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SUMMARY
Ostergaard Acoustical Associates (OAA) investigated sound emissions from the proposed
Echelon-Voorhees Substation in Cherry Hill Township, New Jersey. The existing site currently
comprises wooded land that will be developed to support 230kV electrical systems. The area is
predominantly residential in nature; there are a few commercial uses interspersed in the area.
Major equipment to be installed includes power transformers, station light and power
transformers, a control house, a switchgear enclosure, and ancillary equipment.
Analyses show that sound emissions from the future electrical substation will meet all sound
limits required by the Cherry Hill Township code, the Camden County noise control ordinance,
and the State of New Jersey Noise Control Regulation. In addition, site sound emissions will be
similar or lower in level than current prevailing ambient sound levels in the area. Site sound will
be difficult to discern at most residential vantage points. No negative acoustical impact is
anticipated at any nearby noise-sensitive receptors.

INTRODUCTION
Ostergaard Acoustical Associates was engaged by PSE&G to assist with evaluation and potential
mitigation of site sound emissions from a proposed substation in Cherry Hill Township, Camden
County, New Jersey. Tasks carried out by OAA included two visits to the site, acoustical surveys
of ambient sound level conditions, modelling of future sound emissions, and comparison of
future sound emissions with applicable noise code limits.
Work for OAA was overseen by Mr. Benjamin C. Mueller, P.E. with assistance from OAA Senior
Engineer Michael T. Conaway. The PSE&G representative coordinating the work is Evan Lake.
This report is suitable for submission to municipal boards in support of this application.
Note that all field measurements and acoustical modelling for this professional acoustical
evaluation relied on analyses in octave frequency bands. However, in the interest of providing a
concise report of findings, the results are provided using the most common metric of
environmental sound, the A-weighted sound level. Full acoustical data in octave bands for all
measurements and modelling are available upon request.
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SITE AND VICINITY
Figure 1 is based on aerial photos obtained from Google Earth and shows the Echelon-Voorhees
Substation site and vicinity. The approximate property line is outlined in red. Three locations
used for surveying ambient sound levels are also shown. The property is located at the
southeastern corner of the township, as well as the eastern boundary of Camden County, and is
zoned IN, Institutional, by the Township. The site currently comprises wooded land; majority of
the site will be developed to accommodate the needs of the substation.
The area around the site is primarily residential in nature. Residences in the R1, Single Family
Residential, zone border the site to the north. Residences are also east of the site in Evesham
Township in Burlington County. South of the site is Evesham Avenue; beyond are multi-family
residences in Voorhees Township in Camden County. Southwest of the site is a nursing home in
Voorhees Township; the nursing home is considered a residential receptor since it
accommodates sleeping. Farther southwest are commercial uses. A synagogue in Cherry Hill
Township, zoned IN, borders the site to the west. Residences fronting on East Partridge Lane are
farther west in the R1 zone in Cherry Hill Township.
Plans call for the development of the southern section of the site into a new 230/13kV
substation. The new substation will accommodate two 230/13kV transformers, two station light
and power (SL&P) transformers, a control house, and a switchgear enclosure. Other equipment
of note includes small wall-mounted condensing units that serve the switchgear enclosure and
control house. Detention basins will be located north and west of electrical equipment. A
perimeter security fence is planned around the entire substation as well as the detention basins.
The proposed site layout is shown in Figure 2.
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Figure 1 — Aerial photo showing the PSE&G Echelon-Voorhees Substation site, outlined in red. Also shown are ambient sound
survey Locations 1, 2, and 3.
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Figure 2 — Future plan showing proposed site improvements in blue.
Township, NJ.

PSE&G Echelon-Voorhees Substation, Cherry Hill
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CRITERIA
The primary regulations governing sound emissions from the site are the State of New Jersey
Noise Control Regulation, found at N.J.A.C. 7:29, and the Camden County Noise Control
Ordinance for Stationary Sources. Cherry Hill Township discusses noise in Chapter 5: Police
Regulations, albeit qualitatively. Therefore, quantitative limits provided by the State and
Camden County were relied upon.
The State Regulation limits steady sound as follows:


At or within the property line of commercial receptors, emissions from the PSE&G site
are limited to 65 dB(A).



At or within the property lines of dwellings, site sound emissions are limited to 65 dB(A)
during the daytime (0700-to-2200 hours) and 50 dB(A) at night (2200-to-0700 hours).



There are corresponding limits in octave frequency bands associated with the 65 and 50
dB(A) limits.

The Camden County noise ordinance has A-weighted and octave band limits for commercial
and residential receptors identical to the State regulation. The only difference is that the
Camden County ordinance limits sound received at industrial properties to an A-weighted sound
level of 75 dB(A). However, this is inconsequential as there are no industrial uses in the vicinity.
Therefore, emissions from the PSE&G site should meet 65 dB(A) at off-site receptor property
lines. At the property lines of residences, because the equipment may operate at any time of
day or night, emissions need to meet the more stringent night code limit of 50 dB(A). Octave
band limits corresponding with this overall A-weighted limit must also be met.

