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Bayshore Regional Sewerage Authority 

100 Oak Street, Borough of Union Beach, New Jersey 

 

Proposed Wind Turbine 

SOUND ASSESSMENT STUDY 
03785-0004-050 

 

 

1.0 EXECUTIVE SUMMARY 

A Sound Assessment Study has been performed at the Bayshore Regional Sewerage Authority 

(BRSA) Site in support of a proposed wind turbine generation system to assess potential for sound 

impacts at the closest residential property boundaries of the Site (adjacent residential areas).  This 

assessment involved comparing projected sound-levels from the proposed wind turbine system at 

two nearby residential locations to applicable State of New Jersey sound-level standards. 

Monitoring of existing (background) sound-levels in the vicinity of the BRSA Site and adjacent 

residential community and identification and characterization of existing sound sources influencing 

this area were included in the assessment. 

 

Wind turbine sound is a function of wind speed and of other aspects of the design of the wind 

turbine.  Generally, wind turbines radiate more sound as the wind speed increases. Audibility is 

distinct from the sound-level and it depends on the relationship between the sound-level from the 

wind turbines and the ambient background sound-level.  At high wind speeds, sound generated by 

wind passing through and around structures and vegetation will generally mask the broadband 

component of sound generated by typical wind turbines. 

 

The future projected total wind turbine equipment sound-levels are less than the State of New Jersey 

daytime (65 dBA) and nighttime (50 dBA) sound-level standards at the two closest residential 

property boundaries for both 3 m/s and 7 m/s wind speeds.  The projected wind turbine system 

sound-levels are much less than the monitored existing background sound-levels for the 3 m/s wind 

speed condition and are much less than the projected background sound-levels for the 7 m/s wind 

speed condition.  The projected increases to ambient (background) sound-levels, at the two nearest 

residential property boundaries, due to contributions from the proposed wind turbine system is 

anticipated to be less than 1 dBA.  The impact on the existing dBA sound-levels is anticipated to be 

minimal and the wind turbine is anticipated to be barely perceptible at the nearest residential 

locations.  Expected sound-level contributions from the wind turbine at distances beyond the nearest 

residences would be lower than projected sound-levels at the nearest residences and would be in 

compliance with State of New Jersey sound-level standards. 
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The human ear can detect changes in sound as small as 1 dBA, however, a 3 dBA change in sound-

level is considered to be the smallest detectable change over an extended period of time.  The 

anticipated differences between existing sound-levels and projected wind turbine sound-levels are 

much less than 3 dBA at the closest property boundary receptors to the planned wind turbine.  The 

sound from the wind turbine generation system is anticipated to be “barely perceptible” at these 

locations. 

   

The following can be concluded from this Sound Assessment Study: 

 

• Wind turbine sound-levels are projected to be less than the State of New Jersey daytime 

and nighttime sound-level standards at the nearest residential property boundaries. 

 

• The projected sound-levels indicate a minimal/insignificant increase in existing sound-

levels at and beyond the nearest residential property boundaries to the BRSA facility. 

 

• The increase in existing sound-levels is projected to be less than 1 dBA and is expected to 

be barely perceptible at, and beyond, the nearest residences. 

 

 



 

SECTION 2.0 

 
INTRODUCTION 
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2.0 INTRODUCTION 

 

2.1 Background 

Bayshore Regional Sewerage Authority (BRSA) is planning the installation of a 1.5 MW 

wind turbine at the Union Beach, New Jersey Plant (Site).  The wind turbine is to be 

located in the northern corner of the BRSA plant partially within a cleared and 

maintained portion of the facility and partially within a disturbed area located just outside 

of the plant fence.  The wind turbine has the potential for generating sound, thus BRSA 

has requested Paulus, Sokolowski and Sartor, LLC (PS&S) to perform a sound 

assessment in support of this Wind Turbine Project. 

 

This report summarizes the sound assessment study performed at the BRSA Site in 

support of the planned Wind Turbine Project to assess the potential for sound-level 

impacts at the closest property boundary (adjacent to a residential area) located at the 

southwest and eastern ends of the site.  These residential locations are approximately 

1000 feet from the location of the proposed wind turbine.   

 

PS&S performed the following as part of this Sound Assessment Study: 

 

1. Conducted a survey of the existing ambient background sound-levels to assist in 

defining criteria and to provide a benchmark for any sound measurements following 

start-up of the operation; 

2. Projected sound-levels from the turbine near the adjacent residential community to 

determine the potential contribution to ambient sound-levels from the wind turbine; 

3. Compared calculated sound pressure levels from the wind turbines with background 

sound pressure levels at the locations of concern; 

4. Reviewed sound-level standards, guidance and criteria potentially applicable to the 

site. 

 

2.2 Sound Basic Fundamentals 

 

Appendix B presents a discussion of basic sound/noise fundamentals including: sensitive 

receptors, sound-level standards/criteria, FHWA Noise Abatement Criteria, Sound 

Monitoring Survey methodology, equipment/calibration/procedures, statistical descriptors 

(A-weighting, Equivalent Sound Level (Leq), residual sound level), and sound propagation 

modeling methodology. 

 



2-2 
 

P:\_Administrative\N\_FinalDocuments\Job#\C3785\J0004-050\MDHEBRSA-R02.DOC 

 

Noise sensitivity criteria used by the FHWA for evaluating the significance of 

sound/noise impacts are presented in Table 2-1.  Generally, a three-dBA or smaller 

change in sound-level would be barely perceptible to most listeners, whereas a ten dBA 

change is normally perceived as a doubling (or halving) of sound-levels. These criteria 

provide an indication of individual perception of changes in sound-levels. A three-dBA 

increase is commonly used as the threshold for assessing the potential significance of 

sound-level impacts. 

 

Table 2-1 

Noise Sensitivity Criteria 

Decibel Changes and Loudness 

Change 

(dBA) 

 

Relative Loudness 

0 

3 

5 

10 

20 

30 

Reference 

Barely perceptible change 

Readily perceptible change 

Twice as loud 

Four times as loud 

Eight times as loud 

Source:  Based on Highway Traffic Noise Analysis and Abatement – Policy and 

Guidance.  (FHWA, June 1995.) 
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3.0 SITE/AREA CHARACTERIZATION  

 

3.1 Site Location / Facility Description 

 

The project site is located in the Borough of Union Beach, Monmouth County, New Jersey 

and identified in the Borough of Union Beach’s Tax Maps as Block 251, Lot 3 (Project 

Site).  The site is approximately 24.7-acres and currently the location of an active sewerage 

treatment plant.  The project site is characterized as an industrial property and consists of 

multiple buildings, aeration/settling tanks, asphalt parking areas and access ways, 

maintained lawn, chain-link fences and other industrial features.  The closest property 

boundaries to the location of the proposed Wind Turbine are residential areas located 

approximately 1000 feet to the east and 1000 feet to the south (southwest).   

 

The proposed wind turbine will have a hub height of approximately 262-feet (80 meters) 

and a rotor radius of +/- 118-feet (a total combined height of +/-380-feet from base to tip).  

The turbine will be supported on a concrete pile cap foundation.  The turbine will generate 

power for use by the BRSA facility. 

  

3.2 Sound-level Sources 

  

Sound-level influences observed at the Site include existing BRSA operations (plant 

equipment such as emergency generators, pumping equipment, aeration blowers and stack 

exhausts), vehicular traffic on local roads, overhead aircraft flyovers, lawn maintenance 

equipment and air conditioning units.  Natural sounds include neighborhood children at 

play, dogs barking, the wind blowing over and through tree-tops and/or vegetation causing 

leaves to “rustle”, insects and birdsong. 

 

3.3 Sound-level Standards/Criteria 

 

3.3.1 Borough of Union Beach Noise Code 

 

The Borough of Union Beach, New Jersey has adopted a noise ordinance or 

“Noise Code” identified as “Chapter 3-12 Noise Control” revised August 1995.  
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The Borough of Union Beach Chapter 3-12 “Noise Control” is presented in 

Appendix A.    

