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EXECUTIVE SUMMARY 

As part of the Connecticut River Valley Project, VELCO is proposing to upgrade their 
Hartford, Chelsea, and Ascutney substations. 

To assess whether these upgrades could have noise impacts, RSG performed an assessment 
of existing conditions at each substation and the impact of the proposed modifications. 

This report addresses the impacts of the Ascutney substation, only. We address the results 
of the Hartford and Chelsea analyses in separate reports 

At the Ascutney substation, VELCO proposes adding a +50/-25 MVAr Static VAR 
Compensator (SVC) reactive device in a yard directly adjacent to the existing substation. 
Components of this reactive device include: 

• Dry air coolers; 
• Thyristor Switched Capacitors (TSCs); 
• Thyristor Controlled Reactors (TCRs); 
• A transformer; and 
• Filter capacitors. 

In addition to the SVC, breakers will be added to the existing substation. Due to the 
infrequent activation of breakers, they are not considered to add significant noise to the 
substation over time, so they were not further considered in this report. 

Noise goals were established for this project based on the Certificate of Public Good 
Findings for the existing Ascutney substation (Docket #7711), the Town of Weathersfield 
"Objectionable Noise Ordinance", World Health Organization Europe nighttime noise 
guidelines, and ANSI S12.9 Part 4 tonality criterion and penalty. This noise goal is 45 dBA 
nighttime along residential property lines, 60 dBA along other property lines, and 40 dBA 
nighttime, measured outside any residence, for all sound that is continuous (8,760 
hours/year) or tonal. 

Sound propagation modeling was conducted to estimate project sound levels at the property 
line and nearby residences. Sound emissions from the existing equipment was taken from 
actual measurements conducted after the substation was built. Sound emissions of the new 
SVC equipment was based on either RSG measurements of similar equipment and/or 
information from potential suppliers. This equipment and SVC layout are subject to change 
once a system is chosen by VELCO and the final layout is made. 

Sound propagation modeling of the existing substation with the additional SVC equipment, 
a low-noise transformer, shrouds around the TCRs, and sound barriers at strategic locations, 
indicates that sound pressure levels under this configuration will meet project noise goals, 
with the highest residential property line level of 44 dBA and the highest sound level outside 
a home at 40 dBA. 
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Connecticut River Valley Project — Ascutney Substation and SVC Pre-Construction Noise 
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We conclude that the addition of the Static VAR Compensator, with appropriate mitigation 
designed to meet the project noise goals, will not create an undue adverse impact on the 
surrounding area due to noise under Vermont's Section 248 regulations. 
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We conclude that the addition of the Static VAR Compensator, with appropriate mitigation 

designed to meet the project noise goals, will not create an undue adverse impact on the 

surrounding area due to noise under Vermont’s Section 248 regulations. 



INTRODUCTION 

VELCO is performing upgrades to the electrical transmission system in the eastern part of 
Vermont, affecting the Hartford, Chelsea, and Ascutney substations. 

As part of the permitting for this project, VELCO hired RSG to perform a noise 
assessments of the proposed changes. This report focuses on the Ascutney substation, where 
a Static VAR Compensator (SVC) will be installed. Included in this report are: 

• Project description; 

• Noise goals for the project; 

• Information on background sound levels measured previously; 

• Sound propagation modeling procedures; 

• Sound propagation modeling results; 

• Summary; and 

• Conclusions. 

An acoustics primer, that explains some of the acoustical terminology used in this report, is 
located in Appendix C. 

We provide an analysis for the Hartford and Chelsea substations under separate reports. 
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1.0 PROJECT DESCRIPTION 

The current VELCO Ascutney substation is located in the Village of Ascutney within the 
Town of Weathersfield, VT. 

U.S. Route 5 is located approximately 135 meters (440 feet) to the east of the substation; I-
91 and Tenney Hill Road are located approximately 530 meters (1740 feet) and 130 meters 
(430 feet) to the west, respectively. The Connecticut River is located approximately 250 
meters (820 feet) to the east. 

The closest residential neighbors of the substation are located approximately 90 meters (295 
feet) to the west, 125 meters (410 feet) to the southwest, and 100 meters (330 feet) to the 
northwest. 

Equipment located within the existing Ascutney substation include: a station service 
transformer, a 33.6/44.8/56 MVA distribution transformer, breakers, and a service building. 
The distribution transformer is the only significant sound source on the site. It is made by 
Fortune Electric and has a guaranteed sound pressure rating at 15 dB below the NEMA TR-
1 standard. 

The proposed Static VAR Compensator (SVC) will be located in a separate yard, directly to 
the north of the substation. The SVC will include: a control building, dry air coolers, 
Thyristor Switched Capacitors (TSCs), Thyristor Switched Capacitor Inductors (TSC 
Inductors), Thyristor Controlled Reactors (TCRs), a transformer; and filter capacitors. Three 
breakers will be added to the existing Ascutney substation yard. 

A map of the substation and the surrounding area is shown in Figure 1. A closer view of the 
existing substation and preliminary layout of the proposed SVC station are shown in Figure 
2. Since the SVC vendor has not yet been selected, the layout of the SVC yard is subject to 
change. 
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2.0 PROJECT NOISE GOALS 

There are no Vermont statutes or regulations that establish quantitative noise standards 
applicable to this project. 

The Connecticut River Valley Project is being reviewed by the Public Service Board under 
Section 248 of Title 30. The existing Ascutney substation has a Section 248 Certificate of 
Public Good (CPG) under Docket #7741, issued April 6, 2012. While there are no 
quantified noise limits in the Order of the CPG, the Air Pollution Findings include the 
following: 

"54. 	Sound level modeling for the proposed new VELCO substation site 
indicates that the proposed substation will meet the 45 dBA property line noise 
standard included in the Town of Weathersfield's ordinance. Additionally, the 
maximum sound level at a residence from the transformer at the proposed 
substation would be 23 dBA. VELCO proposes to undertake post-construction 
sound level measurements after commissioning of the proposed substation to verify 
that the sound levels are below the 45 dBA threshold. Sebastiao pf. At 18-19." 

As noted above, the Town of Weathersfield has a noise nuisance ordinance, that specifies a 
nighttime one-hour Leq limit of 45 dBA at the property line of the project with residential 
land uses (Table 1). For this project, the Ascutney Substation and SVC will be designed to 
meet 45 dBA Leq nighttime at all residential property lines, consistent with the Ordinance 
and the Docket #7741 Findings. 

TABLE 1: TOWN OF WEATHERSFIELD "OBJECTIONABLE NOISE ORDINANCE" TABLE A 
NOISE LIMITS 

Receiving Property Time Perio• One-Hour LAeq Instantaneous 
Maximum (dBA) 

6:00 am to 10:00 pm 55 to 65 80 
Residential 

10:00 pm to 6:00 am 45 60 

6:00 am to 10:00 pm 75 90 
Industrial 

10:00 pm to 6:00 am 60 70 

6:00 am to 10:00 PM 65 80 
Other 

10:00 pm to 6:00 am 60 70 

For purposes of design, we have set also a nighttime design goal of 40 dBA outside of 
residences (i.e. homes, not property lines) for sounds that are continuous' (8,760 hours/year) 
or tonal2. 

1  This is based on the WHO Europe Guideline of 40 dBA 	outside Annual average over the night 
(10 pm to 7 am) 
2  Based on compatibility with residential land uses, ANSI S12.9 Part 4 contains a 5 dB penalty for 
tonal sound off of a 55 dB Ldn guideline. The Ldn is an annual average day-night sound level, where 
nighttime sound (11 pm to 7 am) is weighted by +10 dB. A 55 dB Ldn is equivalent to 55 dBA during 
the day and 45 dBA during the night, or 49 dBA continuous. 
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3.0 EXISTING SOUND LEVELS 

Long-term and short-term sound monitoring was performed in the fall of 2013 after the 
substation was constructed. Measurements over an eight-day period at the western property 
line showed equivalent average (Leq) sound levels of 44 dBA during the day and 42 dBA at 
night, with lower tenth percentile (L90) sound levels of 38 dBA during the day and 28 dBA 
at night (Table 2). 

TABLE 2: BACKGROUND SOUND LEVLES MEASURED IN 2013 AT THE WESTERN 
PROPERTY LINE, INCLUDING THE EXISTING SUBSTATION 

11 11  SOUND LEVELS (dBA) 
TIME PERIOD 

Leq L90 L50 L10 

Entire Period 43 30 41 46 

Day 44 38 42 47 

Night 42 28 38 46 

During the day, the soundscape was dominated by nearly continuous traffic on Interstate 91 
and U.S. Route 5. Other sound sources included trains, wind, birds and insects. At night, 
vehicle traffic was more intermittent. Transformer noise from the substation was rarely 
apparent in the data. 

