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INTRODUCTION 

Ostergaard Acoustical Associates (OAA) was asked to assist with evaluation of potential sound 

emissions from a last mile facility to be located northwest of the intersection of Interstate-495 

and the Boston Worcester Turnpike in Westborough, Worcester County, Massachusetts.  This 

facility will replace an existing commercial/industrial use that currently operates heavy trucks.  

Existing structures will be removed, and a new building will be constructed in the southeast 

portion of the site and surrounded by parking.  The site is anticipated to operate at all hours, 

with delivery operations concentrated primarily during the day and intermittent line-haul truck 

arrivals and departures occurring throughout the day and night.  Non-noise-sensitive industrial 

uses are east and south of the site, while residential areas are to the north and west.  The site will 

maintain the current buffer between these residences and will have truck activity be farther 

from, and less intense, than at present.  This report addresses the onsite noise radiated to 

neighboring off-site receptors.   

 

The purpose of this sound study is to analyze future site sound emissions for comparison with 

applicable code limits and to evaluate compatibility of the proposed use with the site and its 

surroundings. 

 

Sound emissions from the facility were evaluated against applicable Town of Westborough and 

the State of Massachusetts noise codes.  The site will contribute steady sound from rooftop 

HVAC equipment.  The site will also produce intermittent sound from truck and car
1

 

movements. 

 

Work by OAA was overseen by Benjamin C. Mueller, P.E., with assistance from OAA Staff.  The 

representative at Langan coordinating the project is John Perry, P.E.  

 

1
 Note that throughout this report, the term “car” collectively refers to personal passenger vehicles or local 

delivery vehicles including automobiles, vans, pick-ups, or SUVs.  The term “truck” refers to heavy trucks such 

as over-the-road or line-haul trucks. 
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SITE AND VICINITY 

Figure 1 is an aerial image obtained from Google Earth outlining the site in red.  Figure 1 also 

shows ambient survey locations, which are discussed in a subsequent section.   

 

The site is located at 4400 Computer Drive in Westborough.  Currently, it comprises a large 

irregularly shaped parcel currently accommodating an office building; a trucking operation is 

located in the northern parking lots.  The site will be demolished but will generally retain the 

same developed area.  Site access is provided via Computer Drive to the south.  The majority of 

the site is located in the IB, Industrial B, district; the northern portions of the site are in the R, 

Single Residential, district.  Properties immediately east and south are similar in use and are also 

in the IB district.  Among the commercial uses are three hotels and a daycare facility.  All IB 

properties are also in the ID Overlay District.  Bordering the property to the north and west are 

single family residences in the R district.  Farther to the northeast are residences located in 

Southborough.  The site is in proximity to Interstate-495, which is about 1,500 feet east of the 

site, and the Boston Worcester Turnpike (Route 9); traffic flow sound from these major roads is 

expected to dominate ambient sound in the area. 

 

Plans call for the construction of an approximately 221,256 ft
2

 rectangular building to be located in 

the southeast portion of the site, generally where the existing building is but smaller in size.  The 

existing buffer area between the redeveloped area of the site and residences will remain the 

same.  All vehicle access is provided from Computer Drive to the south.  Heavy truck docks are 

located along the north façade of the building.  A small trailer parking area is provided outboard of 

the docks.  Delivery vehicles staging and loading areas are located along the eastern and western 

building façades.  These loading areas are covered with a canopy.  Parking for delivery vehicles is 

provided outside of the staging and loading areas, in the eastern, western, and northern portions of 

the site.  Personnel vehicles will use a dedicated parking lot provided south of the building.  Sound 

barriers are proposed along portions of the site nearest the truck court; shorter sound fences are 

proposed along the north and west sides of the delivery parking areas.    

