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16. Noise and Vibration 

This chapter documents the Proposed Project’s potential effect on noise and vibration levels within the study 
area, along with any potential noise mitigation measures that would be recommended as part of the Proposed 
Project. The analysis assesses the change in noise and vibration levels caused by the additional Metro-North 
service that would operate on the existing Hell Gate Line (HGL). Chapter 19, “Construction and Construction 
Impacts,” discusses potential noise and vibration effects during construction and measures to minimize any 
adverse effects of the proposed construction activities. 

16.1 KEY CONCLUSIONS 

Key conclusions from this noise and vibration analysis include the following: 

¶ Existing average daily day-night noise levels range from 62 to 81 decibels for the HGL Corridor. 

¶ The Proposed Project would increase ambient noise levels by one to four decibels over existing day-night 
noise levels and create severe noise impacts at 17 buildings (34 dwelling units) and moderate impacts at 
270 buildings (765 dwelling units) along the existing HGL Corridor.1 

¶ MTA identified severe noise impacts within the Segment 3 portion of the corridor. MTA will abate 
properties exposed to severe noise impacts to moderate impacts by installing noise barriers (noise walls) 
where space is available for installation. At other properties with severe impacts, where there is insufficient 
space for installing a noise wall, MTA will replace the existing windows of the homes facing the transit 
corridor with high quality soundproof windows, subject to the property owners’ approval.  

¶ In study Segments 3 and 4, the Proposed Project would generate vibration impacts at 40 buildings 
(84 dwelling units) along the HGL Corridor. In all cases, MTA will abate vibration impacts by using under-
rail pads and resilient fasteners in track construction. 

16.2 METHODOLOGY 

16.2.1 Definitions 
To understand the assessment of noise and vibration impacts it is important to first define how noise and 
vibration are measured and perceived. 

Noise is defined as “unwanted sound.” By this definition, the perception of noise is subjective and depends 
upon a number of factors. Several factors affect the actual level and quality of sound (or noise) as perceived by 
the human ear and can generally be described in terms of loudness, pitch (or frequency), and time variation. 
The loudness, or magnitude, of noise determines its intensity and is measured in decibels that can range from 
below 40 decibels (e.g., the rustling of leaves) to more than 100 decibels (e.g., a rock concert). Pitch describes 

 
1  “Severe” and “moderate” are terms used to categorize noise impacts, in accordance with the FTA Transit Noise and Vibration Impact 

Assessment Manual. “Severe” is equivalent to a significant impact and “moderate” would be considered adverse but less than 
significant.  
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the character and frequency content of noise, such as the very low “rumbling” noise of stereo subwoofers or 
the very high-pitched noise of a piercing whistle. Finally, the time variation of noise sources can be characterized 
as continuous (such as with a building ventilation fan), intermittent (such as for trains passing by) or impulsive 
(such as pile-driving activities during construction). 

Various metrics are used to quantify noise, including its loudness, duration, and tonal character. For example, 
the A-weighted decibel (dBA) is commonly used to describe the overall noise level because it more closely 
matches the human ear’s response to audible frequencies. As presented in Table 16-1, since the dBA scale is 
logarithmic, a 10 dBA increase in a noise level is generally perceived as a doubling of loudness, while a 3 dBA 
increase in a noise level is just barely perceptible to the human ear. Figure 16-1 shows the typical dBA sound 
levels from transit, traffic and other common sources. 

Table 16-1. Average Ability to Perceive Changes in Noise Levels 

Change in dBA Human Perception 
2 to 3 Barely Perceptible 

5 Readily noticeable 
10 A doubling or “halving” of the loudness of sound 
20 A “dramatic change” 
40 Difference between a faintly audible sound and a very loud sound 

Source:  Bolt, Beranek and Newman, Inc., Fundamentals and Abatement of Highway Traffic Noise, Report No. PB-222-703. 
Prepared for the Federal Highway Administration, June 1973. 

Figure 16-1. Typical A-Weighted Decibel Levels for Transit and Non-Transit Noise Sources 

 
Source: Federal Transit Administration, 2018 
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Several dBA noise metrics are used to assess impacts from transit-related sources: 

¶ Maximum Noise Level (Lmax) represents the maximum noise level that occurs during an event such as a 
bus or train pass-by. 