Results of these measurements can be found in the post-construction report, attached as 
Appendix D. 
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4.0 SOUND PROPAGATION MODELING PROCEDURES 

Modeling for the project was completed using the International Standards Organization ISO 
9613-2 standard, "Acoustics — Attenuation of sound during propagation outdoors, Part 2: 
General Method of Calculation." The ISO standard states, 

This part of ISO 9613 specifies an engineering method for calculating the 
attenuation of sound during propagation outdoors in order to predict the levels of 
environmental noise at a distance from a variety of sources. The method predicts 
the equivalent continuous A-weighted sound pressure level ... under meteorological 
conditions favorable to propagation from sources of known sound emissions. These 
conditions are for downwind propagation ... or, equivalently, propagation under a 
well-developed moderate ground-based temperature inversion, such as commonly 
occurs at night. 

The model takes into account source sound power levels, surface reflection and absorption, 
atmospheric absorption, geometric divergence, meteorological conditions, walls, bathers, 
berms, and terrain. 

The ISO standard was implemented in Cadna A acoustical modeling software. Made by 
Datakustik GmbH, Cadna A is an internationally accepted acoustical model, used by many 
other noise control professionals in the United States and abroad. 

Standard modeling methodology takes into account moderate nighttime inversions or 
moderate downwind conditions. For this study, we modeled sound propagation in 
accordance with ISO 9613-2 with spectral ground attenuation, semi-porous ground within 
the substation (G=0.6), and mixed ground outside the substation (G=0.5). 

A 10-meter by 10-meter grid of 1.5 meter high receivers was set up in the model, covering 
approximately 3.8 square kilometers around the Ascutney substation. A receiver is a point 
above the ground at which the computer model calculates a sound level. In addition, 52 
receivers were modeled at residences near the Ascutney substation. These were set at heights 
of 4 meters, to represent second-story windows. Receiver locations and discrete modeling 
results are provided in Appendix A. 

Current equipment at the substation includes: a station service transformer, a 33.6/44.8/56 
MVA distribution transformer, breakers, and a service building. The distribution transformer 
is the only significant sound source on the site. The measured 1/1 octave band sound 
powers of this equipment, are shown in Table 3. In Table 3 ONAN refers to Oil Natural 
Air Natural or fans-off cooling and ONAF refers to Oil Natural Air Forced or fans-on 
cooling. 
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TABLE 3: ASCUTNEY SUBSTATION - EXISTING SOUND SOURCE SOUND POWER 

Sound Source ED 
FlIR 31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz 

Ascutney Existing Transfoirner ONAN 80 75 84 74 68 64 55 52 48 72 86 
Ascutney Existing Transfoirner ONAF 80 77 83 76 74 70 63 59 57 76 86 

Equipment sound powers that will be part of the SVC are shown in Table 4. This data was 
obtained from RSG measurements, or from data supplied by potential equipment suppliers. 
The data may change when the equipment supplier and the final layout are finalized. The 
number of each type of equipment modeled and the modeled equipment heights are 
included in Appendix B. 

TABLE 4: ASCUTNEY SUBSTATION — PROPOSED EQUIPMENT SOUND POWERS 

Sound Source ID 
31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz 

TSC Capacitor Bank 88 81 87 77 85 91 

TSC Reactor 81 96 84 84 77 85 97 
Filter Capacitor Bank 76 78 88 64 85 89 
TSC Inductor 81 96 84 84 77 85 97 
PTCR Without Shroud 90 85 98 82 32 95 99 
SVC Transformer ONAN 73 110 93 88 83 78 73 68 95 110 
SVC Transformer ONAF 102 100 106 99 96 92 85 82 79 98 109 
Cooling Fan Banks 79 86 88 88 82 79 76 65 63 85 93 
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5.0 SOUND PROPAGATION MODELING RESULTS 

5.1 I ASCUTNEY SUBSTATION AND SVC OVERALL RESULTS 

Modeling results of the VELCO Ascutney Substation and proposed SVC are shown for the 
fans-off (ONAN) condition in Figure 3 and for the fans-on (ONAF) condition in Figure 4. 

The highest modeled sound levels at a residence are 40 dBA ONAN and ONAF. The 
highest sound levels at a property line are 44 dBA ONAN and ONAF. 

Mitigation is included in these runs in the form of a low-noise transformer (15 dB below 
NEMA TR-1), partial shrouds around the TCRs (10 dB reduction), and absorptive sound 
barriers around the SVC transformer, filter capacitors, dry air coolers, and TSC capacitors. 

These mitigation measures are preliminary and may increase or decrease in size, location, and 
number, depending on the final SVC layout, specific equipment used, equipment 
manufacturer, and equipment noise reduction package availability. 
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FIGURE 3: ASCUTNEY SUBSTATION AND SVC - SOUND LEVELS WITH TRANSFORMER 
FANS OFF (ONAN) AND SVC EQUIPMENT OPERATING 
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FIGURE 4: ASCUTNEY SUBSTATION AND SVC - SOUND LEVELS WITH TRANSFORMER 
FANS ON (ONAF) AND SVC EQUIPMENT OPERATING 

5.2 I TONALITY ANALYSIS 

Figure 5 shows the modeled 1/3 octave band sound levels produced by the Ascutney 

substation and SVC at the worst case residence (number 31), with transformer fans off 

(ONAN). Transformer fan noise is typically broadband, so the ONAN condition will exhibit 

more tonal prominence than the ONAF condition. 

For comparison, the spectrum of the quietest nighttime L90 sound level, measured as part of 

long-term post-construction measurements in the fall of 2013 is compared with the expected 

SVC spectrum at this residence. The substation and SVC exhibit tonal prominence in the 

125 Hz, 250 Hz, and 400 Hz 1/3 octave bands, typical of noise produced by electrical 

equipment. 

Sound produced by the SVC and substation, exceed the lowest measured existing sound 

levels (included noise from the Ascutney substation transformer) for the 1/3 octave bands 
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between 50 Hz and 1.6 kHz. We conclude from this that the SVC would, at times, be 
audible. 

Figure 6 shows the 1/3 octave band tonal prominence of sound produced by the Ascutney 
substation and SVC at this worst-case residence, compared to ANSI 12.9 Part 4, tonality 
criteria. Although there is tonal prominence, the ANSI 12.9 Part 4 tonality criteria is not met 
or exceeded in any 1/3 octave band. 

Modeled 1/3 Octave Band ONAN 
Sound Level at Loudest Residence 
Quietest Nighttime 10-minute L90 

-ISO 387-7 Audibility Threshold 
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FIGURE 5: VELCO ASCUTNEY SUBSTATION AND SVC - 1/3 OCTAVE BAND ONAN (FANS 
OFF) SOUND SPECTRUM AND QUIETEST MONITORED NIGHTTIME L90 

We note that the specific equipment has not yet been selected for this project. Therefore, 
final equipment selection should consider tonality as perceived at the nearest residence. If 
found to be tonal, then lower sound limits should be considered, such as the 40 dBA limit 
outside the residence cited in Section 2 of this report. 
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6.0 SUMMARY AND CONCLUSIONS 

In order to solve reliability deficiencies in the area, VELCO's Connecticut River Valley 
Project will include the addition of new equipment at the Ascutney, Hartford, and Chelsea 
substations. 

As part of the Section 248 process for obtaining a Certificate of Public Good for the project, 
RSG performed sound propagation modeling of the Ascutney substation and proposed 
Static VAR Compensator (SVC). This project will add three breakers to a new bay in the 
existing Ascutney substation. Directly to the north of the Ascutney substation, a new yard 
will be added, containing a +50/-25 MVAr SVC, which will include filter capacitors, 
Thyristor Controller Reactors (TCRs), dry air coolers, Thyristor Switched Capacitors (TSCs), 
Thyristor Switched Capacitor Inductors (TSC Inductors), a transformer, and a control 
building. 

