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1.0 Background and Introduction 


A silencer has been designed and was installed in the discharge stack at the Edgartown Wastewater Treatment Facility in the spring of year 2001.  The purpose of the silencer is to reduce noise levels at nearby adjacent residences.  The silencer attenuates fan-induced noise that is emitted from the weather opening at the top of the discharge stack.  A set of sound pressure levels was measured in the September/October 2000 timeframe at the Wastewater Treatment Facility and at an adjacent property, prior to installation of the silencer.  

In the summer of 2004, the Wastewater Treatment Facility received complaints from neighbors with residences located adjacent to the facility.  Complaints referred to noise emissions from the plant.   In response to those complaints the Edgartown Wastewater Commission has authorized a brief study to conduct spot measurements of octave band and dBA sound pressure levels.   The measured levels are to be compared to the sound pressure levels that were acquired in the fall of year 2000, prior to when the stack silencer was installed.   The study further includes a comparison of the spot check measured levels to the noise criteria defined by the Massachusetts Office of Environmental Affairs, Division of Air Quality Control (DAQC), policy 90-001, dated 1 February 1990.   That comparison determines if the Wastewater Treatment Facility is in compliance with noise regulations imposed by the State of Massachusetts.   

2.0 Sound Pressure Level Measurements Made on 27 August 2004

On 27 August 2004 a set of un-weighted octave band sound pressure levels and a set of A-weighted sound pressure levels were measured for when the discharge fan serving the Wastewater Treatment Facility was operating at high speed.   On 27 August 2004 a set of background octave band sound pressure levels and a set of background A-weighted sound pressure levels were measured when the discharge fan at Wastewater Treatment Facility was not operational.  Sound pressure level measurements were made at the following locations:

· At two residences on Hye Road,

· At two residences in the development of Island Grove, 

· At the property line (fence) to the Southern side of the grounds of the Wastewater Treatment Facility, and

· On the grounds of the Wastewater Treatment Facility.

The spot check sound pressure levels were acquired during 10-minute intervals at each location.  Sound pressure levels were measured employing a Bruel & Kjaer 2260 sound level meter/analyzer.  Measured data were stored digitally in the analyzer and retrieved later for study and analysis.

2.1 Noise Levels at Residences on Hye Road 

Table 1 presents noise levels measured in the back yard of the Johnson Residence on Hye Road on 8/27/2004.  All tables are presented in Appendix A.  Noise levels were not previously measured and recorded for the Johnson residence.

Table 2 presents noise levels measured on Hye Road directly in front of the Guest residence on 8/27/2004.  Noise levels were not previously measured at this location. 

2.2 Noise Levels at Residences in the Development of Island Grove

Table 3 presents noise levels measured in the back yard of the Snell residence in Island Grove.  Table 3 compares noise levels measured on 8/27/04 to noise levels measured on 10/27/2000.  Figure 1 presents a graph comparing the noise levels measured at the Snell residence on 8/27/04 to noise levels measured on 9/22/2000.  All figures are presented in Appendix A

Table 4 presents noise levels measured in the back yard of the Pettit residence in Island Grove on 8/27/2004.  Noise levels were not measured at the Pettit residence in year 2000. 
2.3 Noise Levels at the Property Line to the Southern Side of the Grounds of the Edgartown Wastewater Treatment Facility

Table 5 presents noise levels measured at the property line (fence) to the Southern side of the grounds of the Wastewater Treatment Facility on 8/27/2004.  Noise levels were not measured at this location in year 2000.

2.4 Noise Levels Measured on the Grounds of the Wastewater Treatment Facility
A series of diagnostic noise measurements were made at various locations on the grounds of the Edgartown Wastewater Treatment Facility with the discharge fan operating at high speed to assess (a) the noise reduction that has been achieved due to installing the silencer in the discharge stack, and (b) the source of the noise levels that are currently being transmitted to residences adjacent to the Wastewater Treatment Facility.  Figure 2 presents a diagram of the Wastewater Treatment Facility showing some positions where noise levels were measured.  Table 6 and Figure 3 present comparisons of noise levels measured at the top of the discharge stack on 9/22/2000 before the silencer was installed with noise levels measured at the top of the discharge stack on 8/27/2004 after the silencer was installed.  

