA require the use of AASHTO sight distance standards when preparing 

traffic impact assessments and studies, as stated in their guidelines for traffic impact assessments. 
 

Sight distance is the length of roadway ahead that is visible to the driver. Stopping Sight Distance 

(SSD) is the minimum distance required for a vehicle traveling at a certain speed to safely stop 

before reaching a stationary object in its path.  The values are based on a driver perception and 

reaction time of 2.5 seconds and a braking distance calculated for wet, level pavements.  When 

the roadway is on either an upgrade or downgrade, grade correction factors are applied. Stopping 

sight distance is measured from an eye height of 3.5 feet to an object height of 2 feet above street 

level, equivalent to the taillight height of a passenger car.  The SSD is measured along the 

centerline of the traveled way of the major road. 
 

Intersection sight distance (ISD) is provided on minor street approaches to allow the drivers of 

stopped vehicles a sufficient view of the major roadway to decide when to enter the major 

roadway.  By definition, ISD is the minimum distance required for a motorist exiting a minor 

street to turn onto the major street, without being overtaken by an approaching vehicle reducing 

its speed from the design speed to 70 percent of the design speed.  ISD is measured from an eye 

height of 3.5 feet to an object height of 3.5 feet above street level. The use of an object height 

equal to the driver eye height makes intersection sight distances reciprocal (i.e., if one driver can 

see another vehicle, then the driver of that vehicle can also see the first vehicle).  When the minor 

street is on an upgrade that exceeds 3 percent, grade correction factors are applied.   

                                                 
2A Policy on Geometric Design of Highways and Streets; American Association of State Highway and Transportation Officials 

(AASHTO); 2004.   



TRAFFIC IMPACT AND ACCESS STUDY  

Walmart and Meineke Expansions and Lowe’s Home Improvement Warehouse - Salem, Massachusetts 

 

08571 TIAS 122209.doc Page 19 

SSD is generally more important as it represents the minimum distance required for safe stopping 

while ISD is based only upon acceptable speed reductions to the approaching traffic stream. 

However, the ISD must be equal to or greater than the minimum required SSD in order to 

provide safe operations at the intersection.  In accordance with the AASHTO manual, “If the 

available sight distance for an entering or crossing vehicle is at least equal to the appropriate 

stopping sight distance for the major road, then drivers have sufficient sight distance to 

anticipate and avoid collisions.  However, in some cases, this may require a major-road vehicle 

to stop or slow to accommodate the maneuver by a minor-road vehicle. To enhance traffic 

operations, intersection sight distances that exceed stopping sight distances are desirable along 

the major road.”  Accordingly, ISD should be at least equal to the distance required to allow a 

driver approaching the minor road to safely stop. 

 

For signalized intersections, the first vehicle stopped on one approach should be visible to the 

driver of the first vehicle stopped on each of the other approaches.  However, both proposed site 

driveways were evaluated as unsignalized intersections to provide a conservative (worst case) 

comparison.  For sight distance to traffic signals, all efforts should be made to meet the minimum 

sight distance recommendations based on the 85
th

 percentile speeds.   

 

The available SSD and ISD at the proposed site driveway locations were measured and compared 

to minimum requirements as established by AASHTO. Since the distance required to stop a 

vehicle is dependent on the speed of that vehicle, speed studies were conducted as presented in 

the Vehicle Speeds section. Based on the posted speed limit and the observed speeds, the SSD 

and ISD requirements at the two proposed site driveways were calculated. The required 

minimum sight distances for each speed are compared to the available distances, as shown in 

Table 5. 

 

As indicated in Table 5, available sight distances at the proposed site driveways exceed the 

minimum and desirable SSD and ISD requirements for safe operation based on both the posted 

and desirable travel speeds.  To ensure the safe and efficient flow of traffic to and from the site, it 

is recommended that any proposed plantings, vegetation, landscaping, and signing along the site 

frontage be kept low to the ground or set back sufficiently from the edge of the roadways so as 

not to inhibit the available sight lines.  
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Table 5 

SIGHT DISTANCE SUMMARY 

 

 

 

Stopping Sight Distance (feet) Intersection Sight Distance (feet) 

Location/Direction Measured 

Minimum 

Required
a 

Measured 

Minimum 

Required
b 

Desirable
c 

      

Highland Avenue at  

North Site Driveway: 

 North of intersection 
 

 

 

570 

 

 

395 

 

 

600 

 

 

395 

 

 

430 

Highland Avenue at  

Main Site Driveway: 

 North of intersection 

 South of intersection 
 

 

 

570 

600 

 

 

360 

375 

 

 

600+ 

600+ 

 

 

360 

375 

 

 

465 

465 

Highland Avenue at  

Meineke Driveway: 

 North of intersection 
  

 

 

500+ 

 

 

360 

 

 

500+ 

 

 

360 

 

 

465 

aValues based on AASHTO requirements for posted speed limit of 45 mph in the southbound direction and the observed 85th 

percentile speed (46 mph) in the northbound direction.  
bValues based on AASHTO requirements for SSD. 
cValues based on AASHTO ISD guidelines for posted speed limit of 35 mph northbound and 45 mph southbound on Highland 

Avenue. 
 

 

 

PUBLIC TRANSPORTATION 

 

 

The Massachusetts Bay Transportation Authority (MBTA) provides bus service in the study area 

via Bus Routes 450 and 456.  Bus Route 450 begins at the Salem Depot, travels south along 

Route 107, and ends at Haymarket Station and/or Wonderland Station.  Bus Route 450 runs 

between 4:50 AM and 1:27 AM on weekdays, between 6:05 AM and 12:49 AM on Saturdays, 

and between 7:45 AM and 12:15 AM on Sundays.  Bus Route 456 begins at the Salem Depot, 

travels south along Route 107 and Route 129, and ends at Central Square in Lynn.  Bus 

Route 456 runs between 7:00 AM and 4:16 PM on weekdays.  Both Bus Routes 450 and 456 

stop at the existing Walmart site. The public transportation information is provided in the 

Appendix. 
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FUTURE CONDITIONS 

To estimate the impact of site-generated traffic within the study area, existing traffic volumes 

were projected to the year 2014.  This represents a five-year design horizon in accordance with 

EOEEA/EOT traffic impact assessment guidelines. Traffic volumes on the roadway network at 

that time will include existing traffic, new traffic due to normal traffic growth, and traffic related 

to any significant development by others expected to be completed within the area by 2014.  

Consideration of these factors resulted in the development of 2014 No-Build traffic volumes, 

which assume that the proposed development is not built. The incremental impacts of the 

proposed retail development may then be determined by adding site-generated traffic volumes 

(Build conditions) and making comparisons to the No-Build conditions. 

 

 

 

TRAFFIC GROWTH 

 

 

To develop the 2014 No-Build forecast volumes, two components of traffic growth were 

considered. First, an annual average traffic-growth percentage was determined based on 

MassDOT historical traffic-volume data. These data revealed that there has been a 1.32 percent 

decrease in traffic between 1997 and 2004 in the vicinity of the site. However, such a decline in 

traffic may not continue.  Therefore, to provide a conservative (worse than expected) basis for 

the analysis, a 1.0 percent compounded annual growth rate was assumed to account for general 

population growth and the traffic generated by smaller area developments. 
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Second, any traffic that may be generated by planned developments that could add substantial 

volumes of traffic through the study area within the next five years was considered.  Based on 

discussions with officials from the City of Salem, there are six projects in the area that could add 

significant traffic volumes to the adjacent roadways since the time of the traffic counts. 
 

The first project is Saint Jean’s Credit Union located at 370 Highland Avenue, which opened on 

May 27, 2008.  This development consists of a 7,200 square foot bank with office space and 

three drive-up windows.  At the time of the May 2008 weekday AM and weekday PM traffic 

counts, the development was not yet opened.  Therefore, to estimate the volume of traffic to be 

generated by the Saint Jean’s Credit Union during the weekday AM and weekday PM peak 

hours, traffic volumes were obtained from the traffic study conducted for the project.3 
 

The second project is a retail development to be located at 262-272 Highland Avenue at the 

intersection with Marlborough Road.  The proposed development will consist of a 12,900 square 

foot CVS Pharmacy with two drive-through windows and a 10,400± square foot building 

containing Tri-City Sales and Dunkin’ Donuts. The project was under construction at the time of 

the traffic counts.  Therefore, to estimate the volume of traffic to be generated by the retail 

development, traffic volumes were obtained from the traffic study conducted for the project.4 
 

The third project is Osborne Hills, which consists of 131 single-family residences to be located 

on Marlborough Road.  This project is proposed to be constructed in phases, of which, 

Phase One (11 single-family homes) has been constructed and occupied.  Therefore, to estimate 

the volume of traffic to be generated by the remaining 120 homes, traffic volumes were obtained 

from a technical memorandum prepared for the project and compared with trip-generation data 

published in the Institute of Transportation Engineers (ITE) Trip Generation manual for Land 

Use Code (LUC) 210 (Single-Family Detached Housing) for 120 units.5
,6 

 

The fourth project is Chapel Hill, which consists of 26-single family residences to be located on 

Clark Street. At the time of this study, this residential project has been approved by the Salem 

Planning Board but has not been constructed. To estimate the volume of traffic to be generated 

by the Chapel Hill development, traffic volumes for the weekday AM and weekday PM peak 

hours were obtained from the traffic study prepared for the project.7 Traffic volumes for the 

Saturday midday peak hour were estimated using ITE LUC 210 (Single-Family Detached 

Housing) for 26 units. 

                                                 
3 Traffic Impact Assessment; Proposed Commercial Development; 376 Highland Avenue; Salem, MA; Abend Associates; June 

13, 2006. 

4 Traffic Impact and Access Study; Proposed Tri-City Sales & CVS Pharmacy Development; 272 Highland Avenue; Vanasse 

Hangen Brustlin, Inc.; November 2006. 
5 Response to Traffic Peer Review Comments; Osborne Hills Residential Subdivision; Salem, MA; Abend Associates; 10/13/06. 
6Trip Generation; 7th Edition; Institute of Transportation Engineers; Washington, DC; 2003. 
7 Traffic Impact Assessment; Chapel Hill Residential Subdivision, Salem, Massachusetts; Abend Associates; August 21, 2006. 
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The fifth project is the Witch Hill residential development located on Durkin Road.  Roadway 

construction has begun, however, no homes have been constructed at the time of this study.  

Therefore, to estimate the volume of traffic to be generated by the residential development, 

traffic volumes for the weekday AM and weekday PM peak hours were obtained from the traffic 

study prepared for the project.8 Traffic volumes for the Saturday midday peak hour were 

estimated using ITE LUC 210 (Single-Family Detached Housing) for 28 units. 