Results of our analysis are as follows: 

	

1. 	Sound monitoring was performed at and near the Ascutney substation in the fall of 
2013: 

a. Daytime and nighttime equivalent average sound levels (Leq) were 44 and 
42 dBA respectively. Daytime and nighttime lower tenth percentile (L90) 
sound levels were 38 dBA and 28 dBA respectively. 

b. Traffic on Interstate 91 and U.S. Route 5 dominated sound levels during 
the day. Other sound sources included: trains, airplane overflights, insects, 
birds, and wind. Transformer noise from the Ascutney substation was rarely 
apparent in the data. 

	

2. 	Sound propagation modeling of the existing substation and proposed SVC project 
shows maximum one-hour equivalent average (Leq) sound levels of 40 dBA at the 
worst case residence, with transformer fans on and off, and 44 dBA at the worst 
case property line with transformer fans on and off. To meet these sound levels, 
mitigation was incorporated into the model, including a low-noise transformer, a 
shroud around the TCR, and strategic placement of noise barriers. 

	

3. 	While sound emissions of SVC equipment will exhibit tonal prominence and be 
audible, at times, sound produced by the substation and SVC in combination with 
background sounds are not expected to be tonal at the closest residence. Tonality at 
the nearest residence should be a consideration in the selection of components to 
the SVC. 

While the project has not yet been fully designed, this report demonstrates that, using 
available equipment with appropriate noise mitigation, the Project can be expected to meet 
the noise goals established for this project in Section 2 of this report at the property line and 
the nearest homes. 

16 August 21, 2015 

  

Report VELCO 
      Connecticut River Valley Project – Ascutney Substation and SVC Pre-Construction Noise 

Impact Assessment 
 

16 August 21, 2015 

 

6.0 SUMMARY AND CONCLUSIONS 

In order to solve reliability deficiencies in the area, VELCO’s Connecticut River Valley 

Project will include the addition of new equipment at the Ascutney, Hartford, and Chelsea 

substations.  

As part of the Section 248 process for obtaining a Certificate of Public Good for the project, 

RSG performed sound propagation modeling of the Ascutney substation and proposed 

Static VAR Compensator (SVC). This project will add three breakers to a new bay in the 

existing Ascutney substation. Directly to the north of the Ascutney substation, a new yard 

will be added, containing a +50/-25 MVAr SVC, which will include filter capacitors, 

Thyristor Controller Reactors (TCRs), dry air coolers, Thyristor Switched Capacitors (TSCs), 

Thyristor Switched Capacitor Inductors (TSC Inductors), a transformer, and a control 

building. 

Results of our analysis are as follows: 

1. Sound monitoring was performed at and near the Ascutney substation in the fall of 

2013: 

a. Daytime and nighttime equivalent average sound levels (Leq) were 44 and 

42 dBA respectively. Daytime and nighttime lower tenth percentile (L90) 

sound levels were 38 dBA and 28 dBA respectively. 

b. Traffic on Interstate 91 and U.S. Route 5 dominated sound levels during 

the day. Other sound sources included: trains, airplane overflights, insects, 

birds, and wind. Transformer noise from the Ascutney substation was rarely 

apparent in the data. 

2. Sound propagation modeling of the existing substation and proposed SVC project 

shows maximum one-hour equivalent average (Leq) sound levels of 40 dBA at the 

worst case residence, with transformer fans on and off, and 44 dBA at the worst 

case property line with transformer fans on and off. To meet these sound levels, 

mitigation was incorporated into the model, including a low-noise transformer, a 

shroud around the TCR, and strategic placement of noise barriers. 

3. While sound emissions of SVC equipment will exhibit tonal prominence and be 

audible, at times, sound produced by the substation and SVC in combination with 

background sounds are not expected to be tonal at the closest residence. Tonality at 

the nearest residence should be a consideration in the selection of components to 

the SVC. 

While the project has not yet been fully designed, this report demonstrates that, using 

available equipment with appropriate noise mitigation, the Project can be expected to meet 

the noise goals established for this project in Section 2 of this report at the property line and 

the nearest homes. 



We conclude that the addition of the Static VAR Compensator, with appropriate mitigation 
designed to meet the project noise goals, will not create an undue adverse impact on the 
surrounding area due to noise. 
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TABLE 5: VELCO ASCUTNEY SUBSTATION AND SVC - DISCRETE RECEIVER RESULTS 

Receiver Type 

Sound Pressure 
Level 

ONAN 

(dBA) 

ONAF 

Relativ 
Heigh 

(m) X (m) Y (m) Z (m) 

1 SINGLE FAMILY DWELLING 13 13 4 709633 4808834 120 

2 SINGLE FAMILY DWELLING 19 19 4 709986 4808830 118 

3 SINGLE FAMILY DWELLING 32 32 4 709710 4808290 141 

4 SINGLE FAMILY DWELLING 35 34 4 709807 4808263 141 

5 SINGLE FAMILY DWELLING 32 31 4 709662 4808240 141 

6 MOBILE HOME 37 37 4 709909 4808242 140 

7 SINGLE FAMILY DWELLING 34 34 4 709745 4808228 140 

8 SINGLE FAMILY DWELLING 38 38 4 709921 4808218 140 

9 SINGLE FAMILY DWELLING 39 39 4 709862 4808180 140 

10 SINGLE FAMILY DWELLING 23 23 4 710339 4809000 118 

11 SINGLE FAMILY DWELLING 14 13 4 709641 4808733 123 

12 SINGLE FAMILY DWELLING 19 19 4 709575 4808688 135 

13 MOBILE HOME 19 19 4 709601 4808486 131 

14 MOBILE HOME 29 29 4 709674 4808422 148 

15 SINGLE FAMILY DWELLING 24 24 4 709614 4808404 138 

16 SINGLE FAMILY DWELLING 29 29 4 709619 4808365 144 

17 MOBILE HOME 29 29 4 709599 4808316 144 

18 SINGLE FAMILY DWELLING 28 28 4 709459 4808231 152 

19 SINGLE FAMILY DWELLING 30 30 4 709576 4808232 141 

20 SINGLE FAMILY DWELLING 33 33 4 709691 4808175 141 

21 SINGLE FAMILY DWELLING 36 36 4 709758 4808176 140 

22 MOBILE HOME 31 31 4 709594 4808167 140 

23 MOBILE HOME 29 29 4 709493 4808162 141 

24 SINGLE FAMILY DWELLING 32 32 4 709651 4808151 141 

25 SINGLE FAMILY DWELLING 40 39 4 709819 4808139 140 

26 SINGLE FAMILY DWELLING 34 34 4 709708 4808123 140 

27 SINGLE FAMILY DWELLING 36 36 4 709753 4808115 139 

28 SINGLE FAMILY DWELLING 34 34 4 709658 4808090 140 

29 MOBILE HOME 39 39 4 709810 4808085 138 

30 SINGLE FAMILY DWELLING 36 36 4 709738 4808066 139 

31 SINGLE FAMILY DWELLING 40 40 4 709807 4808047 137 

32 MOBILE HOME 30 30 4 709577 4808035 135 

33 SINGLE FAMILY DWELLING 31 31 4 709631 4807998 134 

34 SINGLE FAMILY DWELLING 34 34 4 709710 4807984 134 

35 SINGLE FAMILY DWELLING 37 37 4 709786 4807981 133 

36 SINGLE FAMILY DWELLING 32 32 4 709620 4807879 136 

37 MOBILE HOME 39 39 4 709787 4807860 139 

38 OTHER RESIDENTIAL 30 30 4 709677 4808376 145 

39 SINGLE FAMILY DWELLING 20 20 4 709161 4808992 217 
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TABLE 5:  VELCO ASCUTNEY SUBSTATION AND SVC - DISCRETE RECEIVER RESULTS 

Receiver 
ID 

Receiver Type 

Sound Pressure 
Level (dBA) 

Relative 
Height 

(m) 

Coordinates (UTM 
NAD83 Z18N) 

ONAN ONAF X (m) Y (m) Z (m) 