¶ Average Hourly Equivalent Noise Level (Leq) represents a level of constant noise with the same acoustical 
energy as the fluctuating noise levels observed during an hour (Leq(h)). 

¶ Average 24-hour Day/Night Noise Level (Ldn) represents a level of noise observed for a 24-hour period 
and includes a 10 decibel penalty for all nighttime activity between 10:00 p.m. and 7:00 a.m. 

Vibration is ground-borne displacement of energy associated with vehicle movements. By this definition, 
vibration results where there is interaction between the ground and vehicle movement. Examples include train 
wheels rolling off a joint in the rail (causing rail movement), untrued train wheels (“flats”) hitting the rail 
repeatedly (creating a vibration pattern), or a bus wheel hitting a pothole or any uneven surface. Figure 16-2 
shows the typical ground-borne vibration levels from transit and other common sources. 

Figure 16-2. Typical Ground-Borne Vibration Levels for Transit and Non-Transit Sources 

 
Source: Federal Transit Administration, 2018 

Unlike noise, which travels through the air, transit vibration typically travels along the surface of the ground. 
Depending on the geological properties of the terrain and the type of structures exposed to the vibration, the 
propagation of that vibration can be more or less efficient. Buildings with a solid foundation set in bedrock are 
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“coupled” more efficiently to the surrounding ground and experience relatively higher vibration levels than 
buildings located in sandier soils. Heavier buildings (such as masonry structures) are less susceptible to vibration 
than wood-framed buildings because they can absorb more of the vibration energy. Vibration induced by 
passing vehicles can generally be discussed in terms of displacement, velocity, or acceleration. However, human 
responses and responses by monitoring instruments are most accurately described with velocity. Therefore, for 
transit projects the vibration velocity level is used to assess vibration impacts. 

To describe the human response to vibration, the average vibration amplitude (called the root mean square 
[RMS] amplitude) is used to assess impacts. The RMS velocity level is expressed in inches per second or 
vibration velocity decibels (VdB). All VdB vibration levels are referenced to one micro-inch per second (Ǫips). 
To simplify, these measurements are brought to a standard scale (Figure 16-2) to make evaluation more easily 
understood. 

16.2.2 Assessment Methodology 
The Federal Transit Administration Transit Noise and Vibration Impact Assessment Manual (FTA Report No. 0123, 
September 2018) presents the basic concept of transit noise and vibration, methods for assessment, and criteria 
for evaluating the extent and severity of noise and vibration impacts from transit operations. MTA analyzed 
the dwelling units within the HGL Corridor right-of-way up to the distance that there were no noise or vibration 
impacts and assessed transit noise impacts based on land-use categories and sensitivity to noise from transit 
sources under the FTA guidelines. Table 16-2 shows FTA land-use categories and required noise descriptors 
used for impact assessment. 

Table 16-2. Land-Use Categories and Noise Metrics 

Land-Use 
Category 

Noise 
Metric Description 

1 Leq(h) Tracts of land set aside for serenity and quiet, such as outdoor amphitheaters, concert pavilions and 
historic landmarks. 

2 Ldn Buildings used for sleeping such as residences, hospitals, hotels and other areas where nighttime 
sensitivity to noise is of utmost importance. 

3 Leq(h) 
Institutional land uses with primarily daytime and evening uses including schools, libraries, 
churches, museums, cemeteries, historic sites, parks, and certain recreational facilities used for study 
or meditation. 

Source: Federal Transit Administration, 2018 

As shown in Figure 16-3, two curves depict FTA noise impact criteria, which allow increasing transit project 
noise levels as existing noise increases up to a point, beyond which an impact is determined based on the project 
noise alone. These impacts are shown for each of the three land-use categories. 

FTA noise impact thresholds are delineated into “no impact,” “moderate impact,” and “severe impact.” The 
moderate impact threshold defines areas where the change in noise is noticeable but may not be sufficient to 
cause an adverse community reaction. The severe impact threshold defines the noise level above which a 
substantial percentage of the surrounding population would be highly annoyed by new noise. MTA determine 
the level of impact at any location along the HGL Corridor by comparing the predicted Proposed Project-
generated noise level against the existing noise level at the receptor location and then assessing for potential 
impacts per the appropriate land-use category shown in Figure 16-3. For example, for a Land Use Category 2 
receptor (with a measured existing noise level of 60 Ldn), and using the left side vertical scale from Figure 16-3, 
a moderate noise impact would occur at the receptor location if the project-generated noise level would be 
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between 58 and 63 dBA. Moreover, if a project generated noise-exposure level would be above 63 Ldn, then a 
severe impact would result at this receptor location. Lastly, if a project-generated noise level would be less than 
58 Ldn at a receptor location, then no impact would occur.  

