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Table ES-4  
Noise Impact Distances for Undeveloped Lands 

Representative 

Undeveloped Land 

Estimated Impact Distance (feet)      

66 dBA (Categories B and C) 71 dBA (Category E) 

Typical Unobstructed Areas 
(line of sight to the roadway) 

425 200 

Typical Obstructed Areas 
(no line of sight to roadway) 

220 100 

Notes: 
1: The impact distances are from the edge of I-76. 
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SECTION 1 INTRODUCTION AND PROJECT DESCRIPTION  

PROJECT DESCRIPTION 

The Project entails the proposed widening and reconstruction of the existing Pennsylvania Turnpike (I-
76) from four lanes to six lanes between MP 316.6 and MP 319.39. The proposed design indicates the 
existing 82-foot pavement will be widened to approximately 122 feet. Two superstructure replacements 
will take place at PA Turnpike over SR 1003 (Phoenixville Pike) at MP 319.2 and PA Turnpike over 
Charlestown Road/SR 29 at MP 319.3. This report covers the eastern portion of the I-76 proposed 
widening and reconstruction which in its entirety stretches from MP 311.4 to MP 319.4. The western 
portion of this project, MP 311.4 to MP 316.6, was analyzed in a previous report. 
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In identifying noise impacts, primary consideration is given to exterior areas of frequent human use. In 
situations where there are no exterior activities, or where the exterior activities are far from the roadway 
or physically shielded in a manner that prevents an impact on exterior activities, the interior criterion 
(Activity Category D) may be used as the basis for determining a noise impact. 

Table 2-1  
FHWA Noise Abatement Criteria1 

Activity 
Category 

Activity Criteria2 Evaluation 
Location 

Activity description 
Leq(h) L10(h) 

A 57 60 Exterior 

Lands on which serenity and quiet are of extraordinary 
significance and serve an important public need and where the 
preservation of those qualities is essential if the area is to 
continue to serve its intended purpose. 

B3 67 70 Exterior Residential. 

C3 67 70 Exterior 

Active sport areas, amphitheaters, auditoriums, campgrounds, 
cemeteries, day care centers, hospitals, libraries, medical 
facilities, parks, picnic areas, places of worship, playgrounds 
public meeting rooms, public or nonprofit institutional 
structures, radio studios, recording studios, recreation areas, 
Section 4(f) sites, schools, television studios, trails, and trail 
crossings. 

D 52 55 Interior 

Auditoriums, day care centers, hospitals, libraries, medical 
facilities, places of worship, public meeting rooms, public or 
nonprofit institutional structures, radio studios, recording 
studios, schools, and television studios. 

E3 72 75 Exterior 
Hotels, motels, offices, restaurants/bars, and other 
developed lands, properties or activities not included in 
A-D or F. 

F -- -- -- 

Agriculture, airports, bus yards, emergency services, industrial, 
logging, maintenance facilities, manufacturing, mining, rail 
yards, retail facilities, shipyards, utilities (water resources, 
water treatment, electrical), and warehousing. 

G -- -- -- Undeveloped lands that are not permitted. 

1 Either Leq(h) or L10(h) (but not both) may be used on a project.  
2 The Leq(h) and L10(h) Activity Criteria values are for impact determination only, and are not design standards for noise 
3 Includes undeveloped lands permitted for this activity  

 

The federal regulation also covers such topics as traffic noise prediction, analysis of traffic noise impacts, 
analysis of noise abatement, information for public officials, and construction noise issues, all of which 
have been incorporated into the current PennDOT noise manual, as discussed in the next section. 
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2.9 PROJECT TRAFFIC DATA  

Existing traffic data and traffic mix (autos, medium trucks, and heavy trucks) was provided by the 
Pennsylvania Turnpike Commission (PTC) and PennDOT.  Project engineers generated the traffic 
projections for future years based on the existing traffic data and an estimated growth percentage.  Traffic 
data used in this analysis can be found in Appendix C. 
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SECTION 3 EXISTING NOISE ENVIRONMENT AND NOISE 
SENSITIVE AREAS 

3.1 EXISTING LAND USE AND ZONING  

3.1.1 Existing Land Uses 

The vicinity of the Project area consists of land uses, such as residential, industrial, commercial, public, 
and vacant, agricultural or open space. The areas at the eastern end of the project, along SR29, contains a 
majority of industrial and commercial businesses with a few residential homes interspersed.  The rest of 
the project area mostly contains single-family and multi-family residences, and open space. Figure 2 
shows the land use division within the project area. 