1 SINGLE FAMILY DWELLING 13 13 4 709633 4808834 120 

2 SINGLE FAMILY DWELLING 19 19 4 709986 4808830 118 

3 SINGLE FAMILY DWELLING 32 32 4 709710 4808290 141 

4 SINGLE FAMILY DWELLING 35 34 4 709807 4808263 141 

5 SINGLE FAMILY DWELLING 32 31 4 709662 4808240 141 

6 MOBILE HOME 37 37 4 709909 4808242 140 

7 SINGLE FAMILY DWELLING 34 34 4 709745 4808228 140 

8 SINGLE FAMILY DWELLING 38 38 4 709921 4808218 140 

9 SINGLE FAMILY DWELLING 39 39 4 709862 4808180 140 

10 SINGLE FAMILY DWELLING 23 23 4 710339 4809000 118 

11 SINGLE FAMILY DWELLING 14 13 4 709641 4808733 123 

12 SINGLE FAMILY DWELLING 19 19 4 709575 4808688 135 

13 MOBILE HOME 19 19 4 709601 4808486 131 

14 MOBILE HOME 29 29 4 709674 4808422 148 

15 SINGLE FAMILY DWELLING 24 24 4 709614 4808404 138 

16 SINGLE FAMILY DWELLING 29 29 4 709619 4808365 144 

17 MOBILE HOME 29 29 4 709599 4808316 144 

18 SINGLE FAMILY DWELLING 28 28 4 709459 4808231 152 

19 SINGLE FAMILY DWELLING 30 30 4 709576 4808232 141 

20 SINGLE FAMILY DWELLING 33 33 4 709691 4808175 141 

21 SINGLE FAMILY DWELLING 36 36 4 709758 4808176 140 

22 MOBILE HOME 31 31 4 709594 4808167 140 

23 MOBILE HOME 29 29 4 709493 4808162 141 

24 SINGLE FAMILY DWELLING 32 32 4 709651 4808151 141 

25 SINGLE FAMILY DWELLING 40 39 4 709819 4808139 140 

26 SINGLE FAMILY DWELLING 34 34 4 709708 4808123 140 

27 SINGLE FAMILY DWELLING 36 36 4 709753 4808115 139 

28 SINGLE FAMILY DWELLING 34 34 4 709658 4808090 140 

29 MOBILE HOME 39 39 4 709810 4808085 138 

30 SINGLE FAMILY DWELLING 36 36 4 709738 4808066 139 

31 SINGLE FAMILY DWELLING 40 40 4 709807 4808047 137 

32 MOBILE HOME 30 30 4 709577 4808035 135 

33 SINGLE FAMILY DWELLING 31 31 4 709631 4807998 134 

34 SINGLE FAMILY DWELLING 34 34 4 709710 4807984 134 

35 SINGLE FAMILY DWELLING 37 37 4 709786 4807981 133 

36 SINGLE FAMILY DWELLING 32 32 4 709620 4807879 136 

37 MOBILE HOME 39 39 4 709787 4807860 139 

38 OTHER RESIDENTIAL 30 30 4 709677 4808376 145 

39 SINGLE FAMILY DWELLING 20 20 4 709161 4808992 217 



er 
Receiver Level 

ONAN 

ound Pressure 
(dBA) 

ONAF 

Relative 
Height 

(m) X 

Coordinates (UTM 
NAD83 Z18N) 

(m) Y (m) Z (m) 

40 SINGLE FAMILY DWELLING 16 16 4 710067 4808851 105 

41 SINGLE FAMILY DWELLING 19 19 4 708822 4808672 168 

42 SINGLE FAMILY DWELLING 31 31 4 710099 4808403 122 

43 SINGLE FAMILY DWELLING 21 21 4 709172 4808740 173 

44 SINGLE FAMILY DWELLING 27 27 4 710138 4808570 120 

45 SINGLE FAMILY DWELLING 25 24 4 710044 4808656 122 

46 CAMP 16 15 4 709280 4808436 138 

47 SINGLE FAMILY DWELLING 21 21 4 709068 4808583 156 

48 SINGLE FAMILY DWELLING 31 31 4 710215 4808409 118 

49 SINGLE FAMILY DWELLING 27 27 4 710042 4808480 123 

50 SINGLE FAMILY DWELLING 21 21 4 710121 4808980 119 

51 SINGLE FAMILY DWELLING 21 21 4 709145 4808844 198 

52 MOBILE HOME 24 24 4 709901 4808713 134 

te,  21 

 

 
21 

 

Receiver 
ID 

Receiver Type 

Sound Pressure 
Level (dBA) 

Relative 
Height 

(m) 

Coordinates (UTM 
NAD83 Z18N) 

ONAN ONAF X (m) Y (m) Z (m) 

40 SINGLE FAMILY DWELLING 16 16 4 710067 4808851 105 

41 SINGLE FAMILY DWELLING 19 19 4 708822 4808672 168 

42 SINGLE FAMILY DWELLING 31 31 4 710099 4808403 122 

43 SINGLE FAMILY DWELLING 21 21 4 709172 4808740 173 

44 SINGLE FAMILY DWELLING 27 27 4 710138 4808570 120 

45 SINGLE FAMILY DWELLING 25 24 4 710044 4808656 122 

46 CAMP 16 15 4 709280 4808436 138 

47 SINGLE FAMILY DWELLING 21 21 4 709068 4808583 156 

48 SINGLE FAMILY DWELLING 31 31 4 710215 4808409 118 

49 SINGLE FAMILY DWELLING 27 27 4 710042 4808480 123 

50 SINGLE FAMILY DWELLING 21 21 4 710121 4808980 119 

51 SINGLE FAMILY DWELLING 21 21 4 709145 4808844 198 

52 MOBILE HOME 24 24 4 709901 4808713 134 

 



Report VELCO 
Connecticut River Valley Project — Ascutney Substation and SVC Pre-Construction Noise 
Impact Assessment 

 

APPENDIX B: MODELING PARAMETERS 

22 	August 21, 2015 

Report VELCO 
      Connecticut River Valley Project – Ascutney Substation and SVC Pre-Construction Noise 

Impact Assessment 
 

22 August 21, 2015 

 

APPENDIX B: MODELING PARAMETERS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



TABLE 6: SOUND PROPAGATION MODELING PARAMETERS 

Parameter Setting 
ISO 9613-2 Spectral, G=0.6 in the substation, G=1.0 elsewhere Ground Absorption 

AtmosphericAbsorption Based on 10 Degrees Celsius, 70% Relative Humidity 

Search Radius 4,000 meters (2.5 miles) from each source 
Receiver Height 4 meters (13 feet) for residences, 1.5 meters (5 feet) for grid 

TABLE 7: SOUND SOURCE INFORMATION 

Source Name 
Modeled 

Sound Power 
(d13A) 

Sound Source ID 
Relative 
Height 

(m) 

Ascutney T1 ONAF 76 Ascutney Existing Transformer ONAF 2.5 

Ascutney T1 ONAN 72 Asaitney Existing Transformer ONAN 2.5 

TSC #2 Inductor 85 TSC Inductor 6.7 

TSC #2 Inductor 85 TSC Inductor 6.7 

TSC #2 Inductor 85 TSC Inductor 6.7 

TSC #2 Capacitor 85 TSC Capacitor Bank 6.7 

TSC #2 Capacitor 85 TSC Capadtor Bank 6.7 

TSC #2 Capadtor 85 TSC Capacitor Bank 6.7 

TCR 85 TCR 6.7 

TCR 85 TCR 6.7 

TCR 85 TCR 6.7 

TSC #1 Inductor 85 TSC Inductor 6.7 

TSC #1 Inductor 85 TSC Inductor 6.7 

TSC #1 Inductor 85 TSC Inductor 6.7 

TSC #1 Capacitor 85 TSC Capacitor Bank 6.7 

TSC #1 Capadtor 85 TSC Capadtor Bank 6.7 

TSC #1 Capacitor 85 TSC Capacitor Bank 6.7 

Filter Capadtor 1 85 Filter Capacitor Bank 6.7 

Filter Capacitor 2 85 Filter Capacitor Bank 6.7 

Filter Capacitor 3 85 Filter Capacitor Bank 6.7 

Filter Capadtor 4 85 Filter Capadtor Bank 6.7 

Filter Capadtor 5 85 Filter Capacitor Bank 6.7 

Filter Capacitor 6 85 Filter Capacitor Bank 6.7 

Filter Capacitor 7 85 Filter Capacitor Bank 6.7 

Filter Capadtor 8 85 Filter Capacitor Bank 6.7 

Filter Capadtor 9 85 Filter Capacitor Bank 6.7 

Dry Air Coolers 85 Cooling Fan Banks 2.0 

Dry Air Coolers 85 Cooling Fan Banks 2.0 

SVC Transformer ONAF 98 SVC Transformer ONAN 4.0 

SVC Transformer ONAN 95 SVC Transformer ONAF 4.0 

6.6,:a  23 

 

 
23 

 

TABLE 6:  SOUND PROPAGATION MODELING PARAMETERS 

 

 

TABLE 7: SOUND SOURCE INFORMATION 

 