 

Section 3-12.4a, Noise Disturbances Prohibited, states that “No person shall 

make, continue, or cause to be made or continued, any noise disturbance.”  

Section 3-12.1 defines a noise disturbance as “any sound which endangers or 

injures the safety or health of humans or animals, or annoys or disturbs a 

reasonable person of normal sensitivities…” 

 

Section 3-12.5a, Sound Levels by Receiving Land Use, establishes maximum 

permissible sound-levels by receiving land use; the noise control code references 

the limits established by the State of New Jersey in N.J.A.C. 7:29-1.2.  

 

Section 3-12.5b, Correction for Character of Sound, states that for any source of 

sound which emits a pure tone or impulsive sound, the maximum sound-level 

limits set forth in subsection 3-12.5a shall be reduced by 5 dBA.  A “pure tone” is 

defined in section 3-12.1 as “any sound which can be distinctly heard as a single 

pitch or a set of single pitches.  For the purposes of this section, a pure tone shall 

exist if the one-third octave band sound pressure level in the band with the tone 

exceeds the arithmetic average of the sound pressure levels of the two contiguous 

one-third octave bands by 5 dB for center frequencies of 500 Hz and above and 

by 8 dB for center frequencies between 160 and 400 Hz and by 15 dB for center 

frequencies less than or equal to 125 Hz.” 

 

3.3.2 New Jersey State Sound-level Standards 

 

The State of New Jersey sound-level standards require that sound from any 

industrial or commercial operation measured at any residential property line must 

not exceed a continuous sound level of 65 dBA during the daytime (7:00 A.M. to 

10:00 P.M.), or a level of 50 dBA during the nighttime (10:00 P.M. to 7:00 A.M.).  

These standards also limit continuous sound from any industrial or commercial 
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operation measured at any other commercial property line to 65 dBA day or night 

(New Jersey Administrative Code (N.J.A.C.) 7:29 Noise Control, 2005).   

 

The State of New Jersey sound-level standards require that sound from any 

industrial or commercial operation measured at any residential property line must 

not exceed a continuous airborne sound which has an octave band sound pressure 

level in decibels which exceeds the values listed in N.J.A.C. 7:29-1.2 in one or 

more octave bands.  Table 3-1 lists the State of New Jersey octave band sound 

pressure levels. 

 

Table 3-1. State of New Jersey Octave Band Sound Pressure Levels 

Octave Band Center 

Frequency 

(Hz) 

Octave Band Sound Pressure Level 

(7:00 A.M. to 10:00 P.M.) 

(dB) 

Octave Band Sound Pressure Level 

(10:00 P.M. to 7:00 A.M.) 

(dB) 

31.5 96 86 

63 82 71 

125 74 61 

250 67 53 

500 63 48 

1000 60 45 

2000 57 42 

4000 55 40 

8000 53 38 

Source: N.J.A.C. 7:29-1.2 Noise Control (Amended November 2005). 
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4.0 SOUND-LEVEL MONITORING SURVEY/RESULTS 

 

4.1 Sound-level Monitoring  

Ambient sound, or background sound, can strongly affect the audibility of a particular sound 

in a particular environment.  The background sound in an area is important as it directly 

affects audibility through masking.  The A-weighted spectrum provides the best indicator of 

spectral makeup of a sound as perceived by the human ear and is commonly used in 

environmental sound assessments. 

 

Ambient sound-level measurements were performed on July 6
th

 and July 7
th

, 2009 at three 

monitoring locations in the vicinity of the BRSA plant.  Sound-level monitoring was 

performed at one location on the project site and at two nearby residential neighborhood 

locations.  Sound-level measurements were obtained using the A-weighted scale (dBA), for 

approximately 20 to 30 minutes at the selected locations during the daytime and nighttime; a 

24-hour sound-level measurement was performed at the on-site location (BRSA-1).  

Integrated sound-level measurements (i.e., 1/min, etc.) were recorded in the memory of the 

sound meter, and later the data was transferred to a computer for compilation and tabulation.   

 

Existing nearby sound sources potentially influencing the area, observed during sound-

level monitoring, were noted.  PS&S prepared this Sound Assessment Study in 

accordance with accepted sound-level evaluation procedures, requirements, standards, 

and guidance.  PS&S sound engineers and scientists are certified by the New Department 

of Environmental Protection (NJDEP) to monitor sound-levels in accordance with New 

Jersey Administrative Code (NJAC) 7:29 Noise Control. 

 

Information on the general survey approach and sound-level monitoring procedures are 

presented in Appendix B. 

 

4.2 Sound-level Monitoring Locations 

A-weighted and octave band sound-level measurements were performed at locations BRSA-

1, BRSA-SW and BRSA-E (see Figure 4-1) in the vicinity of the Site.  These monitoring 

locations were selected to identify existing ambient background sound-levels at the closest 

residential areas to the planned location of the proposed wind turbine.  

 

Sound-level monitoring was performed at one location in the southwest corner of the BRSA 

plant (BRSA-1), near a residential area, for a period of 24-hours using a Larson Davis 
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Model 820 sound-level meter.  Additional short-term (i.e., approximately 30-minutes) 

sound-level measurements were performed at this location using a Bruel and Kjaer Model 

2250 sound-level meter for confirmatory background sound-levels and to obtain octave 

band frequencies. The short-term (i.e., approximately 30-minutes) sound-level 

measurements were also performed at two locations in nearby residential areas; one sound-

level measurement was performed to the southwest of the Site, adjacent to the BRSA plant, 

located at the end of Henry Street (BRSA-SW) and one sound-level measurement was 

performed to the east of the Site, located off Dock Street, at the end of 3
rd

 Street (BRSA-E).  

The short-term sound-level measurements were performed during the daytime hours 

(between 2:00 P.M. and 3:30 P.M) and nighttime hours (between 10:00 P.M. and 11:30 

P.M) at each location.  The sound-level monitoring locations are described in Table 4-1 and 

are shown on Figure 4-1. 

 

4.3 Sound-Level Measurement Results  (A-Weighted) 

Existing/current ambient background sound-level monitoring data obtained at the BRSA 

plant has been compiled and tabulated.  Sound-level measurement results are summarized 

in Table 4-1; this table lists the L90, Leq, and L10 values for each location (BRSA-1, 

BRSA-SW and BRSA-E) for both the daytime and nighttime measurements.  A summary 

of A-weighted sound-level monitoring data is presented graphically in Figure 4-2 which 

shows the ambient (L90) sound-levels for the three monitoring locations in the vicinity of 

the BRSA plant (BRSA-1, BRSA-SW and BRSA-E).  Figure 4-3 presents the 24-hour 

background sound-level measurement time history at the on-site monitoring location 

(BRSA-1). 

 

The L90 (referred to as the ambient level) is a measurement of the residual or background 

sound-level and is useful in characterizing a community with respect to sound-levels.  The 

residual sound-level is the minimum sound-level in the absence of identifiable or 

intermittent local sources and has been used in this analysis to characterize sound-levels 

associated with the facility.  The Leq is a single sound-level value for a desired duration, 

which includes all of the time-varying sound energy during the measurement period.  The 

L10, the Sound Pressure Level (SPL) exceeded 10 percent of the time, provides an indication 

of the contribution from extraneous sound-levels (i.e., car pass-bys, aircraft flyovers, etc.).   

 

Sound-levels (L90) in the vicinity of the BRSA plant ranged from 41.3 dBA to 47.2 dBA 

during the day and from 42 dBA to 44.9 dBA at night.  Daytime sound-levels were within 
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(i.e., in compliance with) the applicable NJ State standard of 65 dBA.  Nighttime sound-

levels were within (i.e., in compliance with) the applicable NJ State standard of 50 dBA.   

