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 ARTICLE 1. - NOISE REGULATIONS GENERALLY

Sec. 10.650.110. - Noise regulations, general.

Sec. 10.650.120. - De�nitions.

Sec. 10.650.130. - Designated noise zones.

Sec. 10.650.140. - Sound level measurement.
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Sec. 10.650.170. - Exemptions.

Sec. 10.650.180. - Violations and other remedies.

 ARTICLE 2. - DISTURBANCES CAUSED BY PARTIES AND OTHER ASSEMBLAGES OF PERSONS

 ARTICLE 3. - COMMERCIAL ADVERTISING

 Chapter 10.700 - False Crime Reports

 Chapter 10.750 - Card Rooms

 Chapter 10.800 - Extraordinary Police Service Liability

 Chapter 10.850 - Social Host Liability

 Chapter 10.852 - Fireworks Prohibited, Property Owner/Tenant Liability

 DIVISION 12 - BUILDING AND CONSTRUCTION REGULATIONS

 DIVISION 14 - FIRE AND HAZARDOUS MATERIAL REGULATIONS

 DIVISION 16 - VEHICLE AND TRAFFIC REGULATIONS

 DIVISION 18 - STREETS AND OTHER PUBLIC WAYS AND PLACES

 DIVISION 20 - PUBLIC PARKS, BEACHES AND STREET TREES

 DIVISION 22 - PUBLIC UTILITIES

 DIVISION 24 - ZONING REGULATIONS

DIVISION 24R - RESERVED

 DIVISION 25 - INTERIM INCLUSIONARY HOUSING PROGRAM

 DIVISION 26 - SUBDIVISION REGULATIONS
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APPENDIX A - THOMAS FIRE EMERGENCY ORDINANCES

CODE COMPARATIVE TABLE - 1971 CODE

CODE COMPARATIVE TABLE modi�ed

  Sec. 10.600.010. - Convicted persons. Chapter 10.700 - False Crime Reports 

A.

1.

2.

3.

Chapter 10.650 - Noise Control

Footnotes:
--- (11) ---

Cross reference— Public health and safety regulations, div. 8.

ARTICLE 1. - NOISE REGULATIONS GENERALLY

Sec. 10.650.110. - Noise regulations, general.

Declaration of policy.

The council enacts this legislation for the sole purpose of securing and promoting the public health, comfort, safety and

welfare of its residents.

In order to control unnecessary, excessive and annoying noises in the city, it is declared to be the policy of the city to prohibit

noise which is detrimental to the health and welfare of its residents.

It shall be the policy of the city to maintain and preserve the quiet atmosphere of the city, and to implement programs and

enact legislation consistent with the objectives and goals set forth in the noise element of the comprehensive plan, and aimed

at retaining noise levels throughout the city at acceptable values established in the comprehensive plan.

(Code 1971, § 6260)

[11] 




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Sec. 10.650.120. - De�nitions.

The following words, phrases and terms, as used in this article, shall have the meanings as indicated:

Agricultural property means a parcel of real property which is zoned "A" (agricultural) on the city's official zoning map, as it may be

amended from time to time.

Ambient noise means the composite of all noise from sources near and far, excluding the alleged intrusive noise source. The ambient

noise level (or ambient level) is the normal or existing level of environmental noise at a given location.

A weighted sound level means the sound level as measured on a sound level meter using the "A" weighting network. The level so read is

designated in units of dBA.

Commercial property means a parcel of real property which is zoned "C-1" (limited commercial), "C-1A" (intermediate commercial), "C-2"

(commercial), "C-P-D" (commercial planned development), "C-T-O" (commercial tourist oriented), "H-C" (harbor commercial), "D-T-R"

(downtown redevelopment), or "PO" (professional office) on the city's official zoning map, as it may be amended from time to time.

Construction means any site preparation, assembly, erection, substantial repair, alteration, or similar action, for or of public or private

rights-of-way, structures, utilities or similar property.

Decibel means a unit for measuring the amplitude of a sound, equal to 20 times the logarithm to the base of ten of the ratio of the

pressure of the sound measured to the reference pressure, which is 20 micropascals.

Designated noise zone means a zone consisting of real property corresponding to the city's official zoning map and the noise element of

the city's comprehensive plan, as it may be amended from time to time.

Emergency work means work made necessary to protect, provide or restore safe conditions in the community or for the citizenry, or work

required to protect persons or property from an imminent exposure to danger, or work by private or public utilities when restoring utility

service.

Fixed noise source means a stationary device which creates sounds while in a fixed or stationary position, including but not limited to

industrial and commercial machinery and equipment, pumps, fan compressors, generators, air-conditioners and refrigeration equipment.

Impulsive noise means a sound of short duration, and lasting less than one second, with an abrupt onset and rapid delay.
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Industrial property means a parcel of real property which is zoned "M-1" (limited industrial), "M-2" (general industrial), or "M-P-D"

(manufacturing planned development) on the city's official zoning map, as it may be amended from time to time.

Intrusive noise means that alleged offensive noise which intrudes over and above the ambient noise for the receiving property.

Mobile noise source means any noise source other than a fixed noise source.

Motor vehicles shall include, but not be limited to, mini bikes, ATVs, and other vehicles used for off-road recreational use.

Noise level (sound level) means the "A" weighted sound level.

Noise level limit means the maximum noise level acceptable under this article for the stated time period.

Noise sensitive property shall mean any property, regardless of zone, so designated in the noise element of the city's general plan. Noise

sensitive properties include schools, hospitals, convalescent care, boarding, and rest homes.

Person means any individual, firm, association, partnership, joint venture or corporation.

Public right-of-way means that area dedicated or subject to an easement for public use for vehicles and/or pedestrian travel including, but

not limited to, streets, alley ways and sidewalks.

Pure tone shall mean any sound which can be judged as audible as a single frequency or set of single frequencies. For the purposes of

this chapter, a pure tone shall exist if the one-third octave band sound pressure level in the band with the tone exceeds the arithmetic

average of the sound pressure levels of the two contiguous one-third octave bands as follows: by five dB for band frequencies between 160

and 400 Hz; or by 15 dB for band frequencies less than or equal to 125 Hz.

Receiving property means the property for which the intrusive noise is alleged to be offensive.

Residential property means a parcel of real property which is zoned "R-1" (one-family), "R-1-B" (one-family beach), "R-2" (two-family), "R-2-

B" (two-family beach), "R-3" (multiple-family), "R-P-D" (residential planned development), or "MHP" (mobile home park) on the city's official

zoning map, as it may be amended from time to time.