Parameter Setting

Ground Absorption ISO 9613-2 Spectral, G=0.6 in the substation, G=1.0 elsewhere

Atmospheric Absorption Based on 10 Degrees Celsius, 70% Relative Humidity

Search Radius 4,000 meters (2.5 miles) from each source

Receiver Height 4 meters (13 feet) for residences, 1.5 meters (5 feet) for grid

Ascutney T1 ONAF 76 Ascutney Existing Transformer ONAF 2.5

Ascutney T1 ONAN 72 Ascutney Existing Transformer ONAN 2.5

TSC #2 Inductor 85 TSC Inductor 6.7

TSC #2 Inductor 85 TSC Inductor 6.7

TSC #2 Inductor 85 TSC Inductor 6.7

TSC #2 Capacitor 85 TSC Capacitor Bank 6.7

TSC #2 Capacitor 85 TSC Capacitor Bank 6.7

TSC #2 Capacitor 85 TSC Capacitor Bank 6.7

TCR 85 TCR 6.7

TCR 85 TCR 6.7

TCR 85 TCR 6.7

TSC #1 Inductor 85 TSC Inductor 6.7

TSC #1 Inductor 85 TSC Inductor 6.7

TSC #1 Inductor 85 TSC Inductor 6.7

TSC #1 Capacitor 85 TSC Capacitor Bank 6.7

TSC #1 Capacitor 85 TSC Capacitor Bank 6.7

TSC #1 Capacitor 85 TSC Capacitor Bank 6.7

Filter Capacitor 1 85 Filter Capacitor Bank 6.7

Filter Capacitor 2 85 Filter Capacitor Bank 6.7

Filter Capacitor 3 85 Filter Capacitor Bank 6.7

Filter Capacitor 4 85 Filter Capacitor Bank 6.7

Filter Capacitor 5 85 Filter Capacitor Bank 6.7

Filter Capacitor 6 85 Filter Capacitor Bank 6.7

Filter Capacitor 7 85 Filter Capacitor Bank 6.7

Filter Capacitor 8 85 Filter Capacitor Bank 6.7

Filter Capacitor 9 85 Filter Capacitor Bank 6.7

Dry Air Coolers 85 Cooling Fan Banks 2.0

Dry Air Coolers 85 Cooling Fan Banks 2.0

SVC Transformer ONAF 98 SVC Transformer ONAN 4.0

SVC Transformer ONAN 95 SVC Transformer ONAF 4.0

Relative 

Height 

(m)

Modeled 

Sound Power 

(dBA)

Sound Source IDSource Name



Report VELCO 
Connecticut River Valley Project — Ascutney Substation and SVC Pre-Construction Noise 
Impact Assessment 

 

APPENDIX C: ACOUSTICS PRIMER 

Sound consists of tiny, regular fluctuations in ambient air pressure. The size, or amplitude, of 
these fluctuations determines the sound pressure level, which is expressed in decibels (dB). A 
change of 10 decibels in sound pressure level is a factor of 10 change in pressure fluctuation 
amplitude. Sound pressure level can be characterized in many different ways. Sound pressure 
levels measured in one location are constantly changing as sources of sound begin, end, or 
come and go. It is for this reason that sound levels are characterized in terms of averages 
over time. 

The most common way of describing noise over time is statistically, in terms of a set of 
defined level types. Each level type is designated by the letter "L" followed by an indication 
of what type of statistic was used to calculate it. An example is shown in Figure 8. The sound 
level at each instant of time is the grey trace going from left to right. Over the total time it 
was measured (100 measurement time periods in the Figure), the sound spends certain 
fractions of the time near various levels, ranging from the minimum (about 37 dB in the 
Figure) to the maximum (about 68 dB in the Figure). Simple statistics are used to determine 
for what percentage of time the sound is louder than any given level. These levels are 
described in the following Sections. 
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FIGURE 8: EXAMPLE OF DESCRIPTIVE TERMS OF SOUND MEASUREMENT OVER TIME 

C.1 I MINIMUM AND MAXIMUM LEVEL — LMIN AND LMAX 

Lmin and Lmax are the minimum and maximum sound levels, respectively, monitored over 
a defined period of time. They define the total range over which sound levels varied at the 
monitoring location during that monitoring period. 

Report VELCO 
      Connecticut River Valley Project – Ascutney Substation and SVC Pre-Construction Noise 

Impact Assessment 
 

24 August 21, 2015 

 

APPENDIX C: ACOUSTICS PRIMER 

Sound consists of tiny, regular fluctuations in ambient air pressure. The size, or amplitude, of 

these fluctuations determines the sound pressure level, which is expressed in decibels (dB). A 

change of 10 decibels in sound pressure level is a factor of 10 change in pressure fluctuation 

amplitude. Sound pressure level can be characterized in many different ways. Sound pressure 

levels measured in one location are constantly changing as sources of sound begin, end, or 

come and go. It is for this reason that sound levels are characterized in terms of averages 

over time.  

The most common way of describing noise over time is statistically, in terms of a set of 

defined level types. Each level type is designated by the letter “L” followed by an indication 

of what type of statistic was used to calculate it. An example is shown in Figure 8. The sound 

level at each instant of time is the grey trace going from left to right. Over the total time it 

was measured (100 measurement time periods in the Figure), the sound spends certain 

fractions of the time near various levels, ranging from the minimum (about 37 dB in the 

Figure) to the maximum (about 68 dB in the Figure). Simple statistics are used to determine 

for what percentage of time the sound is louder than any given level. These levels are 

described in the following Sections. 
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C.1 | MINIMUM AND MAXIMUM LEVEL –  LMIN AND LMAX 

Lmin and Lmax are the minimum and maximum sound levels, respectively, monitored over 

a defined period of time. They define the total range over which sound levels varied at the 

monitoring location during that monitoring period.  



C.2 I PERCENTILE SOUND LEVEL - LN 

Percentile sound levels describe the statistical distribution of sound levels over time. "LN" is 
the level above which the sound spends "N" percent of the time. For example, L90 (the 
"residual base level") is the sound level exceeded 90% of the time: the sound is louder than 
L90 most of the time. L10 is the sound level that is exceeded only 10% of the time: L10 
represents the higher, but less frequent, sound levels. L50 (the "median level") is exceeded 
50% of the time: half the time the sound is louder than L50, and half the time it is quieter 
than L50. 

For long-term, continuous sounds like those from an electrical transformer, L90 is often a 
good representation of the average sound from the transformer. It tends to filter out other 
short-term environmental sounds that aren't part of the source being investigated. These 
could include such events as barking dogs, vehicles driving by, gusts of wind, and work 
operations. The residual sound, or L90, is the sound that is present in the absence of these 
noises. 

C.3 I EQUIVALENT AVERAGE SOUND LEVEL - LEQ 

One of the most common ways of describing sound levels is in terms of the Continuous 
Equivalent Sound Level, or Leq. The Leq is the average sound pressure level over an entire 
monitoring period. Because higher decibel levels describe much louder sounds, loud and 
infrequent sources have a larger impact on the resulting average sound level than quieter and 
more frequent noises. For example, in Figure 8, the median sound level L50 is about 47 
dBA, but the Continuous Equivalent Sound Level (Leq) is 53 dBA. Leq is the most 
commonly used descriptor in noise standards and regulations; it somewhat favors the higher 
sound levels and is representative of sound that takes place over time. 

Note that the monitoring period used to calculate Leq could be for any amount of time, but 
it is always clearly defined. It could be one second (denoted Leq (1-sec)), one hour (Leq (1)), 
or 24 hours (Leq (24)). 

C.4 I SOUND FREQUENCY SPECTRUM 

For analysis purposes, sound energy can be broken down into different frequency divisions, 
or bands. These bands are similar to musical pitches, from low tones to high tones. The 
most common division is the standard Octave Band. An octave is the range whose lower 
frequency limit is one-half of its upper frequency limit. An Octave Band is identified by its 
center frequency. For example, the 500 Hz Octave Band includes all sound whose 
frequencies range between 354 Hz (Hertz, or cycles per second) and 707 Hz. The band 
whose frequencies are twice as high is one octave higher. It is centered at 1,000 Hz with a 
range between 707 Hz and 1,414 Hz. The range of human hearing is divided into 10 
standard Octave Bands: 31.5 Hz, 63 Hz, 125 Hz, 250 Hz, 500 Hz, 1 kHz, 2 kHz, 4 kHz, 8 
kHz, and 16 kHz. For analyses that require finer frequency detail, each octave-band can be 
subdivided. One such subdivision creates three smaller bands within each Octave Band, or 
so-called 1/3-Octave Bands. 
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C.5 I HUMAN RESPONSE TO LOUDNESS BY FREQUENCY 

Sound pressure levels are expressed in terms of decibels (dB). Since the human ear is not 
sensitive to all frequencies equally, sounds at some frequencies, despite having the same 
measured decibel level, seem louder than others. In particular, human hearing is much more 
sensitive to medium pitches than to very low or very high pitches. For example, a tone 
measuring 80 dB at 500 Hz (a medium pitch) sounds quite a bit louder than a tone 
measuring 80 dB at 63 Hz (a very low pitch). 

