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3.10 Noise and Vibration

In this section, potential noise impacts of the proposed project alternatives are evaluated. General noise characteristics, typical noise levels, and a description of regulations affecting the generation of noise in the South Park area are presented. Typical noise levels generated by construction and demolition activities as well as noise levels generated by traffic are described. For this project, field measurements were made at eight locations in South Park. In addition, future noise conditions were forecast using a computer model. Lastly, specific construction and operation noise impacts, potential vibration impacts, and mitigation measures are presented. For additional, more detailed information, see Appendix S, Noise Technical Report (Parsons Brinckerhoff 2004d).

3.10.1 Affected Environment

This section discusses general noise characteristics, noise regulations, and typical construction and traffic noise. In addition, noise levels specific to the project area are described. 

Noise Characteristics

Sound is created when objects vibrate. The human response to sound depends on the magnitude of a sound as a function of its frequency and time or duration pattern. The magnitude of typical noise levels is presented in Table 3-14.

Humans respond to sound’s frequency or pitch. The commonly used frequency weighting for environmental noise is A-weighted decibels (dBA), which is most similar to how humans perceive sounds of low to moderate magnitude. The scale for measuring noise levels is the logarithmic decibel scale. The doubling of the number of noise sources increases noise levels by 3 dBA. The human ear can barely perceive a 3-dBA increase. But, a 5- or 6-dBA increase is readily noticeable and sounds as if the noise is about one and one-half times as loud. A 10-dBA increase appears to be a doubling in noise level to most listeners.

The Regulatory Environment

Applicable noise regulations and guidelines provide a basis for evaluating potential noise impacts. For federally funded highway projects, traffic noise impacts occur when predicted Leq(h) noise levels approach or exceed the FHWA’s established noise abatement criteria (NAC) or substantially exceed existing noise levels (USDOT 1982). WSDOT has defined an increase of 10 dBA or more to be a substantial increase.

Table 3-14. Typical Noise Levels

	Transportation Sources
	Noise Level (dBA)
	Other Sources
	Description

	
	130
	
	Painfully loud

	
	
	
	

	Jet takeoff (200 feet)
	120
	
	

	Car horn (3 feet)
	
	
	Maximum vocal effort

	
	110
	
	

	
	
	
	

	
	100
	Shout (0.5 feet)
	

	
	
	
	Very annoying

	Heavy truck (50 feet)
	90
	Jack hammer (50 feet)
	Loss of hearing with prolonged exposure

	
	
	Home shop tools (3 feet)
	

	Train on a structure (50 feet)
	85
	Backhoe (50 feet)
	

	
	
	
	

	City bus (50 feet)
	80
	Bulldozer (50 feet)
	Annoying

	
	
	Vacuum cleaner (3 feet)
	

	Train (50 feet)
	75
	Blender (3 feet)
	

	City bus at stop (50 feet)
	
	
	

	Freeway traffic (50 feet)
	70
	Lawn mower (50 feet)
	

	
	
	Large office
	

	Train in station (50 feet)
	65
	Washing machine (3 feet)
	Intrusive

	
	
	
	

	
	60
	TV (10 feet)
	

	Light traffic (50 feet)
	
	Talking (10 feet)
	

	Light traffic (100 feet)
	50
	
	Quiet

	
	
	Refrigerator (3 feet)
	

	
	40
	Library
	

	
	
	
	

	
	30
	Soft whisper (15 feet)
	Very quiet


Sources: FTA 1995, EPA 1971, EPA 1974.

This project is located within three local governmental jurisdictions: King County, the City of Seattle, and the City of Tukwila. King County standards for noise were followed for the South Park Bridge Project. The City of Seattle standards for noise are similar to King County standards with identical “maximum permissible sound levels” [Seattle Municipal Code 25.08.410] and construction noise allowances [Seattle Municipal Code 25.08.425]. The portion of the project located in the City of Tukwila does not include sensitive noise receptors.