   

Proposed plans call for the majority of delivery and personnel activity to occur during the 

daytime while line-haul truck activity will occur mostly a night; the site typically sees 1-to-2 

trucks in a given hour.   
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Figure 1 — Google Earth image showing the proposed last mile facility site and vicinity in Westborough, MA.  The approximate 

site boundary is outlined in red.  Ambient survey Locations 1 through 4 are also shown. 
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REGULATIONS/GOALS 

When developing a site of this type, it is appropriate to consider how sound from the facility will 

likely be received, especially by noise-sensitive receptors.  Sound produced by a typical last mile 

facility is characterized by car and truck parking lot activity, such as idling and vehicle 

movement, as well as steady HVAC equipment.  The noise from these sources was evaluated 

and compared to applicable noise code limits as well as acoustical goals based on professional 

experience.  As a general practice, when motor vehicles are onsite, they are considered part of a 

site’s sound emissions; when vehicles are on public roads, they are not. 

 

Local, County, and State noise codes were reviewed.  The Town of Westborough Zoning Bylaws 

Section 3210: Disturbances states, “No use shall be allowed if it will cause sound, noise, 

vibration, … (except for warning devise …) perceptible without instruments more than four 

hundred (400) feet from the boundaries of the originating premises if in an Industrial District, 

…”.  The State of Massachusetts code, Division of Air Quality Control Policy 90-001, requires 

sound emissions to not exceed background ambient sound levels at the nearest residence by 10 

dB(A).  The background sound level is defined at the level present 90% of the time during a 

measurement period when equipment is in operation.  No relevant Worcester County code 

could be found. 

 

A discussion of relevant codes is warranted.  The local code regulates noise based on audibility.  

This metric is subjective and not useful when evaluating site impacts quantitatively.  The 

audibility and perceived level of a disturbance from onsite noise can vary based on the resident.  

The code wording also implies that if a sound is audible than it is automatically a violation, 

which seems overly stringent.  The Massachusetts code takes the approach to compare new 

sound to existing, which is appropriate for minimizing the acoustical impact.  However, the 

language used results in a highly variable code limit because background sound levels are 

constantly changing in the area.  This code also does not specify a measurement period.  

Therefore, OAA recommends applying logical assumptions to the Westborough and 

Massachusetts code to establish a clear and direct project noise goal to limit noise and protect 

public welfare.  This noise goal should be based on existing ambient conditions to ensure no 

negative acoustical impact.  The ambient sound survey and conditions are discussed in the next 

section. 
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Ambient Sound Survey 

To determine code compliance per the Massachusetts noise code, an ambient sound level 

survey was carried out in the vicinity of the site.  Ambient data is also useful in quantifying the 

acoustical impact, if any, of a new noise source.  OAA Staff Consultant John Baldassano visited 

the site on 9 June 2021 to deploy four sound level monitors in the area to document existing 

ambient sound.  Each long-term monitor comprised a Rion NL-52 real time sound level meter 

located within an enclosure with an external battery supply.  All microphones were fitted with a 

windscreen and located on a tripod at ear height, 5 feet above grade.   

 

Units were instructed to record detailed statistical time history data and hourly statistics for a one 

week period.  Data were acquired from about 1200 hours on Wednesday 9 June to 1200 hours 

on Wednesday 16 June.  All sound levels meters were calibrated before and after deployment 

using a Bruel and Kjaer Model 4231 sound level calibrator, which is calibrated by an outside 

calibration service annually.  Locations are shown in Figure 1 and were selected to be in the 

vicinity of the nearest residential receptors.  Location 1 is located on the west side of the site, 

near dwellings on Brady Road.  Locations 2 through 4 typify the residential area fronting on 

Smith Street, north of the site.  Location 2 is northwest of the site, Location 3 is due north, and 

Location 4 is to the northeast.  All three of these Locations were situated about 50 feet north of 

the existing tree line.  

 

Weather conditions were appropriate for the survey.  Average temperatures ranged from 60-to-

80 degrees Fahrenheit.  Winds were moderate and generally averaged between 4-to-11 mph.  