To compensate for this effect, acousticians apply filters, known as "frequency weightings," 
in describing a measured sound level. The most common weighting scale used in 
environmental noise analysis is the so-called A-weighting. This weighting represents the 
sensitivity of the human ear to sounds of moderate level. When a reported sound level has 
been filtered using A-weighting, it is usually denoted with the unit "dBA" or "dB(A)." 

When sound levels are much louder, such as blasts or sonic booms, the human ear hears 
many of the frequencies more equally. In those cases, a different weighting scale, called C-
weighting, is used to report sound levels. It is usually denoted with the unit "dBC" or 
"dB(C)." 

When no frequency filters or weightings have been applied, the sound level is formally 
denoted with the unit "dBZ" or "dB(Z)," where Z represents "zero-weighting." 
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INTRODUCTION 

VELCO recently completed construction of the relocated Ascutney, Vermont substation. As part of 
the Certificate of Public Good post-construction requirements for the project, RSG conducted both 
short term monitoring at the substation and long term monitoring near the property line of the 
closest residence to the west. Included in this report are: 

1. A description of the project, 

2. A summary of the sound level limit applied to the project, 

3. A primer on the science of sound, 

4. Description of sound level monitoring performed, 

5. Sound level monitoring results, 

6. Comparison with preconstruction modeling and monitoring, and 

7. Conclusions. 

2. 	SOUND LEVEL LIMIT 

In the Certificate of Public Good (Docket #7751) for the VELCO Ascutney project the following noise 
condition was applied: 

54. Sound Level modeling for the proposed new VELCO substation site indicates that the 
proposed substation will meet the 45 dBA property line noise standard included in the 
Town of Weathersfield's ordinance. Additionally, the maximum sound level at a residence 
from the transformer at the proposed substation would be 23 dBA. VELCO proposes to 
undertake post-construction sound level measurements after commissioning of the 
proposed substation to verify that the sound levels are below the 45 dBA threshold. 

Therefore the limit applied to the project is a 45 dBA 1-hour nighttime Leq as defined in the Town 
of Weathersfield's "Objectionable Noise Ordinance." 
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3. A primer on the science of sound, 

4. Description of sound level monitoring performed, 

5. Sound level monitoring results, 

6. Comparison with preconstruction modeling and monitoring, and 

7. Conclusions. 

2. SOUND LEVEL LIMIT 

In the Certificate of Public Good (Docket #7751) for the VELCO Ascutney project the following noise 

condition was applied: 

54.  Sound Level modeling for the proposed new VELCO substation site indicates that the 

proposed substation will meet the 45 dBA property line noise standard included in the 

Town of Weathersfield’s ordinance. Additionally, the maximum sound level at a residence 

from the transformer at the proposed substation would be 23 dBA. VELCO proposes to 

undertake post-construction sound level measurements after commissioning of the 

proposed substation to verify that the sound levels are below the 45 dBA threshold.  

Therefore the limit applied to the project is a 45 dBA 1-hour nighttime Leq as defined in the Town 

of Weathersfield’s “Objectionable Noise Ordinance.”  
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Figure 1: Area Map 

3 	INTRODUCTION TO SOUND AND TERMINOLOGY 

3.1 How is Sound Described? 

Sound is caused by variations in air pressure at a range of frequencies. Sound levels that are 
detectable by human hearing are defined in the decibel (dB) scale, with 0 dB being the approximate 
threshold of human hearing, and 135 dB causing pain and permanent damage to the ear. Figure 2 
shows the sound levels of typical activities that generate noise. 
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Occupational Noise 
Perception 	Measured at the ear Everyday Noise Transportation Noise 

Decibels (dBA) 

140 
Near a jet engine 

Threshold of Pain 
130 

Deafening 

Hard Rock Band 120 

Chainsaw 110 

Table saw 
Circular saw 
Bandsaw 
Impact Wrench Auto horn at 10 feet 100 

Electric hand drill Very Loud 

Snowmobile 
Riding lawn mower, at ear 90 

Street Sweeper 
Shop-vac, at ear, outdoors 

Truck passby, 60 mph at 50 feet 

Inside car, windows open, 65 mph 80 

Truck passby, 30 mph, at 50 feet 
Vacuum cleaner, at ear 

Loud 
Playground recess (avg) Inside car, windows closed, 65 mph 

70 

Car passby, 30 mph, at 50 feet 
Urban Area 
Conversational Speech TV in quiet room 60 

Microwave oven at 2.5 feet 
Car passby, 30 mph, at 100 feet 

Moderate 

Field with Insects Idling car at 50 feet 50 

Office, with computer 
Suburban area 	and HVAC 

Refrigerator at 3 feet 
40 

Library 
Faint 

Quiet rural area, no wind, 
insects or traffic 

30 

, 

Quiet winter night, wilderness 
area, no insects, traffic or 
wind 

20 

Very Faint 

10 

Threshold of audibility at 
1000 Hz 0 

Figure 2: Common Sounds in A-weighted Decibels 
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The decibel scale can be weighted to mimic the human perception of certain frequencies. The most 
common of these weighting scales is the "A" weighting. It is used most frequently in environmental 
noise analyses. Sound levels that are weighted by the "A" scale have units of dBA or dB (A). 

3.2 How is Sound Modeled? 

The decibel sound level is described on a logarithmic scale. For every 10 dB increase in sound 
pressure, we perceive an approximate doubling of loudness. Small changes in sound level, below 3 
dB, are generally not perceptible. 

For a point source, sound level diminishes or attenuates by 6 dB for every doubling of distance due 
to geometrical divergence. For example, if an idling truck is measured at 50 meters as 66 dBA, at 
100 meters the level will decline to 60 dBA, and at 200 meters, 54 dBA, assuming no other 
influences. From a line source, like a gas pipeline or from closely spaced point sources, like a 
roadway or string of wind turbines, sound attenuates at approximately 3 dB per of doubling 
distance. These "line sources" transition to an attenuation of 6 dB per doubling at a distance of 
roughly a third of the length of the line source. 

Other factors, such as intervening vegetation, terrain, walls, berms, buildings, and atmospheric 
absorption will also further reduce the sound level reaching the listener. In each of these, higher 
frequencies will attenuate faster than lower frequencies. Finally, the ground can also have an 
impact on sound levels. Harder ground generally increases and softer ground generally decreases 
the sound level at a receiver. Reflections off of buildings and walls can increase broadband sound 
levels by as much as 3 dB. 

If we add two equal sources together, the resulting sound level will be 3 dB higher. For example, if 
one machine registers 76 dBA at 50 meters, two co-located machines would register 3 dB more, or 
79 dBA at that distance. In a similar manner, at a distance of 50 meters, four machines, all operating 
at the same place and time, would register 82 dBA and eight machines would register 85 dBA. 

In adding two sound levels, 0 to 3 dB is added to the higher level as shown in Table 1. Subtracting 
sound levels follow the same principles as addition. 

Table 1: Decibel Additions 
If Two Sources Differ 

 

0-1dB 3 dB 

 

    

 

2-4 dB 2 dB 

 

 

5-9 dB 1dB 

 

 

>9 dB 0 dB 

 

    

    

1  Lp(Overall) = 10 x log rii_110
Lp" 1.0 

 where Lp(Overall) is the overall sound pressure level from the summation of 
multiple sources and Lpi  is the individual sound pressure levels that are being summed. 
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1                   ∑   
   

  ⁄ 
    where             is the overall sound pressure level from the summation of 

multiple sources and     is the individual sound pressure levels that are being summed. 
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If there are two co-located machines of equal sound power level and one is turned off, sound levels 
will decrease by 3 dB. Similarly, if there are two co-located machines that differ in sound power 
level by between 5 and 9 dB, and the quieter machine is turned off, the overall sound level will 
decrease by 1 dB. 