3.1.2 Noise Sensitive Areas 

In order to better categorize the potential noise impacts and evaluate noise abatement for the various 
project alternatives, all of the potentially impacted, noise-sensitive receptors have been organized into 
Noise Sensitive Areas, or NSAs.  An NSA is defined as a geographical area that includes a variety of 
individual noise-sensitive receptor units (individual homes, apartment units, institutional properties, etc.) 
which have a similar land use and noise environment, and if impacted, would likely be protected by a 
single noise abatement element, such as a noise barrier. NSAs begin at NSA-17 and end at NSA-26. 
NSA-1 through NSA-16 have been analyzed in a previous study and will not appear in this analysis. 
Descriptions of delineated NSAs, including geographic area, primary land use, and type of noise-sensitive 
receptors are listed in Table 3-1. Figures 3-1 through 3-3 show all of the defined NSAs and their 
associated noise measurement locations. 
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Table 3-1  
Noise Sensitive Areas (NSAs) 

NSA Description 
Long-term 

Measurement 
ID 

Short-term 
Measurement 

ID 

17 
South of I-76, East of Valley Hill Road 
Single-Family Residence 

 ST-17 

18 
North of I-76, East of Valley Hill Road 
Single-Family Residence 

 ST-18 

19 
North of I-76, South of Hollow Drive 
Single-Family Residences 

LT03 ST-19 

20 
South of I-76, at intersection of Yellow Springs Road and Brandywine Road 
Single-Family and Multi-Family Residences 

LT04 ST-20 

21 
North of I-76, east of Yellow Springs Road (homes on Blackberry Lane) 
Single-Family Residences 

 ST-21 

22 
South of I-76, North of Phoenxiville Pike (Rt 29) 
Single-Family Residence 

 ST-22 

23 
South of I-76, North of Phoenixville Pike (Rt 29) 
Single-Family Residence 

 ST-23 

24 
South of I-76, North of Phoenixville Pike (Rt 29) 
Church 

 ST-24 

25 
North of I-76, West of Phoenixville Pike (Rt 29), North of Charlestown Road 
School, Housing Development 

 ST-25 

26 
South of I-76, east of Charlestown Road and north of Yellow Springs Road 
Single Family Homes 

 ST-26 

    
    

3.2 EXISTING NOISE LEVELS 

3.2.1 Noise Measurements 

Multiple noise measurements were conducted for this project on November 26-30, 2012 and October 27-
28, 2013 including long-term (24-hour) and short-term (10 to 30 minutes) measurements. Two additional  
short-term (10 to 30 minutes) were conducted on November 14, 2023. Noise measurements were 
conducted for several reasons, including: 

1. To empirically determine the peak noise hour, if one exists, in different areas of the project (long-
term measurement). Leq values reported in Tables 3-2 and 3-5 and subsequently used for model 
validation were a result of an energy average of the individual interval values recorded on the 
data sheets.     

2. To provide information for noise model validation (short-term measurements with accompanying 
classified traffic counts). 

3. 2023 measurements were conducted in two locations to confirm model validation after some road 
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Table 3-4  
Measurement Weather Data 

Receptor 

Atmospheric Conditions 

Temperature 
(°F) Wind Descriptor 

Avg. 
Wind 
Speed 
(mph)1 

Wind 
Direction 

Relative 
Humidity 

(%) 

Barometric 
Pressure 

(Hg) 

Cloud 
Cover 
(%) 

ST-17 32 Calm - - 62.1 1004.0 90 

ST-18 32 Calm - - 59.1 1004.8 60 

ST-19 49 Steady 3 - 56.3 1000 10 

ST-20 60 Calm - - 53.2 1002.6 10 

ST-21 43 Calm - - 53.0 1003.4 0 

ST-22 64 Calm, occasional light gusts 1 - 3 - 52.4 1005.0 10 

ST-23 64 Calm, occasional light gusts 0 - 3 - 54.5 1008.0 10 

ST-24 43 Steady 0 - 8 east 55.2 1010.5 100 

ST-25 49 Steady 3 - 56.3 1000 10 

ST-26 42 Calm - - 75.0 1011.6 0 
1 Measurements were not conducted if wind speeds exceeded 12mph. 
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3.2.3 Noise Model Validation and Results 

The FHWA TNM Version 2.5 was used to predict noise levels for the future build alternative as well as 
existing noise levels at receptor locations where noise levels are dominated by traffic noise on project 
roadways.  To demonstrate that the noise model is predicting noise levels within a reasonable margin of 
error, the noise model runs are validated by comparing predicted noise levels to measured noise levels for 
similar traffic conditions.  Acoustical measurements were only taken when traffic was free-flowing.  
However, since the TNM only predicts noise levels associated with traffic noise, the model runs can only 
be validated at measurement locations where current noise levels are dominated by project roadways.  For 
this project, noise model validation was possible for all noise measurement locations.  Noise models are 
considered to be validated according to the PennDOT noise manual if the difference between measured 
and modeled noise levels for comparable conditions is 3 dBA or less.  The results of the noise validation 
effort are presented in Table 3-5. 