 

The background sound-levels were measured during calm wind conditions (winds < 4 mph 

or 1.8 m/s).  It is important to note that, particularly in quiet rural areas, the ambient sound-

levels are influenced by wind; as wind speed increases the ambient sound-levels increase.  

The wind-generated contribution to background sound-levels tends to increase with wind 

speed and therefore increases background sound-levels.  The most likely sources of wind-

generated sound are interactions between wind and vegetation.  Sound-levels measured in 

the vicinity of the BRSA plant are considered representative of the surrounding residential 

area during calm wind conditions and were observed to be similar during the daytime and 

nighttime; birdsong influenced the daytime measurements and insect sounds influenced the 

nighttime measurements.   
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Table 4-1. Bayshore Regional Sewerage Authority

Ambient (Background) Sound-Level Measurement Summary

Location ID Monitoring Location Description LAS90 [dB] LAeq [dB] LAS10 [dB]

Daytime NJ State Standard = 65 dBA

BRSA (24-hr) Southwest Corner of BRSA Site 47.22 53.47 57.23

BRSA-1 Southwest Corner of BRSA Site 43.70 49.04 52.01

BRSA--SW

Southwest of Site at end of Henry 

Street 43.54 47.72 50.64

BRSA-E East of Site at end of 3rd Street 41.32 46.95 49.65

Nighttime NJ State Standard = 50 dBA

BRSA (24-hr) Southwest Corner of BRSA Site 42.78 45.26 47.29

BRSA-1 N Southwest Corner of BRSA Site 42.02 47.27 49.15

BRSA-SW N

Southwest of Site at end of Henry 

Street 42.66 44.04 45.43

BRSA-E N East of Site at end of 3rd Street 44.87 45.83 46.70

Notes:

Data Collected on 07-06-09 through 07-07-09

D = Daytime (7 AM to 10 PM); N = Nighttime (10 PM to 7 AM)

Sound Level Meter set to slow measurement speed  
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Figure 4-2. Bayshore Regional Sewerage Authority 

Ambient Sound-level Measurement Data Summary
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4.4 Octave Band Sound-Level Measurement Results 

 

The frequency content (or spectrum) is the property we perceive as pitch, which gives a 

sound its unique character.   Frequency is most commonly measured in cycles per second, 

or Hertz (Hz). 

 

PS&S performed measurements of one-third octave band frequency sound pressure levels 

on July 6
th

 and July 7
th

, 2009 at three monitoring locations in the vicinity of the BRSA 

plant during daytime and nighttime hours at locations BRSA-1, BRSA-SW and BRSA-E.  

One-third octave band measurements were converted to octave bands for comparison to 

NJ State Standards.  The daytime and nighttime octave band measurements are presented 

graphically in Figure 4-4 and Figure 4-5, respectively.  

 

Both the daytime sound pressure levels and the nighttime sound pressure levels were within 

(i.e., in compliance with) the applicable NJ State standards.   
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Figure 4-4. Bayshore Regional Sewerage Authority Octave Band Sound-

level Measurements (Daytime)
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Figure 4-5. Bayshore Regional Sewerage Authority Octave Band Sound-

level Measurements (Nighttime)
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5.0 SOUND-LEVEL MODELING  

 

The general approach and sound propagation modeling procedures are presented in Appendix B. 

 

5.1 Wind Turbine Equipment Description 

BRSA is planning the installation of a 1.5 MW wind turbine at the Union Beach, New 

Jersey Plant (Site).  The wind turbine is to be located in the northern corner of the BRSA 

plant partially within a cleared and maintained portion of the facility and partially within a 

disturbed area located just outside of the plant fence.  The proposed wind turbine has a base 

diameter of 13.8 feet, a hub height of 262.4 feet and a tip height of 380.5 feet (with a blade 

radius of 118 feet).   

 

PS&S reviewed specifications of similar equipment (wind turbines) to the planned 

equipment.  PS&S obtained technical documentation, included as Appendix C, of noise 

emission characteristics from General Electric (GE) for a representative model (GE 1.5xle) 

wind turbine for use in sound propagation modeling.  For purposes of this assessment, 

PS&S assumes that the installed equipment will have similar sound emission characteristics 

as a GE Model XLE Wind Turbine. 

 

5.2 Wind Turbine Sound-level Sources 

Sound associated with wind turbines can have broadband and tonal components.  The sound 

generated by a wind turbine is variable and dependent upon wind speed and the design of 

the turbine.  The four types of noise that can be generated by wind turbine operation include 

tonal, broadband, low frequency and impulsive. 

 

• Tonal sound (discrete frequencies) is caused by wind turbine components such as 

meshing gears, unstable flows over holes or slits, or a blunt trailing edge. 

 

• Broadband sound is often caused by the interaction of wind turbine blades with 

atmospheric turbulence; this type of sound is sometimes described as a “swishing” 

or “whooshing” sound. 

 

• Low frequency sound (20 Hz to 100 Hz) caused by localized flow deficiencies due to 

the flow around a tower is mostly associated with downwind turbines. 

 

• Impulsive sound is caused by the interaction of wind turbine blades with disturbed 

air flow around the tower of a downwind machine. 
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Sources of sound emitted from operating wind turbines include sounds generated by 

mechanical equipment as well as aerodynamic motion.  Mechanical equipment includes the 

gearbox and the generator both of which are housed within the nacelle located at the top of 

the turbine support tower.  The yaw motors are also a source of mechanical sound located in 

the nacelle at the top of the turbine support tower.  The wind turbine transformer is located 

at the base of the turbine support tower and is an additional source of sound. Mechanical 

sound is transmitted along the structure of the turbine and is radiated from its surfaces.  

Since the emitted sound is associated with the rotation of mechanical and electrical 

equipment, it tends to be tonal (of common frequency).  Aerodynamic sound is produced by 

the flow of air around the blades and generally increases with rotor speed.  Aerodynamic 

broadband sound is typically the largest source of wind turbine sound and is produced 

through a variety of processes as air passes over and past the blades.  These include: 

 

• Low frequency sound – generated when the rotating blade encounters localized flow 

deficiencies due to the flow around a tower or wind speed changes. 

• Inflow turbulence sound – atmospheric turbulence results in local pressure 

fluctuations around the blade. 

• Airfoil self sound – generated by air flow right along the surface of the airfoil. 

 

For a variety of reasons, large modern wind turbines produce less sound than either smaller 

or older wind turbines.  Current nacelle designs typically feature sound dampening elements 

to mitigate the transmission of mechanical sound from equipment located within the nacelle.  

Wind turbine design also affects aerodynamic noise in that different blade designs and 

alterations in the ordination of the blades relative to the turbine support tower affect 

aerodynamic sound.  Turbines designed with upwind facing rotors produce less sound than 

those designed with rotors that face downwind.  Because sound generation is dependent 

upon wind speed, large variable speed wind turbines limit the generation of sound in low 

wind speed conditions as the rotors turn less rapidly in these conditions.  Other ways that 

modern wind turbine designers have reduced the amount of sound generated by turbines 

during operation include: streamlining the towers and nacelles and the introduction of sound 

dampening materials within gearboxes.  The proposed wind turbine incorporates a number 

of sound control design features and devices to minimize operational sound. 

 

Wind Speed and Wind Turbine Sound 

Wind turbine sound is a function of wind speed and of other aspects of the design of the 

wind turbine.  Generally, wind turbines radiate more sound as the wind speed increases.   
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Sound Power Level, Tonality and Octave Band Spectra 

The technical documentation provided by GE describes the sound characteristics of the 

turbine for normal operation.  It is important to note that the specifications are based on 

measurement results of a single turbine of a particular make and model; there will be 

individual variation in sound pressure levels and tonality between different turbines and 

varying environmental conditions. 

 

Sound Power 

Sound power level is a property of the source of the sound and it provides the total acoustic 

power emitted by a source.  Sound pressure is a property of sound at a given observer 

location and can be measured by a single microphone. 