Light precipitation was documented on Saturday 12 June and Tuesday 15 June.  Observations 

during deployment and retrieval of the long-term monitors indicated that the acoustical 

environment is typical for a suburban environment.  The soundscape was dominated by 

intermittent local and distant traffic flow as well as seasonal insect noise at all measurement 

locations. 
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Acquisition of ambient sound data over the course of the 7-day period results in an enormous 

amount of data.  As a result, it is helpful to review data from a high level to assist with observing 

existing sound level trends.  Hourly statistical data are particularly helpful to review.  For 

example, the background sound level (L90) is the level that occurs over 90 percent of the 

measurement period and is best used to evaluate continuous noise sources such as HVAC.  The 

L10, or level that occurs over 10 percent of the time, indicates the extent of intrusive noise 

sources in the area, such as dog barks, surges in traffic noise, or aircraft passbys.  A summary of 

the statistical sound levels, in dB(A) re 20µPa, averaged over the 7-day period is as follows: 

 

 Lmin L90 Leq L10 Lmax 

Location 1 43 46 49 51 61 

Location 2 37 39 44 46 57 

Location 3 40 42 47 49 61 

Location 4 41 42 45 46 58 

 

Data are relatively similar across the four locations.  The similarity is likely due to Interstate-495 

and the Boston Worcester Turnpike producing similar sound levels.  It is unclear why Location 1 

exhibited slightly higher sound levels than most of the other locations.  Location 3 exhibited 

slightly higher sound levels due to the proximity to the onsite truck operation.  Overall, 

maximum sound levels hovered around 60 dB(A) whereas lows were roughly 20 dB lower in 

level.  Background sound levels were 1-to-3 dB higher than minimum sound levels.   

 

Project Noise Goals 

Based on OAA’s experience, survey results are in line with typical suburban areas across the 

United States.  The State’s approach to regulating site sound based on existing conditions has 

merit and is designed to prevent dramatic increases in sound levels and minimize the acoustical 

impact.  Using the State’s noise code limit approach, adding 10 dB to the lowest measured 

background sound level results in a code limit of 49 dB(A) at any residential receptor; site sound 

emissions should not exceed this level to meet the State code.  
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Based on professional experience, noise code limits apply throughout the property but are most 

commonly assessed and enforced at the location of inhabitants.  Inaccessible or uninhabited 

portions of the property are generally not scrutinized.  Because this sound study is focused on 

sound emissions during the nighttime at residences, receptor locations were selected at the 

façade of dwellings since receptors are generally sleeping during these hours.   

 

The sound survey results shows that nighttime sound levels in the area can be as low as 40 dB(A) 

at times.  Therefore, despite the State noise code limits being 49 dB(A), a project noise goal for 

continuously operating HVAC equipment should be more aligned with 40 dB(A) to reduce any 

potential impact off-site.  To minimize any acoustical impact of motor vehicle sound, OAA 

recommends that all vehicle sound emissions be controlled to not exceed 49 dB(A) at all 

residential dwellings to blend in with existing conditions.  Further support for this goal is shown 

in Figure 2, which is a time history plot of hourly L10 sound pressure levels across the sound 

survey period.  Figure 2 highlights the current presence of intrusive sound sources in the area 

and confirms that the area routinely experiences sound levels in excess of 50 dB(A), even during 

the nighttime hours.  The ambient sound survey results support that meeting these goals, and the 

State noise code, will result in no negative acoustical impact for nearby receptors. 