 

The sixth project is the expansion of an existing transfer station located on Swampscott Road. 

This project has been approved by the Salem Planning Board and is currently under construction. 

The transfer station development is not expected to generate a significant amount of traffic 

within the study area and will be accounted for within the annual background growth rate for the 

area. 

 

The 2014 No-Build peak-hour traffic volumes were accordingly developed by applying a 

1.0 percent per year traffic growth rate (5.1 percent compounded over five years) to the 

2009 Existing volumes and by adding the traffic associated with the Saint Jean’s Credit Union, 

Tri-City retail development, and the Osborne Hills, Chapel Hill, and Witch Hill residential 

developments. The 2014 No-Build traffic volumes are shown graphically on Figures 5 through 7 

for the weekday AM, weekday PM, and Saturday midday peak hours, respectively. 

 

 

 

PLANNED ROADWAY IMPROVEMENTS 

 

 

Based on discussions with officials from the City of Salem and MassDOT, there is a State 

roadway improvement project nearing completion in the vicinity of the site. The MassDOT 

project (#602186) included traffic signal equipment and coordination improvements at seven 

locations on Highland Avenue. This project has upgraded the existing traffic signal equipment at 

these intersections so that travel delays and vehicle emissions will be reduced, and traffic flow 

and pedestrian safety will be enhanced.  The seven locations along Highland Avenue are split 

into two separate coordinated signal systems.  The first system includes the existing Walmart site 

driveway, Olde Village Drive, and Ravenna Avenue/Barnes Road.  The second system includes 

Swampscott Road, Marlborough Road/Traders Way, Hawthorne Plaza Drive, and Cherry Hill 

Avenue/Wilson Street. 

                                                 
8 Traffic Impact Assessment; Witch Hill Residential Subdivision, Salem, Massachusetts; Abend Associates; October 7, 2004. 
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The project also includes the installation of an Emergency Vehicle Preemption System, which 

provides safer access for emergency vehicles along the Highland Avenue corridor.  Traffic signal 

equipment has been installed and the traffic signal timing changes implemented. There are still 

changes being made to the northern coordinated traffic signal changes but not additional changes 

are proposed to the southerly coordinated system which includes the Walmart signal.  Since the 

project is nearing completion, these improvements were assumed to be in place in the design 

horizon and are included in the 2014 No-Build and 2014 Build conditions. 

 

 

 

TRIP GENERATION 

 

 

The proposed retail development consists of modifying and expanding the existing Walmart store 

from 109,438± square feet to 152,192± square feet, expanding the existing Meineke Car Care 

Center from 3,084± square feet up to 6,084± square feet, and constructing a 121,859± square foot 

Lowe’s Home Improvement Warehouse with a 31,204± square foot garden center.  To estimate 

the volume of traffic to be generated by the proposed retail development, a comparison was made 

between trip-generation rates published in the ITE Trip Generation manual for the full build-out 

of the site as a shopping center as well as the generation of the individual land uses.  

 

To estimate the volume of traffic to be generated by the proposed retail development, LUC 820 

(Shopping Center) for the total build-out of the site (rounded up to 281,000 square feet) was used 

and compared to the generation of the existing Walmart store (109,438 square feet) and the 

Meineke Car Care Center (3,084 square feet) using the same methodology.  The full-build out of 

the site does not include the size of the Lowe’s garden center which will be located outside the 

principal faces of the exterior building walls, to be consistent with ITE trip generation 

methodologies.  The difference between the existing and full build-out trip generation estimates 

provides the total additional site traffic due to the proposed retail expansion and development.  

 

As a comparison, the trip generation of the individual land uses was calculated.  To estimate the 

volume of traffic to be generated by the proposed Walmart expansion component of the proposed 

retail development, the actual driveway traffic counts were subtracted from LUC 813 (Free-

Standing Discount Superstore) for 152,192 square feet.  For the Meineke expansion, LUC 942 

(Automobile Care Center) was used for the potential addition of up to 3,000 square feet.  To 

estimate the volume of traffic to be generated by the proposed home improvement store 

component of the proposed development, LUC 862 (Home Improvement Superstore) was used 

for the 121,859 square foot retail store. The building size does not include the Lowe’s garden 

center which will be located outside the principal faces of the exterior building walls, to be 

consistent with ITE trip generation methodologies. 
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The sum of these components (LUC 813 for 152,192 square feet minus the actual driveway 

counts, LUC 942 for 3,000 square feet, and LUC 862 for 121,859 square feet) provides a lower 

generation of the proposed development during the critical peak hours being analyzed.  

Therefore, the trip generation of the proposed retail development was calculated using LUC 820 

for the full build-out of the site to provide a conservative (worst case) scenario.  All trip-

generation data are provided in the Appendix. 

 

As discussed in the Introduction section of this study, an internal cross connection is provided 

with the adjacent retail parcel to the north.  The existing internal cross connection will be 

maintained as part of the project.  Existing traffic counts shown that these trips represent 24 

vehicle trips (13 entering and 11 exiting) during the weekday AM peak hour, 47 vehicle trips 

(29 entering and 18 exiting) during the weekday PM peak hour, and 84 vehicle trips (48 entering 

and 36 exiting) during the Saturday midday peak hour. Since it is expected that these trips will 

not change in the future, they were not included in the existing external trip generation of the site 

as shown in Table 6.  It is also assumed that the changes to the Camp Lion site will maintain 

existing traffic volumes in the study area.  All additional site generated traffic as part of the 

project is assumed to use the Highland Avenue site driveways providing a conservative (worse-

case) analysis condition. 

 

 

Table 6 

PEAK-HOUR TRIP-GENERATION SUMMARY 

 

Time Period/Direction Existing Trips 
a 

Additional Trips 
b
 Total Trips 

c
 

    

Weekday AM Peak Hour:    

Enter 98 72 170 

Exit  64   46  110 

Total 162 118 280 

    

Weekday PM Peak Hour:    

Enter 177 286 463 

Exit  207  297  504 

Total 384 583 967 

    

Saturday Midday Peak Hour:    

Enter 347 391 738 

Exit  319  361    680 

Total 666 752 1,418 

    

a Traffic counts conducted at the site driveways on May 21, 2008, May 22, 2008, and May 31, 2008. 
b ITE LUC 820 (Shopping Center) for 281,000 sf minus ITE LUC 820 for 112,522 sf. 
c Existing Trips plus Additional Trips equals the Total Trips accommodated at the site driveways. 
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Not all of the vehicle trips expected to be generated by the retail development represent new trips 

on the study area roadway system.  Based on data presented in the ITE Trip Generation 

Handbook, the average pass-by trip percentage for a shopping center is 34 percent during the 

weekday PM peak hour and 26 percent during the Saturday midday peak hour.9  However, in 

order to be consistent with state guidelines for the preparation of traffic impact studies and to 

provide a conservative (worse than expected) basis for the analysis, only 25 percent of the site-

generated traffic was considered pass-by traffic.  Table 7 summarizes the expected peak-hour 

trip-generation characteristics of the proposed retail project. 
 

 

Table 7 

NEW VS. PASS-BY TRIPS 
 

Time Period/Direction 

 

Additional Site Trips 

Total 

Additional Trips 
a
 Pass-By Trips 

b
 New Trips

 c
 

    

Weekday AM Peak Hour:    

Enter 72 15 57 

Exit   46  15  31 

Total 118 30 88 

    

Weekday PM Peak Hour:    

Enter 286 73 213 

Exit  297   73  224 

Total 583 146 437 

    

Saturday Midday Peak Hour:    

Enter 391 94 297 

Exit  361   94  267 

Total 752 188 564 

    

a From Table 6, Additional Trips 
b 25 percent of Total Additional Trips. 
c Total Additional Trips minus Pass-By Trips. 

 

 

As shown in Table 7, the proposed project is expected to generate 88 new vehicle trips 

(57 entering and 31 exiting) during the weekday AM peak hour, 437 new vehicle trips 

(213 entering and 224 exiting) during the weekday PM peak hour, and 564 new vehicle trips 

(297 entering and 267 exiting) during the Saturday midday peak hour. 

                                                 
9 Trip Generation Handbook; 2nd Edition; Institute of Transportation Engineers; Washington, DC; 2004. 



TRAFFIC IMPACT AND ACCESS STUDY  

Walmart and Meineke Expansions and Lowe’s Home Improvement Warehouse - Salem, Massachusetts 

 

08571 TIAS 122209.doc Page 27 

PROJECT ENVIRONMENTAL REVIEW (MEPA) THRESHOLDS 

 

 

The trip generation of the proposed retail development was assessed to determine if the proposed 

project would meet or exceed any thresholds that would require formal MEPA environmental 

review with respect to traffic.  One of the thresholds for MEPA environmental review is the total 

volume of daily traffic generated by a project. If a proposed development project requires a state 

permit and generates a total of more than 3,000 new daily vehicle trips or the construction of 

1,000 total parking spaces, then both an ENF and an EIR must be prepared and filed with the 

MEPA office. These documents must then be subject to both governmental agency and public 

review and comment, and the primary government entity responsible for reviewing the proposed 

project plans and issuing the permits and approvals that are required to allow for the construction 

of the proposed project (in this case, the City of Salem) must take the comments made by other 

government agencies and the public on these documents into consideration as part of its decision-

making process on the proposed project. 

 

The proposed project site is currently occupied by a 109,438± square foot Walmart store and a 

3,084± square foot Meineke Car Care Center, which results in the generation of a certain volume 

of total vehicles trips per day. To determine the daily trip generation of this existing uses within 

the property, the ITE Trip Generation manual trip rates for LUC 820 (Shopping Center) were 

used. Based on the existing and proposed trip generation of the site, the additional daily vehicle 

trips associated with the proposed project are summarized in Table 8. 

 

 

Table 8 

TRIP-GENERATION SUMMARY -  

MEPA Transportation Thresholds 
 

   

 

Time Period/Direction 

Full Build-Out 

Trips
 a
 

Existing 

Trips 
b
 

Additional 

Trips 

    

Weekday Daily:    

 Enter 6,646 3,666 2,980 

 Exit   6,646  3,666  2,980 

 Total 13,292 7,332 5,960 

    

a ITE LUC 820 (Shopping Center) for 281,000 square feet. 
b ITE LUC 820 (Shopping Center) for 112,522 square feet. 
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As shown in Table 8, the net increase in daily traffic as a result of the proposed project is 

estimated to be 5,960 trips. As a result, the project is expected to exceed the MEPA 

Transportation review thresholds set forth in 301 CMR 11.10(6)(a) for the preparation of an 

ENF and an EIR. 