Sound amplifying equipment means any machine or device for the amplification of the human voice, music or other sound regardless of

location. "Sound amplifying equipment," as used in this article, shall not include warning devices on authorized emergency vehicle or horns

or other warning devices on any vehicles used only for traffic safety purposes.
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A.

1.

2.

3.

4.

B.

1.

Sound level meter means an instrument, including a microphone, an amplifier, an output meter, and frequency weighting networks for

the measurement of sound levels, which satisfies the requirements pertinent for sound level meters in American National Standards

Institute specifications for sound level meters, section 1.4-1971, or the most recent revision thereof, for type S-2A sound level meters.

Supplementary definition of technical terms. Definitions of technical terms not defined herein shall be obtained from American Standard

Acoustical Terminology section 1-1-1971 or the most recent revision thereof.

(Code 1971, § 6261)

Sec. 10.650.130. - Designated noise zones.

Assignment of noise zones. Receiving properties are assigned to designated noise zones as follows:

Designated noise zone I: Noise sensitive properties.

Designated noise zone II: Residential properties.

Designated noise zone III: Commercial properties.

Designated noise zone IV: Industrial and agricultural properties.

Exterior noise levels.

Noise zone exterior noise levels. The following exterior noise levels, unless otherwise specifically indicated, shall apply to all

receiving properties within a designated noise zone for the purpose of establishing noise level limits in subsection B.2. below:

_____



 EXPAND

Designated Zone Time Interval Exterior Noise

Levels

Zone I Noise sensitive properties7 a.m.—10 p.m. 50

10 p.m.—7 a.m. 45

Zone II Residential properties 7 a.m.—10 p.m. 50

10 p.m.—7 a.m. 45

Zone III Commercial properties 7 a.m.—10 p.m. 60
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2.

(a)

(b)

(c)

(d)

(e)

3.

4.

5.

6.

_____

Noise level limits. Unless otherwise provided in this article, no person shall operate or cause to be operated any source of

sound at any location within the city, or allow the creation of any noise on property owned, leased, occupied or otherwise

controlled by such person which causes the noise level when measured on any receiving property to exceed the following

noise level limits:

The exterior noise levels for that land use, as specified in subsection B.1. above, for a total period of more than 30 minutes

in any consecutive 60 minutes;

The exterior noise levels plus five dB for a total period of more than 15 minutes in any consecutive 60 minutes;

The exterior noise levels plus ten dB for a total period of more than five minutes in any consecutive 60 minutes; or

The exterior noise levels plus 15 dB for a total period of more than one minute in any consecutive 60 minutes; or

The exterior noise levels plus 20 dB for any period of time.

Intrusive noise measurement duration. It shall be sufficient for the noise level limits in sections 2.(a), (b), (c) and (d), above, to

be measured for no less than one minute of any portion of the periods stated in subsections 2.(a), (b), (c) and (d), provided that

any witness to the intrusive noise can testify to the fact that the intrusive noise continued at the same level or greater level

than the level measured by the enforcing officer for a period in excess of the period allowed in subsections 2.(a), (b), (c) and

(d).

Ambient noise level in excess of noise level limit. If the ambient noise level exceeds that permissible for any of the noise level

limits in subsections (a), (b), (c) and (d) of subsection 2. above, the noise level limit shall be increased in five dB increments as

appropriate to encompass or reflect said ambient noise level. In the event the ambient noise level exceeds the noise level limit

in subsection 2.(e) above, this limit shall be increased to the maximum ambient noise level.

Boundary between different zones. If the measurement location is on a boundary between two different designated noise

zones, the lower noise level limit applicable to the two zones shall apply.

10 p.m.—7 a.m. 55

Zone IV Industrial and agriculturalAnytime 70
Code of Ordinances



C.

1.

2.

(a)

(b)

(c)

3.

4.

Content of intrusive noise. In the event the intrusive noise is judged by the enforcing officer to contain a steady, audible, pure tone such as a

whine, screech or hum, or is an impulsive noise, or is a repetitive noise exceeding one second in duration or contains music or speech, the

noise level limits set forth in subsection 2. above shall be reduced by five dB.

Interior noise level limits.

Definition, noise zone interior noise levels. The following interior noise levels, unless otherwise specifically indicated, shall

apply within all receiving multifamily residential units within noise zones I and II for the purpose of establishing noise level

limits in subsection 2. below:

Residential unit, interior noise level limits. No person shall operate or cause to be operated within a multifamily residential

unit, any source of sound or allow the creation of any noise which causes the noise level when measured inside a neighboring

receiving residential unit whether adjacent or not, to exceed the following noise level limits:

The interior noise levels as specified in subsection 1. above for a total period of more than five minutes in any consecutive

60 minutes;

The interior noise levels, plus five dB for a total period of more than one minute in any consecutive 60 minutes; or

The interior noise levels, plus ten dB for any period of time.

Ambient noise level in excess of noise level limit. If the ambient noise level exceeds that permissible for noise level limits in

subsection 3.(a) or (b) above, the limit shall be increased in five dB increments as appropriate to reflect said ambient noise

level. In the event the ambient noise level exceeds the noise level limit in subsection 3.(c) above, this limit shall be increased to

the maximum ambient noise level.

Content of intrusive noise. In the event the intrusive noise is judged by the enforcing officer to contain a steady, audible, pure

tone such as a whine, screech or hum, or is an impulsive noise or a repetitive noise exceeding one second in duration, or

 EXPAND

Time Interval Interior Noise

Multifamily residential 10:00 p.m. to 7:00 a.m.40

7:00 a.m. to 10:00 p.m.45
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A.

B.

C.

D.

E.

A.

B.

C.

contains music or human voices, the noise level limits set forth in subsection 2. above shall be reduced by five dB.

(Code 1971, § 6262)

Sec. 10.650.140. - Sound level measurement.

Use of "A" weighted sound level. Any sound levels measured pursuant to the provisions of this article shall be "A" weighted sound

levels, measured with a sound level meter using the "A" weighting and slow response, except for impulsive noise, for which the

fast response shall be used. The microphone shall be located four to five feet above the ground and ten feet or more from the

nearest reflective surface.

Interior noise measurement. Interior noise measurements shall be made within the affected residential unit. The measurements

shall be made at a point at least four feet from the wall, ceiling or floor nearest the noise source with windows opened or closed at

the discretion of the resident.

Calibration prior to measurement. Calibration of the measurement equipment, utilizing an acoustic calibrator, shall be performed

prior to making any noise measurements.