AMBIENT SOUND LEVEL SURVEYS
Senior Engineer Michael Conaway visited the site on 5 and 9 June 2020 to become familiar with
the area and obtain daytime and nighttime ambient sound levels near the site. Understanding
existing conditions is useful for evaluating the acoustical impact of the site as well as the
audibility of equipment sound at off-site receptors.
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Statistical sound pressure levels were documented over periods of 10 minutes at each of the
three measurements locations shown in Figure 1. Locations are described as follows:
Location 1:

On sidewalk in front of 1 Peregrine Drive, in line with northern edge
of house façade.

Location 2:

In Sandringham Road cul-de-sac, on sidewalk between 246 and 248
Sandringham Road.

Location 3:

On sidewalk between 127 and 129 East Partridge Lane.

The daytime survey was carried out between 0915 and 1015 hours on 5 June using the
calibrated equipment described in Appendix A. Weather conditions included partly sunny skies,
winds of 2-to-4 mph, and a temperature of 78˚F. The night survey was carried out between
2205 and 2305 hours on 9 June; weather conditions included clear skies, winds of 1-to-3 mph,
and a temperature of 76˚F.
Evesham Road traffic noise was the primary noise source noted at Location 1 during the daytime
and nighttime measurements. Location 2 was noted as being the quietest of all the
measurement locations. During the day, distance tree trimming equipment was audible. Also
during the day, neighbors were conversing with each other for a portion of the measurement. At
night, fauna noise was the primary noise source at Location 2, particularly in the 2,000 Hz
octave band. Traffic noise on Evesham Road was also faintly audible. During the day at
Location 3, lawn maintenance equipment operating at several residences was audible. At night,
a few aircraft passbys were observed; residential air-conditioning units and distant traffic on
Evesham Road were the primary sources of noise.
To analyze environmental acoustical data, it is convenient to treat the sound levels statistically.
This is because sound levels can vary over a considerable range since many sources contribute to
sound measured at a location. Transient ambient sources often raise sound levels 20 decibels or
more above background sound levels. The following descriptors are most often used to assess
data of this type:
L90 - The sound level exceeded 90 percent of the time during a given
measurement period. L90 is usually referred to as the background sound level.
Under the State of New Jersey measurement protocols, the L90 is called the
neighborhood residual level when measured remote from the site.
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L50 - The median level exceeded 50 percent of the time during a measurement
period.
L10 - The sound level exceeded 10 percent of the time during a measurement
period. L10 is a measure of the contribution of intrusive sound sources.
Leq - The average sound level during the measurement period.
Lmin (Lmax) - The minimum (maximum) sound level during the measurement
period.
The following table provides the statistical A-weighted sound pressure levels documented during
the surveys:
Statistical A-weighted Sound Levels, dB re 20µPa
Location

Time
Period

Start Time
(Hours)

Lmin

L90

L50

L10

Lmax

Leq

1

Day

0920

47

52

61

67

77

63

2

Day

0955

40

42

44

47

55

45

3

Day

0938

46

48

50

53

57

51

1

Night

2212

41

44

50

63

71

58

2

Night

2245

37

38

39

41

45

40

3

Night

2229

36

39

40

44

56

44

Data at Location 1 are as expected given the proximity to a major road. This shows that traffic
noise heavily influences the ambient sound at Location 1, as levels at other locations are much
lower. Background sound levels at night at Locations 2 and 3 are low, but typical, for residential
areas. Median levels during the nighttime for all Locations, as well as during the daytime for
Locations 2 and 3, are at or below the residential nighttime code limit.
These data show that
the area around the site is quiet as noted by the investigator.
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FUTURE SOUND EMISSIONS
An acoustical model was developed to evaluate future steady site sound emissions using CadnaA
acoustical modelling software. Beginning with the dimensions and strengths of the noise sources,
the model takes into account relevant parameters between the noise source and receptor
positions of interest to predict how sound will propagate. In addition to distance attenuation,
the model accounts for the effects of terrain, various types of ground cover, shielding by
structures, and reflections from buildings. The acoustical model has the ability to sum up the
noise from multiple sources and analyze sound propagation at multiple receptors. The model
yields site sound emissions, which exclude ambient contributions, and are directly comparable
to code limits. All model calculations are carried out in octave frequency bands.
The modelling software provides A-weighted sound emissions contours (in 1 dB increments) for
ear-height elevation of a typical standing observer, 5 feet above grade. The model also tabulates
sound emissions for select receptor locations.
The major noise sources proposed on site are the two power transformers. Secondary noise
sources are the two SL&P transformers and HVAC equipment serving the control house and the
switchgear enclosure. The new control house will be cooled by two 5-ton wall-mounted HVAC
units, located on the east and west façades. Similarly, the switchgear enclosure will also have
two 3-ton wall-mounted HVAC units with one unit located on the north façade and the other on
the south façade.
Octave band sound power level spectra and overall levels were calculated for the power and
SL&P transformers in accordance with methods given in “Electric Power Plant Environmental
Noise Guide”, Edison Electric Institute, Second Edition, 1984. The 230/13kV transformers have
an acoustical rating of NEMA 65*. Given the transformer dimensions, calculations show that the
230/13kV power transformers have an overall sound power level rating of 84 dB(A) re 1
picowatt. The SL&P transformers have an acoustical rating of NEMA 55 and an overall sound
power level rating of 65 dB(A) re 1 picowatt. Note that these acoustical ratings are for worstcase, when the units are under full load with any associated cooling systems operating. This
condition is most likely to occur during the daytime hours in the summer months when power
demands and ambient temperatures are highest.