King County limits noise levels at property lines of neighboring properties [King County Code 12.88.020]. Property line noise regulations are presented in Table 3‑15. The King County noise code is an adoption of the Ecology standards [WAC Chapter 173-60]. The maximum permissible sound levels depend on the land use district of both the source noise and receiving property. The standard does not include noise from traffic, aircraft, and railway operations in a public right of way.

Table 3-15. King County Maximum Permissible Sound Levels (dBA)

	
	Receiving Property

	Noise Source
	Residential
	Commercial
	Industrial

	
	Day 
	Night1
	
	

	Residential
	55
	45
	57
	60

	Commercial
	57
	47
	60
	65

	Industrial
	60
	50
	65
	70

	1The maximum permissible noise levels are reduced by 10 dBA for residential receiving properties between 10 p.m. and 7 a.m.


Source: King County Code 12.88.020.

Construction Noise

The maximum permissible sound levels in Table 3‑15 also apply to construction activities occurring between 10 p.m. and 7 a.m. on weekdays and 10 p.m. and 9 a.m. on weekends [King County Code 12.88.020]. Performance of construction activities during nighttime hours would require a noise variance from King County or the City of Seattle depending on jurisdiction at the location of the construction. Construction activities carried out between 7 a.m. and 10 p.m. on weekdays and between 9 a.m. and 10 p.m. on weekends are allowed to exceed the standards per the following limits [King County Code 12.88.040]:

· Earthmoving or other large construction equipment may exceed the applicable limit by 25 dBA.
· Portable powered equipment may exceed the limit by 20 dBA.
· Impact equipment, such as jackhammers, may not exceed an Leq(h) of 90 dBA or shorter-duration noise levels of 93 dBA Leq(30 minutes), 96 dBA Leq(15 minutes), and 99 dBA Leq(7.5 minutes).

Short-term exceedances above the permissible sound level are allowed for any noise source. The maximum level may be exceeded by 5 dBA for a total of 15 minutes, by 10 dBA for a total of 5 minutes, or by 15 dBA for a total of 1.5 minutes during any one-hour period.

These allowed exceptions are referred to in terms of the percentage of time a certain level is exceeded; an L25 is the noise level that is exceeded 15 minutes during an hour. Therefore, the permissible L25 would be 5 dBA greater than the values in Table 3‑15, provided that the noise level is below the permissible level for the rest of the hour and never exceeds the permissible level by more than 5 dBA. An hourly Leq of approximately 2 dBA higher than the values in the table is an equivalent sound level to the permissible levels, including the allowed short-term excursions. Using this rule, an Leq(h) of 59 dBA corresponds approximately to a noise level of 57 dBA for 45 minutes and 62 dBA for 15 minutes, which is the maximum permissible noise level created by a source in a commercial zone and received by a property in a residential zone.

Traffic Noise

Noise levels from traffic sources depend on the volume, speed, and type of vehicle. Vehicle noise is a combination of noises from engines, exhaust, and tires. Other conditions affecting traffic noise include steep grades, terrain, vegetation, distance from the roadway, shielding by barriers and buildings, roadway and bridge deck surfaces, and elevation of the roadway in relation to noise receptors. The propagation of noise can be greatly affected by terrain and the elevation of the receiver relative to the noise sources. Breaking the line of sight between a receiver and the highest noise source typically reduces noise levels by approximately 5 dBA.

King County establishes maximum noise levels for individual vehicles [King County Code 12.90.010]; however, collective traffic noise from vehicles operating on public streets is exempt [King County Code 12.90.060]. Because traffic is exempt from the King County property line standards, the FHWA NAC are used to determine impacts from traffic noise. Under the FHWA guidelines, impacts occur when predicted Leq(h) noise levels approach or exceed the NAC or substantially exceed existing noise levels (USDOT 1982). “Substantially exceed” is defined as an increase of 10 dBA or more in the State of Washington.

The FHWA noise abatement criteria specify exterior Leq(h) noise levels for various land activity categories (see Table 3‑16). Thus, if a noise level Leq(h) were 66 dBA or higher, it would approach or exceed the FHWA noise abatement criterion of 67 dBA for residences.