 

Sound power is essentially independent of the surroundings, while the sound pressure 

depends on the surroundings (reflecting surfaces) and distance to the receiver.  If the sound 

power is known, the sound pressure at a point can usually be calculated.  The sound power 

is very useful to characterize sound sources and to calculate sound pressure. 

 

The sound power level of the GE 1.5xle wind turbine is provided in Appendix C for various 

wind speed conditions and is summarized in Table 5-1.  The sound power level of a GE 

1.5xle wind turbine with an 80 m hub height has been used in this analysis.   

 

The wind turbine sound emission rating, specified for a 3 m/s wind speed condition (wind 

speed at 10 m height), is a sound power of < 96 dB and is used in this analysis for 

comparison to the measured background sound-levels.  The wind turbine sound emission 

rating, specified for a > 7 m/s wind speed condition (wind speed at 10 m height), is a sound 

power ≤ 104 dB.  The sound power of 104 dB has been used in this analysis to represent a 

conservative condition; background sound-levels were measured during calm wind 

conditions (winds < 4 mph or 1.8 m/s).  The measured sound-levels can be considered 

representative of the surrounding residential area during calm wind conditions and will be 

influenced by wind; as wind speed increases the ambient sound-levels increase.  Table 5-1, 

the wind turbine sound-level summary table, presents the sound power levels for various 

wind speeds.  

 

The sound power level is usually declared by dual-number sound emission values reporting 

both sound power and “K”.  K represents a certain confidence level and K=+/- 1.65 reflects 

a probability of 5% that a sound power level measurement result, made according to IEC 
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61400-11, performed at a turbine of the batch exceeds the declared value.  An uncertainty 

band of K = +/- 2 dB is defined for the GE 1.5xle wind turbine. 

 

Table 5-1. Wind Turbine Sound-level Summary Table 

Sound Power (Lwa [dB]) at selected  

Wind Speed (10m Height in m/s) Wind Turbine ID 

3 4 5 6 7 – cut out 

GE 1.5xle – 50 Hz & 60 Hz  

(80m HH) < 96 97.2 101.5 ≤ 104 ≤ 104 

 

Tonality 

A tonal sound is a sound with a significant portion of its energy confined to a narrow 

frequency band.  A highly tonal sound is sometimes described as a buzz, whine or hum.  It is 

common for community noise standards to incorporate a penalty for pure tones, typically 5 

dBA. The Borough of Union Beach noise code states that if a pure tone exceeds the 

arithmetic average of the sound pressure levels of the two contiguous one-third octave bands 

by 5 dB for center frequencies of 500 Hz and above, and 8 dB for center frequencies 

between 160 and 400 Hz and by 15 dB for center frequencies less than or equal to 125 Hz, 

the maximum sound-level limits shall be reduced by 5 dBA.  The presence of tones in the 

sound at different wind speeds is determined on the basis of a narrowband analysis.  The 

International Standard IEC 61400-11 for Wind Turbine Generator Systems details the 

procedure for determining tonality.  This procedure states that for identifying possible tones, 

if the local maximum (of an octave band) is more than 6 dB above the average masking 

sound-level then it is a possible tone.  The GE 1.5xle wind turbine specification for tonality 

is ≤ 4 dB, irrespective of wind speed, hub height and grid frequency.  Variables such as 

specific equipment, atmospheric conditions and the sound pressure level at specific 

frequencies will affect the tonality and audibility and therefore the subjective response of a 

“typical” listener. 

 

Octave Band Spectra 

The octave band spectra used in this analysis correspond to wind speeds larger than 10 m/s 

(at 10 m height); the octave band spectra for wind speeds of 3 m/s (at 10 m height) have 

been derived using the appropriate conversion to represent the calmer wind condition.  

Figure 5-1 presents the wind turbine source data for the octave band spectra. 
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Typical sound-levels associated with the proposed wind turbine have been estimated based 

on technical documentation for wind turbine generator systems, Model GE 1.5xle, noise 

emission characteristics provided to PS&S. 

 

Figure 5-1. GE Model 1.5 xle Sound Power Octave Band Spectra
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Wind Speed and Background Sound-levels 

It is important to note that, particularly in quiet rural areas, the ambient sound-levels are 

influenced by wind; as wind speed increases the ambient sound-levels increase.  The wind-

generated contribution to background sound tends to increase with wind speed and therefore 

increases background sound-levels.  The most likely sources of wind-generated sound are 

interactions between wind and vegetation.   

 

Sound-levels measured in the vicinity of the BRSA plant are considered representative of 

the surrounding residential area during calm wind conditions (winds < 4 mph or 1.8 m/s) 

and were observed to be similar during the daytime and nighttime.   

 

To correlate ambient sound-levels to wind speed (i.e., account for an increase in background 

sound-levels with increasing wind speed), projections of ambient sound-levels have been 

performed.  Two datasets of wind-induced background sound-levels were used to estimate 

sound-levels during periods of high wind.  One dataset was obtained from the Ontario 

Ministry of the Environment (2004) and one dataset was obtained from re-published data of 
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the Madison Windpower Project (Rogers et al., 2002).  These two datasets (obtained from 

other studies) of ambient (rural) sound-levels measured over increasing wind speeds were 

plotted and the slopes of the datasets were calculated.  Using a mathematical formula, the 

measured (Site) background sound-levels were projected for various wind speeds. 

 

Projected sound-levels were used in sound propagation calculations for a wind speed 

condition of 5 m/s.  A 5 m/s ground level (2 m height) wind speed was used to represent 

background sound-level conditions for an upper air (10 m height) wind speed of 7 m/s.  This 

adjustment was performed using the standard power law wind profile calculation to account 

for the wind speed at ground-level.  These projected sound-levels have been used in the 

sound propagation modeling of the wind turbine, with a 7 m/s wind speed condition, to 

represent ambient background conditions during periods of high winds. 

 

Figure 5-2. Background Sound Levels as a function of Wind Speed
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5.3 Sound-level Modeling 

Projected sound-levels have been estimated based on a relationship that expresses sound 

attenuation as a logarithmic function of receptor distance from the source (Peterson and 

Gross, 1972).  This is a conservative approach, since attenuation due to other buildings, 

barriers and vegetation have not been taken into account; nor were factors such as changes 

in relative humidity and ground cover and wind (except for the equipment sound power 

specifications and background adjustments).  Sound-levels associated with operation of the 

wind turbine were predicted at selected receptor locations. 

 

Resultant sound-levels were predicted for receptor locations at the nearest residential 

properties along the Site property boundary nearest the proposed wind turbine location (i.e., 

approximately 1,000 to 1,100 feet away).  Environmental factors (e.g., any buildings or 

structures between sources and receptors, buildings, vegetation, meteorological conditions, 

etc.) could serve to reduce these estimated sound-levels.  The sound receptor locations may 

be subject to various types of sounds at different times as generated by the wind turbine 

equipment operation under varying atmospheric and environmental conditions.   

  

Sound-level modeling has been performed based on preliminary engineering design 

information and vendor specified (GE 1.5xle wind turbine generator system) sound 

generation levels (Appendix C) for the wind turbine equipment as provided to PS&S.  

Projected sound-levels were estimated at the nearest residential property boundaries shown 

on Figure 4-1, utilizing the sound propagation and combining techniques discussed above.   