Ambient noise level measurement. When ambient noise levels are measured, these levels should be measured whenever possible

at a location and time of day comparable to that used for measuring the intrusive noise.

Method for sound level measurement. The director of community development may, from time to time, cause preparation of a

noise control enforcement manual to assist in implementing the purpose of this article.

(Code 1971, § 6263)

Sec. 10.650.150. - Special noise sources.

Radios, television sets and similar devices. No person within any residential zone of the city shall use or operate any radio

receiving set, musical instrument, phonograph, television set or other machine or device for the producing or reproducing of

sound in such a manner as to create any noise which exceeds the noise level limits of this article.

Animals and fowl. No person shall keep or maintain, or permit the keeping of, upon any premises owned, occupied or controlled

by such person, any animal or fowl otherwise permitted to be kept which by any sound, cry or behavior, creates any noise which

exceeds the noise level limits of this article.




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D.

1.

2.

3.

E.

F.

1.

2.

3.

Machinery, equipment, fans and air-conditioning. No person shall operate any machinery, equipment, pump, fan, air-conditioning

apparatus or tool of any nature or similar mechanical device so as to create any noise which exceeds the noise level limits of this article.

Construction of buildings and structures.

Between the hours of 8:00 p.m. of one day and 7:00 a.m. of the next, no person adjacent to or within any residential zone in

the city shall operate power construction equipment or tools or perform any outside construction or repair work on buildings

or structures, or operate any pile driver, steam shovel, pneumatic hammer, steam or electric hoist or other construction

device so as to create any noise which exceeds the noise level limits of this article. These specified construction activities are

permitted between the hours of 7:00 a.m. and 8:00 p.m. The performance of emergency work is exempt from the provisions of

this section.

Home repairs and routine maintenance of personal property such as automobiles or boats is not considered construction.

The planning commission and city council shall retain the right to impose more restrictive hours of construction upon any

projects involving construction activity by adding appropriate conditions to the city's approval of subdivisions, planned

development permits, conditional use permits, variances and other projects.

Domestic power tools, machinery. Between the hours of 8:00 p.m. of one day and 7:00 a.m. of the next, no person in a residential

zone shall operate or permit the operation of any mechanically powered saw, sander, drill, grinder, lawnmower or garden tool or

similar tool, so as to create any noise which exceeds the noise level limits of this article. These specified domestic activities are

permitted between the hours of 7:00 a.m. and 8:00 p.m.

Vehicles.

Vehicles off public right-of-way. No person shall operate or cause to be operated any motor vehicle, off a right-of-way, in such

a manner that the sound levels emitted therefrom exceed the noise level limits of this article.

Vehicle repair and testing. No person shall repair, rebuild, modify or test any motor vehicle in such a manner as to create any

noise which exceeds the noise level limits of this article.

Standing motor vehicles. No person shall operate or permit the operation of any motor vehicle with a gross vehicle weight

rating (GVWR) in excess of 6,000 pounds, or any auxiliary equipment attached to such a vehicle, for a period longer than five

minutes in any hour while the vehicle is stationary, for reasons other than traffic congestion, on a public right-of-way or public

space within 200 feet of a residential area between the hours of 10:00 p.m. and 7:00 a.m.

(Code 1971, § 6264)

Code of Ordinances



A.

B.

1.

2.

3.

4.

5.

6.

7.

8.

A.

B.

C.

D.

Sec. 10.650.160. - General noise regulations.

Unlawful noise. Notwithstanding any other provision of this article, and in addition thereto, it shall be unlawful for any person to

make or continue, or cause to be made or continued, any loud, unnecessary, or unusual noise which disturbs the peace or quiet

of any neighborhood or which causes discomfort or annoyance to any reasonable person of ordinary or normal sensitivity residing

in the area.

Environmental factors. The environmental factors which may be considered in determining whether a violation of provisions of

subsection A. exists includes, but is not limited to, the following:

The sound level of the intrusive noise.

The sound level of the ambient noise.

The proximity of the noise to residential sleeping facilities.

The nature and zoning of the area from which the noise emanates.

The number of persons affected by the alleged intrusive noise.

The time of day or night the noise occurs.

The duration of the noise and its tonal content.

Whether the noise is continuous, recurrent, or intermittent.

(Code 1971, § 6265)

Sec. 10.650.170. - Exemptions.

Emergency exemption. The emission of sound for the purpose of alerting persons to the existence of an emergency or the

emission of sound in the performance of emergency work shall not be subject to the provisions of this chapter.

Warning devices. Warning devices necessary for the protection of public safety, as, for example, police and fire and ambulance

sirens, including the testing of such devices shall not be subject to the provisions of this chapter.

Playgrounds and school grounds. Activities conducted on public playgrounds and public or private school grounds including, but

not limited to, school athletic and school entertainment events, are exempt from the provisions of this chapter.




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E.

A.

B.

Newly constructed or modified public utility facilities. Newly constructed or modified public utility facilities constructed in an industrial zone

in a mixed industrial/residential area shall be exempt from the requirements of this chapter if the facilities result in a lessening of pre-

existing noise levels emanating from the public utility site, and if the total noise level emanating from the site does not exceed 60 dbA as

measured at any receiving property. Where a project is installed or constructed in stages, the "pre-existing noise levels emanating from the

public utility site," as used herein, shall mean the noise level existing prior to the commencement of the first stage of such project.

Pilot concert series. Amplified sound generated by the pilot concert series located in the Ventura City Hall upper parking lot shall

be exempt from the provisions of this chapter. The pilot concert series shall be subject to a sound control plan. The sound control

plan shall be approved by the community development director and include provisions regarding onsite sound monitoring,

curfew, sound and bass noise limits, penalties for exceeding curfew and sound limits, and public complaints.

(Code 1971, § 6266; Ord. No. 2014-011, § 1, 8-4-14)

Sec. 10.650.180. - Violations and other remedies.

Generally. Violations of the provisions of this article shall be subject to the penalties specified in section 1.150.010 and sections

1.150.020 through 1.005.070 of this Code.

Other remedies. As an additional remedy, the operation or maintenance of any device, instrument, vehicle or machinery in

violation of any provision of this chapter, which operation or maintenance cause discomfort or annoyance to reasonable persons

of ordinary or normal sensitivity or which endangers the comfort, repose, health or peace of residents in the area, shall be

deemed and is declared to be, a public nuisance and may be subject to abatement by a restraining order or injunction issued by a

court of competent jurisdiction. This specific authorization of injunctive relief is based upon the council's determination that

significant public harm will result from intrusive noise disturbances and the council's determination that injunctive relief is an

appropriate way to prevent noise nuisances from causing public injury.