*

NEMA is an abbreviation for the National Electrical Manufacturers Association. NEMA 65 is the transformer
sound rating measured using NEMA Standard TR1.
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Detailed information on the new equipment, including maximum NEMA ratings converted to
octave band sound power levels and dimensions were entered into the model. The acoustical
ratings and height data for the acoustically important aspects are as follows:
Equipment

Approximate Height
Above Grade (feet)

Acoustical Rating

10 ½

NEMA 65

5

NEMA 55

13 ½

-

Control house wall-mounted 5-ton
condensing units, east and west
façades (each of 2)

10

A-weighted sound power
level of 82 dB re 1 picowatt

Switchgear enclosure

13

-

Switchgear enclosure wall-mounted 3-ton
condensing units, north and south
façades (each of 2)

10

A-weighted sound power
level of 81 dB re 1 picowatt

230/13kV power transformers, T1, T2
Station light and power transformers
Control house

Figure 3 provides the modelling results of future site sound emissions with planned equipment
installed. A-weighted sound level results are also tabulated for five discrete locations, Locations
B through F. Location A is reserved for future use. Locations B through E typify the sound
emissions at the nearest residential properties. Location F typifies the sound received at the
synagogue property line to the west, the closest commercial use to the site. All Locations are at
ear height, 5 feet above grade.
The results in Figure 3 show that worst-case steady sound emissions for the planned equipment
configuration meet the State and County residential nighttime limit of 50 dB(A) at the nearest
residential receptors. Site sound levels at residences to the north and east are a maximum of 35
dB(A), and well below the existing background sound measured at night. To the south, site
sound is a maximum of 45 dB(A), and in line with the existing background sound level measured
at Location 1. Although Location F typifies a commercial receptor, site sound here is well below
both the commercial and residential code limits. Site sound will continue to fall off with distance
and will be sufficiently low at residences further west. Substation sound will be difficult to hear
at off-site receptors to the north, east, and west. To the south, site sound will blend into the
current state of background sound in the area. As a result, there will be no negative acoustical
impact to the surrounding area.
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Figure 3 — A-weighted sound emission contours 5 feet above grade for proposed equipment. Site property line shown in red.
Locations B through F are 5 feet above grade. PSE&G Echelon-Voorhees Substation, Cherry Hill Township, NJ.
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CONCLUSION
Property that currently consists of wooded land is proposed to be developed to accommodate a
230kV substation and systems called the Echelon-Voorhees Substation. Once completed,
analyses show that worst-case sound emissions of the substation are expected to be well below
applicable State and County code limits. Additionally, it will be difficult to hear the substation
equipment at most off-site vantage points. There is sufficient distance between on-site noise
sources and receptors to facilitate low sound emissions. As such, the proposed selection and
configuration of substation equipment reflects good acoustical planning, and will not have a
negative acoustical impact on the area.
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APPENDIX A
DATA ACQUISITION AND ANALYSIS SYSTEM
The measurement system used to obtain acoustical data consisted of a Bruel & Kjaer randomincidence condenser microphone 4189, used in conjunction with a preamplifier, Bruel & Kjaer
Model ZC 0032, and a precision sound level meter and octave band analyzer, Bruel & Kjaer
Model 2250. A windscreen was used on the microphone to reduce wind noise.
During each 10-minute measurement interval, the analyzer was instructed to store octave band
spectra in internal memory each second, for 600 seconds. At the end of the measurement
interval the statistical data were saved to internal memory for later analysis in the lab.
The entire system was calibrated before and after the measurements by means of a sound
pressure level calibrator. The calibrator used was a Bruel & Kjaer Model 4231, last calibrated by
an outside calibration service within a year prior to the surveys. The calibration is traceable to
the National Institute of Standards and Technology. Overall, the data reported here can be
considered accurate to the nearest decibel.
In the laboratory a computer was used to recall and print the statistical octave band and Aweighted sound levels from the data provided by the analyzer. The software was written by
Bruel & Kjaer.