 

 

 

TRIP DISTRIBUTION 
 

 

After project-generated vehicle trips have been estimated, the next step in the TIAS is to 

determine the distribution of project traffic and assign these trips to the local roadway network. 

The directional distribution of new site traffic is dependent on the combination of a number of 

factors, including: existing travel patterns, site access routes, area demographics, and competing 

shopping opportunities.  The directional distribution of pass-by traffic is expected to follow the 

existing travel patterns.  The trip distribution for the expected additional new traffic for the 

proposed project is shown in Table 9 for the proposed retail development.  

 

 

Table 9 

TRIP-DISTRIBUTION SUMMARY 

 

 

 

Roadway 

Direction 

To/From 

Percent New  

Site Traffic 

Highland Avenue North 50 

Highland Avenue South 45 

Fays Avenue South     5 

TOTAL  100 

 

 

Based on the traffic generation and distribution estimates for the proposed retail development, 

the traffic volumes associated with the proposed project were assigned to the local roadway 

network.  The additional project-generated traffic volumes are shown on Figures 8 through 10 for 

the weekday AM, weekday PM, and Saturday midday peak hours, respectively.  The project-

generated traffic volumes were assigned to the roadway network and combined with the 

2014 No-Build traffic volumes to develop the 2014 Build peak-hour traffic-volume networks.  

The 2014 Build weekday AM, weekday PM, and Saturday midday traffic volumes are illustrated 

on Figures 11 though 13, respectively. 
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SITE ACCESS 
 

 

Access to and egress from the Walmart portion of the site is currently provided via a signalized 

main driveway on Highland Avenue with two right-in/right-out driveways located on either side 

of the main site driveway.  An internal cross connection to the retail parcel to the north is also 

provided for site access and egress.  A right-in/right-out driveway along Highland Avenue is 

provided for Meineke.  As proposed, the signalized site driveway will be closed and relocated 

further south on Highland Avenue to the location of the existing southerly right-in/right-out site 

driveway.  The existing right-in/right-out driveway on the northern end of the property will be 

reconstructed to provide better accessibility and meet current state design standards.  Current 

access to the Meineke and the Camp Lion site along Highland Avenue to the south of the site 

will be maintained and improved to meet current state design standards.  The existing internal 

cross connection with the parcel to the north will be maintained as part of the project. A right-

turn in and right-turn out only cross connection will also be provided to the existing Meineke 

located along the proposed main site driveway.  All driveways will be designed in accordance 

with current local and state standards. 
 

The proposed relocated signalized main site driveway will consist of an exclusive left-turn lane, a 

shared left-/through lane, and a right-turn lane exiting the site.  The Highland Avenue 

northbound approach will be modified to include two exclusive left-turn lanes, a through travel 

lane, and a shared through/right-turn lane.  The Highland Avenue southbound approach will 

consist of a shared left/U-turn lane, two through travel lanes, and an exclusive right-turn lane.  

Due to the relocation of the signalized driveway, the existing commercial property located 

opposite the southerly site driveway will gain access through the signal, which will improve 

safety for vehicles using the commercial facility as well as Highland Avenue.  The addition of the 

Highland Avenue southbound left-turn lane will also provide for U-turn movements which 

currently are not permitted at the existing Walmart site driveway signalized intersection.  
 

 

 

TRAFFIC INCREASES 
 

 

Development of the proposed project will result in increases in traffic on study area roadways.  

As shown on Figures 8 through 10, the traffic-volume increases beyond the study area are 

expected to be in the range of 38 to 282 vehicles on Highland Avenue during the peak hours.  

These increases represent, on average, one to five additional vehicles every minute during the 

peak hours.  It is important to note that these projected increases in traffic are based on a 

conservative pass-by rate of 25 percent, as required by MEPA.  In reality, traffic-volume 

increases beyond the study area will be lower as the number of pass-by trips will be greater than 

estimated in this study. 
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Capacity and queue analyses were conducted at the site driveways and at the study area 

intersections. These analyses were conducted under 2009 Existing, 2014 No-Build, and 

2014 Build traffic-volume conditions.  The impact of traffic expected to be generated as a result 

of the development of the proposed project can be measured by comparing 2014 No-Build 

conditions to 2014 Build conditions. 
 

 

 

CAPACITY ANALYSIS METHODOLOGY 
 

 

The primary function of capacity analysis is to assign levels of service within specific roadway 

areas and at specific intersections under various traffic flow conditions. The capacity analysis 

methodology is based on the concepts and procedures in the Highway Capacity Manual 

(HCM).10 The concept of level of service (LOS) is defined as a qualitative measure describing 

operational conditions within a traffic stream and their perception by motorists and/or 

passengers. A level-of-service definition provides an index to quality of traffic flow in terms of 

such factors as speed, travel time, freedom to maneuver, traffic interruptions, comfort, 

convenience, and safety. 
 

Six levels of service are defined for any given roadway segment or intersection. Levels of Service 

are given letter designations from A to F, with LOS A representing the best operating conditions 

and LOS F the worst. Since the level of service of a roadway segment or intersection is a function 

of the traffic flows placed upon it, such a roadway segment or intersection may operate at a wide 

range of levels of service, which vary depending on the time of day, day of week, or season of 

year. A description of the operating condition under each level of service is provided below: 

                                                 
10Highway Capacity Manual 2000, Transportation Research Board; Washington, D.C.; 2000. 

ANALYSIS 
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• LOS A describes conditions with little to no delay to motorists. 
 

• LOS B represents a desirable level with relatively low delay to motorists. 
 

• LOS C describes conditions with average delays to motorists. 
 

• LOS D describes operations where the influence of congestion becomes more noticeable. 

Delays are still within an acceptable range. 
 

• LOS E represents operating conditions with high delay values. This level is considered by 

many agencies to be the limit of acceptable delay. 
 

• LOS F is considered to be unacceptable to most drivers with high delay values that often 

occur, when arrival flow rates exceed the capacity of the intersection. 

 

 

Unsignalized Intersections 

 

Levels of service for unsignalized intersections are calculated using the operational analysis 

methodology of the HCM. The procedure accounts for lane configuration on both the minor and 

major street approaches, conflicting traffic stream volumes, and the type of intersection control 

(STOP, YIELD, or all-way STOP control). The definition of level of service for unsignalized 

intersections is a function of average control delay. Control delay includes initial deceleration 

delay, queue move-up time, stopped delay, and final acceleration delay. The level-of-service 

criteria for unsignalized intersections are shown in Table 10. For unsignalized intersections, this 

delay criterion may be applied in assigning level-of-service designations to individual lane 

groups or to individual intersection approaches. 

 

 

Signalized Intersections 

 

Levels of service for signalized intersections are also calculated using the operational analysis 

methodology of the HCM. The methodology for signalized intersections assesses the effects of 

signal type, timing, phasing, and progression; vehicle mix; and geometrics on average control 

delay. Control delay includes initial deceleration delay, queue move-up time, stopped delay, and 

final acceleration delay. Table 10 summarizes the relationship between level of service and 

average control delay.  

 

For signalized intersections, this delay criterion may be applied in assigning level-of-service 

designations to individual lane groups, to individual intersection approaches, or to the entire 

intersection. For unsignalized intersections, this delay criterion may be applied in assigning level-

of-service designations to individual lane groups or to individual intersection approaches. 



TRAFFIC IMPACT AND ACCESS STUDY  

Walmart and Meineke Expansions and Lowe’s Home Improvement Warehouse - Salem, Massachusetts 

 

08571 TIAS 122209.doc Page 32 

Table 10 

LEVEL-OF-SERVICE CRITERIA FOR INTERSECTIONS 

 

 

 

Level of 

Service 

Unsignalized Intersection Criteria 

Average Control Delay 

(Seconds per Vehicle) 

Signalized Intersection Criteria 

Average Control Delay 

(Seconds per Vehicle) 

   

A ≤10 ≤10 

B >10 and ≤15 >10 and ≤20 

C >15 and ≤25 >20 and ≤35 

D >25 and ≤35 >35 and ≤55 

E >35 and ≤50 >55 and ≤80 

F >50 >80 

   

Source: Highway Capacity Manual 2000, Transportation Research Board; Washington, D.C.; 2000. 

Pages 10-16 and 17-2. 

 

 

 

QUEUE ANALYSIS METHODOLOGY 

 

 

The maximum “back of queue” during a typical (average) signal cycle and a 95
th

 percentile signal 

cycle was calculated for each lane group during the peak periods studied in this analysis. The 

“back of queue” is the length of a backup of vehicles from the stop line of a signalized 

intersection to the last vehicle in the queue that is required to stop, regardless of the signal 

indication. The length of this queue depends on a number of factors including signal timing, 

vehicle arrival patterns, and the saturation flow rate.  

 

For unsignalized intersections, the 95th percentile queue represents the length of queue of the 

critical minor-street movement that is not expected to be exceeded 95 percent of the time during 

the analysis period (typically one hour). In this case, the queue length is a function of the capacity 

of the movement and the movement’s degree of saturation. 
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CAPACITY AND QUEUE ANALYSIS RESULTS 

 

 

The study area intersections and site driveways have been analyzed through application of the 

procedures described above.   Capacity and queue analyses were conducted under 2009 Existing, 

2014 No-Build, and 2014 Build conditions.  The capacity results of the intersection analyses are 

discussed below and are summarized in Table 11.  The results of the queue analyses are shown in 

Table 12.  All analysis worksheets are provided in the Appendix. 

 

 

Highland Avenue at Ravenna Avenue and Barnes Road 

 

Under all analyzed conditions, the intersection of Highland Avenue with Ravenna Avenue and 

Barnes Road is expected to operate at LOS B or better with all lane groups operating at LOS D or 

better.  The project development will result in insignificant impact at this location as evident by 

no changes in LOS or increases in delay by more than 1.6 seconds on any movement over the 

No-Build condition.  Although the 95
th

 percentile queue length may extend beyond the short 

storage lane for the Highland Avenue southbound left-turn movement, the duration would be 

short and exceeded by approximately one vehicle.  This occurs under both the No-Build and 

Build conditions (independent of the project).  The average maximum back of queue length for 

all movements does not exceed the available storage lengths. 

 

 

Highland Avenue at Olde Village Drive 

 

Under all analyzed conditions, the intersection of Highland Avenue with Olde Village Drive is 

expected to operate at LOS A with all lane groups operating at LOS D or better.  The project 

development will result in insignificant impact at this location as evident by no changes in LOS 

or increases in delay by more than 2.3 seconds on any movement over the No-Build condition.  