(Code 1971, § 6267)

ARTICLE 2. - DISTURBANCES CAUSED BY PARTIES AND OTHER ASSEMBLAGES OF PERSONS

Sec. 10.650.210. - Purpose.






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1.

2.

3.

4.

5.

The purpose of this article is to establish standards and controls of large parties, gatherings or assemblages ("the events") on private

property when such events are determined to be a threat to the public peace, health, safety or general welfare and require initial police

response and return calls to the location of the party, gathering or assemblage in order to disperse uncooperative participants.

The repeated return of police officers to a location constitutes a drain of emergency person power and resources, often leaving other

areas of the city without police protection.

(Code 1971, § 6600)

Sec. 10.650.220. - De�nitions.

For the purposes of this article, the following definitions shall apply:

Event shall refer to a party, gathering or assemblage.

Host shall refer to any person conducting and/or permitting an event including, but not limited to:

Owner(s) and/or lessee(s) of the property where an event is being given;

Person(s) hosting an event;

Person(s) receiving money or other consideration for granting access to an event;

Person(s) serving, furnishing, or making available alcoholic beverages at an event;

Parent(s) or legal guardian(s) of a minor who is also a host.

(Code 1971, § 6610)

Sec. 10.650.230. - Notice of disturbance; host signature.

When police department personnel ("city police") respond to a complaint involving a disturbance caused by or resulting from an event,

the responding officer(s) may issue a written notice to the host of the event, if such person is available on the premises, if the responding

officer(s) determine(s) that there is a threat to the public peace, health, safety, or general welfare. The notice shall state that (a) if city police

return to the same premises within the following 12-hour period in response to a complaint involving a disturbance caused by or resulting

from an event; or (b) if city police return to the same premises a total of three times or more within a six-month period, in response to a

complaint involving a disturbance caused by or resulting from an event and involving the same host; and (c) if the responding officer(s)




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determine(s) that there is a threat to the public peace, health, safety, or general welfare; then each such further response after the initial

response shall constitute special police services. The notice shall state that the host will be assessed for the cost of providing such special

police services. The notice shall be signed by the available host, acknowledging receipt of the warning, and a signed copy of the notice shall

be left with the available host. If a second or subsequent response is required, city police shall have the available host sign a "second

response" voucher, acknowledging the occurrence of the second response and one additional voucher for each response thereafter.

(Code 1971, § 6611)

Sec. 10.650.240. - Notice of disturbance; signature unavailable.

If no host is available on the premises when the police are present, or the host refuses to sign receipt of the notice, a copy of the notice

shall be posted in a conspicuous place on the premises on each occasion the police respond.

(Code 1971, § 6612)

Sec. 10.650.250. - Second response; cost of special police assignment.

Utilization of police personnel during any response after the first warning to any event where the responding officers determine there is a

threat to the public peace, health, safety or general welfare shall be deemed to be a special police service over and above the services

normally provided. The cost of this special police service may include, but not be limited to, damages to city property and/or injuries to city

personnel.

(Code 1971, § 6613)

Sec. 10.650.260. - Collection of fees.

All fees and charges levied per city services described in section 10.650.250 shall be due and payable upon presentation.

All fees and charges for such special police services shall constitute a valid and subsiding debt in favor of the city and against the owner of

the premises, the person in charge of the premises and the person responsible for the assemblage or, if any of the foregoing persons are a

minor, the parents and guardians of such person. If any amount remains unpaid after reasonable and practical attempts have been made by

the city to obtain payment, a civil action may be filed with the court for the amount due and payable, together with any penalties, any related

charges and fees accrued due to nonpayment and all fees and charges required to file and pursue such civil action.


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A.

B.

  Sec. 10.600.010. - Convicted persons. Chapter 10.700 - False Crime Reports 

Fees and charges to be levied for recovering city costs for notification and collection of delinquent accounts shall be established by

resolution of the city council. Such fees and charges are part of fees and charges established for the services rendered and shall be collected

as such.

(Code 1971, § 6614)

ARTICLE 3. - COMMERCIAL ADVERTISING

Sec. 10.650.310. - Loud or unusual noises.

Prohibited. No person shall make any loud or unusual noises which exceed the standards set forth in this chapter, upon any street

or sidewalk or in any doorway or entrance of any building opening into any such street or sidewalk for the purpose of advertising,

announcing or calling attention to any goods, wares, merchandise, place of business, show, entertainment or event to attract

attention to such objects.

Exception, parades and similar events. This section does not apply to the playing of music by a band or orchestra in a parade or

other celebration for which a permit has been issued by the city or the playing of music by a school band or orchestra at school

events, or to licensed "hawkers" for operation along city-approved parade routes during a parade.

(Code 1971, § 6235)


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Notes about the Downtown Inset Map

The Street Frontage Zones are depicted by colored Right of Way for Figueroa and East Main Streets. The frontage zone
applies to those parcels in the T4.1 and T5.1 transects that 'front' the right of way and applies to the entire parcel.

This inset map should be used only be used as a guide.  Please refer to the Adopted March 2007 Downtown Specific Plan for details.
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Foreword 
November 12, 2019 

To:  Applicants Filing Proponent’s Environmental Assessments for Energy Infrastructure  

Projects at the California Public Utilities Commission (CPUC or Commission) 

From:  Merideth Sterkel (Program Manager, Infrastructure Planning and Permitting) and Mary Jo Borak 

and Lonn Maier, Supervisors, Infrastructure Permitting and California Environmental Quality Act, 

Energy Division, CPUC  

Subject: Introducing revisions to the Pre-filing Guidelines for Energy Infrastructure Projects and a 

Unified and Updated Electric and Gas PEA Checklist 

We are pleased to release a 2019 revision to the California Environmental Quality Act (CEQA) 

Proponent’s Environmental Assessments (PEA) Checklist. This substantially revised document is now 

entitled “Guidelines for Energy Project Applications Requiring CEQA Compliance: Pre-filing and 

Proponent’s Environmental Assessments” (Guidelines). Future updates to this document will be made as 

determined necessary. The CPUC’s Rules of Practice and Procedure Sections 2.4 provide that all 

applications to the CPUC for authority to undertake projects that are not statutorily or categorically 

exempt from CEQA requirements shall include an Applicant-prepared PEA.  