Figure 16-3. Noise Impact Exposure Criteria for Categories 1, 2, and 3 Land Uses 

 
Source: Federal Transit Administration, 2018 

Table 16-3 shows FTA vibration criteria for evaluating ground-borne vibration impacts from train pass-by 
events at nearby sensitive receptors. These criteria are related to ground-borne vibration levels that are expected 
to result in human annoyance and are expressed in decibels (VdB). 

Table 16-3. Ground-Borne Root Mean Square Vibration Criteria 

Land Use 
Category Description 

Frequent 
Events 
(VdB) 

Occasional 
Events 
(VdB) 

Infrequent 
Events 
(VdB) 

1 Buildings where low vibration is essential for interior operations 65 65 65 
2 Residences and buildings where people normally sleep 72 75 80 
3 Institutional land uses with primarily daytime uses  75 78 83 

Source: Federal Transit Administration, 2018 

FTA criteria divides vibration impacts into three event frequency groups to distinguish the likelihood of 
vibration being noticed by a community (e.g., the more often something occurs, the more likely it is to be 
noticed). In general, the threshold of human perception of vibration is 65 VdB. MTA expects the HGL Corridor 
to have more than 70 new pass-by events under the Proposed Project. Therefore, MTA assessed Proposed 
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Project-generated vibration levels for impacts under the “Frequent Events” threshold values as shown in 
Table 16-3. 

MTA divided the Proposed Project into four study area segments. Each segment defined a unique geographic 
and land use area, which in most cases included one or more proposed station locations along the HGL 
Corridor. MTA further refined the HGL Corridor into subsegments, allowing noise and vibration impacts to 
be better organized, and identified noise and vibration impacts within an individual community by the number 
of dwelling unit impacts and by street address. Appendix J, “Noise and Vibration” provides these impacts in 
detailed summary tables.  

MTA evaluated the Proposed Project’s four segments for existing and future (2025) noise and vibration and 
calculated the existing noise-exposure level (Ldn) based on the existing combined Amtrak and CSX hourly 
operations (service levels, train speeds) over a typical 24-hour weekday period along the HGL (Table 16-4). 

Table 16-4. Hell Gate Line Rail Service and Average Speeds (Existing) 

Rail Operator Service Type Average Speed (miles per hour) Daily Number of Trains 

Amtrak 
Acela Express 65 19 
Regional 60 22 

Metro-North Commuter Rail N/A 0 
CSX Freight 30 2 

Source: Metropolitan Transportation Authority, 2018 

Based on existing operations along the HGL, Table 16-6, Table 16-7, Table 16-8, and Table 16-9 show existing 
noise-exposure levels (Ldn) within each of the segments. 

MTA selected representative measurement sites along the HGL Corridor using the commuter rail portion of 
FTA Transit Noise and Vibration Impact Assessment Manual, Table 7. Noise exposure was estimated to 
correspond to a general potential noise impact zone of approximately 250 feet of unobstructed distance from 
the centerline of the existing train tracks. MTA chose the measurement sites for their ability to represent a 
neighborhood cluster with similar building characteristics along the right-of-way within that 250-foot centerline 
distance. Ambient noise levels were monitored at each selected location, recorded in units of 1-hour equivalent 
noise level [Leq (1-hr) dBA]. MTA continuously collected noise measurements for a minimum duration of 24 
hours at the identified sites to determine the day-night noise level (Ldn). 

MTA determined future noise-level exposure using the Proposed Project weekday service plan as outlined in 
Chapter 2, “Project Alternatives” and derived train speeds from train performance simulation results performed 
for the Proposed Project (Table 16-5). The FTA general noise-exposure analysis calculation procedures 
determined the future noise-level estimates. 