Table 7 presents a set of sound pressure levels measured at several positions that are in close proximity to the stack and fan.   The data from Table 7 are plotted in Figure 4.   The series of measured data presented in Figure 4 illustrates the variation in the magnitude of noise levels by position with respect to the discharge opening at the top of the stack. 

Table 8 presents noise levels measured at positions 1 and 2 shown in Figure 2.  

Table 9 presents a set of sound pressure levels measured 3 feet above the fan casing, at the air inlet opening to the fan, and at the South end of the alley opening between the concrete wall and the adjacent building located to the East side of the fan.   These data are plotted in Figure 5.

3.0 Analysis of Measured Data  

This section presents an analysis of the data measured on 8/27/2004 to determine (a) compliance with Massachusetts Office of Environmental Affairs, Department of Environmental Quality Engineering, Division of Air Quality Control (DACQ) Policy 90-001, and (b) recommendations for noise reduction.  

3.1 Assessment of Compliance with DAQC Policy 90-001

Spot checks of sound pressure levels measured on 8/27/2004 indicate that compliance with the allowable 10 dB(A) increase in the broadband sound level from the plant-off condition to the plant-on condition is achieved at the four nearby residences that were studied and at the South side property line of the Wastewater Treatment Facility.  These residences include Johnson, Guest, Snell, and Pettit.  Measurements were not made at night for the Johnson residence nor for the Guest residence.  

The Wastewater Treatment Facility exhibits a “pure tone” characteristic for the octave band centered at 500 Hz.  Spot checks of sound pressure levels measured on 8/27/2004 indicate noncompliance with the “pure tone” criterion given DAQC Policy 90-001 at the three of the four residences that were studied- Johnson, Snell, and Pettit; and at the South side property line of the Wastewater Treatment Facility.  The allowable “pure tone” criterion is 3 dB.  Pure tone non-compliance values computed from the measured data are:

· Johnson, (during the day):
3.9 dB, (No measurements were made at night)

· Snell, (during the night):
8.1 dB

· Snell, (during the day):
3.2 dB

· Pettit, (during the night):
6.8 dB, (No measurements were made during the day)

· Property Line, South Side (during the night):
9.6 dB

Measurements made at the Guest residence during the day indicate a “pure tone” computed value of 0.2 dB, when considering sound pressure levels measured in the 250, 500, and 1000 Hz octave bands.  This complies with the DQAC Policy 90-001, the computed value of 0.2 dB being less than 3 dB.  No measurements were made at night at the Guest residence.

Based on the above “pure tone” value computations that consider noise levels for the 250 Hz, 500 Hz and 1000 Hz octave bands, the noise emitted from the Wastewater Facility most likely presents an annoyance to nearby residents during the night and during the early morning time periods.  That annoyance is most likely due to noise contributions that are present in the 500 Hz octave band.

3.2 Assessment of Dominant Noise Sources and Transmission Mechanisms

The plot given in Figure 3 shows the reduction in octave band sound pressure levels that has been achieved at the top of the stack by installing the silencer in the stack discharge. Figure 1 shows the resultant reduction in octave band sound pressure levels achieved at a “typical” nearby residence by installing the stack silencer.   Figure 3 also illustrates that a “pure tone” non-compliance presently exists since the sound pressure level for the 500 Hz octave band is more than 3 dB above the levels in either of the adjacent octave bands, 250 Hz and 1000 Hz.

The graphs of Figure 4 shows that for the current configuration, sound pressure levels for the 500 Hz octave band have the smallest magnitude for the position at the top of the stack, and that the 500 Hz octave band levels increase in magnitude as vertical distance in the downward direction from the stack top increases, with the highest magnitude level occurring for the position directly adjacent to North side the fan/motor.  The graphs of Figure 5 show that the 500 Hz octave band sound pressure level emitted from the fan inlet air opening is approximately 6 dB greater in magnitude than is the magnitude of the sound pressure level existing at the South end of the alleyway between the building at the fan.