 

5.4 Results 

Projected sound-levels associated with the proposed wind turbine have been assessed for 

two wind speed conditions; a 3 m/s wind speed condition and a 7 m/s wind speed 

condition.  A profile of the projected sound-levels versus distance from the proposed 

wind turbine (80 m tower) with a source sound power level of 96 dBA (3 m/s wind 

speed) and the sound pressure level predicted at ground level is shown in Figure 5-3.  A 

similar profile is presented in Figure 5-4 for a source sound power level of 104 dBA (7 

m/s wind speed). 
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Figure 5-3. Wind Turbine Tower Height (80 Meters / 262 Feet)

(For Wind Speeds of 3 m/s, Turbine Sound Power = 96 dBA)
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Figure 5-4. Wind Turbine Tower Height (80 Meters / 262 Feet)

(For Wind Speeds of 7 m/s, Turbine Sound Power = 104 dBA)
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5.4.1 3 m/s Wind Speed Condition (96 dBA Sound Power Level) 

 The projected sound-levels, for the 3 m/s wind speed condition, associated with 

the proposed wind turbine generator system at the nearest residential property 
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boundary locations are shown in Table 5-2 and presented in Figure 5-5.  The 

estimated wind turbine sound-levels at the nearest residential receptors are predicted 

to be 6 dBA to 8 dBA below the measured ambient background sound-level 

environment.  The predicted sound-level contributions from the wind turbine 

system, along with existing monitored sound-levels, at the 3
rd

 Street (BRSA-E) and 

Henry Street (BRSA-SW) property boundary locations are less than the State of 

New Jersey daytime (65 dBA) and nighttime (50 dBA) sound-level standards.  As 

shown on Table 5-2, the ambient background sound-levels at property boundary 

locations are projected to increase by less than 1 dBA due to the wind turbine 

system equipment (for the 3 m/s wind speed condition). 

 

 The wind turbine is anticipated to be barely perceptible at the nearest residential 

locations under the 3 m/s wind speed condition.  Expected sound-level contributions 

from the wind turbine at distances beyond the nearest residential locations would be 

lower than projected sound-levels at the nearest residential locations. 

 

5.4.2 7 m/s Wind Speed Condition (104 dBA Sound Power Level) 

 In order to combine projected turbine sound-levels for the 7 m/s wind speed 

condition with representative background sound levels, it was necessary to adjust the 

background sound-level for wind speed.  This adjustment is discussed in section 5.2.  

The projected background sound-levels at the 3
rd

 Street (BRSA-E) and Henry Street 

(BRSA-SW) property boundary locations, for the 7 m/s wind speed condition, are 

below the State of New Jersey daytime (65 dBA) sound-level standard and above 

the State of New Jersey nighttime (50 dBA) sound-level standard due to wind-

induced noise.  The increase in background sound-levels due to wind-induced noise 

is a normal occurrence and is independent from variables such as wind turbines. 

 

 The projected sound-levels, for the 7 m/s wind speed condition, associated with the 

proposed wind turbine generator system at the nearest residential property boundary 

locations are shown in Table 5-3 and presented in Figure 5-6.  The estimated wind 

turbine sound-levels at the nearest residential receptors are predicted to be 10 dBA to 

13 dBA below the projected background sound-level environment.  The predicted 

sound-level contributions from the wind turbine system at the 3
rd

 Street (BRSA-E) 

and Henry Street (BRSA-SW) property boundary locations are less than the State of 

New Jersey daytime (65 dBA) and nighttime (50 dBA) sound-level standards.  The 



5-10 
 

P:\_Administrative\N\_FinalDocuments\Job#\C3785\J0004-050\MDHEBRSA-R02.DOC 

predicted sound-level contributions from the wind turbine system, combined with 

projected background sound-levels, at the 3
rd

 Street (BRSA-E) and Henry Street 

(BRSA-SW) property boundary locations are less than the State of New Jersey 

daytime (65 dBA) sound-level standard, but above the State of New Jersey nighttime 

(50 dBA) sound-level standard due to the fact that the background sound-levels are 

projected to be above the nighttime standard.  

 

The projected additional contribution to the nighttime background sound-levels 

during high wind-speed conditions is anticipated to be less than 0.5 dBA at the 3
rd

 

Street (BRSA-E) and Henry Street (BRSA-SW) property boundary locations and is 

not anticipated to have a perceptible increase in sound-levels.   

 

As shown on Table 5-3, the ambient background sound-levels at property boundary 

locations are projected to increase by less than 0.5 dBA due to the wind turbine 

system equipment (for the 7 m/s wind speed condition). 

 

The wind turbine is anticipated to be barely perceptible at the nearest residential 

locations under these wind speed conditions due to the wind-generated contribution 

to background sound-levels.  Expected sound-level contributions from the wind 

turbine at distances beyond the nearest residential locations would be lower than 

projected levels at the nearest residential locations. 
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 Figure 5-5. BRSA Facility Projected Wind Turbine Sound-Levels

 (Based on a Sound Power of 96 dB - 3 m/s winds)
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 Figure 5-6. BRSA Facility Projected Wind Turbine Sound-Levels

 (Based on a Sound Power of 104 dB - 7 m/s winds)
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5.4.3 Octave Band Spectra Sound-levels  

 

Octave band frequency values are provided in the GE 1.5xle wind turbine sound 

emission characteristics and are meant to be for informative purposes only; 

atmospheric conditions and contribution from blade rotation and aerodynamic 

sound may change the octave band frequency profile.  However, these values 

have been projected through sound propagation calculations as a preliminary 

assessment of the octave band sound-levels and are based on available 

information.   

 

The octave band sound pressure levels associated with the proposed wind turbine 

generator system have been projected for the 3 m/s wind speed condition at the 

nearest residential property boundary locations and are presented in Figure 5-7 

and Figure 5-8 for 3
rd

 Street and Henry Street, respectively.  The predicted octave 

band sound pressure level contributions from the wind turbine system, combined 

with existing monitored sound-levels, at the 3
rd

 Street (BRSA-E) and Henry Street 

(BRSA-SW) property boundary locations are less than the State of New Jersey 

daytime and nighttime octave band sound pressure level standards.   

 

Figure 5-7. 

GE Model 1.5 xle Projected Combined (Background and Wind Turbine) Octave 

Band Frequencies at 3rd Street (BRSA-E) Residential Receptor Location

(3 m/s Wind Speed)
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Figure 5-8. 

GE Model 1.5 xle Projected Combined (Background and Wind Turbine) Octave 

Band Frequencies at Henry Street (BRSA-SW) Residential Receptor Location

(3 m/s Wind Speed)
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6.0 SUMMARY AND CONCLUSIONS 

 

A Sound Assessment Study has been performed at the BRSA Site in support of the proposed wind 

turbine generation system to assess potential for sound-level impacts at the closest residential 

property boundaries of the Site (adjacent residential areas).  This assessment involved comparing 

projected sound-levels from the proposed wind turbine system at two nearby residential boundary 

locations to applicable State of New Jersey sound-level standards. Monitoring of existing 

(background) sound-levels in the vicinity of the BRSA Site and adjacent residential community and 

identification and characterization of existing sound sources influencing this area were included in 

the assessment. 

 

Wind turbine sound is a function of wind speed and of other aspects of the design of the wind 

turbine.  Generally, wind turbines radiate higher sound-levels as the wind speed increases. 

Audibility is distinct from the sound-level and it depends on the relationship between the sound-

level from the wind turbines and the ambient background sound-level.  At high wind speeds, 

sound generated by wind passing through and around structures and vegetation will generally 

mask the broadband component of sound generated by typical wind turbines if only because 

these sounds are being produced much closer to the observer than are the sounds generated by 

the turbine.   

 

The results of this study indicate that wind turbine sound-levels are anticipated to have an 

insignificant impact on background sound-levels at the nearest residential property boundaries.  

This does not imply that sound associated with the wind turbine will be inaudible under all 

circumstances; however sound-levels associated with the proposed operation of the wind turbine 

are anticipated to be within reasonable sound-levels in relation to the ambient sound 

environment. 

 

The use of sound pressure level measurement specifications may not always indicate when a sound 

is detectable by a listener.  Sounds with particular frequencies or in an identifiable pattern may be 

heard through background sound that is otherwise loud enough to mask those sound-levels.  Sound 

from wind turbines may also vary with changes in wind turbulence through the rotor and blades.  

 

The specifications provided by GE for the wind turbine indicate that tonal components of sound 

associated with this model wind turbine appear to be insignificant; however localized atmospheric 

conditions around the turbine blades and the specific equipment installed may have related tonal 
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components that are not identified in general specifications.  It is possible that tonal components 

may exist; however, based upon this analysis they are anticipated to be insignificant.   