The average and 95
th

 percentile maximum back of queue lengths for all movements do not 

exceed the available storage lengths. 

 

 

Highland Avenue at Walmart North Driveway and Clark Street 

 

Under all analyzed conditions, all movements at the intersection of Highland Avenue with the 

north site driveway and Clark Street are expected to operate at LOS C or better.  Ample capacity 

is available at this location as evident by low vehicle delays and low volume to capacity (v/c) 

ratios.  The average and 95
th

 percentile maximum back of queue lengths for all movements do 

not exceed the available storage lengths. 
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Highland Avenue at the Main (Signalized) Site Driveway 

 

Under Existing and No-Build conditions, the main site driveway intersection with Highland 

Avenue operates at LOS B or better with all lane groups operating at LOS D or better during the 

analyzed peak hours.  The average and 95
th

 percentile maximum back of queue lengths for all 

movements do not exceed the available storage lengths during these conditions.  Under the 

2014 Build condition, the intersection is expected to operate at LOS C or better with all lane 

groups operating at LOS D or better with the exception of the Highland Avenue northbound left-

turn lane which is expected to operate at LOS E during the Saturday midday peak hour.  

Although the average maximum back of queue length for all movements does not exceed the 

available storage lengths, the 95
th

 percentile maximum back of queue is expected to exceed the 

available storage length for the Highland Avenue northbound left-turn lane as well as the main 

site driveway eastbound left-turn lane.  Accordingly, mitigation measures are proposed at this 

location as described in the Mitigation section of this report that include roadway widening for 

additional turn lanes and lengthening the available queue storage lengths. 

 

 

Highland Avenue at South Site Driveway 

 

Under all analyzed conditions, all lane groups at the intersection of Highland Avenue with the 

south site driveway are expected to operate at LOS B or better.  As part of the project 

development, however, the main signalized site driveway will be relocated to the current location 

of the south site driveway.  The current curb cut at the location of the existing signalized site 

driveway will be closed reducing the number of curb cuts along Highland Avenue. 

 

 

Highland Avenue at Meineke Driveway 

 

Under all analyzed conditions, all lane groups at the intersection of Highland Avenue with the 

Meineke driveway are expected to operate at LOS B or better.  Ample capacity remains available 

as evident by low vehicle delays and low v/c ratios.  The average and 95
th

 percentile maximum 

back of queue lengths for all lane groups do not exceed the available storage lengths.   
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Western Avenue at Fays Avenue 

 

Under Existing traffic-volume conditions, the intersection of Western Avenue and Fays Avenue 

operates at LOS B with all lane groups operating at LOS C or better.  Under the future 2014 No-

Build condition, this intersection is expected to operate at LOS D or better.  However, the 

Western Avenue southbound approach is expected at LOS E during the weekday PM peak hour.  

The 95
th

 percentile maximum back of queue lengths for the Western Avenue southbound 

approach is expected to extend past the site driveway under the No-Build condition, independent 

of the proposed project.  Since the proposed project is expected to add traffic to this intersection, 

mitigation measures are proposed as described in the Mitigation section of this report that include 

roadway widening/restriping to provide an exclusive Western Avenue southbound right-turn lane 

and traffic signal timing changes to provide more “green time” for the southbound movements. 
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Table 11 

LEVEL-OF-SERVICE ANALYSIS SUMMARY 

 

 

 2009 Existing 2014 No-Build 2014 Build 

Intersection/Peak Hour/Lane Group V/C 
a
 Del. 

b
 LOS 

c
 V/C Del. LOS V/C Del. LOS 

          

Highland Avenue at 

Ravenna Avenue and Barnes Road 

         

 Weekday AM:          

  Ravenna Avenue EB approach 0.38 34.6 C 0.41 36.1 D 0.41 36.1 D 

  Barnes Road WB approach 0.14 32.1 C 0.15 34.6 C 0.15 34.6 C 

  Highland Avenue NB left-turns 0.31 35.1 D 0.21 31.2 C 0.21 31.0 C 

  Highland Avenue NB throughs/right-turns 0.62 6.1 A 0.66 8.8 A 0.67 8.6 A 

  Highland Avenue SB left-turns 0.58 42.0 D 0.45 36.3 D 0.45 36.3 D 

  Highland Avenue SB throughs/right-turns 0.39 4.5 A 0.48 8.4 A 0.49 8.4 A 

  Overall Intersection 0.59 7.5 A 0.64 10.6 B 0.64 10.4 B 

 Weekday PM:          

  Ravenna Avenue EB approach 0.46 35.0 D 0.35 39.4 D 0.52 39.8 D 

  Barnes Road WB approach 0.05 31.0 C 0.06 38.0 D 0.06 36.6 D 

  Highland Avenue NB left-turns 0.11 31.3 C 0.32 38.5 D 0.31 37.9 D 

  Highland Avenue NB throughs/right-turns 0.50 5.5 A 0.55 7.5 A 0.62 8.8 A 

  Highland Avenue SB left-turns 0.60 39.4 D 0.57 40.6 D 0.59 41.7 D 

  Highland Avenue SB throughs/right-turns 0.50 5.5 A 0.54 7.5 A 0.61 9.1 A 

  Overall Intersection 0.51 7.7 A 0.52 10.4 B 0.59 11.8 B 

 Saturday Midday:          

  Ravenna Avenue EB approach 0.29 32.5 C 0.31 36.1 D 0.31 36.1 D 

  Barnes Road WB approach 0.07 30.6 C 0.09 35.0 D 0.09 35.0 D 

  Highland Avenue NB left-turns 0.18 31.8 C 0.18 34.2 C 0.18 34.6 C 

  Highland Avenue NB throughs/right-turns 0.50 5.5 A 0.55 7.0 A 0.61 7.9 A 

  Highland Avenue SB left-turns 0.63 42.1 D 0.47 34.5 C 0.47 34.5 C 

  Highland Avenue SB throughs/right-turns 0.49 5.4 A 0.51 6.0 A 0.57 6.7 A 

  Overall Intersection 0.49 7.7 A 0.54 8.5 A 0.59 9.0 A 

          
a Volume-to-capacity ratio.  b Average control delay in seconds per vehicle.  c Level of service. 
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Table 11 (continued) 

LEVEL-OF-SERVICE ANALYSIS SUMMARY 

 

 

 2009 Existing 2014 No-Build 2014 Build 

Intersection/Peak Hour/Lane Group V/C 
a
 Del. 

b
 LOS 

c
 V/C Del. LOS V/C Del. LOS 

          

Highland Avenue at Olde Village Drive          

 Weekday AM:          

  Olde Village Drive EB left-turns 0.44 21.3 C 0.42 34.8 C 0.42 34.8 C 

  Olde Village Drive EB right-turns 0.02 18.6 B 0.01 26.2 C 0.01 26.2 C 

  Highland Avenue NB left-turns 0.25 19.5 B 0.25 34.5 C 0.25 34.8 C 

  Highland Avenue NB throughs 0.52 2.8 A 0.51 2.9 A 0.51 2.8 A 

  Highland Avenue SB throughs/right-turns 0.49 6.5 A 0.44 2.4 A 0.46 2.5 A 

  Overall Intersection 0.51 5.3 A 0.50 4.3 A 0.50 4.3 A 

 Weekday PM:          

  Olde Village Drive EB left-turns 0.60 28.1 C 0.58 41.3 D 0.58 41.3 D 

  Olde Village Drive EB right-turns 0.01 21.3 C 0.01 31.2 C 0.01 31.3 C 

  Highland Avenue NB left-turns 0.15 19.5 B 0.39 45.0 D 0.40 45.9 D 

  Highland Avenue NB throughs 0.45 2.7 A 0.46 2.7 A 0.51 2.5 A 

  Highland Avenue SB throughs/right-turns 0.69 10.7 B 0.56 2.1 A 0.61 1.5 A 

  Overall Intersection 0.64 8.0 A 0.56 4.7 A 0.61 4.2 A 

 Saturday Midday:          

  Olde Village Drive EB left-turns 0.44 21.1 C 0.55 35.2 D 0.55 35.2 D 

  Olde Village Drive EB right-turns 0.01 18.7 B 0.00 26.9 C 0.00 26.9 C 

  Highland Avenue NB left-turns 0.31 23.1 C 0.37 39.4 D 0.37 41.7 D 

  Highland Avenue NB throughs 0.47 3.5 A 0.47 2.7 A 0.52 2.5 A 

  Highland Avenue SB throughs/right-turns 0.62 8.5 A 0.54 3.1 A 0.61 3.4 A 

  Overall Intersection 0.59 7.0 A 0.55 4.9 A 0.60 4.7 A 
          

a Volume-to-capacity ratio.  

b Average control delay in seconds per vehicle. 
c Level of service. 
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Table 11 (continued) 

LEVEL-OF-SERVICE ANALYSIS SUMMARY 

 

 

 2009 Existing 2014 No-Build 2014 Build 

Intersection/Peak Hour/Lane Group V/C 
a
 Del. 

b
 LOS 

c
 V/C Del. LOS V/C Del. LOS 

          

Highland Avenue at  

Walmart North Driveway and Clark Street 

         

 Weekday AM:          

  Walmart north driveway EB right-turns 0.00 0.0 A 0.00 0.0 A 0.02 11.0 B 

  Clark Street WB right-turns 0.10 14.2 B 0.17 15.8 C 0.17 15.8 C 

  Highland Avenue NB throughs/right-turns 0.27 0.0 A 0.29 0.0 A 0.30 0.0 A 

  Highland Avenue SB throughs/right-turns 0.18 0.0 A 0.20 0.0 A 0.23 0.0 A 

 Weekday PM:          

  Walmart north driveway EB right-turns 0.00 0.0 A 0.00 0.0 A 0.17 13.7 B 

  Clark Street WB right-turns 0.10 12.5 B 0.14 14.0 B 0.15 14.6 B 

  Highland Avenue NB throughs/right-turns 0.23 0.0 A 0.26 0.0 A 0.28 0.0 A 

  Highland Avenue SB throughs/right-turns 0.24 0.0 A 0.27 0.0 A 0.34 0.0 A 

 Saturday Midday:          

  Walmart north driveway EB right-turns 0.00 0.0 A 0.00 0.0 A 0.19 13.7 B 

  Clark Street WB right-turns 0.12 12.5 B 0.15 13.3 B 0.16 13.9 B 

  Highland Avenue NB throughs/right-turns 0.22 0.0 A 0.25 0.0 A 0.27 0.0 A 

  Highland Avenue SB throughs/right-turns 0.23 0.0 A 0.25 0.0 A 0.37 0.0 A 
          

a Volume-to-capacity ratio.  