Personnel employed at the Wastewater Treatment Facility expressed the opinion that the noise levels produced by the discharge fan appear to have increased in the recent past, since the discharge silencer was installed. 

3.3 Noise Reduction Recommendations

The above facts lead to the following recommendations to reduce noise emissions from the Wastewater Treatment Facility.

Recommendation 1: Overhaul the fan/motor unit.  Inspect, clean, and replace as necessary worn parts such as the drive belt, bearings, the impeller, sheaves, etc.  Rebalance and re-work the fan/motor unit to comply with the manufacturer’s requirements. 

Recommendation 2:
Enclose the fan/motor unit in an acoustic enclosure that is specifically designed to provide noise reduction.  The enclosure should also be designed to provide access for fan/motor maintenance and removal of the fan/motor unit, assuming that future removal may be necessary for non-acoustic reasons.   Alternatives exist regarding the volume coverage of the acoustic enclosure.  The acoustic enclosure should be sized to envelop the fan casing, fan motor, and the transition piece that attaches the fan discharge flange to the vertical discharge stack.  The enclosure could be designed to also envelop the fan air inlet; in which case an air inlet opening should be provided for the acoustic enclosure and a silencer should be attached to the weather side of the air inlet opening.  Alternatively, if the acoustic enclosure is not designed to encompass the fan air inlet opening, a silencer may need to be installed on the fan air inlet opening.  A step-by-step approach could be undertaken to determine the needed acoustic performance and size of either one of the silencers by first designing an installing the acoustic enclosure, to be followed by a set of noise measurements at nearby residences.  

The most cost-effective method to proceed with the acoustic enclosure may be to have an acoustic consultant work with a local builder who can fabricate a wood frame structure that also incorporates noise reduction characteristics.  The two parties could produce a mechanical design that incorporates the needed sound transmission loss characteristics and mechanical characteristics, fits within the available space, and interfaces with the existing concrete wall and the existing support pad for the fan/motor unit with a minimum of change.    This approach is certainly feasible, and may be less costly that procuring a custom made acoustic enclosure from a national supplier.    

Photograph 1 and Photograph 2 presented in Appendix A and give a visual representation of the mechanical complexities that are involved in designing and installing an acoustic enclosure to control the residual fan/motor noise, given the current physical arrangement of the fan/motor, discharge stack, and concrete barrier wall.

APPENDIX A:

TABLES, FIGURES, AND PHOTOGRAPHS

Table 1: Noise Levels Measured at Johnson Residence on Hye Road

	Position 
	Octave Band Center Frequency, (Hz)
	Trace Number
	L90
	Fan Condition
	Remarks

	Johnson's Back Yard (Hye Rd.)
	31.5
	63
	125
	250
	500
	1000
	2000
	4000
	8000
	 
	L90
	 
	No levels measured at night

	8/27/2004        (Day, Fan On)
	57.9
	55.2
	52
	44.2
	45.6
	41.7
	42.4
	44.3
	42.5
	36
	45.4
	Fan High
	

	8/27/2004        (Day, Fan Off)
	56
	51.1
	44
	38.2
	38.8
	39.3
	40
	41.4
	40.8
	37
	36
	Fan Off
	 

	Contribution dB=
	 
	 
	 
	1.4
	 
	3.9
	 
	 
	 
	 
	9.4
	 
	Meets A-weighted L90 Criteria, Exceeds Tonal Criteria


Table 2: Noise Levels Measured on Hye Road Directly in Front of the Guest Residence

	Position 
	Octave Band Center Frequency, (Hz)
	Trace Number
	L90
	Fan Condition
	Remarks

	Hye Rd in front of Guest Home
	31.5
	63
	125
	250
	500
	1000
	2000
	4000
	8000
	 
	 
	 
	No levels measured at night

	8/27/2004        (Day, Fan On)
	53.9
	54.6
	51.6
	44.5
	42.5
	42.3
	42.8
	43.7
	40.6
	39
	45
	Fan High
	

	8/27/2004        (Day, Fan Off)
	56
	51.1
	44
	38.2
	38.8
	39.3
	40
	41.4
	40.8
	Use 37
	36
	Fan Off
	 