 

The future projected total wind turbine equipment sound-levels are less than the State of New Jersey 

daytime (65 dBA) and nighttime (50 dBA) standards at the two closest residential property 

boundaries for both 3 m/s and 7 m/s wind speeds.  The projected wind turbine system sound-levels 

are much less than the monitored existing background sound-levels for the 3 m/s wind speed 

condition and are much less than the projected background sound-levels for the 7 m/s wind speed 

condition.  The projected increases to ambient (background) sound-levels, at the two nearest 

residential property boundaries, due to contributions from the proposed wind turbine system is 

anticipated to be less than 1 dBA.  The impact on the existing dBA sound-levels is anticipated to be 

minimal and the wind turbine is anticipated to be barely perceptible at the nearest residential 

locations.  Expected sound-level contributions from the wind turbine at distances beyond the nearest 

residences would be lower than projected sound-levels at the nearest residences and would be in 

compliance with State of New Jersey sound-level standards. 

 

The human ear can detect changes in sound as small as 1 dBA, however, a 3 dBA change in sound-

level is considered to be the smallest detectable change over an extended period of time.  The 

anticipated differences between existing sound-levels and projected wind turbine sound-levels are 

much less than 3 dBA at the closest property boundary receptors to the planned wind turbine.  The 

sound from the wind turbine generation system is anticipated to be “barely perceptible” at these 

locations. 

 

The following can be concluded from this Sound Assessment Study: 

 

• Wind turbine sound-levels are projected to be less than the State of New Jersey daytime 

and nighttime sound-level standards at the nearest residential property boundaries. 

 

• The projected sound-levels indicate a minimal/insignificant increase in existing sound-

levels at and beyond the nearest residential property boundaries to the BRSA facility. 

 

• The increase in existing sound-levels is projected to be less than 1 dBA and is expected to 

be barely perceptible at, and beyond, the nearest residences. 
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Appendix: Environmental Noise Fundamentals  
 

 
1.0 Sound / Noise Basics 
 
Sound 
 
Sound is generated when a vibrating object (sound source) creates a physical disturbance 
that sets the parcels of air or other surrounding medium nearest to it in motion, causing 
pressure variations that form a series of alternating compression and expansion pressure 
waves that move or propagate outward away from the source in a spherical pattern. 
 
Sound propagates at different speeds depending on the medium. 
 

• In air sound propagates at a speed of approximately 340m/s;  
• In liquids the propagation velocity is greater and in water is approximately 1500 m/s; and 
• In solids can be even greater and is 5000 m/s in steel. 

 
Factors that affect how sound is perceived by the human ear include the amplitude or 
loudness, the frequency, and the duration of the sound, as well as the location of the receiver 
relative to the source of sound.  The sound levels we encounter in daily life vary over a 
wide range. The lowest sound pressure level the ear can detect is more than a million 
times less than that of a jet take-off. The audible sound frequency range for young 
persons is from approximately 20hz to 20,000Hz.The decibel is used as a unit of sound 
amplitude or loudness and is derived from a comparison sound pressure, in air, with a 
reference pressure. Broadband sound covers the whole of the audible frequency range 
and is made up of many tones. 
 
Noise 
 
The terms “sound” and “noise” are often used synonymously Noise is unwanted sound usually 
composed of a spectrum of many single frequency components, each having its own 
amplitude. The disturbing effects of noise depend both on the intensity and the frequency 
of the tones. For example, higher frequencies are often more disturbing than low 
frequencies. Pure tones can be more disturbing than broadband sound. 
 
Frequency  
 
Noise with distinct tones, for example, noise from fans, compressors, or saws, can be 
more disturbing than other types of noise. This annoyance factor is not taken into account 
in a broadband measurement.  
 
A spectral analysis may be needed to identify/assess disturbance. Pure tones can be 
assessed subjectively, as the human ear is good at detecting tones. Regulations often 
require an objective measurement of tonal content as well. In practice, this is can be done 
by octave, 1/3-octave analysis or narrow-band analysis (FFT - Fast Fourier Transform).  
 
A-Weighting (dBA) - Noise measurements are most often taken using the "A-weighted" 
frequency response function. The A-weighted frequency or dBA scale simulates the 
response of the human ear to sound levels (particularly low-level sound) and has been 
given prominence as a means for estimating annoyance caused by noise, for estimating 
the magnitude of noise-induced hearing damage, in hearing conservation criteria, for 
speech interference measurements, and in procedures for estimating community reaction 
to (general broad band) noise (Clayton, et al. 1978; Cheremisinoff, et al. 1977). Sound 
measurements are often made using the “A” frequency weighting when assessing 
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environmental noise. The Leq or, better, the LAeq (the A-weighted equivalent continuous 
sound level) is an important parameter.  
 
1.1 Noise Descriptors 
 
There are a number of noise descriptors used to characterize various aspects of noise that 
take into account the variability of noise levels over time which most environments 
experience.  Various criteria and guidelines used to characterize noise are discussed 
below. The different descriptors are applicable to different situations. Commonly used 
descriptors are discussed below. 
 
Equivalent Sound Level (Leq) 
 
The equivalent sound level (Leq) is the value of a steady-state sound which has the same A-
weighted sound energy as that contained in the time-varying sound.  The Leq is a single 
sound level value for a desired duration, which includes all of the time-varying sound energy 
during the measurement period.  The U.S. EPA has selected Leq as the best environmental 
noise descriptor for several reasons, but primarily because it correlates reasonably well with 
the effects of noise on people, even for wide variations of environmental sound levels and 
different time exposure patterns.  Also, it is easily measurable with available equipment. 
 
Statistical Descriptors 
 
Statistical sound level descriptors such as L1, L10, L50, and L90 are used to represent noise 
levels that are exceeded 1, 10, 50, and 90 percent of the time, respectively.  L50, the Sound 
Pressure Level (SPL) exceeded 50 percent of the time, provides an indication of the median 
sound level.  L90 represents the residual level, or the background noise level without intrusive 
noises. 
 
Residual Noise Level 
 
Measurement of the residual or background sound level is useful in characterizing a 
community with respect to noise.  The residual sound level is the minimum sound level in 
the absence of identifiable or intermittent local sources.  It is not the absolute minimum 
sound level during a long observation period, but rather the lowest reading that is reached 
repeatedly during a given period. The L90 (referred to as the ambient level) is a statistical 
descriptor, which represents the level that is exceeded 90 percent of the time.  
Comparisons of data have shown that the L90, measured with a continuous statistical 
sound meter, and the residual sound level, measured by trained personnel with a sound-
level meter, are closely correlated with one another.  (Bolt, Beranek, and Neman, Inc. 
1978) 
 
Ambient noise is the noise from all sources combined - factory noise, traffic noise, 
birdsong, running water, etc. Specific noise is the noise from the source under 
investigation. The specific noise is a component of the ambient noise and can be 
identified and associated with the specific source. 
 
Day/Night Equivalent Sound Level (Ldn) 
 
The day/night equivalent sound level (Ldn) is the A-weighted equivalent level for a 24-
hour period. (U.S. EPA 1974). The Ldn is estimated from the equivalent daytime Ld and 
nighttime Ln levels with an additional 10 dBA weighting imposed on the equivalent 
sound levels occurring during nighttime. 
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The U.S. EPA suggests this descriptor be used to relate noise in residential areas to 
annoyance caused by interference with speech, sleep and other activity. Based on 
interpretation of available scientific information, U.S. EPA identified an outdoor Ldn of 
55 dBA as a level protective of public health and welfare with an adequate margin of 
safety, without concern for economic and technical feasibility. (U.S. EPA 1978) 
 

 
1.2 Noise Standards/Criteria 

 
FHWA Noise Abatement Criteria 
 
The Federal Highway Administration (FHWA) has established noise abatement criteria 
for motor vehicle noise on roadways (23 CFR 772).  These criteria are intended to apply 
to highway projects, which this is not.  However, these criteria can be used as guidance 
for assessing traffic noise.  These criteria represent maximum desirable noise levels for 
various land-uses and associated human activities, for use in assessing noise levels from 
roadway traffic.  An exterior Leq of 67 dBA is the Noise Abatement Criterion typically 
used to evaluate noise levels along highways, Activity Category (B), applicable to 
residential areas.  The FHWA Noise Abatement Criterion for areas not considered 
sensitive receptors, such as manufacturing zones, is an Leq of 72 dBA, Activity Category 
(C). 
 