Table 16-5. Hell Gate Line Rail Service and Forecast Speeds: Proposed Project 

Rail Operator Service Type 
Forecast Average Speed 

(miles per hour) 
Proposed Project  

Daily Number of Trains 

Amtrak 
Acela Express 65 28 
Regional 55 32 

Metro-North Commuter Rail 45 102 
CSX Freight 30 2 

Source: Metropolitan Transportation Authority, 2020  
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MTA determined estimated future noise exposure from the Proposed Project operations using FTA impact 
threshold limits defined for “no impact,” “moderate impact,” and “severe impact” and reports the future noise 
exposure for each representative receptor by segment. If a moderate or severe impact has been noted, then 
MTA identified the other similar land-use buildings adjacent to the representative receptor site as having similar 
impacts.  If a severe impact was identified at any of the representative noise-sensitive receptors, MTA 
performed a noise-abatement evaluation, focusing on establishing the feasibility of installing a noise barrier 
along that section of the corridor. 

MTA estimated vibration levels generated from Proposed Project operations at each of the representative noise-
monitoring locations using the Generalized Ground-Surface Vibration Curves from the FTA Transit Noise 
and Vibration Impact Assessment Manual as shown in Figure 16-4. For the Proposed Project, MTA applied 
vibration levels generated for the Rapid Transit or Light Rail Vehicle dashed curve in Figure 16-4 for trains 
moving at 50 miles per hour because the Metro-North trains would be electric multiple-units and not 
locomotive hauled. Vibration levels were determined for the receptors based on the centerline distance from 
the railroad right-of-way and were adjusted to account for the varying train traveling speeds on the corridor 
referenced to a steel-wheel train traveling at 50 miles per hour. MTA then assessed the potential for impact 
from the estimated Proposed Project-related vibration levels against FTA-based ground-borne vibration impact 
criteria for frequent pass-by events (Table 16-3). 

Figure 16-4. Generalized Ground-Surface Vibration Curves 

 
Source: Federal Transit Administration, 2018 

Lastly, MTA did not specifically assess increased noise levels from vehicular traffic that the Proposed Project 
would generate because the Proposed Project-related traffic volume movements at the new stations would not 
be large enough to cause a perceptible change in noise levels along the main roadways to each proposed station. 
In general, a minimum doubling of the volume of passenger-car equivalents2 would be necessary to create a 
perceptible increase (3 dBA) in traffic noise levels. 

 
2  Passenger-car equivalents are the representation of all types of vehicular traffic as automobiles to provide a comparable traffic 

statistic in traffic analyses. 
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16.3 EXISTING CONDITIONS 

MTA identified representative sensitive receptors within each study area segment to determine where the 
Proposed Project might produce noise and vibration impacts. Receptors were considered representative when 
they possessed similar characteristics to prevailing land uses within the segment in relation to the HGL. That 
is, MTA considered a single-family residence within 50 feet of the HGL as representative of other single-family 
residences at a similar distance from the existing railroad right-of-way. 

16.3.1 Segment 1 (Corridor) 
Because the HGL rises to cross the East River, the railroad right-of-way within Segment 1 is generally elevated 
above the surrounding neighborhoods. Within Segment 1, MTA identified 11representative sensitive receptors 
(primarily residences). Table 16-6 presents the existing noise level (Ldn) for each sensitive receptor  

Table 16-6. Representative Sensitive Receptors (Existing Conditions): Segment 1 (Corridor) 

Map 
ID Description Location Land Use 

FTA 
Receptor 
Category 

Adjacency of 
Receptor to 

Right-of-Way 

Existing 
Noise 
Level 

(dBA)1 

1.1 Residential 
Neighborhood 56th Street, Queens/HGL right-of-way Residential 2 Below; 

southern side 75 

1.2 Residential 
Neighborhood 31st Avenue, Queens/HGL right-of-way Residential 2 Below; 

southern side 74 

1.3 School 49th St. Islamic School, Queens/HGL 
right-of-way Institutional 3 Below; 

southern side 77 

1.4 Residential 
Neighborhood 47th Street, Queens/HGL right-of-way Residential 2 Below; 

southern side 81 

1.5 Residential 
Neighborhood 43rd Street, Queens/HGL right-of-way Residential 2 Below; 

southern side 81 

1.6 Residential 
Neighborhood 33rd Street, Queens/HGL right-of-way Residential 2 Below; 

northern side 76 

1.7 Residential 
Neighborhood 36th Street, Queens/HGL right-of-way Residential 2 Below; 

southern side 76 

1.8 Residential 
Neighborhood 26th Street, Queens/HGL right-of-way Residential 2 Below; 

southern side 76 

1.9 Residential 
Neighborhood 19th Street, Queens/HGL right-of-way Residential 2 

Significantly 
below; 
northern side 

76 

1.10 Astoria Park 19th Street, Queens/HGL right-of-way  Park 3 
Significantly 
below; on 
both sides 

73 

1.11 Randall’s and 
Wards Islands  East River/HGL right-of-way  Park 3 

Significantly 
below; on 
both sides 

70 

Source: WSP, 2020 
1. Existing day-night (Ldn) noise levels (FTA Receptor Category 2), or peak-hour daytime Leq (hr) (FTA Receptor Category 3) shown 