	Tonal Contribution (dB) =
	 
	 
	 
	-2
	 
	0.2
	 
	 
	 
	 
	9
	 
	Meets A-weighted L90 Criteria, Meets Tonal Criteria


Table 3: Noise Levels Measured at Snell Residence, Island Grove

	Position
	Octave Band Center Frequency, (Hz)
	Trace  Number
	L90
	Fan Condition
	Remarks

	Snell's Back Deck
	31.5
	63
	125
	250
	500
	1000
	2000
	4000
	8000
	 
	 
	 
	No Background Measured on 8/27/04

	9/22/2000, Day, Fan On
	54.5
	53.3
	46.4
	44.2
	54.5
	42.5
	34.2
	36.4
	34.3
	11
	 
	Fan High
	 

	8/27/2004, Day, Fan On
	53
	52.2
	45.1
	42.3
	44.5
	41.3
	42.1
	43.4
	42.6
	40
	46
	Fan High
	 

	8/27/2004, Day, Fan Off
	46.1
	46.1
	38.5
	32.7
	33.1
	32.4
	26.3
	40.4
	27.6
	Use 5
	41
	Fan Off
	 

	8/27/2004, Night, Fan On
	52.3
	49.5
	36.3
	37.2
	45.3
	37.6
	34.4
	51.1
	46.2
	41
	45
	Fan High
	 

	Difference Day, (dB)= 
	 
	 
	 
	2.2
	 
	3.2
	 
	 
	 
	 
	5
	 
	Meets A-weighted Criteria, Exceeds Tonal Criteria

	Difference Night, (dB)=
	 
	 
	 
	8.1
	 
	7.7
	 
	 
	 
	 
	 
	 
	Exceeds Tonal Criteria


Table 4: Noise Levels Measured at Pettit Residence, Island Grove

	Position
	Octave Band Center Frequency, (Hz)
	Trace Number
	L90
	Fan Condition
	Remarks

	Pettit's Back Deck
	31.5
	63
	125
	250
	500
	1000
	2000
	4000
	8000
	 
	 
	 
	 

	8/27/2004, Night,. Fan On
	51.3
	47.7
	37.5
	41.3
	48.1
	45.1
	35.6
	47.6
	32.2
	1
	50.6
	Fan High
	 

	8/27/2004        Day, Fan Off
	46.1
	46.1
	38.5
	32.7
	33.1
	32.4
	26.3
	40.4
	27.6
	5
	41
	Fan Off
	 

	Difference (dB) =
	 
	 
	 
	6.8
	 
	3
	 
	 
	 
	 
	9.6
	 
	Meets A-weighted Criteria, Exceeds Tonal Criteria


Table 5:  Noise Levels at the Property Line to the Southern Side of the Grounds of the Edgartown Wastewater Treatment Facility
	Position
	Octave Band Center Frequency, (Hz)
	Trace Number
	L90
	Fan Condition
	Remarks

	Plant Property Line, South Side
	31.5
	63
	125
	250
	500
	1000
	2000
	4000
	8000
	 
	 
	 
	 

	8/27/2004, (Night)
	54.4
	51.9
	42.8
	41.6
	51.2
	44.6
	35.4
	38.7
	27.3
	2
	48.4
	High Speed
	 

	Tonal Difference (dB) =
	 
	 
	 
	9.6
	 
	6.6
	 
	 
	 
	 
	 
	 
	Exceeds Tonal Criteria


Table 6: Noise Levels at the Top of the Discharge Stack

	Position
	Octave Band Center Frequency, (Hz)
	Trace Number

	Top of Stack
	31.5
	63
	125
	250
	500
	1000
	2000
	4000
	8000
	 

	Before Silencer, 9/22/2000
	93.7
	93.1
	91.6
	89.9
	99.8
	87.9
	77.4
	70
	60.2
	3

	After Silencer, 8/27/2004
	72.9
	72.3
	70.1
	67.7
	70.7
	66.1
	59
	51.2
	45.1
	10

	Difference, dB
	20.8
	20.8
	21.5
	22.2
	29.1
	21.8
	18.4
	18.8
	15.1
	 


Table 7: Noise Levels Measured on 8/27/04 at Positions Located Adjacent to the Discharge Stack and the Fan