Updates Overview 

Prior versions of the Working Draft PEA Checklist were published in 2008 and 2012. For this 2019 

update, extensive revisions were made to all sections based on our experience with the prior checklist 

versions. All electric and natural gas projects are now addressed in a single PEA Checklist, and the 

following updates were made:  

 CEQA Statute and Guidelines 2019 Updates: The PEA Checklist is updated pursuant to the 2019 

CEQA Statues and Guidelines, including new energy and wildfire resource areas.  

 Pre-filing Consultation Guidelines: Pre-filing guidelines are now provided since the pre-filing 

and PEA development processes are intertwined. 

 Unified PEA Checklist for Energy Projects: All electric and natural gas projects are now 

addressed in a single PEA Checklist.  

 Additional CEQA Impact Questions: Questions are included for the following PEA Checklist 

sections: 5.4, Biological Resources; 5.6, Energy; 5.9, Hazards, Hazardous Materials, and Public 

Safety; 5.16, Recreation; 5.17, Transportation; and 5.19, Utilities and Service Systems.  

 CPUC Draft Environmental Measures: Draft measures are provided in PEA Checklist Attachment 

4 for Aesthetics, Air Quality, Cultural Resources, Greenhouse Gas Emissions, Utilities and Service 

Systems and Wildfire. 

Purpose of the Guidelines Document 

The purpose and objective of the PEA Checklist included within this Guidelines document has not 

changed, which is to provide project Proponents (Applicants) with detailed guidance about information 

our CEQA Unit Staff expect in sufficient PEAs. The document details the information Applicants must 

provide the CPUC to complete environmental reviews that satisfy CEQA requirements. Specifically, the 

Pre-filing Consultation Guidelines and PEA Checklist, together, are intended to achieve the following 

objectives:  

1. Provide useful guidance to Applicants, CPUC staff, and outside consultants regarding the type 

and detail of information needed to quickly and efficiently deem an application complete; 
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2. Ensure PEAs provide reviewers with a detailed project description and associated information 

sufficient to deem an application complete, avoid lengthy review periods and numerous data 

requests for the purpose of augmenting a PEA, and avoid unnecessary PEA production costs; 

3. Increase the level of consistency between PEAs submitted and provide for more consistent 

review by CPUC CEQA Unit Staff and outside consultants; and 

4. Promote transparency and reduce the potential for conflicts between utility and CPUC Staff 

about the types, scope, and thoroughness of data expected for data adequacy purposes. 

The Guidelines document provides detailed instructions to Applicants for use during the Pre-filing 

process and PEA development. The document is intended to fully inform Applicants and focus the role of 

outside consultants, thus, enabling Applicants to submit more complete, useful, and immediately data-

adequate PEAs. 

Benefits of High Quality and Complete PEAs 

CPUC CEQA Unit Staff seek to complete the environmental review process required under CEQA as 

quickly and efficiently as possible. Table 1 shows the average duration in months of CPUC applications 

that require CEQA documents. While there are tensions between speed and quality in all project 

management, the achievement of expeditious environmental reviews can result in lower project costs to 

ratepayers. Our staff have reviewed the timelines for 108 past CPUC applications that required review 

pursuant to CEQA and determined that the average length of time from application filing to PEA deemed 

complete is four months, regardless of the type of CEQA document. The goal for our agency is to deem 

PEAs complete within 30 days. The faster PEAs are deemed complete, the sooner staff can prepare the 

CEQA document. With each delay to PEA completeness, the fundamental project purpose and need and 

baseline circumstances may shift, requiring refreshing of the data. The Guidelines document will 

improve the initial accuracy of PEAs and reduce the time required to deem PEAs complete. Once an 

application is formally filed, the Applicant will receive a notification letter from CPUC CEQA Unit Staff 

when the PEA is deemed complete. 

Table 1. Average Duration in Months of CPUC Applications that Require CEQA Documents (1996–2019) 

Note:  
(1) The overall duration is not a sum of the average durations for each step. The overall duration was calculated using “n,” the number of applications 
with data available for the date of application filing and final decision date. Not all projects had data available for each step. The data include several 
instances where the CEQA document was developed in conjunction with a NEPA document, e.g., an EIR/Environmental Impact Statement or 
IS/MND/Environmental Assessment/Finding of No Significant Impact was prepared instead of an EIR or MND, respectively. The above data is not 
inclusive of projects that had averages and ranges that are statistically abnormal.  
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Lessons Learned about the PEA Process  

In the past, Applicants have filed PEAs using the checklist to ensure the correct information was 

provided but have not followed the format and organization of the PEA checklist and sometimes chose 

not to engage in Pre-filing activities with our staff. To achieve the objectives and benefits listed above, 

Applicants will file all future PEAs in the same organizational format as the updated checklist and adhere 

to the Pre-filing Consultation Guidelines in coordination with CPUC CEQA Unit Staff. 

The Guidelines document describes the level effort required for the assessments necessary to not only 

finalize a CEQA document but ensure its legal defensibility. While final design and survey information is 

preferred, the PEA may incorporate preliminary design and survey data as appropriate and in 

consultation with CEQA Unit Staff during Pre-filing. We recognize that projects are fact specific, and 

deviations from the Pre-filing Consultation Guidelines and PEA Checklist are inevitable but providing 

concise and accurate information as soon as possible is paramount. Any deviations from these 

Guidelines must include clear justification and should be discussed and submitted during the Pre-filing 

Consultation process to avoid subsequent delays.  

The PEA Checklist is written with the assumption that an Environmental Impact Report will be prepared, 

however, a Mitigated Negative Declaration or other form of CEQA document (e.g., exemption) may be 

appropriate. This determination, however, must be made in consultation with CPUC CEQA Unit Staff 

during Pre-filing and prior to submittal of the Draft PEA.  

Future Modifications and Improvements 

Like the predecessor PEA checklists, this is a working document that will be modified over time based on 

experience and changes to the CEQA Statute and Guidelines. To meet the above stated objectives and 

maintain consistency with CEQA. We expect Applicants, their consultants, CPUC consultants, and the 

CPUC to engage in a regular and ongoing dialogue about specific improvements to the CEQA process 

overall, and these Guidelines in particular.  

We look forward to working with Applicants during the Pre-filing Consultation process to ensure that the 

level of effort that goes into preparing PEAs can be effectively and efficiently transferred into the CEQA 

document prepared by CPUC Staff and consultants. Applicants are invited to debrief with our staff about 

the efficacy of these Guidelines. 