While it is usually preferred to conduct model validation measurements without snow cover that is not 
always possible given field conditions and project deadlines.  Due to a recent snowfall preceding the 
November 12 measurement trip there was a light snow cover for some of the validation site measurements 
(generally less than a few inches), as shown in some of the noise measurement location photographs.  In 
this case the snow cover was apparently light enough that validation models did not require any special 
modeling or adjustments to account for the snow and all measurement location were validated within an 
acceptable margin of error (+/- 3 dBA). 

Table 3-5  
TNM Validation Summary Table 

Receptor Location Date NSA 
Measured 
Leq, dBA 

Modeled 
Leq, dBA Delta 

ST-17 2198 Valley Hill Rd. 11/30/2012 17 61.9 63.3 -1.4 
ST-18 2236 Valley Hill Rd. 11/30/2012 18 66.5 64.9 1.6 
ST-19 12 Pyle Ct. 11/14/2023 19 66.5 64.9 1.6 
ST-20 2062 Yellow Springs Rd. 10/28/2013 20 64.1 63.6 0.5 
ST-21 181 Blackberry Ln. 11/29/2012 21 68.7 71.3 -2.6 
ST-22 3149 Phoenixville Pike 10/28/2013 22 62.3 59.5 2.8 
ST-23 3199 Phoenixville Pike 10/28/2013 23 60.4 58.2 2.2 
ST-24 3281 Phoenixville Pike 11/30/2012 24 59.5 61.8 -2.3 
ST-25 166 Shilling Ave. 11/14/2023 25 67.7 69.1 -1.4 
ST-26 1022 Yellow Springs Rd. 10/28/2013 26 60.3 62.4 -2.1 

 
As shown in Table 3-5, all calculated differences between modeled and measured noise levels are less 
than 3.0 dBA. Therefore, the noise models in those locations are considered validated.   
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Table 5-1  
Summary of Barrier Analysis for Each NSA Location 

NSA Description 
Number of 
Impacted 
Receptors 

Method Feasible?1 Reasonable?2 

Proposed 
Barrier 
Length, 
in feet 

Average 
Height, in 

feet 

Barrier 
Total 
Sq. Ft. 

Number of 
Benefited 
Receptors 

Sq. Ft. / 
BDU3 Recommend? 

17 South of I-76 and east 
of Valley Hill Rd. 2 TNM Yes No 1235 14.00 17290 1 17290  No 

18 North of I-76 and east 
of Valley Hill Rd. 3 TNM Yes No 1507 17.87 26918 3 8973 No 

19 North of I-76 and west 
of Yellow Springs Rd. 3 TNM Yes No 2406 19.24 46298 4 11575 No 

20 

South of I-76 at the 
intersection of Yellow 

Springs Rd. and 
Brandywine Rd. 

18 TNM Yes Yes 1366 10.88 14856 25 594 Yes 

21 

North of I-76 and east 
of Yellow Springs Rd. 
(homes on Blackberry 

Ln.) 

21 TNM Yes No 3562 14.35 50928 16 3183 No 

22 
South of I-76 and 

north of Phoenixville 
Pike 

0 NA NA NA NA NA NA NA NA NA 

23 

South of I-76 and 
north of Phoenixville 
Pike, near Spring Mill 

Rd. 

1 TNM Yes No 1841 22.76 41882 2 20941 No 

24 

South of I-76 and 
north of Phoenixville 
Pike, near Spring Mill 

Rd. 

2 TNM Yes No 1064 20 21283 1 21283 No 

25 
North of I-76 and 

Charlestown Rd., west 
of Phoenixville Pike 

21 TNM No No 2699 20 53972 4 13493 No 

26 South of I-76 and east 
of Charlestown Rd. 5 TNM No No 2000 20.00 40000 2 20001 No 

1 Noise abatement considered feasible if a minimum of 5 dBA Insertion Loss (IL) for a majority (50% or greater) of the impacted receptors. 