	Measurement Position
	Octave Band Center Frequency, (Hz)
	Trace Number

	
	31.5
	63
	125
	250
	500
	1000
	2000
	4000
	8000
	

	8/27/2004, Top of Stack
	72.9
	72.3
	70.1
	67.7
	70.7
	66.1
	59
	51.2
	45.1
	10

	8/27/04, 10' Down from Stack Top
	76.2
	76.4
	74.7
	74
	82.5
	72.8
	63.8
	57.5
	55.7
	11

	8/27/04, Top of Concrete Wall
	82.9
	77.8
	77.7
	82.8
	92.9
	84.1
	74.9
	67.8
	67.6
	12

	8/27/04, 4 Ft Above Ground Level Adjacent to Stack, South Side
	90.5
	88.1
	81.1
	85.8
	94.6
	88.2
	80
	74.6
	74.7
	13

	8/27/04, 4 Ft Above Ground Level Adjacent to Fan, South Side
	86.2
	88.5
	86.2
	90.9
	101.7
	92.9
	81.3
	75.2
	74.1
	23

	8/27/04, 4 Ft Above Ground Level Adjacent to Fan, North Side
	81.5
	84
	82.5
	95.1
	106.3
	88.9
	82.5
	77.7
	76.1
	20

	8/27/04, 4 Ft Above Ground Level Between Wall & Bldg, South Side
	85.2
	78
	71.8
	81.4
	93.2
	72.2
	64
	59.3
	56
	43


Table 8: Noise Levels at Positions 1 and 2 

	At Position 1
	Octave Band Center Frequency, Hz
	A-wtd
	Trace Number

	
	31.5
	63
	125
	250
	500
	1k
	2k
	4k
	8k
	
	

	8/27/2004
	70.6
	69.6
	59.4
	56.1
	65
	50.6
	47.3
	43.3
	39.2
	61.4
	29

	10/20/2000
	65.3
	64.3
	57.9
	56.6
	71.8
	50.1
	41.2
	50.6
	35.9
	68.7
	1

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	At Position 2
	Octave Band Center Frequency, Hz
	A-wtd
	 

	
	31.5
	63
	125
	250
	500
	1k
	2k
	4k
	8k
	
	 

	8/27/04
	66.1
	65.2
	59.2
	57.9
	68.1
	51
	45.9
	45.2
	42
	64
	28

	10/20/00
	65.7
	68
	64.8
	59.8
	70.2
	54
	41.4
	37.4
	29.7
	67.3
	2


Table 9: Noise Levels Above the Fan Casing, Close to the Fan Inlet, and in the Alley Between the Concrete Wall and the Adjacent Building

	Position
	Octave Band Center Frequency, (Hz)

	
	31.5
	63
	125
	250
	500
	1000
	2000
	4000
	8000
	Trace Number

	South End of Alley Between Concrete Wall & Building
	85.2
	78
	71.8
	81.4
	93.2
	72.2
	64
	59.3
	56
	43

	At Intake Opening to Fan
	90.5
	87.5
	86.4
	88.5
	99.1
	87.4
	76.9
	73.9
	74.8
	15

	3 Feet Above Fan Casing
	78.8
	77.5
	77.3
	84.9
	91.8
	80.2
	71.2
	66.1
	64.1
	24
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Figure 1:  Noise Levels at Snell Residence, Before and After Installation of Silencer in Discharge Stack.
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Figure 2: Locations Where Noise Measurements Were Made on the Grounds of the Wastewater Treatment Facility
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Figure 3: Noise at Top of Discharge Stack, Before and After Installing Silencer
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Figure 4: Noise Levels Measured on 8/27/04 at Positions Located Adjacent to the Discharge Stack and the Fan
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Figure 5: Noise Levels Above the Fan Casing, Close to the Fan Inlet, and in the Alley Between the Concrete Wall and the Adjacent Building

Photograph 1: Fan/motor, Stack, and Air Inlet Duct
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Photograph 2: Air Inlet Opening to Fan Inlet Duct
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