Table 3-16. FHWA Noise Abatement Criteria

	Activity Category
	Leq(h) (dBA)
	Description of Activity Category

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

	B
	67 (exterior)
	Picnic areas, recreation areas, playgrounds, active sports areas, parks, residences, motels, hotels, schools, churches, libraries, and hospitals.

	C
	72 (exterior)
	Developed lands, properties, or activities not included in Categories A or B above.

	D
	—
	Undeveloped lands.

	E
	52 (interior)
	Residences, motels, hotels, public meeting rooms, schools, churches, libraries, hospitals, and auditoriums.


Source: U.S. Department of Transportation 1982.

Existing Conditions

Noise

For the proposed South Park Bridge Project, existing ambient noise levels were measured at eight locations in the project area (see Figure 3-42). These eight locations represent 45 residences. The noise measurements were used to characterize the weekday noise levels and to calibrate the traffic noise model. 

Measured noise locations were representative of all sensitive use in the study area and consistent with the Manual for Highway Noise and Land Use (USDOT 1972). Daytime measurements were taken at seven of the locations, and a 24-hour noise measurement was taken at the eighth. Typical receptor distances range between 25 and 200 feet from modeled roadways. Existing and future noise levels for each of the proposed project alternatives were modeled at each of the monitoring locations to describe the alternative’s effects.

Vibration

Vibration impacts can occur to historic or other sensitive structures when project construction activities damage a structure even when not occurring immediately adjacent to the structure. Vibration is usually measured as a root-mean-square velocity level, which is reported in velocity decibels (VdB) referenced to a vibration level of micro inches/second. Humans can perceive vibration levels above approximately 65 VdB. 
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Noise Measurement and Mode

The threshold for minor damage to fragile buildings is approximately 100 VdB. The damage threshold may be reduced by 5 VdB for extremely fragile old buildings. Buses and trucks frequently generate approximately 65 VdB at 25 feet. Heavy construction equipment, such as large bulldozers and loaded trucks, frequently generate between 85 and 87 VdB at 25 feet. Pile driving may generate between 104 and 112 VdB at 25 feet. Under ordinary conditions, these typical vibration level values are reduced by 6 VdB at 50 feet and 12 VdB at 100 feet. So, potential damage from vibration is conservatively expected for fragile buildings closer than 25 feet and potentially up to 100 feet during construction pile driving activities. 

3.10.2 Environmental Impacts

Construction Impacts

For each of the project alternatives, including the No Action Alternative, the computer model indicated that nearby receptors would experience temporary noise impacts during construction and/or demolition activities. Based on the regulatory definition of noise impacts, these temporary noise impacts would extend primarily along 14th Avenue S. for the length of the proposed project alternative. For the No Action and the Rehabilitation alternatives, the impacts would extend south to at least S. Sullivan Street. The impacts for the Bascule Bridge would extend to at least S. Cloverdale Street, and the Mid-Level Fixed-Span Bridge Alternative impacts would extend to at least S. Donovan Street. Receptors affected for the High-Level Fixed-Span Bridge Alternative would be on 14th Avenue S. south to at least S. Trenton Street, west on S. Trenton Street, and north again on 12th Avenue S. to S. Cloverdale Street. 
In all cases, no noise vibration impacts are expected under any of the project alternatives, including the No Action Alternative. For the South Park Bridge Project, construction activities are not expected to cause vibration damage. Heavy construction is not expected within 25 feet of vibration sensitive structures. And, pile driving is not expected within 100 feet of sensitive structures. Since these distances are greater than the proximity values that can cause vibration damage, no impacts are expected to affect nearby structures.

Operation

Noise impacts also would occur for some of the project alternatives during the operation phase of the project. Traffic noise impacts occur at several of the modeled sites for each of the alternatives, as listed in Table 3‑17. Noise impacts occur when operational noise levels approach or exceed the traffic noise impact criteria adopted from the FHWA. 