 

There is little concern of acoustical impact at adjacent commercial and industrial receptors, 

which includes the daycare facility and hotels.  These uses operate only during the daytime 

hours and are not particularly noise sensitive.  In addition, existing site operations include truck 

activity and any impact associated with this has already been normalized.  Regardless, OAA 

recommends that site sound emissions not exceed 65 dB(A) at the daycare playground to ensure 

no negative impairment to speech communication.  This is based on that a typical conversation 

with normal vocal levels is 65 dB(A) at a distance of three feet. 
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Figure 2 — Time history plot for Locations 1 through 4 for hourly intrusive sound levels, L10, across the period of 9-to-16 June 

2021.   
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EXPECTED SOUND EMISSIONS 

Acoustical modelling software, specifically CadnaA, was used to create and analyze site sound 

emissions for the site.  The model takes into account relevant parameters between the noise 

source and receptor positions of interest to predict how sound will propagate.  In addition to 

distance attenuation, the model accounts for the effects of terrain, various types of ground cover, 

shielding by structures, and reflections from buildings.  In the model, buildings are white and the 

site property line is outlined in red.  The loading areas are covered by a canopy, which is also 

modelled and shown in light blue.  The 12-foot-tall sound walls are also shown in light blue 

along the north side of the truck court.  The proposed 6-foot-tall sound fences are shown in pink 

along other portions of the north and west sides of the site.  The 6-foot-tall solid wood fence 

surrounding the daycare playground is also modelled and shown in pink.  North is pointing to 

the left in all subsequent Figures. 

 

The acoustical model shows the results graphically as A-weighted sound level contours, in 1 dB 

increments, and tabulates the summed A-weighted sound levels at seven discrete locations 

typifying nearby receptors.  Sound level contours are at ear height, 5 feet above grade.  

Locations B through G are at the façade of nearby residences and are located at height of 20 feet 

above grade, typifying an upper-story receptor.  Location H is located in the playground of the 

daycare center at a height of 5 feet above grade.  Location A is not used and reserved for future 

use. 

 

Rooftop HVAC Sound 

Rooftop HVAC equipment produces noise that is nominally steady in nature, and hence will not 

vary significantly over time.  Plans call for roughly 28 pieces of rooftop equipment of various 

sizes, distributed across the roof.  Each unit was modelled using manufacturer’s octave band 

sound data.  Noise sources were placed 4 feet above the rooftop, and sound was projected off 

site.  Figure 3 shows the results graphically and tabulates the summed A-weighted sound levels at 

the nearby receptor locations of concern.  The results show that with all rooftop units operating, 

HVAC sound levels at off-site residential receptors are in the 24-to-28 dB(A) range. 

 

This analysis shows that there is little concern about HVAC sound.  HVAC sound is sufficiently 

controlled via distance and roof shielding effects so that this noise meets the project noise goal of 

40 dB(A) by a wide margin and is well below the 49 dB(A) nighttime State code limit by even 

wider margins.  Based on the ambient survey, levels of this magnitude are not expected to be 

audible off-site.  Note that for these model results to be realized, acoustical performance of 

HVAC equipment must be aligned with what was modelled.  
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Figure 3 — A-weighted sound emission contours, 5 feet above grade, from rooftop HVAC equipment.  Each rooftop unit shown 

with a blue “+” sign.  Buildings shown in white; site property line outlined in red.  Delivery canopy and sound wall 

shown in light blue.  Solid fences shown in pink.  A-weighted sound emissions tabulated at 20 feet above grade for 

all Locations except Locations H which is 5 feet above grade. 
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Delivery and Personnel Activity 

Sound emissions from delivery and personnel vehicles were analyzed.  Delivery operations occur 

during daytime hours.  Personnel activity is also primarily within the daytime hours, but there are 

shift changes during the nighttime hours.  The busiest hourly traffic counts during a typical day 

are expected to include as many as 504 delivery vehicles and personnel vehicles; this equates to 

about 84 vehicles within a 10-minute period.  To model this worst-case condition, 84 vehicle 

noise sources were placed around the site to represent an acoustical snapshot over a 10-minute 

period.   

 

Figure 4 shows the model results for delivery operations, with vehicles represented as green 

“+”s.  Based on data measured at similar facilities, personnel and delivery vehicles are 

acoustically equivalent.  The model assumes each vehicle is contributing a maximum sound level 

of 59 dB(A) at 50 feet at the same time.  The vehicle source height is 3 ½ feet above grade.  