b Average control delay in seconds per vehicle. 
c Level of service. 
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Table 11 (continued) 

LEVEL-OF-SERVICE ANALYSIS SUMMARY 

 

 

 2009 Existing 2014 No-Build 2014 Build 

Intersection/Peak Hour/Lane Group V/C 
a
 Del. 

b
 LOS 

c
 V/C Del. LOS V/C Del. LOS 

          

Highland Avenue at Walmart Main Driveway          

 Weekday AM:          

  Walmart main driveway EB left-turns 0.44 26.5 C 0.40 35.0 D 0.55 35.4 D 

  Walmart main driveway EB right-turns 0.01 14.4 B 0.01 24.6 C 0.05 21.4 C 

  Highland Avenue NB left-turns 0.30 22.7 C 0.48 36.4 D 0.54 35.0 C 

  Highland Avenue NB throughs 0.46 2.3 A 0.48 3.0 A 0.49 3.6 A 

  Highland Avenue SB throughs 0.44 6.7 A 0.41 1.8 A 0.44 2.6 A 

  Highland Avenue SB right-turns 0.03 5.0 A 0.03 0.0 A 0.02 0.2 A 

  Overall Intersection 0.46 5.3 A 0.47 4.1 A 0.50 6.1 A 

 Weekday PM:          

  Walmart main driveway EB left-turns 0.35 24.5 C 0.55 40.8 D 0.77 43.5 D 

  Walmart main driveway EB right-turns 0.03 10.9 B 0.05 26.1 C 0.31 17.9 B 

  Highland Avenue NB left-turns 0.30 21.4 C 0.56 40.7 D 0.80 47.6 D 

  Highland Avenue NB throughs 0.38 3.3 A 0.38 2.6 A 0.41 5.4 A 

  Highland Avenue SB throughs 0.68 14.1 B 0.52 2.6 A 0.73 11.7 B 

  Highland Avenue SB right-turns 0.06 9.2 A 0.06 0.1 A 0.08 1.6 A 

  Overall Intersection 0.56 10.2 B 0.53 5.7 A 0.75 15.1 B 

 Saturday Midday:          

  Walmart main driveway EB left-turns 0.81 40.8 D 0.64 34.8 C 0.83 39.5 D 

  Walmart main driveway EB right-turns 0.02 11.9 B 0.02 16.0 B 0.29 10.5 B 

  Highland Avenue NB left-turns 0.77 37.4 D 0.62 34.2 C 1.01 78.1 E 

  Highland Avenue NB throughs 0.40 3.0 A 0.44 4.6 A 0.48 8.2 A 

  Highland Avenue SB throughs 0.55 8.9 A 0.59 6.9 A 0.88 22.8 C 

  Highland Avenue SB right-turns 0.13 6.6 A 0.12 2.4 A 0.15 4.3 A 

  Overall Intersection 0.63 10.6 B 0.60 9.2 A 0.90 24.3 C 

          
a Volume-to-capacity ratio. 
b Average control delay in seconds per vehicle. 
c Level of service. 
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Table 11 (continued) 

LEVEL-OF-SERVICE ANALYSIS SUMMARY 

 

 

 2009 Existing 2014 No-Build 2014 Build 

Intersection/Peak Hour/Lane Group V/C 
a
 Del. 

b
 LOS 

c
 V/C Del. LOS V/C Del. LOS 

          

Highland Avenue at Walmart South Driveway          

 Weekday AM:          

  Walmart south driveway EB right-turns 0.05 10.4 B 0.05 11.1 B -- -- -- 

  Highland Avenue SB throughs/right-turns 0.18 0.0 A 0.20 0.0 A -- -- -- 

 Weekday PM:          

  Walmart south driveway EB right-turns 0.13 10.7 B 0.17 12.8 B -- -- -- 

  Highland Avenue SB throughs/right-turns 0.22 0.0 A 0.25 0.0 A -- -- -- 

 Saturday Midday:          

  Walmart south driveway EB right-turns 0.18 11.5 B 0.19 11.9 B -- -- -- 

  Highland Avenue SB throughs/right-turns 0.21 0.0 A 0.23 0.0 A -- -- -- 

          

Highland Avenue at Meineke Driveway          

 Weekday AM:          

  Meineke driveway EB right-turns 0.01 10.4 B 0.01 11.0 B 0.01 10.8 B 

  Highland Avenue SB throughs/right-turns 0.19 0.0 A 0.20 0.0 A 0.21 0.0 A 

 Weekday PM:          

  Meineke driveway EB right-turns 0.01 11.0 B 0.02 12.9 B 0.02 12.2 B 

  Highland Avenue SB throughs/right-turns 0.25 0.0 A 0.27 0.0 A 0.30 0.0 A 

 Saturday Midday:          

  Meineke driveway EB right-turns 0.03 11.4 B 0.04 11.7 B 0.03 11.3 B 

  Highland Avenue SB throughs/right-turns 0.24 0.0 A 0.26 0.0 A 0.29 0.0 A 

          
a Volume-to-capacity ratio. 
b Average control delay in seconds per vehicle. 
c Level of service. 
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Table 11 (continued) 

LEVEL-OF-SERVICE ANALYSIS SUMMARY 

 

 

 2009 Existing 2014 No-Build 2014 Build 

Intersection/Peak Hour/Lane Group V/C 
a
 Del. 

b
 LOS 

c
 V/C Del. LOS V/C Del. LOS 

          

Western Avenue at Fays Avenue          

 Weekday AM:          

  Fays Avenue EB approach 0.43 30.7 C 0.48 32.5 C 0.50 33.2 C 

  Western Avenue NB left-turns 0.08 7.8 A 0.09 9.9 A 0.09 10.4 B 

  Western Avenue NB throughs 0.85 9.7 A 0.91 13.7 B 0.92 15.9 B 

  Western Avenue SB throughs/right-turns 0.91 25.0 C 0.96 32.4 C 0.96 33.9 C 

  Overall Intersection 0.87 16.8 B 0.86 22.1 C 0.88 23.9 C 

 Weekday PM:          

  Fays Avenue EB approach 0.39 28.8 C 0.41 29.0 C 0.54 31.0 C 

  Western Avenue NB left-turns 0.21 14.5 B 0.22 28.9 C 0.22 28.9 C 

  Western Avenue NB throughs 0.69 4.9 A 0.78 6.7 A 0.85 9.5 A 

  Western Avenue SB throughs/right-turns 0.98 31.6 C 1.08 64.1 E 1.19 106.1 F 

  Overall Intersection 0.90 19.4 B 1.00 36.7 D 1.10 59.0 E 

 Saturday Midday:          

  Fays Avenue EB approach 0.45 29.3 C 0.48 30.7 C 0.63 36.1 D 

  Western Avenue NB left-turns 0.18 11.4 B 0.20 15.2 B 0.20 27.9 C 

  Western Avenue NB throughs 0.73 5.5 A 0.79 7.2 A 0.89 12.5 B 

  Western Avenue SB throughs/right-turns 0.94 26.7 C 1.00 38.1 D 1.12 78.5 E 

  Overall Intersection 0.87 16.6 B 0.93 22.7 C 1.06 44.4 D 

          
a Volume-to-capacity ratio. 
b Average control delay in seconds per vehicle. 
c Level of service. 
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Table 12 

QUEUE ANALYSIS SUMMARY 

 

 

  Maximum Back of Queue b 

 

Intersection/Peak Hour/Lane Group 

Available 

Storage 
a 

2009 

Existing 

2014 

No-Build 

2014 

Build 

     

Highland Avenue at 

Ravenna Avenue and Barnes Road 

    

 Weekday AM:     

  Ravenna Avenue EB approach 1,000+ 11/28 21/39 21/39 

  Barnes Road WB approach 1,000+ 5/25 8/33 8/33 

  Highland Avenue NB left-turns 125 9/25 22/47 22/47 

  Highland Avenue NB throughs/right-turns 470 176/185 342/361 348/331 

  Highland Avenue SB left-turns 80 18/46 28/60 28/60 

  Highland Avenue SB throughs/right-turns 1,000+ 86/120 192/214 196/222 

 Weekday PM:     

  Ravenna Avenue EB approach 1,000+ 15/29 25/38 44/57 

  Barnes Road WB approach 1,000+ 1/12 3/15 3/14 

  Highland Avenue NB left-turns 125 5/18 26/59 27/55 

  Highland Avenue NB throughs/right-turns 470 135/190 60/391 201/465 

  Highland Avenue SB left-turns 80 26/61 61/107 61/110 

  Highland Avenue SB throughs/right-turns 1,000+ 135/190 195/325 242/393 

 Saturday Midday:     

  Ravenna Avenue EB approach 1,000+ 9/32 14/40 15/41 

  Barnes Road WB approach 1,000+ 2/15 3/19 3/19 

  Highland Avenue NB left-turns 125 7/26 12/26 12/24 

  Highland Avenue NB throughs/right-turns 470 120/169 155/264 196/437 

  Highland Avenue SB left-turns 80 26/71 41/81 41/81 

  Highland Avenue SB throughs/right-turns 1,000+ 116/165 65/276 78/333 

     
a Approximate length (feet per lane) of available storage. Represents either the length of an exclusive turn lane, 

or for through lanes the distance to the nearest upstream intersection. 
b  Maximum queue length in feet per lane during an average/95th percentile cycle. 