Noise sensitivity criteria used by the FHWA for evaluating the significance of noise 
impacts are presented in Table 1.  Generally, a three dBA or smaller change in sound 
pressure (noise) level would be barely perceptible to most listeners, whereas a ten dBA 
change is normally perceived as a doubling (or halving) of noise levels.  Increases in 
average or cumulative noise levels of five dBA or more are clearly noticeable.  These 
criteria provide an indication of individual perception of changes in noise levels. A three-
dBA increase is commonly used as the threshold for assessing the potential significance 
of noise impacts.   
 
The Federal Highway Administration (FHWA) has established noise abatement criteria 
for motor vehicle noise on roadways (23 CFR 772).  These criteria are intended to apply 
to highway projects, which this is not. However, these criteria can be used as guidance 
for assessing traffic noise.  These criteria represent maximum desirable noise levels for 
various land uses and associated human activities, for use in assessing noise levels from 
roadway traffic.  An exterior Leq of 67 dBA is the Noise Abatement Criterion typically 
used to evaluate noise levels along highways, Activity Category B) applicable to 
residential areas.  The FHWA Noise Abatement Criterion for areas not considered 
sensitive receptors, such as manufacturing zones, is an Leq of 72 dBA, Activity Category 
C). 
 
New York State 
 
The New York State Department of Environmental Conservation (NYSDEC) has 
published a policy and guidance document titled Assessing and Mitigating Noise Impacts 
(October 6, 2000).  This document provides guidance on when noise due to projects has 
the potential for adverse impacts and requires review and possible mitigation in the 
absence of local regulations.  The NYSDEC guidance indicates that local noise 
ordinances or regulations are not superceded by NYSDEC guidance.  The New York 
State Guidance Document contains a Table identifying expected human reaction to 
various increases in sound pressure levels.  This Table is included as Table 2 below.  The 
guidance indicates that a noise increase of 10 dBA deserves consideration of avoidance 
and mitigation measures in most cases.  It is further indicated that the addition of a noise 
source, in a non-industrial setting, should not raise the ambient noise level above a 
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maximum of 65 dBA. 
 
The City Environmental Quality Review (CEQR) Noise Code was adopted to prevent 
unreasonably loud and disturbing noise.   
 
New Jersey State Noise Standards 
 
The State of New Jersey noise standards (Noise Control Regulations) require that sound 
from any industrial or commercial operation measured at any residential property line must 
not exceed a continuous sound level of 65 dBA during the daytime (7:00 a.m. to 10:00 p.m.), 
or a level of 50 dBA during the nighttime (10:00 p.m. to 7:00 a.m.).  These standards also 
limit continuous sound from any industrial or commercial operation measured at any other 
commercial property line to 65 dBA (New Jersey Administrative Code 7:29, 2000). 
 
Octave band sound levels have been specified by the State of New Jersey, which limit the 
sound intensity at residential and commercial property boundary lines (New Jersey 
Administrative Code 7:29, 1997).  An octave band sound level limit requires a noise analysis 
of sound levels at various frequencies.  The sound signal energy can be electronically 
separated into frequency bands, known as octave bands, each of which covers a 2 to 1 range 
of frequencies.  For example, the effective band for the 1,000 Hz octave band center 
frequency extends from 710 to 1,420 Hz. 
 
New Jersey Model Noise Ordinance  
 
The Model Noise Ordinance was developed to be adopted, enforced, and adjudicated locally.  
It is a performance code designed to empower municipalities to respond to noise complaints 
within their community in a timely manner.  The model noise ordinance regulates more 
sound-source categories than the State’s Noise Control Regulations, including residential and 
multi-use properties.  The noise standards in this model noise ordinance are the same as that 
for the New Jersey State Noise Control Regulations. 
 
Local Municipalities 
 
Local municipalities may have their own noise control code or noise ordinance that may 
regulate noise more stringently than state standards/criteria.  Local noise codes will be 
considered on a project specific basis.   
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Table 1 
Noise Sensitivity Criteria 

Decibel Changes and Loudness 
Change 
(dBA) 

 
Relative Loudness 

 
0 
3 
5 

10 
20 
30 

 
Reference 
Barely perceptible change 
Readily perceptible change 
Half or twice as loud 
1/4 or four times as loud 
1/8 or eight times as loud 

Source:  Based on Highway Traffic Noise Analysis and Abatement – Policy and Guidance.  
(FHWA, June 1995.) 

 
 

Table 2 
HUMAN REACTION TO INCREASES IN SOUND PRESSURE 

LEVEL 
Increase in Sound 

Pressure 
 (dB) 

Human Reaction 

Under 5 Unnoticed to tolerable 
5 – 10 Intrusive 
10 – 15 Very noticeable 
15 – 20 Objectionable 
Over 20 Very objectionable to 

intolerable 
Source:  New York State Department of Environmental Conservation.  Assessing and Mitigating 
Noise Impacts.  (NYSDEC October 6, 2000.) 
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2.0 NOISE MONITORING SURVEY 
 
2.1 Methodology 
 
The following describes the equipment and procedures utilized during this noise survey. 
 
2.2 Equipment 
 
The sound-level meter (SLM) is the conventional instrument used to measure the 
instantaneous sound-pressure level (SPL), in decibels (dB), of sound energy.  The SLM 
contains a microphone, amplifier, weighting and filter networks, detector networks, and 
indicators. 
 
An integrating sound-level meter (ISLM) has the capability to compute the long-term root-
mean-square (rms) level of time-varying sound energy.  The time-averaged, mean square 
SPL is referred to as the Leq (equivalent constant SPL).  The ISLM used for this assessment 
can compute Leq measurements automatically, providing greater ease and accuracy of Leq 
determination. 
 
Noise levels were measured and analyzed with a Bruel and Kjaer (B&K) Modular Precision 
Sound Level Meter Type 2231 and/or a Bruel and Kjaer (B&K) Modular Precision Sound 
Level Meter Type 2250.  A B&K Microphone Type 4189 was used in conjunction with the 
B&K 2231 and B&K 2250.  Both the B&K 2231 and B&K 2250 are Type 1 instruments in 
accordance with the American National Standards Institute (ANSI), S1.4-1983 Type 1.  This 
instrument can be used to perform a wide range of measurements, take several measurements 
simultaneously, and automatically store data at the end of a preset time period.  The B&K 
2231 and 2250 can measure sound levels ranging from 24 to 113 decibels A-weighted 
(dBA).  Measured data can be stored in the instrument memory, which has battery backup, to 
maintain data integrity.  The B&K 2231 and 2250 can be used with modules to enhance the 
basic functions of the meter.  
 
The B&K 2231 can be used in conjunction with a B&K 1625 Octave Band Filter, to perform 
octave band measurements.  The B&K 1625 Band Pass Filter Set contains 10 active filters 
with center frequencies from 31.5 Hz to 16 kHz.  Each octave filter satisfies requirements of 
IEC Recommendation R 225-1996, DIN 45651 and ANSI S1, 11-1966 Class II.  The total 
frequency range is from 14 Hz to 28 kHz.  The B&K 1625 filter set covers the audio-
frequency range with center frequencies arranged according to the preferred frequencies of 
ISO R266, DIN 45401 and ANSI 1.6-1960.  The B&K 2250 has a software module that 
allows real-time frequency measurements in 1/1 and 1/3 Octave Bands. 
 