Merideth Sterkel 

/s/  

Program Manager, Infrastructure Planning and Permitting  

California Public Utilities Commission 

Mary Jo Borak 

/s/  

Supervisor, Infrastructure Permitting and CEQA Unit 

California Public Utilities Commission 

Lonn Maier 

/s/ 

Supervisor, Infrastructure Permitting and CEQA Unit 

California Public Utilities Commission 
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Pre-Filing Consultation Guidelines 
The following Pre-filing Consultation Guidelines apply to all PEAs filed with applications to the CPUC and 

outline a process for Applicants to engage with CPUC CEQA Unit Staff about upcoming projects that will 

require environmental review pursuant to CEQA. The CPUC is typically the Lead Agency for large 

projects by investor-owned gas and electric utilities. The CPUC’s CEQA Unit Staff are experienced with 

developing robust CEQA documents for long, linear energy projects. The PEA Checklist, starting in the 

next section, is based upon that experience.  

Pre-filing Consultation Process 

During Pre-filing Consultation, Applicants and CPUC Staff meet to discuss the upcoming application. 

Successful projects will commence Pre-filing Consultation no less than six months prior to application 

filing at the CPUC. When the application is formally filed at the CPUC, the Application and the PEA are 

submitted to the CPUC Docket Office. 

1. Meetings with CPUC Staff 

To initiate Pre-filing Consultation, Applicants will request and attend a meeting with CPUC CEQA Unit 

Staff at least six months prior to application filing. 

a. Applicants can request a Pre-Filing Consultation meeting via email or letter. Initial contact via 

telephone may occur, but staff request written documentation of Pre-filing Consultation 

commencement. 

b. For the initial meeting, Applicants will provide staff with a summary of the proposed project 

including maps and basic GIS data at least one week prior to the meeting. 

c. Applicants will receive initial feedback on the scope of the proposed project and PEA. Staff will 

work with Applicants to establish a schedule for subsequent Pre-filing meetings and 

milestones.  

2. Consultant Resources  

CPUC CEQA Unit Staff will initiate the consultant contract immediately following the initial Pre-filing 

Consultation meeting. CPUC’s consultant contract resources will be executed prior to Applicant filing of 

the Draft PEA. The consultant contract is critical to the Pre-filing Consultation process. Applicants are 

encouraged to request updates about the status of the contract. The CPUC may use its on-call consulting 

resources contract for these purposes. If CEQA Unit Staff determine that their on-call consulting 

resources are not appropriate due to the anticipated project scope, staff may initiate a request for 

proposals process to engage consulting resources, and the resulting contracting process will be 

completed and consultant contract in place prior to Draft PEA filing. 

3. Draft PEA Provided Prior to PEA Filing 

A complete Draft PEA will be filed at least three months prior to application filing. CPUC CEQA Unit Staff 

and the CPUC consultant team will review and provide comments on the Draft PEA to the Applicant 

early in the three-month period to allow time for Applicant revisions to the PEA. 

4. Project Site Visits 

One or more site visits will be scheduled with CPUC CEQA Unit Staff and their consultant at the time of 

Draft PEA filing (or prior). Appropriate federal, state, and local agencies will also be engaged at this time. 
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5. Consultation with Public Agencies 

The Applicant and CPUC CEQA Unit Staff will jointly reach out and conduct consultation meetings with 

public agencies and other interested parties in the project area. CPUC CEQA Unit Staff may also choose 

to conduct separate consultation meetings if needed. 

If a federal agency will be a co-lead pursuant to the National Environmental Policy Act and coordinating 

with the CPUC during the environmental review process, the Applicant and CPUC CEQA Unit Staff will 

ensure that the agency has the opportunity to comment on the Draft PEA and participate jointly with 

the CPUC throughout the application review process. Applicant and Commission CEQA Unit Staff 

coordination with the federal agency (if applicable) will likely need to occur more than six months in 

advance of application filing. 

6. Alternatives Development 

PEAs will be drafted with the assumption that an Environmental Impact Report (EIR) will be prepared. 

Applicants will include a reasonable range of alternatives in the PEA (even though a Mitigated Negative 

Declaration [MND] may ultimately be prepared), including sufficient information about each alternative. 

In some situations, CPUC CEQA Unit Staff and project Applicants may agree during Pre-filing 

Consultation that an MND is likely and a reasonable range of alternatives is not required for the PEA. 

This determination, however, must be made in consultation with CEQA Unit Staff during Pre-filing and is 

not final. The type of document to be prepared may change based on public scoping results and other 

findings during the environmental review process. 

CEQA Unit Staff will provide feedback on the range of alternatives prior to Draft PEA filing (if possible) 

based on their review of the Draft PEA. It is critical that Applicants receive feedback from CEQA Unit 

Staff about the range of alternatives prior to filing the PEA. Applicants will ensure that each alternative is 

described and evaluated in the PEA with an equal level of detail as the proposed project unless 

otherwise instructed in writing by CEQA Unit Staff. 

7. Format of PEA Submittal 

Each PEA submittal will include the completed PEA Checklist tables. Each PEA submittal will be 

formatted and organized as shown in the Example PEA Table of Contents provided in the PEA Checklist 

unless otherwise directed by CPUC CEQA Unit Staff in writing prior to application filing. The example PEA 

Table of Contents is modeled after typical CPUC EIRs. 

8. Transmission and Distribution System Information 

A key component of CEQA projects analyzed during CPUC environmental reviews is the context of the 

project within the larger transmission and distribution system. Detailed descriptions of the regional 

transmission system, including GIS data, to which the proposed project would interconnect are required. 

The required level of detail about interconnecting systems is project specific and will be specified by 

CEQA Unit Staff in writing during Pre-filing Consultation. Detailed distribution system information may 

also be required. 

9. Data and Technical Adequacy 

Applicants will focus PEA development efforts on providing thorough, up-to-date data and technical 

reports required for CPUC CEQA Unit Staff to complete the environmental document and alternatives 

analysis. 

The Applicant-drafted PEA Executive Summary, Introduction, Project Description, Description of 

Alternatives, and other chapters typically found in past CPUC EIRs and Initial Study/MNDs will be 

thorough—emulate the level of detail provided in typical CPUC EIRs. The setting sections provided for 
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PEA Chapter 5, Environmental Analysis, will also be thorough. Applicants will ensure that the PEA text, 

graphics, and file formats can be efficiently converted into CPUC’s CEQA document with minimal 

revision, reformatting, and redevelopment by CPUC Staff and consultants. 