Table 3-17. Noise Modeling Results by Project Alternative

	Site
	Residence Represented
	Existing
(Leq)
	No Action
(Leq)
	Rehabilitation (Leq)
	Bascule Bridge (Leq)
	Mid-Level Fixed-Span Bridge 
(Leq)
	High-Level Fixed-Span Bridge
(Leq)

	1
	 2 *
	68
	68
	70
	70
	70
	70

	2
	4
	64
	63
	66
	66
	66
	65

	3
	 0 **
	64
	63
	66
	66
	66
	65

	4
	4
	72
	71
	74
	74
	74
	68

	5
	2
	64
	62
	66
	66
	65
	65

	6
	1
	63
	59
	65
	70
	65
	61

	7
	5
	61
	58
	62
	63
	64
	63

	8 (24 HR)
	4
	62
	62
	64
	65
	64
	64

	A
	4
	62
	62
	64
	64
	64
	73

	B
	4
	64
	64
	65
	65
	65
	69

	C
	4
	69
	69
	70
	70
	70
	65

	D
	2
	66
	64
	68
	67
	67
	68

	E
	2
	66
	64
	67
	68
	67
	65

	F
	3
	62
	60
	64
	65
	66
	65

	G
	4
	60
	58
	62
	62
	62
	62

	Notes:

Bold numbers approach or exceed the FHWA traffic noise impact criteria.
Sites 1 through 8 were measured and modeled; Sites A through G were only modeled.

24 HR = 24-hour noise reading.
Some Build Leq values are less than Existing Leq values due to the bridge shielding noise from the sites.
*Hospital use, equivalent residences per FHWA Noise Evaluation Procedures for Existing State Highways Directive 22-22 (WSDOT 1987).
**No residences are considered at this location because Site 3 was taken to describe aviation noise.


Source: Parsons Brinckerhoff 2004d.
Existing noise levels at 5 of the 15 modeled sites and representing 14 residences approach or exceed the FHWA criteria. In contrast, only 3 modeled sites (representing 10 residences) would approach or exceed the FHWA criteria for the No Action Alternative. A total of 5 modeled sites (representing 16 residences) would approach or exceed the FHWA criteria for the High-Level Fixed-Span Bridge Alternative. The computer model indicated 8 sites (representing 20 residences) for the Rehabilitation Alternative and 8 sites (representing 21 residences) for the Mid-Level Fixed-Span Bridge Alternative would approach or exceed the FHWA criteria. A total of 9 sites (representing 21 residences) would approach or exceed the FHWA criteria for the Bascule Bridge Alternative. So, noise impacts for the Rehabilitation and the Bascule Bridge alternatives appear to have the more substantial noise impacts during operation. However, in all cases, the highest future predicted noise level is well below 80 dBA where damage to hearing may begin to occur.

3.10.3 Secondary and Cumulative Impacts

Secondary Impacts
The noise analysis for this project considered potential secondary impacts based on the transportation demand forecasting model, which includes the effects of traffic capacity constraints on the transportation system. There are no foreseeable secondary noise impacts associated with the project.
Cumulative Impacts
The noise analysis includes the effects of both the proposed South Park Bridge improvements and the other regional baseline transportation improvements. Aside from temporary construction noise from other proposed projects in the area (i.e. Duwamish Waterway sediment cleanup, dredging, shoreline restoration; 14th Avenue S. paving; and Seattle drainage improvements) there would be no increase in noise levels long-term. Because ambient noise levels in the affected area are not assumed to increase substantially in the future, the noise analysis captures the cumulative effects of noise within the affected area. As such, there would be no adverse cumulative noise effects resulting from the construction of the proposed South Park Bridge Project.
3.10.4 Mitigation Measures

Generally, noise can be controlled and/or mitigated at three locations relative to the source of the noise: (1) at the source (e.g., with mufflers and quieter engines); (2) along the noise path, with barriers; and (3) at the receptor, with insulation. Noise abatement per applicable federal regulation is necessary only where frequent human use occurs and where a lower noise level would have benefits (USDOT 1982). The following sections discuss potential mitigation measures for anticipated construction and operation noise impacts.