2.3 Calibration 
Calibration of the B&K 2231 and/or the B&K 2250 was performed using the B&K 
Calibrator 4230 and/or B&K 4231.  Calibrations of the B&K 2231 and/or B&K 2250 were 
performed prior to and immediately following noise monitoring. 
 
2.4 Procedures 
There are many noise monitoring methodologies available for performing baseline noise 
monitoring studies.  Most consist of various data acquisition and analysis procedures, and 
also include a high degree of subjectivity (Greenberg, et al. 1979).  The approach utilized 
follows appropriate general guidelines and recommended practices. 
 
Observations are made, during measurement, such as with regard to temperature, wind, 
relative humidity, cloud cover, and wind induced noises (i.e., leaves rustling, etc.).  
Atmospheric conditions such as rainfall (precipitation), high humidity (greater than 90 
percent), and high wind (greater than around 12 to 15 miles per hour) are avoided during 
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field measurement because of their potential influence to have an adverse effect on noise 
measurements.  A microphone windscreen is utilized (as appropriate) during measurements 
to minimize potential wind effects.   
 
Nearby buildings and other structures can modify outdoor noise radiation patterns.  In 
addition, specific site conditions and equipment layout can influence sound propagation.  To 
characterize sound levels from a facility requires considering site conditions, facility design, 
and receptor locations. 
 
2.5 Noise Monitoring Locations 
 
A-Weighted noise measurements are taken at various locations in the vicinity of the 
equipment/location of concern. Noise monitoring may be performed at a number of 
different locations; near the noise source along the site perimeter; along adjoining 
residential property boundaries. 
 
2.6 Sensitive Receptors 
 
Areas or receptors that are considered potentially sensitive to noise include residences, 
schools, hospitals, and recreational facilities (U.S. Environmental Protection Agency, 1974).  
Potentially sensitive receptors located near the noise source usually include residential areas 
near the site. The location of closest residence to the noise source is identified and is 
commonly a candidate for noise monitoring. 
 
2.7 Other Equipment 

 
A Quest Technologies Q-500 Multi-Function Noise Analyzer (a data-logging dosimeter) is 
sometimes used for noise monitoring.  The Q-500 is a Type 1 instrument in accordance with 
the American National Standards Institute (ANSI), S1.4-1983 Type 1, and has many of the 
features of an ISLM.  The Q-500 dosimeter can be used to record Leq noise levels in one-
minute time history intervals over the course of a 24-hour period.  The Q-500 can measure 
sound levels ranging from 40 to 140 decibels A or C-weighted.  The A-weighted (dBA) scale 
can be utilized with the sound level range set at 40 to 115 decibels.  An exchange rate of 
three (3) was used in conjunction with a slow response.  Measured data is stored in the 
instrument memory, which has battery backup, to maintain data integrity.   
 
Calibration of the Q-500 Multi-Function Noise Analyzer is performed using the QC-20 
Calibrator set at 94 dB.  Calibrations of the dosimeter are usually performed prior to and 
following noise monitoring. 
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3.0 NOISE MODELING 
 
3.1 Noise Modeling Methodology 
 
Noise level contributions due to operation of a particular noise source can be estimated using 
quantitative techniques (noise modeling).  Projected noise levels can be estimated using a 
noise modeling technique, based on a relationship that expresses noise attenuation as a 
logarithmic function of receptor distance from the noise source.  Noise contribution levels 
from a noise source can be estimated at selected receptor locations (i.e., noise monitoring 
locations). 
 
Noise propagation calculations are based on the assumption that, at distances greater than 
around 50 feet (15 meters) from a source, noise levels are reduced by 6 dB for each doubling 
of distance away from the noise source (Peterson and Gross 1972).  This tends to be a 
conservative approach, since attenuation due to buildings, barriers, and vegetation are often 
not taken into account; nor are factors such as relative humidity and wind. 
 
3.2 Modeling Results 

 
Receptor locations can be influenced by many noise sources at the same time but to different 
degrees, depending on the distances the receptors are from the various noise sources, as well 
as the magnitude, time and duration of noise from these different noise sources.  In a 
situation with many noise sources, it is sometimes difficult to distinguish which noise 
sources are influencing a given receptor and what their noise level contributions are. 
 
Noise level estimates of potential contributions from a specific noise source can be made at 
receptor points (monitoring locations from a noise study or sensitive receptor locations), 
utilizing the noise propagation techniques discussed above. Approximate distances from 
each facility component (noise source) to various receptor (property boundary, residential 
etc.) locations are used in an analysis. 
 
Environmental factors (e.g., any buildings or structures between sources and receptors, 
buildings, vegetation, etc.) usually are not included in the modeling.  These factors could 
serve to make actual noise levels lower than the modeled estimates.  
 
A noise assessment is usually performed using the noise level estimates for a noise source or 
measured existing noise levels at the source or similar source.  Projected noise, associated 
with a noise source, can be compared to measured existing noise levels. 
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4.0 MITIGATION MEASURES 
 
If a review of the noise assessment results suggests that reducing noise levels from existing 
or proposed new equipment (noise sources) a site may be warranted then mitigation methods 
should be considered. Mitigation measures to reduce measured or projected noise levels 
include the following, which may be appropriate for different situations: 
 
• Design considerations – specify “quiet equipment designs” depending on 

installation and site 
• Sound absorption panels barrier panels 
• Check/improve installation 
• Consider enclosures, buildings, or other structures, isolating equipment, etc. 
• Interior wall/window treatments 
 
 
Retrofit to improve a noise problem after placement can be difficult, and more costly.  
The above methods can vary widely in their effectiveness, installation and cost.  
 
 
Installation of indoor mitigation materials/wall treatments: 
Take the obvious steps to seal off all cracks, crevices, and paths where sound could escape.  
Sound can pass through cracks and every crack will offer sound an escape route.  Unless you 
are thorough in sealing off the entire room, you will not achieve the maximum benefit of 
sound-proofing materials.  Sometimes this can be difficult to accomplish, depending on the 
number of vents, electrical plugs, windows, doors, and other breaks in the wall.  Doors and 
windows are often overlooked.  Make sure that doors and windows fit their frames snuggly 
and that they form a tight seal. 
 
There must be no loose studs, and the sill plates must really hug the floor. The wallboard 
must be well fitted and all potential cracks must be caulked. (caulk should be flexible, not 
rigid, and should not crack when the building settles).  Do not put holes in sound walls for 
outlets or pipes; use surface mount electrical fittings and caulk around any wires that pierce 
gypsum. 
 
Sound can travel through any medium and it passes through solids better than through air. 
Sound intensity is reduced in the transition from one material to another, as from the air to a 
wall and back. The amount of reduction (called the transmission loss) is related to the density 
of the wall, as long as it doesn't move in response to the sound.  
 
Any motion caused by sound striking one side of the wall will result in sound radiated by the 
other side, an effect called coupling.  If the sound hits a resonant frequency, the wall will 
boom like a drum.  Most isolation techniques are really ways to reduce coupling and prevent 
resonances. 
 
Mass loaded vinyl (MLV) sound barrier is an effective, relatively inexpensive treatment for 
airborne noise.  For multi-level buildings, mass loaded vinyl can be used as an underlayment 
beneath the floor.  This material can be laid directly on the floor under carpets, between 
sheets of plywood, or over cement. 
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Common Activities and Typical Sound Levels 

 

  
This chart shows approximate noise levels that are typically generated by various common outdoor and indoor 

activities. Note, that, typical noise levels in a residential–commercial urban area ranges from 60 to 70 dBA. 

Also, indoor sound levels with conversation (normal speech at 3 feet) can range at 60 to 70 dBA. 

 



 

APPENDIX C 
 

Technical Documentation for Wind Turbine Generator 

Systems (GE 1.5xle – 50 Hz & 60 Hz) Noise 

Emission Characteristics
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