The impact analyses and determinations provided for Chapter 5, Environmental Analysis, and Chapter 6, 

Comparison of Alternatives, need not be as thorough as those to be prepared by the CPUC for its CEQA 

document. These two sections are expected to be revised and redeveloped by CPUC Staff and 

consultants. Other sections of the CEQA document will only be revised and redeveloped by CPUC Staff 

and consultants if determined to be necessary after PEA filing. 

10. Applicant Proposed Measures 

The Pre-filing Consultation process can support the development Applicant Proposed Measures (APMs); 

measures that Applicants incorporate into the PEA project description to avoid or reduce what 

otherwise may be considered significant impacts. APMs that use phrases, such as, “as practicable,” “as 

needed,” or other conditional language will be superseded by Mitigation Measures if required to avoid 

or reduce a potentially significant impact. CPUC CEQA Unit Staff and their consultant team may review 

and provide comments on the Draft PEA APMs during Pre-filing Consultation. 

Applicants will carefully consider each CPUC Draft Environmental Measure identified in Chapter 5 of this 

PEA Checklist. The measures may be applied to the proposed project if appropriate and may be subject 

to modification by the CPUC during its environmental review.1 

11. PEA Checklist Deviations 

CPUC CEQA Unit Staff understand that the PEA Checklist requires Applicants to develop a significant 

quantity of information. There are times when it is appropriate to deviate from the PEA Checklist. 

Deviations to the Pre-Filing Consultation Guidelines or the PEA Checklist contents may be approved by 

the CPUC’s CEQA Unit Staff. Staff approval will be in writing and will occur prior to Applicant filing of the 

Draft PEA. Note that any deviations approved in writing by staff during the Pre-filing period may be 

reversed or modified after application and PEA filing and at any time throughout the environmental 

review period at the discretion of CPUC CEQA Unit Staff.  
 

12. Submittal of Confidential Information 

CPUC Staff are available during Pre-filing Consultation to discuss concerns that Applicants may have 

about confidentiality. However, the CEQA process requires public disclosure about projects, and such 

disclosure can often appear to conflict with Applicant requests for confidentiality. CPUC CEQA Unit Staff 

will rely on CPUC adopted confidentiality procedures to resolve confidentiality concerns. Applicants that 

expect aspects of a PEA filing to be confidential must follow CPUC confidentiality procedures. Applicants 

may mark information as confidential if allowed pursuant to General Order 66 or latest applicable 

Commission rule (e.g., see Public Records Act Proceeding Rulemaking (R.14-11-001). 

13. Additional CEQA Impact Questions 

Additional CEQA Impact Questions that are specific to the types of projects evaluated by the 

Commission’s CEQA Unit are identified in the PEA Checklist to be considered in addition to the checklist 

items in CEQA Guidelines Appendix G. 

The next section of this Guidelines document provides the PEA Checklist for all energy project 

applications that require CEQA compliance. 

 

1  At this time, the CPUC environmental measures are in draft format, see PEA Checklist Attachment 4. They may be formally 
incorporated into Chapter 5 of future versions of the PEA Checklist. 
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Proponent’s Environmental Assessment (PEA) Checklist 
The PEA Checklist provides project Applicants (e.g., projects involving electric transmission lines, electric 

substations or switching stations, natural gas transmission pipelines, and underground natural gas 

storage facilities) with detailed guidance regarding the level of detail CPUC CEQA Unit Staff expect to 

deem PEAs complete. Applicants will prepare their PEAs using the same section headers and numbering 

as provided in the PEA Checklist. Applicants will also provide supporting data that is specific to each item 

within the PEA Checklist. As noted in the Pre-Filing Consultation Guidelines, the PEA Checklist is written 

with the assumption that an EIR will be prepared. PEA contents may not need to support the 

development of an EIR, but this determination can only be made in consultation with CPUC CEQA Unit 

Staff as described in the Pre-Filing Consultation Guidelines. 

Formatting and Basic PEA Data Needs, Including GIS Data 
1. Provide editable and fully functional source files in electronic format for all PDF files, hardcopies, 

maps, images, and diagrams. Files will be provided in their original file format as well as the output 

file format. All Excel and other spreadsheet files or modeling files will include all underlying 

formulas/modeling details. All modeling files must be fully functional.  

2. Details about the types of GIS data and maps to be submitted are provided in Attachment 1. GIS 

data not specified in this checklist may also be requested depending on the Proposed Project and 

alternatives.  

3. The Applicant is responsible for ensuring that all project features, including project components and 

temporary and permanent work areas, are included within all survey boundaries (e.g., biological 

and cultural resources). 

4. Excel spreadsheets with emissions calculations will be provided that are complete with all project 

assumptions, values, and formulas used to prepare emissions calculations in the PEA. Accompanying 

PDF files with the same information will be provided as Appendix B to the PEA (see List of 

Appendices below). 

5. Applicants will provide in an Excel spreadsheet a comprehensive mailing list that includes the names 

and addresses of all affected landowners and residents, including unit numbers for multi-unit 

properties for both the proposed project and alternatives.  

a. An affected resident or landowner is defined as one whose place of residence or property is: 

i. Crossed by or abuts any component of the proposed project or an alternative including 

any permanent or temporary disturbance area (either above or below ground) and any 

extra work area (e.g., staging or parking area); or 

ii. Located within approximately 1,000 feet2 of the edge of any construction work area. 

b. Include in the following information for each resident in a spreadsheet, at minimum: parcel APN 

number, owner name and mailing address, and parcel physical address. If individual occupant 

names, facility names, or business names are available, also provide these names and addresses 

in the spreadsheet. A sample mailing list format is provided in Table 2. 

 

2  Notice to all property owners within 300 feet of a Proposed Project is required at the time of application filing under GO 131-
D. Commission notices of CEQA document preparation may be mailed to residents and property owners greater than 300 feet 
from a Proposed Project to ensure adequate notification (e.g., 1,000 feet) and the extent of notification will be determined on 
a project specific basis. Appropriate notice expectations will be discussed during Pre-filing (e.g., with respect to visual impact 
areas and other types of impacts specific to the Proposed Project and its study area). 
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Table 2. Sample Project Mailing List 

 

6. PEA Organization: This PEA Checklist is organized to include each of the chapters and sections 

found in typical CPUC EIRs. The following sections will serve as the outline for all Draft PEAs 

submitted during Pre-filing and all PEAs filed with the CPUC Docket Office. PEAs will include each 

chapter and section identified (in matching numerical order) unless otherwise directed by CPUC 

CEQA Unit Staff in writing prior to filing. 