3.3 	Description of Terms 

Sound can be measured in many different ways. Perhaps the simplest way is to take an 
instantaneous measurement, which gives the sound pressure level at an exact moment in time. The 
level reading could be 62 dB, but a second later it could 57 dB. Sound pressure levels are constantly 
changing. It is for this reason that it makes sense to describe sound levels over time. 

Take as an example, the sound levels measured over time shown in Figure 3. Instantaneous 
measurements are shown as a ragged grey line. The sound levels that occur over this time can be 
described verbally, but it is much easier to describe the recorded levels statistically. This is done 
using a variety of "levels" which are described below. 

3.3.1 Lmin and Lmax 

Lmin and Lmax are simply the minimum and maximum sound level, respectively, monitored over a 
period of time. 

3.3.2 Percentile Sound Level - Ln 

Ln is the sound level exceeded n percent of the time. This type of statistical sound level, also shown 
in Figure 3, gives us information about the distribution of sound levels. For example, the L10 is the 
sound level that is exceeded 10 percent of the time, while the L90 is the sound level exceeded 90% 
of the time. The L50 is the median and is exceeded half the time. The L90 is often described as the 
"residual" level, describing a condition when most short-term contaminating sources are removed. 

3.3.3 Equivalent Average Sound Level - Leq 

One of the most common ways of describing noise levels is in terms of the continuous equivalent 
sound level (Leq). The Leq is the average of the sound pressure over an entire monitoring period 
and expressed as a decibel: 

LegT  = 10 * logio , 
LT pi(t)dy 

Po 2 

where p6 is the squared instantaneous weighted sound pressure signal, as a function of elapsed 
time t, po is the reference pressure of 20 ea, and T is the stated time interval. 

The monitoring period, T, can be for any amount of time. It could be one second (Leq 1-sec), one 
hour (Leq(1)), or 24 hours (Leq(24)). Because Leq is a logarithmic function of the average pressure, 
loud and infrequent sounds have a greater effect on the resulting Leq than quieter and more 
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where   
  is the squared instantaneous weighted sound pressure signal, as a function of elapsed 

time t, p0 is the reference pressure of 20µPa, and T is the stated time interval. 

 The monitoring period, T, can be for any amount of time. It could be one second (Leq 1-sec), one 

hour (Leq(1)), or 24 hours (Leq(24)). Because Leq is a logarithmic function of the average pressure, 
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frequent sounds. For example, in Figure 3, the L50 (median) is about 47 dB, but the Leq is 53 dB. 
Because it tends to weight the higher sound levels and is representative of sound that takes place 
over time, the Leq is the most commonly used descriptor in noise standards and regulations. 
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Figure 3: Example of Descriptive Terms of Sound Measurement over Time 

4. 	PROJECT DESCRIPTION 

The VELCO Ascutney substation is located in the Village of Ascutney, VT and the Town of 
Weathersfield, VT. U.S. Route 5 is located approximately 135 meters (440 feet) to the east of the 
substation; 1-91 and Tenney Hill Road are located approximately 530 meters (1740 feet) and 130 
meters (430 feet) to the west, respectively. The Connecticut River is located approximately 250 
meters (820 feet) to the east. The closest residential neighbors of the substation are located 
approximately 90 meters (295 feet) to the west, 125 meters (410 feet) to the southwest, and 155 
meters (510 feet) to the northwest. 

Equipment located within the substation include: a station service transformer, a 33.6/44.8/56 
MVA distribution transformer, breakers, and a service building. The distribution transformer is the 
only significant sound source on the site. It is made by Fortune Electric and has a guaranteed sound 
pressure rating at 15 dB below the NEMA TR-1 standard. 

A map of the substation and the surrounding area is shown in Figure 1. 
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5. 	MONITORING PROCEDURE 

All measurements were taken using ANSI/IEC Type 1 sound level meters logging 1/3 octave bands 
once each second, for the minimum frequency range of 20 Hz to 10 kHz. Sound level meters used 
for short term measurements were Larson Davis LD 831s and the long term monitor was a Cesva 
SC-310. Short term monitors were outfitted with 3.5 inch wind screens and the long term meter 
was outfitted with a 7 inch hydrophobic wind screen to reduce the influence of wind on 
measurements. 

	

5.1 	Long Term Monitoring 

A long term monitor was placed just within the western border of the project parcel, as shown in 
Figure 1. The monitor was placed along the tree line on "soft" ground, that is, ground that is suitable 
for vegetation growth. The microphone was placed on a wooden stake at a height of approximately 
1.5 meters (5 feet) above the ground. In addition to the sound pressure levels measured by the 
sound level meter, an attached audio recorder recorded sound files that were used during post-
processing to help identify sound sources and for narrowband tonality analysis. A nearby 
anemometer measured wind speed and temperature at 1-minute intervals. 

	

5.2 	Short Term Monitoring 

5.2.1 Fenceline Measurements 

Measurements were made along the fenceline of the Ascutney substation. During measurements, 
sound level meters were mounted on tripods at a height of approximately 1.5 meters (5 meters) 
above ground. Measurements were made at 15 to 21 meter (50 to 70 foot) intervals along the 
fenceline with transformer fans on (ONAN) and off (ONAF). 

5.2.2 Transformer Sound Power Measurements 

Sound Power Measurements were made in accordance with IEC 60076 - 10 2001 Power 
Transformers - Part 10: Determination of Sound Levels. During measurements, microphones were 
mounted at 1/3 and 2/3 of the transformer height. With transformer fans off, measurements were 
made every 1 meter (3 feet) at a distance of 0.3 meters (1 foot) from the transformer. With the fans 
on, the measurements were repeated, except near the transformer cooling fans, where 
measurements were made at a 2 meter (6.6 foot) distance from the fans. Measurement duration at 
each location was 15 seconds. 

5.2.3 Transformer Directionality Measurements 

Measurements were performed at 45 degree intervals, 50 feet from the transformer at a 1.5 meter 
(5 foot) height to measure the directionality of the transformer's sound emissions. Measurements 
at each location were two minutes in length and performed for both fans on and fans off conditions. 
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6. 	MONITORING RESULTS 

6.1 	Long Term 

6.2 Overall Results 

Long Term measurements took place from October 8 to October 16, 2013. Temperatures during 
this period ranged from 2 to 20 °C (36 to 67 °F) and winds ranged from calm to 4 m/s (8 mph). 
There was no precipitation accumulation during this period. For long term monitoring, periods 
with low temperatures (less than 14 °F or -10 °C), high winds (greater than 5 m/s or 11 mph), and 
precipitation other than snow are removed from the data set. Periods that contain anomalous 
sound events are also typically removed from the data set. However, there were no periods that 
met these criteria during monitoring. There was no snow on the ground during the monitoring 
period and leaves had started to, but had not finished falling for the winter. 

A graphic showing 10-minute L90 and equivalent (Leq) sound levels is shown in Figure 4 and 
sound level statistics for the entire monitoring period are shown in Figure 5. These shows highly 
diurnal sound levels (sound levels with a daily cycle). Anthropogenic sound sources included trains, 
traffic from nearby I-91 and U.S. Route 5, airplane flyovers, and machinery or vehicles from nearby 
commercial facilities. Biogenic sound sources included wind, birds, and insects. 

The daytime equivalent sound level was 44 dBA and the nighttime equivalent sound level was 42 
dBA. The daytime L90 was 38 dBA, while the nighttime L90 was 28 dBA. 
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Figure 4: Long Term Monitoring Results Time-History 
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le 2: Long Term Monitoring Statistical Results 

ound Level (dB 
Leq L90 L50 L10 

Period 43 30 41 46 

Day 44 38 42 47 

Night 42 28 38 46 

6.2.1 Tonality Analysis 

Figure 5 shows the sound spectrum from the 10-minute period with the highest 1/3 octave band 
tonal prominence measured during the monitoring period. The overall sound level for this period 
was 24 dBA. There is a 120 Hz (evident in the 125 Hz 1/3 octave band) tone that is prominent in the 
data, characteristic of transformer noise. The prominence of the tone is largely due to the low 
background sound levels during this period instead of the high sound level of the transformer. 
Transformer noise was not audible at the long term monitor during setup or takedown and was 
only faintly audible during the quietest nighttime periods captured on audio recordings. Only three 
10-minute periods (using the L90 metric) met the ANSI 12.9 part 4 definition for "tonal," 0.2 
percent of the time. On a 1-second basis, the 125 Hz 1/3 octave band exhibited a tone 1 percent of 
the time. Tonal audibility of the narrowband 120 Hz tone during the period in Figure 5 was 9.5 dB,2  
however the 125 Hz 1/3 octave band, is 11 dB above the threshold of hearing. This means that the 
tone is only faintly audible, during the quietest conditions, and inaudible during the majority of 
conditions. 