Modelling all sources at their maximum is an extremely conservative approach since maximum 

sound levels of multiple sources will likely never synchronize in this manner.   

 

The results in Figure 4 show that maximum emissions at all residential locations are below 

project goals and State code limits by a wide margin.  Sound emissions are also below the 

existing daytime intrusive sound levels shown in Figure 2.  It is important to note that this 

maximum condition will only occur during the daytime hours.  The shift change that occurs 

during the nighttime hours is significantly lower in volume.  There is also no concern from 

delivery operations at the daycare facility.  Also note that peak season will have increased 

activity; from an acoustical aspect, if the vehicle counts are doubled, the average hourly sound 

pressure level would only increase by 3dB, which is minimal.  Therefore, the project goal and 

code limit will still be met.  Results of this magnitude indicate that no acoustical issue is 

anticipated with onsite delivery operations or when employee shift changes occur at this site. 
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Figure 4 — A-weighted sound emission contours, 5 feet above grade, for 84 delivery/personnel vehicles operating 

simultaneously, shown with a green “+” sign.  Rooftop unit shown with a blue “+” sign.  Buildings shown in white; 

site property lines outlined in red.   Delivery canopy and sound wall shown in light blue.  Solid fences shown in 

pink.  A-weighted sound emissions tabulated at 20 feet above grade for all Locations except Locations H which is 5 

feet above grade. 
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Heavy Truck Activity 

OAA has had the opportunity to visit various delivery and logistics facilities over the years to 

survey and document the sounds of truck activity.  Line-haul truck noise in a typical dock area 

can routinely produce maximum sound levels in the range of 79 dB(A) at 50 feet.  This sound 

level was determined by looking at a wide variety of truck activity, such as truck movement, air 

brakes, back-up alarms, and coupling/decoupling, and distilling it to a single conservative 

maximum value for use in acoustical studies such as this.  A driving truck exhibits slightly lower 

maximum sound levels of 74 dB(A) at 50 feet.  The height of a truck source for all truck activity is 

modelled at 8 feet above grade.  OAA has found that using these maximum sound limits at this 

height make this a very conservative approach to evaluating truck sound.  When specific 

individual activities are modelled at their actual height and sound level, results are typically lower 

in level than predicted below.  For example, many of the high sound level activities such as 

back-up alarms and air brakes occur at a height of 4 feet above grade, not 8 feet.  It is also 

important to recognize that all truck noise is dynamic in nature.  Maximum sound levels only 

occur for a short duration and are not representative of the constant sound level produced by 

onsite trucks.  

 

Plans call for trucks to enter the site from Computer Drive then travel along the eastern site road 

to a dock along the northern building façade.  Typical operations expect 1-to-2 trucks per hour 

during the night.  Site operations are designed to not have truck activity coincide with outbound 

delivery operations.  Regardless of the number of trucks onsite at a given time, it is most 

appropriate to only model maximum sound from an individual truck.  Several factors support 

this.  Because maximums are dynamic and short in duration, it is unlikely that multiple truck 

sound level maximums will occur at exactly the same time.  In addition, site constraints and 

safety requirements also promote that more than one truck is not performing an action at the 

same time.  Multiple locations were analyzed; the worst-case site sound emissions of interest are 

highlighted in Figures 5 and 6.  Figure 5 shows a driving truck at three positions on site; note this 

model does not imply three trucks will be driving around the site at one time, but rather three 

sources were included to reduce the number of figures in this report.  Truck positions modelled 

show a driving truck position when nearest to a receptor of concern.  Figure 6 shows a truck 

exhibiting yard activity sound in truck court.  All truck sources are modelled at 8-feet above 

grade.  A driving truck is modelled using 74 dB(A) at 50 feet and shown as a pink “+”; truck 