depending on FTA receptor category. 
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Figure 16-5 shows the sensitive receptors within Segment 1 by their Map ID, and Figure 16-6 through Figure 
16-9 show magnified illustrations depicting one or more receptors. In Segment 1, most representative receptors 
are residential land uses (FTA Receptor Category 2). In addition, several recreational/institutional uses (FTA 
Receptor Category 3) within close proximity of the corridor were added, including a school at 49th Street, 
Astoria Park, and Randall’s and Wards Islands. Figure 16-5 depicts the 11 receptors within Segment 1 by their 
Map ID. The measured existing noise levels within Segment 1 are quite high, which is typical of a dense urban 
environment exposed to high-volume vehicle transportation corridors, such as the Brooklyn-Queens 
Expressway and Grand Central Parkway and rail transit pass-by noise. 

Figure 16-5. Representative Sensitive Receptors: Segment 1 (Corridor) 

 
Source: New York City Department of City Planning and WSP, 2020 
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Figure 16-6. Representative Sensitive Receptors 1.1 and 1.2: Segment 1 (Corridor) 

 
Source: New York City Department of City Planning and WSP, 2020 
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Figure 16-7. Representative Sensitive Receptors 1.3, 1.4 and 1.5: Segment 1 (Corridor) 

 
Source: New York City Department of City Planning and WSP, 2020 
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Figure 16-8. Representative Sensitive Receptors 1.6, 1.7, 1.8, 1.9, and 1.10: Segment 1 (Corridor) 

 
Source: New York City Department of City Planning and WSP, 2020 
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Figure 16-9. Representative Sensitive Receptor 1.11: Segment 1 (Corridor) 

 
Source: New York City Department of City Planning and WSP, 2020 
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16.3.2 Segment 2 (Corridor and Hunts Point Station Area) 
Segment 2 land uses are principally commercial and light industrial. The railroad right-of-way is below the street 
grid in an open cut, with the Bruckner/Sheridan Expressway to the west. The elevated expressway viaduct 
blocks exposure from the rail right-of-way to the community on the west. The one sensitive receptor in Segment 
2 is Concrete Plant Park, located at-grade to the east of the railroad right-of-way. Figure 16-10 shows the general 
Segment 2 study area, and Figure 16-11 shows a more detailed magnified illustration of the receptor site. To 
the north of the park, the No. 6 subway passes overhead along Westchester Avenue. As noted in Table 16-7, 
measured existing peak-hour noise levels at Concrete Plant Park reached 72 dBA. The traffic noise generated 
from the nearby Sheridan Expressway to the west, Bruckner Expressway to the south, and to a lesser extent 
the No. 6 subway to the north affects the park. 

Table 16-7. Representative Sensitive Receptor (Existing Conditions): Segment 2 (Corridor and Proposed 
Hunts Point Station Area) 

Map 
ID Description Location 

Land 
Use 

FTA 
Receptor 
Category 

Adjacency of 
Receptor to 

Right-of-way 

Existing 
Noise Level 

(dBA)1 

2.1 Concrete Plant Park Bronx River and HGL right-of-way Park 3 At-grade; 
southern side 72 

Source: WSP, 2020 
1. Existing day-night (Ldn) noise levels (FTA Receptor Category 2), or peak-hour daytime Leq (hr) (FTA Receptor Category 3) shown 

depending on FTA receptor category. 
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Figure 16-10. Representative Sensitive Receptor: Segment 2 (Corridor and Proposed Hunts Point Station 
Area) 

 
Source: New York City Department of City Planning and WSP, 2020 
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Figure 16-11. Representative Sensitive Receptor 2.1: Segment 2 (Corridor and Proposed Hunts Point Station 
Area) 

 
Source: New York City Department of City Planning and WSP, 2020 
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