TRAFFIC IMPACT AND ACCESS STUDY 

Walmart and Meineke Expansions and Lowe’s Home Improvement Warehouse - Salem, Massachusetts 

 

08571 TIAS 122209.doc Page 43 

Table 12 (continued) 

QUEUE ANALYSIS SUMMARY 

 

 

  Maximum Back of Queue b 

 

Intersection/Peak Hour/Lane Group 

Available 

Storage 
a 

2009 

Existing 

2014 

No-Build 

2014 

Build 

     

Highland Avenue at Olde Village Drive     

 Weekday AM:     

  Olde Village Drive EB left-turns 500 19/38 32/53 32/53 

  Olde Village Drive EB right-turns 1,000+ 0/12 0/11 0/11 

  Highland Avenue NB left-turns 130 13/38 20/48 21/47 

  Highland Avenue NB throughs 725 66/97 83/136 81/134 

  Highland Avenue SB throughs/right-turns 430 75/112 11/24 11/25 

 Weekday PM:     

  Olde Village Drive EB left-turns 500 35/64 60/90 60/90 

  Olde Village Drive EB right-turns 1,000+ 0/12 0/12 0/12 

  Highland Avenue NB left-turns 130 13/37 24/58 25/54 

  Highland Avenue NB throughs 725 58/83 81/117 71/110 

  Highland Avenue SB throughs/right-turns 430 146/204 7/15 8/16 

 Saturday Midday:     

  Olde Village Drive EB left-turns 500 32/56 53/75 53/75 

  Olde Village Drive EB right-turns 1,000+ 0/8 0/7 0/7 

  Highland Avenue NB left-turns 130 14/38 23/51 23/43 

  Highland Avenue NB throughs 725 58/83 74/119 71/114 

  Highland Avenue SB throughs/right-turns 430 109/158 95/95 117/117 

     

a Approximate length (feet per lane) of available storage. Represents either the length of an exclusive turn lane, 

or for through lanes the distance to the nearest upstream intersection. 
b Maximum queue length in feet per lane during an average/95th percentile cycle. 
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Table 12 (continued) 

QUEUE ANALYSIS SUMMARY 

 

 

  Maximum Back of Queue b 

 

Intersection/Peak Hour/Lane Group 

Available 

Storage 
a 

2009 

Existing 

2014 

No-Build 

2014 

Build 

     

Highland Avenue at  

Walmart North Driveway and Clark Street 

    

 Weekday AM:     

  Walmart north driveway EB right-turns 120 --/0 --/0 --/2 

  Clark Street WB right-turns 500+ --/9 --/15 --/15 

  Highland Avenue NB throughs/right-turns 230 --/0 --/0 --/0 

  Highland Avenue SB throughs/right-turns 500 --/0 --/0 --/0 

 Weekday PM:     

  Walmart north driveway EB right-turns 120 --/0 --/0 --/15 

  Clark Street WB right-turns 500+ --/8 --/12 --/13 

  Highland Avenue NB throughs/right-turns 230 --/0 --/0 --/0 

  Highland Avenue SB throughs/right-turns 500 --/0 --/0 --/0 

 Saturday Midday:     

  Walmart north driveway EB right-turns 120 --/0 --/0 --/18 

  Clark Street WB right-turns 500+ --/10 --/13 --/14 

  Highland Avenue NB throughs/right-turns 230 --/0 --/0 --/0 

  Highland Avenue SB throughs/right-turns 500 --/0 --/0 --/0 

     

a Approximate length (feet per lane) of available storage. Represents either the length of an exclusive turn lane, 

or for through lanes the distance to the nearest upstream intersection. 
b Maximum queue length in feet per lane during an average/95th percentile cycle. 
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Table 12 (continued) 

QUEUE ANALYSIS SUMMARY 

 

 

  Maximum Back of Queue b 

 

Intersection/Peak Hour/Lane Group 

Available 

Storage 
a 

2009 

Existing 

2014 

No-Build 

2014 

Build 

     

Highland Avenue at Walmart Main Driveway     

 Weekday AM:     

  Walmart main driveway EB left-turns 200 18/30 27/38 46/55 

  Walmart main driveway EB right-turns 200 0/5 0/5 1/9 

  Highland Avenue NB left-turns 300 20/48 29/61 49/88 

  Highland Avenue NB throughs 1,000+ 60/81 77/125 90/154 

  Highland Avenue SB throughs 750 80/117 10/25 14/28 

  Highland Avenue SB right-turns 130 0/11 0/0 1/1 

 Weekday PM:     

  Walmart main driveway EB left-turns 200 33/70 51/92 140/213 

  Walmart main driveway EB right-turns 200 0/16 5/26 64/114 

  Highland Avenue NB left-turns 300 38/78 56/102 133/265 

  Highland Avenue NB throughs 1,000+ 66/91 66/112 109/156 

  Highland Avenue SB throughs 750 172/235 24/40 321/321 

  Highland Avenue SB right-turns 130 0/21 0/0 3/3 

 Saturday Midday:     

  Walmart main driveway EB left-turns 200 63/159 87/141 183/368 

  Walmart main driveway EB right-turns 200 0/14 0/13 61/119 

  Highland Avenue NB left-turns 300 59/153 82/136 214/380 

  Highland Avenue NB throughs 1,000+ 45/64 93/154 131/144 

  Highland Avenue SB throughs 750 98/141 42/128 272/272 

  Highland Avenue SB right-turns 130 0/22 0/0 25/25 

     

a Approximate length (feet per lane) of available storage. Represents either the length of an exclusive turn lane, 

or for through lanes the distance to the nearest upstream intersection. 
b Maximum queue length in feet per lane during an average/95th percentile cycle. 
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Table 12 (continued) 

QUEUE ANALYSIS SUMMARY 

 

 

  Maximum Back of Queue b 

 

Intersection/Peak Hour/Lane Group 

Available 

Storage 
a 

2009 

Existing 

2014 

No-Build 

2014 

Build 

     

Highland Avenue at  

Walmart South Driveway 

    

 Weekday AM:     

  Walmart south driveway EB right-turns 150 --/4 --/4 -- 

  Highland Avenue SB throughs/right-turns 275 --/0 --/0 -- 

 Weekday PM:     

  Walmart south driveway EB right-turns 150 --/11 --/15 -- 

  Highland Avenue SB throughs/right-turns 275 --/0 --/0 -- 

 Saturday Midday:     

  Walmart south driveway EB right-turns 150 --/17 --/18 -- 

  Highland Avenue SB throughs/right-turns 275 --/0 --/0 -- 

     

Highland Avenue at Meineke Driveway     

 Weekday AM:     

  Meineke driveway EB right-turns 100 --/1 --/1 --/1 

  Highland Avenue SB throughs/right-turns 420 --/0 --/0 --/0 

 Weekday PM:     

  Meineke driveway EB right-turns 100 --/1 --/1 --/1 

  Highland Avenue SB throughs/right-turns 420 --/0 --/0 --/0 

 Saturday Midday:     

  Meineke driveway EB right-turns 100 --/3 --/3 --/3 

  Highland Avenue SB throughs/right-turns 420 --/0 --/0 --/0 

     
a Approximate length (feet per lane) of available storage. Represents either the length of an exclusive turn 

lane, or for through lanes the distance to the nearest upstream intersection. 
b Maximum queue length in feet per lane during an average/95th percentile cycle. 
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Table 12 (continued) 

QUEUE ANALYSIS SUMMARY 

 

 

  Maximum Back of Queue b 

 

Intersection/Peak Hour/Lane Group 

Available 

Storage 
a 

2009 

Existing 

2014 

No-Build 

2014 

Build 

     

Western Avenue at Fays Avenue
c     

 Weekday AM:     

  Fays Avenue EB approach 1,000+ 53/99 50/93 48/80 

  Western Avenue NB left-turns 100 26/54 31/62 17/64 

  Western Avenue NB throughs 1,000+ 125/274 170/394 144/349 

  Western Avenue SB throughs/right-turns 1,600 268/586 404/661 370/694 

 Weekday PM:     

  Fays Avenue EB approach 1,000+ 56/103 43/77 60/130 

  Western Avenue NB left-turns 100 27/55 45/93 50/101 

  Western Avenue NB throughs 1,000+ 111/236 202/537 245/618 

  Western Avenue SB throughs/right-turns 1,600 422/1,026 1,150/2,180 1,241/2,300 

 Saturday Midday:     

  Fays Avenue EB approach 1,000+ 55/97 62/114 64/103 

  Western Avenue NB left-turns 100 37/82 34/72 32/65 

  Western Avenue NB throughs 1,000+ 141/328 184/375 462/1,035 

  Western Avenue SB throughs/right-turns 1,600 426/863 492/841 1,698/1,887 

     
a Approximate length (feet per lane) of available storage. Represents either the length of an exclusive turn 

lane, or for through lanes the distance to the nearest upstream intersection. 
b Maximum queue length in feet per lane during an average/95th percentile cycle. 
c Since volume to capacity ratios are at or exceed 1.0 at this location, the SimTraffic modeling program was 

used to determine queue lengths. 
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MITIGATION 

The final component of a traffic impact and access study is the identification of “mitigation” 

measures that are expected to be effective in eliminating or improving anticipated deficiencies 

resulting from the combination of existing, background, and project-generated traffic. Mitigation 

measures considered desirable to improve roadway system deficiencies are proposed and 

discussed below as they relate to the impacts of the proposed project and other developments 

within the study area. A description of the proposed mitigation measures is provided below along 

with capacity and queue analyses to document the effects of the mitigation measures. 

 

 

 

HIGHLAND AVENUE AT THE SITE DRIVEWAYS 

 

 

As part of the proposed site redevelopment, the existing main signalized site driveway will be 

relocated further south to the location of the existing southerly right-turn in/right-turn out 

driveway.  The curb cut at the location of the existing main site driveway will be closed, thereby 

reducing the number of curb cuts along Highland Avenue. 

 

Although acceptable service levels are expected at the main site driveway under the Build 

(without improvements) condition during the analyzed peak hours, the Highland Avenue 

northbound left-turn lane is expected to operate at LOS E during the Saturday midday peak hour 

with queue lengths extended beyond the available storage length.  In addition, the expected queue 

length for vehicles turning left out of the main site driveway onto Highland Avenue is also 

expected to extend beyond the available storage length without improvements.  Accordingly, to 

address these issues, the proposed signalized site driveway intersection with Highland Avenue 

will be widened to include additional turn lanes.  
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The relocated driveway will be located opposite an existing commercial driveway providing 

signalized access/egress to this use which is currently not provided. A Highland Avenue 

exclusive southbound left-turn lane will be constructed providing access into the commercial site 

as well as allow U-turn movements which are currently not allowed at the existing signalized site 

driveway location. With a high percentage of truck traffic using the storage facility along 

Highland Avenue, the inclusion of this U-turn movement into the signal control will provide 

increased safety to the corridor. 
 

On the Highland Avenue northbound approach to the proposed signalized site driveway location, 

the roadway will be widened to provide two exclusive left-turn lanes into the site.  The storage 

length for this movement will also be extended as part of the project.  The site driveway 

approach will be modified to provide an exclusive left-turn lane, a shared left-turn/through lane, 

and an exclusive right-turn lane.  The storage length of the main site driveway approach will also 

be extended as part of the proposed project.  All left turns at this intersection will be protected 

movements only, which will allow these movements to be made without conflicting traffic.  The 

Highland Avenue southbound travel lanes beyond the site driveway will be realigned to improve 

the weave area from two lanes to one.  Additional signage will be installed to better define the 

lane usage on Highland Avenue and site driveway approaches as well as the southbound merge.   

 

Current access to the Meineke and the Camp Lion site along Highland Avenue to the south of the 

site will be maintained and improved to meet current state design standards.  A right-turn in and 

right-turn out only cross connection will also be provided to the existing Meineke located along 

the proposed main site driveway.  All driveways will be designed in accordance with current 

local and state standards.  A conceptual improvement plan illustrating these changes is shown on 

Figure 14. 
 