dock activity is modelled using 79 dB(A) at 50 feet and shown as a white “+”. 
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Figure 5 — A-weighted sound level contours, 5 feet above grade, expected for worst case driving truck activity, shown with a 

pink “+” sign.  Rooftop unit shown with a blue “+” sign.  Buildings shown in white; site property line shown in 

red.  Delivery canopy and sound wall shown in light blue.  Solid fences shown in pink.  A-weighted sound 

emissions tabulated at 20 feet above grade for all Locations except Locations H which is 5 feet above grade.  
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Figure 6 — A-weighted sound level contours, 5 feet above grade, expected for worst case heavy truck dock activity, shown with 

a white “+” sign.  Rooftop unit shown with a blue “+” sign.  Buildings shown in white; site property line shown in 

red.  Delivery canopy and sound wall shown in light blue.  Solid fences shown in pink.  A-weighted sound 

emissions tabulated at 20 feet above grade for all Locations except Locations H which is 5 feet above grade. 
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Figure 5 shows that as a truck drives around the site, there are no acoustical concerns.  When 

nearest residential receptors Location B and G, truck sound emissions are around 45 dB(A).  

Note that sound levels comply with project goals by a suitable margin relying only on distance 

and the 6-foot sound fence.  As a truck passes the daycare center, playground sound levels of 57 

dB(A) are produced, which meets the 65 dB(A) goal. 

 

Results in Figure 6 show that worst-case truck dock activity is expected to produce levels of 43-

to-47 dB(A) at nearby residential receptors.  This meets the project goal and the State noise 

code.  As mentioned previously, other locations within the truck court were also evaluated and 

resulted in levels lower than what is presented.  Levels of this magnitude are expected only a 

handful of times given that only 1-to-2 trucks are typical per hour.  A driving truck source 

modelled in the truck court would produce sound levels about 5 dB lower in level than what is 

shown.   

 

Modelled results in the above figures will be realized provided the sound walls and sound fences 

are constructed as shown and using sufficiently tall, dense, and solid construction materials.  The 

12-foot sound wall has two segments comprising a Z-shaped wall directly north of the truck 

court about 350 feet in length, and a J-shaped wall northwest of the truck approximately 550 

feet in length.  The minimum requirement for the surface weight of the wall is 7 pounds per 

square feet.  The 6-foot sound fence also has two segments.  The northern section travels around 

the northernmost parking lot and is about 860 feet in length.  The western section follows the 

western onsite road and is about 935 feet long.  The minimum surface weight for the sound 

fence is at least 2 pounds per square foot.  There are a variety of materials available that will 

satisfy the minimum weights; at this time, the team is proposing an engineered wood product 

called Plywall, which is satisfactory.  Use of other materials is acceptable provided they meet the 

recommended minimum surface weights.   
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CONCLUSION 

A last mile delivery facility is planned in Westborough, MA to replace an existing office and 

trucking operation.  The site is large and bordered on two sides by mostly non-noise-sensitive 

uses.  However, residences are in located in proximity to the site to the north and west.  State 

and local noise codes, as well as an ambient sound survey, were relied upon as criteria for site 

sound emissions.  Results from the sound survey were used to establish project noise goals for 

rooftop HVAC equipment as well as onsite vehicles to minimize the acoustical impact at nearby 

residences.   

 

Based on results of analyses, steady HVAC site noise is expected to meet project goal and code 

limits at all nearby receptors by wide margins.  In addition, HVAC site sound is of a low enough 

magnitude that it will not likely be audible at off-site vantage points.  Proposed HVAC 

equipment arrangements can proceed; however, keep in mind that any modification to the 

arrangement may affect site sound emissions.  Daytime and nighttime delivery, personnel, and 

truck operations also meet the project goal and code limits.  No negative acoustical impact is 

anticipated from site operations, and results support that site sound will conform and harmonize 

with existing sound in the vicinity.   