2 Noise abatement considered reasonable if the Maximum Square Footage per Benefited Receptor (MaxSF/BR) has a value of 2000 or less.  One benefited receptor 
must have an IL of 7 dBA. 

  

 

 

  
  

 

Tables 5-2 through 5-10 summarizes the narrative results for abatement evaluations for each of the nine 
(9) NSAs that were determined to have impacted receptors.  Table 5-11 presents the summary of 
recommended noise abatement. 
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APPENDIXA Fundamentals of Traffic Noise Assessment and Control 

   

Appendix A contains a brief discussion on traffic noise fundamentals and control. 





Sound Pressure Level and Decibels 

The amplitude of a sound determines its loudness. Loudness of sound increases and decreases with 
increasing and decreasing amplitude, respectively. Sound pressure amplitude is measured in units of 
micro-Newton per square meter (N/m2), also called micro-Pascal (µPa). The pressure of a very loud 
sound may be 200 million µPa, or 10 million times the pressure of the weakest audible sound (20 µPa). 
Because expressing sound levels in terms of µPa could therefore be very cumbersome, sound pressure 
level (SPL) is used instead to describe, in logarithmic units, the ratio of actual sound pressures to a 
reference pressure squared. These units are called bels, named after Alexander Graham Bell. To provide 
a finer resolution, a bel is subdivided into 10 decibels, abbreviated dB. 

Addition of Decibels 

Because decibels are logarithmic units, sound pressure levels cannot be added or subtracted by ordinary 
arithmetic means. For example, if one automobile produces an SPL of 70 dB when it passes an observer, 
two cars passing simultaneously would not produce 140 dB; they would, in fact, combine to produce 73 
dBA. When two sounds of equal SPL are combined, they will produce a combined SPL 3 dBA greater 
than the original individual SPL. In other words, sound energy must be doubled to produce a 3-dBA 
increase. If two sound levels differ by 10 dBA or more, the combined SPL is equal to the higher SPL; in 
other words, the lower sound level does not increase the higher sound level. 

A-Weighted Decibels 

Sound pressure level alone is not a reliable indicator of loudness. The frequency, or pitch, of a sound also 
has a substantial effect on how humans will respond. Although the intensity (energy per unit area) of the 
sound is a purely physical quantity, the loudness or human response is determined by the characteristics 
of the human ear. 

Human Response to Changes in Noise Levels 

Under controlled conditions in an acoustics laboratory, the trained, healthy human ear is able to discern 
changes in sound levels of 1 dBA when exposed to steady, single-frequency signals in the mid-frequency 
range. Outside such controlled conditions, the trained ear can detect changes of 2 dBA in normal 
environmental noise. It is widely accepted that the average healthy ear, however, can barely perceive 
noise level changes of 3 dBA. A change of 5 dBA is readily perceptible, and an increase or decrease of 10 
dBA is perceived as being twice or half as loud, respectively. As discussed above, a doubling of sound 
energy results in a 3-dBA increase in sound, which means that a doubling of sound energy (e.g., doubling 
the volume of traffic on a highway) would result in a barely perceptible change in sound level. Table A.1 
illustrates sound pressure levels in dBA of various sound sources between 0 dBA (threshold of hearing) 
and 140 dBA (threshold of pain).  A relationship between changes in noise level and loudness is indicated 
in Table A.2. 



Table A.1  
Common Indoor and Outdoor Noise Levels* 

Common Outdoor Noise Levels Noise Level 
(A-weighted decibels) Common Indoor Noise Levels 

110 Rock Band

Jet Flyover at 1000 feet 100 Inside Subway Train (NY) 

Gas Lawn Mower at 3 feet 

Diesel Truck at 50 feet 90 Food Blender at 3 feet 

Noisy Urban Daytime 80 Garbage Disposal at 3 feet 

Gas Lawn Mower at 100 feet 70 Vacuum Cleaner at 10 feet 

Commercial Area Normal Speech at 3 feet 

60

Large Business Office

Quiet Urban Daytime 50 Dishwasher Next Room 

Quiet Urban Nighttime 40 Small Theater 

Quiet Suburban Nighttime Library 

30

Quiet Rural Nighttime Bedroom at Night 

20

Broadcast & Recording Studio 

10 Threshold of Hearing 

0
1 Adapted from Guide on Evaluation and Attenuation of Traffic Noise, AASHTO-1974. 