 

 

WESTERN AVENUE AT FAYS AVENUE 
 

 

Under No-Build conditions, the intersection of Western Avenue at Fays Avenue is expected to 

operate at capacity during the weekday PM peak hour with the Western Avenue southbound 

approach operating at LOS E.  Deficiencies are expected to continue with the addition of site 

traffic without intersection improvements.  To mitigate the project’s traffic impact at this location 

and address existing operational deficiencies, an exclusive right-turn lane is proposed on the 

Western Avenue southbound approach to Fays Avenue.  In addition, the existing traffic signal 

equipment will be replaced and traffic signal timing changes are proposed to increase the amount 

of “green time” provided to the Western Avenue approaches during each signal cycle.  The 

combination of these measures will mitigate the traffic impact of the project and improve the 

intersection operations over the No-Build condition. 
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ANALYSIS RESULTS WITH MITIGATION 

 

 

Level-of-service and queue analyses were completed at the intersection of Highland Avenue and 

the main site driveway as well as at the intersection of Western Avenue and Fays Avenue, 

assuming implementation of the recommended traffic mitigation measures.  The results of these 

analyses under 2014 Build Mitigated conditions are summarized in Table 13.  All analysis 

worksheets are provided in the Appendix. 

 

With the implementation of the improvements described at the intersection of Highland Avenue 

and the main site driveway, the intersection is expected to operate at an overall LOS B or better 

during the analyzed peak hours will all lane groups operating at LOS D or better.  Vehicle queue 

lengths are not expected to exceed the available storage lengths with the implementation of the 

proposed mitigation measures.  The existing northerly right-in/right-out site driveway is expected 

to operate at LOS B during the analyzed peak hours. 

 

With the implementation of the improvements described at the intersection of Western Avenue 

and Fays Avenue, the intersection is expected to operate at an overall LOS C or better during the 

analyzed peak hours with all lane groups operating at LOS D or better.  Vehicle queue lengths 

are not expected to exceed the available storage lengths with the implementation of the proposed 

mitigation measures.   
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Table 13 

INTERSECTION CAPACITY ANALYSIS SUMMARY – WITH MITIGATION 

 

 2014 No-Build 2014 Build 2014 Build Mitigated 

Intersection/Peak Hour/Lane Group V/C 
a
 Del. 

b
 LOS 

c
 Queue 

d
 V/C Del. LOS Queue V/C Del. LOS Queue 

 

Highland Avenue at Walmart Main Driveway 

            

 Weekday AM:             

  Walmart main driveway EB left-turns 0.40 35.0 D 27/38 0.55 35.4 D 46/55 0.37 34.9 C 24/35 

  Walmart main driveway EB left-turns/throughs -- -- -- -- -- -- -- -- 0.37 34.9 C 25/36 

  Walmart main driveway EB right-turns 0.01 24.6 C 0/5 0.05 21.4 C 1/9 0.05 33.3 C 0/12 

  Self-Storage driveway WB approach -- -- -- -- -- -- -- -- 0.05 38.5 D 1/9 

  Highland Avenue NB left-turns 0.48 36.4 D 29/61 0.54 35.0 C 49/88 0.38 35.2 D 25/46 

  Highland Avenue NB throughs 0.48 3.0 A 77/125 0.49 3.6 A 90/154 0.58 8.6 A 76/315 

  Highland Avenue SB left-turns -- -- -- -- -- -- -- -- 0.25 25.6 C 5/12 

  Highland Avenue SB throughs 0.41 1.8 A 10/25 0.44 2.6 A 14/28 0.46 3.2 A 6/38 

  Highland Avenue SB right-turns 0.03 0.0 A 0/0 0.02 0.2 A 1/1 0.02 0.0 A 0/0 

  Overall Intersection 0.47 4.1 A -- 0.50 6.1 A -- 0.52 9.3 A -- 

 Weekday PM:             

  Walmart main driveway EB left-turns 0.55 40.8 D 51/92 0.77 43.5 D 140/213 0.58 38.9 D 76/141 

  Walmart main driveway EB left-turns/throughs -- -- -- -- -- -- -- -- 0.58 38.9 D 88/154 

  Walmart main driveway EB right-turns 0.05 26.1 C 5/26 0.31 17.9 B 64/114 0.14 34.6 C 60/120 

  Self-Storage driveway WB approach -- -- -- -- -- -- -- -- 0.06 44.0 D 5/24 

  Highland Avenue NB left-turns 0.56 40.7 D 56/102 0.80 47.6 D 133/265 0.60 39.0 D 75/118 

  Highland Avenue NB throughs 0.38 2.6 A 66/112 0.41 5.4 A 109/156 0.47 9.4 A 128/292 

  Highland Avenue SB left-turns -- -- -- -- -- -- -- -- 0.16 27.7 C 11/24 

  Highland Avenue SB throughs 0.52 2.6 A 24/40 0.73 11.7 B 321/321 0.66 8.0 A 194/349 

  Highland Avenue SB right-turns 0.06 0.1 A 0/0 0.08 1.6 A 3/3 0.08 0.0 A 9/30 

  Overall Intersection 0.53 5.7 A -- 0.75 15.1 B -- 0.62 15.1 B -- 

             

a Volume-to-capacity ratio.     c Level of service. 
b Average control delay in seconds per vehicle.   d Average/95th percentile queue length in feet per lane (assuming 25 feet per vehicle). 
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Table 13 (continued) 

INTERSECTION CAPACITY ANALYSIS SUMMARY – WITH MITIGATION 

 

 2014 No-Build 2014 Build 2014 Build Mitigated 

Intersection/Peak Hour/Lane Group V/C 
a
 Del. 

b
 LOS 

c
 Queue 

d
 V/C Del. LOS Queue V/C Del. 

LO

S Queue 

 

Highland Avenue at Walmart Main Driveway 

            

 Saturday Midday:             

  Walmart main driveway EB left-turns 0.64 34.8 C 87/141 0.83 39.5 D 183/368 0.66 34.8 C 85/148 

  Walmart main driveway EB left-turns/throughs -- -- -- -- -- -- -- -- 0.66 34.8 C 102/172 

  Walmart main driveway EB right-turns 0.02 16.0 B 0/13 0.29 10.5 B 61/119 0.16 28.2 C 68/129 

  Self-Storage driveway WB approach -- -- -- -- -- -- -- -- 0.05 38.8 D 4/229 

  Highland Avenue NB left-turns 0.62 34.2 C 82/136 1.01 78.1 E 214/380 0.66 33.2 C 90/140 

  Highland Avenue NB throughs 0.44 4.6 A 93/154 0.48 8.2 A 131/144 0.47 7.6 A 74/139 

  Highland Avenue SB left-turns -- -- -- -- -- -- -- -- 0.05 9.8 A 9/30 

  Highland Avenue SB throughs 0.59 6.9 A 42/128 0.88 22.8 C 272/272 0.75 15.3 B 200/315 

  Highland Avenue SB right-turns 0.12 2.4 A 0/0 0.15 4.3 A 25/25 0.12 0.2 A 36/79 

  Overall Intersection 0.60 9.2 A -- 0.90 24.3 C -- 0.69 17.2 B -- 

             

a Volume-to-capacity ratio. 
b Average control delay in seconds per vehicle. 
c Level of service. 
d Average/95th percentile queue length in feet per lane (assuming 25 feet per vehicle). 
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Table 13 (continued) 

INTERSECTION CAPACITY ANALYSIS SUMMARY – WITH MITIGATION 
 

 2014 No-Build 2014 Build 2014 Build Mitigated 

Intersection/Peak Hour/Lane Group V/C 
a
 Del. 

b
 LOS 

c
 Queue 

d
 V/C Del. LOS Queue V/C Del. LOS Queue 

 

Western Avenue at Fays Avenue
e 

            

 Weekday AM:             

  Fays Avenue EB approach 0.48 32.5 C 50/93 0.50 33.2 C 48/80 0.63 44.9 D 58/104 

  Western Avenue NB left-turns 0.09 9.9 A 31/62 0.09 10.4 B 17/64 0.09 8.4 A 25/61 

  Western Avenue NB throughs 0.91 13.7 B 170/394 0.92 15.9 B 144/349 0.90 12.2 B 242/574 

  Western Avenue SB throughs/right-turns 0.96 32.4 C 404/661 0.96 33.9 C 370/694 -- -- -- -- 

  Western Avenue SB throughs -- -- -- -- -- -- -- -- 0.87 19.9 B 374/678 

  Western Avenue SB right-turns -- -- -- -- -- -- -- -- 0.02 5.7 A 8/46 

  Overall Intersection 0.86 22.1 C -- 0.88 23.9 C -- 0.87 16.6 B -- 

 Weekday PM:             

  Fays Avenue EB approach 0.41 29.0 C 43/77 0.54 31.0 C 60/130 0.68 48.0 D 48/99 

  Western Avenue NB left-turns 0.22 28.9 C 45/93 0.22 28.9 C 50/101 0.27 36.3 D 40/75 

  Western Avenue NB throughs 0.78 6.7 A 202/537 0.85 9.5 A 245/618 0.81 7.1 A 145/389 

  Western Avenue SB throughs/right-turns 1.08 64.1 E 1,150/2,180 1.19 106.1 F 1,241/2,300 -- -- -- -- 

  Western Avenue SB throughs -- -- -- -- -- -- -- -- 1.02 42.6 D 309/608 

  Western Avenue SB right-turns -- -- -- -- -- -- -- -- 0.05 3.6 A 17/80 

  Overall Intersection 1.00 36.7 D -- 1.10 59.0 E -- 0.99 26.1 C -- 

 Saturday Midday:             

  Fays Avenue EB approach 0.48 30.7 C 62/114 0.63 36.1 D 64/103 0.67 46.5 D 73/122 

  Western Avenue NB left-turns 0.20 15.2 B 34/72 0.20 27.9 C 32/65 0.23 19.6 B 39/79 

  Western Avenue NB throughs 0.79 7.2 A 184/375 0.89 12.5 B 462/1,035 0.86 10.4 B 192/375 

  Western Avenue SB throughs/right-turns 1.00 38.1 D 492/841 1.12 78.5 E 1,698/1,887 -- -- -- -- 

  Western Avenue SB throughs -- -- -- -- -- -- -- -- 0.97 31.0 C 406/701 

  Western Avenue SB right-turns -- -- -- -- -- -- -- -- 0.06 4.9 A 36/113 

  Overall Intersection 0.93 22.7 C -- 1.06 44.4 D -- 0.94 21.0 C -- 
             

a Volume-to-capacity ratio     c Level of service    

b Average control delay in seconds per vehicle  d Average/95th percentile queue length in feet per lane (assuming 25 feet per vehicle) 

e Since volume to capacity ratios are at or exceed 1.00 at this location, the SimTraffic modeling program was used to determine queue lengths. 