Construction

Construction noise could be reduced by using enclosures or walls to surround noisy equipment, installing mufflers on engines, substituting quieter equipment or construction methods, minimizing operation time, and/or locating equipment farther from sensitive receptors. To reduce construction noise at nearby receptors, the following mitigation measures could be incorporated into construction plans and contractor specifications:

· Limiting construction activities to between 7 a.m. and 10 p.m. on weekdays and between 9 a.m. and 10 p.m. on weekends would reduce construction noise levels during sensitive nighttime hours.

· Equipping construction equipment engines with adequate mufflers, intake silencers, and engine enclosures would reduce their noise by 5 to 10 dBA (EPA 1971).

· Specifying the quietest equipment available would reduce noise by 5 to 10 dBA.

· Requiring contractors to use Occupational Safety and Health Administration (OSHA)-approved ambient sound-level sensing backup alarms would reduce disturbances to nearby residents from backup alarms during quieter periods.

· Turning off construction equipment during prolonged periods of non-use would eliminate noise from construction equipment during those periods.

· Requiring contractors to maintain all equipment and train their equipment operators would reduce noise levels and increase operational efficiency.

· Locating stationary equipment away from receiving properties would decrease noise from that equipment in relation to the increased distance.

· Constructing temporary noise barriers or curtains around stationary equipment that must be located close to residences would decrease noise levels at nearby sensitive receptors.

No noise vibration impacts are expected during construction, so mitigation measures would not be needed.

Operation

A variety of mitigation measures can be effective at reducing traffic noise impacts. For example, noise impacts from the long-term operation of the project could be reduced by implementing traffic management measures: acquiring land as buffer zones, constructing noise barriers or berms, and insulating public use or nonprofit institutional structures. These mitigation measures were evaluated for their potential to reduce noise impacts from the proposed alternatives, and the results of the evaluation are summarized below.

For receptors determined to exceed the FHWA noise abatement criteria, noise mitigation is evaluated. The evaluation of mitigation is a two-step process. First the mitigation is evaluated to determine if it is feasible, or if it is possible to provide the mitigation in such a way that it would provide a substantial noise reduction. Second, it is evaluated for reasonableness. The reasonableness evaluation considers both the cost per benefited receptor and the preferences of the affected community.

Many factors are evaluated to determine whether or not mitigation would be feasible and/or reasonable. Determination of feasibility includes whether the mitigation could achieve a noise reduction of at least 7 dBA Leq(h) at the closest receptors. Determination of reasonability includes: the number of sensitive receptors benefited by at least 3 dBA Leq(h); the cost-effectiveness of the mitigation; and concerns such as aesthetics, safety, and the desires of nearby residents.

Noise barriers were found not feasible or reasonable along the eastern and western sides of all alternatives considered. Noise insulation of the Sea Mar Community Health Center for the High-Level Fixed-Span Bridge Alternative was found to be possibly feasible and requires further analysis. Predicted impacts for each alternative were modeled in greater detail, and the results of this modeling are discussed in detail in the mitigation section of Appendix S, Noise Technical Report (Parsons Brinckerhoff 2004d). 

Generally, insulation of buildings could be feasible for public use or nonprofit institutional structures; however, it is not applicable to privately owned structures. Noise insulation could be used to reduce interior noise levels at the Sea Mar Community Health Center (Receptor 1). Because noise insulation is only effective at reducing interior levels, it is less preferable than other mitigation measures. 
Predicted traffic-related noise impacts at the Sea Mar Community Health Center are based upon exterior noise measurements and future traffic noise modeling. Interior noise levels have not been measured or predicted for the future, but the likelihood of interior traffic-related noise impacts for all alternatives is anticipated to be low.

Prior to issuance of the Final EIS, a discussion between King County and Sea Mar Community Health Center representatives should address whether either party desires additional noise evaluation of the interior of the Medical Clinic Building.
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