Table A.2  
Relationship Between Changes in Noise Level and Perceived Loudness 

Increase (or Decrease) in 
Noise Level 

Loudness Multiplied 
(or Divided) by 

3 decibels 1.2 

6 decibels 1.5 

10 decibels 2 

20 decibels 4 







How Highway Noise Can Be Reduced 

Highway noise can be reduced in a number of ways.  Here are some of the most commonly recognized: 

Land Use Controls 

Perhaps the most common sense and fiscally responsible solution to highway noise, and one favored by 
most highway agencies, is to restrict the development of lands near highways. Restricting development of 
land near new highway corridors to non-noise sensitive land uses, such as commercial or industrial 
activities, can eliminate most noise problems.  However, this approach is not suitable for circumstances 
when land near existing of future highways has already been developed for residential land use. 

Quieter Vehicle Noise Sources 

Quieter vehicles mean less highway noise. For automobiles this means quieter tires (since tire/pavement 
noise is the dominant noise source).  For large trucks the EPA has established standards for maximum 
noise levels for new and in-use trucks.  The maximum noise levels for new trucks are lower than those for 
existing trucks, so as old trucks are phased out and replaced with newer ones the noise produced by the 
average truck may go down. 

Noise Barrier Walls and Berms 

Noise barriers, both structural walls and earthen berms, are often constructed specifically for the purpose 
of reducing highway noise levels.  Noise barrier can be very effective for reducing noise levels at nearby 
homes.  Because of their cost, the construction of noise barriers is often restricted to large highway 
improvement or construction projects.  

How Noise Barriers Work 

Noise barriers reduce noise levels by interrupting or lengthening the path that the noise takes between the 
source and the receiver.  In order to be effective at reducing noise, noise barriers must be able to block the 
“line of sight” between the object producing the noise (like vehicles on the highway) and the person 
subjected to the noise (like residents living near the highway).  The amount that the noise will be reduced 
is related to the path length difference between the “direct path” that the uninterrupted sound would take 
between the source and receiver (with no barrier) and the “diffracted path” that the sound must take going 
over or around the barrier, as illustrated in Figure A.1. 

Figure A.1 Simple Noise Barrier Geometry 



Noise barriers may work better for some homes than for others.  In Figure A.2, below, home “A” is 
relatively close to the highway where the noise barrier can provide a large path length difference between 
the direct and diffracted paths, resulting in a substantial noise reduction (perhaps as much as 10 to 15 
decibels).  Home “B” is further from the barrier and the path length difference is not as great, resulting in 
less noise reduction (perhaps 7 to 10 decibels).  Home “C” is even further from the highway, and also 
elevated above the highway level, providing an even smaller path length difference (resulting in a noise 
reduction of perhaps 3 to 5 decibels).  In general, for a given barrier height and location, the further the 
receiver is from the barrier or the higher the receiver is elevated, the smaller the path length difference (or 
angle of diffraction) and the smaller the resulting noise reduction. 

Figure A.2 Path Length Difference for Varying Receiver Geometry 
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APPENDIXB Noise Measurement Data – Receptor Photos

Photograph 1 
Date: 11/30/12

Comments:  
ST17: Short-Term 
Monitor, reference 
position in the 
front yard of the 
residence at 2198 
Valley Hill Road. 
Camera facing 
north.  

IMG_0180

Photograph 2 
Date: 11/30/12

Comments:  
ST17: Short-Term 
Monitor, reference 
position in the 
front yard of the 
residence at 2198 
Valley Hill Road. 
Camera facing 
south.  

IMG_0178
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APPENDIXB Noise Measurement Data – Receptor Photos

Photograph 3 
Date: 11/30/12

Comments:  
ST18: Short-Term 
Monitor, reference 
position in the side 
yard of the 
residence at 2236 
Valley Hill Road. 
Camera facing 
north.  

IMG_0181

Photograph 4 
Date: 11/30/12

Comments:  
ST18: Short-Term 
Monitor, reference 
position in the side 
yard of the 
residence at 2236 
Valley Hill Road. 
Camera facing 
south.  

IMG_0183
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APPENDIXB Noise Measurement Data – Receptor Photos

Photograph 5 
Date: 11/14/23

Comments:
ST19: Short-Term 
Monitor, reference 
position in the
back yard of the 
residence at 12 
Pyle Court. Cam-
era facing resi-
dence (North)

IMG_1095

Photograph 6 
Date: 10/29/13

Comments:
ST19: Short-Term 
Monitor, reference 
position in the
back yard of the 
residence at 12 
Pyle Court. Camera 
facing  project area 
(South).

IMG_1100
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