TRAFFIC IMPACT AND ACCESS STUDY 

Walmart and Meineke Expansions and Lowe’s Home Improvement Warehouse - Salem, Massachusetts 

 

08571 TIAS 122209.doc Page 54 

TRANSPORTATION DEMAND MANAGEMENT MEASURES 
 

 

In recognition of the existing and future traffic demands on the study area roadway system, a 

number of Transportation Demand Management (TDM) measures are proposed and will be 

implemented by the proponent to help reduce the number of single occupant vehicles (SOV) 

traveling to and from the site and to encourage the use of alternative modes of transportation to 

reach the site and better manage the traffic generated by the project.  Retail uses generally do not 

lend themselves well to TDM strategies since most of the traffic generated is customer related, 

rather than employee trips.  However, in an effort to maximize employee vehicle occupancy and 

thereby reduce the vehicular demand to the site, TDM strategies are being considered by the 

proponent that include ridesharing, public transportation, bicycling, and pedestrian travel.  These 

strategies are discussed below: 

 

• Investigate the feasibility of creating a local Transportation Management Association 

(TMA) with other nearby businesses, as there is no TMA currently serving the project 

area. 

• Provide secure bicycle racks/storage. 

• Provide promotions to increase participation in all TDM practices, post and distribute 

announcements and newsletters regarding available TDM programs to employees, and 

provide materials that publicize the economic and environmental benefits of the available 

TDM practices. 

• Institute a ride-matching program (carpool/vanpool) to assist employees to find 

appropriate carpool and vanpool matches.  This program will be coordinated with 

MassRides (formerly Caravan for Commuters, Inc.).  This organization operates a 

commuter hotline, a vanpool program, and a computerized ride-match program. 

• Act as a resource and provide MBTA bus schedules and other up-to-date information 

about the program’s services. 

• Provide staggered work shifts to reduce peak period traffic volumes.  The resulting 

decrease in peak period traffic congestion may result in reduced vehicle emissions from 

increased travel speeds and reduced delays (idling emissions) at intersections. 

• Promote the establishment and use of direct deposit of employee paychecks. 

• Provide on-site food service within Walmart for employees and customers of both 

Lowe’s and Walmart. 

• Advocate the use of the internet and shop-by-phone as shopping alternatives for the 

project.  

• Encourage suppliers to schedule their deliveries during weekday afternoon non-peak 

hours to reduce traffic congestion during busy periods.  

• Construct sidewalks, marked crosswalks, pedestrian traffic signals, lighting, and 

landscaping to encourage pedestrian use within the project.   
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CORRIDOR EMMISSIONS 
 

 

MEPA has established a GHG Emissions Policy and Protocol11 which requires a quantified 

analysis of carbon dioxide (CO2) emissions resulting from both “direct” (i.e. stack emissions) 

and “indirect” sources (i.e. vehicle travel and generation of supplied electricity). Tech 

Environmental has prepared a Greenhouse Gas Analysis for the project evaluating both direct 

and indirect emission sources based on the current requirements.  GPI is offering additional 

vehicle travel emission analyses to supplement the analyses already performed based on current 

requirements.   
 

Although the current approved models provide a general estimation of greenhouse gas emissions 

from mobile sources (specifically CO2), the models do not consider key factors such as actual 

travel speeds, idling time, and the rate of acceleration/deceleration related to traffic controls and 

congestion. GPI has developed a method using a traffic simulation model to estimate mobile 

emissions of CO2 that considers these key factors such that the benefits of the proposed 

mitigation measures can be assessed.   
 

 

Assumptions 
 

Based on estimates provided by the United States Environmental Protection Agency’s (U.S. 

EPA’s) Office of Transportation and Air Quality, the amount of CO2 emitted from mobile 

sources is related to the amount of carbon in the fuel.12  The EPA further suggests that, for all oil 

and oil products, the oxidation factor for carbon used is 0.99 (99 percent of the carbon in the fuel 

is eventually oxidized, while 1 percent remains un-oxidized).  Based on these factors and the 

molecular weight ratio of CO2 (44) to carbon (12), a gallon of gasoline will release 8,788 grams 

(19.37 pounds) of CO2 and a gallon of diesel fuel 10,084 grams (22.23 pounds).  Accordingly, an 

accurate calculation of CO2 emissions can be determined by calculating the amount of fuel 

consumed within the study area. 
 

 

Method 
 

By using a traffic simulation model (i.e. SimTraffic or an equivalent program), the amount of 

fuel consumed within the roadway network can be determined.  These models simulate the travel 

of each vehicle in the study area as a single entity, providing a more accurate calculation of fuel 

consumption based on actual travel speeds, idling time, acceleration/deceleration rates, and 

vehicle type throughout the roadway network.  As suggested by the U.S. EPA, the amount of fuel 

consumed within the study area can be directly converted to a volume of CO2 as required in 

MEPA’s GHG Emissions Policy and Protocol. 

                                                 
11 MEPA Greenhouse Gas Emissions Policy and Protocol; provided on MEPA’s website as of December 18, 2008. 
 

12 Emission Facts: Average Carbon Dioxide Emissions Resulting from Gasoline and Diesel Fuel; U.S. Department 

of Environmental Protection Office of Transportation and Air Quality; EPA420-F-05-001; February 2005. 
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Since weekday and weekend traffic volumes can differ significantly, separate weekday and 

weekend calculations and analyses were performed for this project.  The weekday PM peak hour 

volumes were used to calculate the weekday daily traffic volumes based on the percentage of 

daily traffic that occurs for each hour of the day (called K factors).  These K factors were 

determined from ATR counts conducted along Highland Avenue.  The Saturday midday peak 

hour volumes and the ATR count data were also used to estimate the volume of traffic on the 

roadways for each hour of the day on a weekend condition.  The weekday and weekend traffic 

count data were then further adjusted to reflect average month conditions using the MassDOT 

seasonal adjustment data referenced earlier in this study.     

 

Based on the SimTraffic modeling program results, the total vehicle miles traveled and the 

amount of fuel consumed for a typical weekday and weekend condition can be determined.  From 

these results, the amount of CO2 emitted from vehicles within the roadway network can be 

determined for both a typical weekday and weekend condition and multiplied by the 260 and 

105, respectively, to determine the yearly emission of CO2 as result of vehicle travel through the 

roadway network.   

 

These results also provide a rate of CO2 emission per vehicle mile traveled (VMT) within the 

roadway network.  The emissions rate per VMT is important as it provides the basis for 

comparison between Existing, No-Build, Build, and Build Mitigated conditions.  As traffic 

increases through a roadway network, so will total emissions.  However, the implementation of 

traffic improvements can have the effect of reducing the rate at which CO2 is emitted per VMT 

by reducing traffic congestion, idling time, the rate of acceleration and deceleration, and 

increasing travel speeds.  It is important to note that from a regional perspective, total emissions 

are generally not increased by the development since the increase in traffic through the study area 

is off-set by a reduction in traffic elsewhere due to a redistribution of shopping opportunities. 

 

 

Results 

 

Based on the method described above, emission rates in terms of CO2 per VMT were determined 

for an average weekday and weekend condition under 2009 Existing, 2014 No-Build, and 2014 

Build traffic volume conditions.  As described in this traffic study, mitigation measures are 

proposed to not only reduce the amount of vehicle delay through the study area, but also reduce 

the amount of CO2 being emitted by vehicle travel.  Two strategies to mitigate traffic related 

impacts are being implemented as part of this project including: 1) roadway and intersection 

improvements to improve traffic flow and 2) Transportation Demand Management (TDM) 

strategies to minimize the reliance on single-occupant vehicle travel.   

 

Although a site generated traffic volume reduction of 2 percent was determined as a result of the 

TDM strategies as described in the Greenhouse Gas Analysis report prepared by Tech 

Environmental, the benefits of the roadway and intersection improvements were further 

determined using the method described above.  The emission rates with the inclusion of the 
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strategies being proposed as part of this project are calculated under the 2014 Build with 

Mitigation condition.  The results of this alternative analysis method are summarized in Table 14 

for the Existing, No-Build, Build, and Build Mitigated conditions for the weekday and weekends 

conditions.  The emission rates as presented in the Greenhouse Gas Analysis report is also 

summarized which based on the current method, shows a consistent vehicle emission rate for the 

future No-Build, Build, and Build mitigated conditions. 

 

 

Table 14 

SIMTRAFFIC RESULTS 
 

 Analysis Condition 

Variable 

 

2009 Existing 

 

2014 No-Build 

 

2014 Build 

2014 Build 

Mitigated 
     

Avg. Weekday VMT (mi/day) 37,778 42,080 46,889 46,948 
     

Avg. Weekend VMT (mi/day) 35,256 38,263 44,306 44,719 
     

Avg. VMT (mi/day) 37,052 40,982 46,151 46,311 
     

Annual VMT (mi/yr) 13,524,160 14,958,415 16,845,115 16,903,515 
     

Weekday Fuel Used (gal/day) 2,751 3,062 3,672 3,589 
     

Weekend Fuel Used (gal/day) 2,654 2,756 5,730 3,389 
     

Average Fuel Used (gal/day) 2,723 2,974 4,260 3,531 
     

CO2 Emissions (lbs/day) 52,897 57,777 82,755 68,593 
     

CO2 Emissions (tons/yr) 9,654 10,544 15,103 12,518 
     

SimTraffic - CO2 (g/mi) 647.56 639.49 813.59 672.01 
     

     

Mobile 6.2 - CO2 (g/mi)
a 

554.48 562.70 562.70 562.70 
     

a 
Greenhouse Gas Analysis - Walmart Expansion and Lowe's Home Improvement Store Project, Salem, 

Massachusetts; prepared by Tech Environmental. 

 

 

As shown in Table 14, the VMT traveled increases between the Existing, No-Build, and Build 

conditions.  As a result of the MassDOT project coordinating the study are intersections (nearing 

completion), there is a decrease in the rate of CO2 being emitted by vehicle travel between the 

existing and No-Build conditions.  This rate is expected to increase by 27 percent with the 

addition of site generated traffic and without the proposed mitigation measures.  The impact of 

the project on vehicle emissions is significantly reduced (22 percent) with the proposed 

mitigation measures with only a slight increase in emission rate (5 percent) between the No-Build 

and Build Mitigated conditions. 
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