2  Tonality definition and calculation method according to IEC Standard 61400-11. Data used for this analysis 
was obtained from a Fast Fourier Transform (FFT) of the audio files recorded during long term monitoring. 
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2 Tonality definition and calculation method according to IEC Standard 61400-11. Data used for this analysis 

was obtained from a Fast Fourier Transform (FFT) of the audio files recorded during long term monitoring.  
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Figure 5: Sound Level Spectrum from the 10-minute Period with the Highest Tonal 
Prominence 

6.3 	Short Term 

Short term measurements were performed on October 8, 2013 between 1 pm and 4 pm. During this 
period, skies were clear with gusty winds between 2 and 6 m/s (5 and 14 mph) and temperatures 
between 15 and 17 °C (59 and 62 °F). 

6.3.1 Fenceline 
Fenceline measurements results are shown in Figure 6. Sound Levels (L90) ranged from 41 to 48 
dBA ONAN and between 41 and 49 dBA ONAF. During measurements dominating sounds were 
vehicles on U.S. Route 5 and 1-91, birds, trucks being loaded to the north of the substation, insects, 
and occasional airplane overflights. Transformer noise was only audible in the southeast corner of 
the substation and never dominant. An indicator of this is that ONAN sound levels were only 
consistently exceeded by ONAF sound levels along the fenceline closest to the transformer. Since 
the ONAF sound levels are higher than ONAN sound levels, the ONAF sound level should be higher 
than the ONAN sound level at the fenceline. This means that at fenceline locations, where the ONAN 
sound level is above the ONAF sound level, the transformer is not the dominant sound source. 
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Figure 6: Fenceline Measurement Results 

6.3.2 Sound Power 

Sound Power measurement results are shown in Table 3 and Figure 7. Table 3 shows a comparison 
between the NEMA TR-1 specified sound pressure level and the actual measured sound pressure 
and sound power levels. The Ascutney transformer has a sound pressure level 23 dB below the 
NEMA TR-1 level for both ONAN and ONAF, better than the 15 dB manufacturer guarantee. This is 
the greatest difference between an actual measured sound level and the NEMA TR-1 specification 
that has been measured by RSG. This also translates to a sound power that is 7 dB ONAN and 8 dB 
ONAF quieter than what was modeled for the preconstruction noise impact assessment. 
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The measured sound power spectrum is shown in Figure 7. Similar low frequency sound levels are 
measured for both ONAN and ONAF, with slightly higher mid and high frequency sound levels for 
the ONAF condition, indicating the existence of broadband fan noise. 

Table 3: Ascutney Transformer Sound Pressure and Sound Power Summary. 
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Figure 7: Ascutney Transformer Sound Power Spectrum 

6.3.3 Directionality 

Sound levels at 15 meters (50 feet) from the transformer were measured to determine the 
directionality of sound emissions from the transformer. Measurement results ranged from 42 to 46 
dBA ONAN and from 44 to 47 dBA ONAF. Transformer noise was audible but not dominant at any of 
the locations. Other sounds audible at the monitoring locations included traffic, birds, house doors 
slamming, insects and car traffic. Results shown in Figure 8 indicate a relatively uniform 
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directionality, however the dominance of other sound sources at the measurement locations have 
likely made measured sound levels more uniform between locations. An indicator that the 
transformer was not dominant is that the sound levels measured at the fenceline were typically 
equal to those measured at 50 feet from the transformer. 

Figure 8: L90 Sound Level at 15 meters (50 feet) from the Transformer (dBA) 
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7. 	COMPARISON WITH PRECONSTRUCTION 

A preconstruction noise impact assessment for the project was written in RSG report Pre-
Construction Noise Impact Assessment - VELCO Substation: Ascutney dated June 2011. The report 
summarized sound propagation modeling to predict sound levels at nearby residences, long term 
sound level monitoring at the current substation location, and measurements of equipment at the 
previous substation location. 

7.1 	Change in actual sound levels at the property line monitor 

Preconstruction long term equivalent sound levels at the current substation location were 48 dBA 
during the day and 42 dBA at night compared to the measured post construction levels of 44 dBA 
daytime and 42 dBA nighttime. L90 sound levels were 39 dBA during the day and 29 dBA at night 
preconstruction and 38 dBA during the day and 28 dBA at night post-contruction. With both 
metrics, long term sound levels have either remained the same, or decreased. The decrease in 
sound levels in some cases may be due to differences in vehicle traffic or meteorological conditions 
between the late November preconstruction monitoring period and early October post-
construction monitoring period. 

7.2 Comparison of preconstruction modeling estimates with actual 

Preconstruction modeled sound pressure levels (L90) at the fenceline ranged from 25 to 44 dBA 
ONAN and from 28 to 47 dBA ONAF. Post-construction monitored levels ranged from 41 to 48 dBA 
ONAN and between 41 and 49 dBA ONAF. The higher monitored sound levels are primarily due to 
the contribution from background sound sources. Transformer noise was only audible at locations 
in the southeast corner of the substation and was not dominant at any location. 

The sound level forecast for the property line sound monitor location modeled at 23 dBA ONAN and 
25 dBA ONAF. The monitored sound level was difficult to determine due to other background 
sounds, but our estimate is that it is no greater than the low to mid 20 dBA range. The actual 
monitored sound level is thus consistent with the modeled forecasts done during preconstruction. 

CONCLUSIONS 

RSG performed post-construction monitoring at the newly-relocated VELCO Ascutney substation as 
part of the Certificate of Public Good (CPG) requirements for the project. Monitoring included: 
sound power measurement of the transformer, directionality measurement of the transformer, 
measurements along the fenceline of the substation, and long term measurements along the 
western property line of the substation. Conclusions are as follows: 

1. Short term measurements were performed on October 8, 2013 and long term 
measurements were performed from October 8, 2013 to October 16, 2013. 
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2. Fenceline measurements showed L90 sound levels between 41 and 48 dBA ONAN (fans off) 
and between 41 and 49 dBA ONAF (fans on). Much of this sound was from other 
background sources, such as nearby I-91. The transformer was only audible in the southeast 
corner of the substation. 

3. Transformer sound power measurements showed transformer sound pressure levels of 51 
dBA ONAN and 54 dBA ONAF, 23 dB below NEMA TR-1. Transformer sound power was 72 
dBA ONAN and 76 dBA ONAF, 7 dB and 8 dB respectively quieter than what was modeled in 
the preconstruction noise impact assessment and 8 dB lower than the manufacturer 
guarantee for this unit. This transformer has the lowest sound emissions of any that we 
have measured in the VELCO system. 

4. Transformer directionality measurements showed a 4 dB sound level variation under ONAN 
and a 3 dB sound level variation under ONAF depending on the location around the 
transformer. Transformer noise was not dominant at the monitoring locations. 

5. Both 1/3 octave band and narrow band tonality analyses were performed. Sound at the 
monitoring location met the ANSI 12.9 Part 4 definition for tonality for 0.2 percent of 10-
minute L90 levels and for 1 percent of 1 second Legs for the 125 Hz 1/3 octave band (this 
band contains the 120 Hz tone characteristic of transformer noise). Sound levels during the 
tonal 10 minute periods were between 23 and 25 dBA. A narrow band analysis of one of 
these very quiet periods showed a tonal audibility of 9.5 dB, according to IEC 61400-11. 

6. The daytime equivalent sound levels at the long-term property line monitoring station was 
44 dBA and nighttime equivalent sound level was 42 dBA. The daytime L90 was 38 dBA, 
while the nighttime L90 was 28 dBA. These levels are less than or equal to preconstruction 
levels, and are a function of background sounds other than the substation. There was no 
snow on the ground during the monitoring period and leaves had started to fall for the 
winter. 

7. The nighttime L90 at the property line was 28 dBA. Since, the transformer was only audible 
during a few of the quietest nighttime periods, this is at or above the transformer-only 
sound level at the property line. During the periods where the transformer was audible the 
sound pressure levels were in the low to mid 20 dBA range. Consequently we can conclude 
that the Ascutney substation complies with the Town of Weathersfield's 45 dBA property 
line sound level ordinance and CPG Condition 54. 
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