Cover  

A single sheet with the following information: Applicant Notes, 

Comments 

Title "Proponent's Environmental Assessment" and filing date  

Proponent Name (the Applicant)  

Name of the proposed project3  

Technical subheading summarizing the type of project and its major components, 

in one sentence or about 40 words, for example:  

A new 1,120 MVA, 500/115kV substation, 10 miles of new singled-circuit 500kV 

transmission lines, 25 miles of new and replaced double-circuit 115kV power 

lines, and upgrades at three existing substations are proposed. 

 

Location of the proposed project (all counties and municipalities or map figure for 

the cover that shows the areas crossed) 

 

Proceeding for which the PEA was prepared and CPUC Docket number (if known) 

or simply leave a blank where the Docket number would go 

 

Primary Contact’s name, address, telephone number, and email address for both 

the project Applicant(s) and entities that prepared the PEA  

 

See example PEA cover in Figure 1.  

 

  

 

3  If approved by the California Independent System Operator (CAISO), the project name listed will match the name specified 
in the CAISO approval. If multiple names apply, list all versions. 
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Figure 1. Example PEA Cover 
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Table of Contents 

Sections 

Order The format of the PEA will be organized as follows: Applicant 

Notes, 

Comments 

-- Cover  

-- Table of Contents, List of Tables, List of Figures, List of Appendices  

1 Executive Summary  

2 Introduction  

3 Proposed Project Description  

4 Description of Alternatives  

5 Environmental Analysis  

5.1 Aesthetics  

5.2 Agriculture and Forestry  

5.3 Air Quality  

5.4 Biological Resources  

5.5 Cultural Resources   

5.6 Energy  

5.7 Geology, Soils, and Paleontological Resources  

5.8 Greenhouse Gas Emissions  

5.9 Hazards, Hazardous Materials, and Public Safety  

5.10 Hydrology and Water Quality  

5.11 Land Use and Planning  

5.12 Mineral Resources  

5.13 Noise  

5.14 Population and Housing  

5.15 Public Services   

5.16 Recreation  

5.17 Transportation   

5.18 Tribal Cultural Resources  

5.19 Utilities and Service Systems  

5.20 Wildfire  

5.21 Mandatory Findings of Significance  

6 Comparison of Alternatives  
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7 Cumulative Impacts and Other CEQA Considerations  

8 List of Preparers  

9 References4  

-- Appendices 

 

Required PEA Appendices and Supporting Materials 

Order Title Applicant 

Notes, 

Comments 

Appendix A Detailed Maps and Design Drawings   

Appendix B Emissions Calculations  

Appendix C Biological Resources Technical Reports (see Attachment 2)  

Appendix D Cultural Resources Studies (see Attachment 3)  

Appendix E Detailed Tribal Consultation Report5  

Appendix F Environmental Data Resources Report, Phase I Environmental Site 

Assessment, or similar hazardous materials report 

 

Appendix G Agency Consultation and Public Outreach Report and Records of 

Correspondence 

 

Appendix H Construction Fire Prevention Plan6  

 

Potentially Required7 Appendices and Supporting Materials 

Order Title Applicant 

Notes, 

Comments 

Appendix I Noise Technical Studies  

Appendix J Traffic Studies  

Appendix K Geotechnical Investigations (may preliminary at time of PEA filing)  

Appendix L Hazardous Substance Control and Emergency Response Plan / 

Hazardous Waste and Spill Prevention Plan 

 

 

4  References will be organized by section but contained in a single chapter called, “References.” 
5  Include summary and timing of all correspondence to and from any Tribes and the State Historic Preservation Office/Native 

American Heritage Commission, including Sacred Lands File search results, and full description of any issues identified by 
Tribes in their interactions with the Applicant. 

6 The Construction Fire Prevention Plan will be provided to federal, state, and local fire agencies for review and comment as 
applicable to where components of the proposed project would be located. CPUC will approve the final Construction Fire 
Prevention Plan. Record of the request for review and comment and any comments received from these agencies will be 
provided to CPUC CEQA Unit Staff. 

7  Anticipated Appendix and study requirements should be discussed with CPUC CEQA Unit Staff during Pre-filing. 
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Appendix M Erosion and Sedimentation Control Best Management Practice Plan / 

Draft Storm Water Pollution Prevention Plan (may be preliminary at 

time of PEA filing) 

 

Appendix N FAA Notice and Criteria Tool Results   

Appendix O Revegetation or Site Restoration Plan   

Appendix P Health and Safety Plan  

Appendix Q Existing Easements8   

Appendix R Blasting Plan (may be preliminary at time of PEA filing)   

Appendix S Traffic Control/Management Plan (may be preliminary at time of PEA 

filing) 

 

Appendix T Worker Environmental Awareness Program (may preliminary at time 

of PEA filing) 

 

Appendix U Helicopter Use and Safety Plan (may be preliminary at time of PEA 

filing) 

 

Appendix V Electric and Magnetic Fields Management Plan (may be part of the 

Application rather than the PEA) 

 

 

8  Easements should be provided military lands, conservation easements, or other lands where the real estate agreement 
specifies the range of activities that can be conducted 
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1 Executive Summary 
This section will include, but is not limited to, the following: PEA Section 

and Page 

Number9 

Applicant 

Notes, 

Comments 

1.1: Proposed Project Summary. Provide a summary of the proposed 

project and its underlying purpose and basic objectives. 

  

1.2: Land Ownership and Right-of-Way Requirements. Provide a 

summary of the existing and proposed land ownership and rights-of-

way for the proposed project. 

  

1.3: Areas of Controversy. Identify areas of anticipated controversy 

and public concern regarding the project. 

  

1.4: Summary of Impacts 

a) Identify all impacts expected by the Applicant to be potentially 

significant. Identify and discuss Applicant Proposed Measures 

here and provide a reference to the full listing of Applicant 

Proposed Measures provided in the table described in Section 

3.11 of this PEA Checklist. 

b) Identify any significant and unavoidable impacts that may 

occur. 

  

1.5: Summary of Alternatives. Summarize alternatives that were 

considered by the Applicant and the process and criteria that were 

used to select the proposed project. 

  

1.6: Pre-filing Consultation and Public Outreach Summary. Briefly 

summarize Pre-filing consultation and public outreach efforts that 

occurred and identify any significant outcomes that were incorporated 

into the proposed project.  

  

1.7: Conclusions. Provide a summary of the major PEA conclusions.   

1.8: Remaining Issues. Describe any major issues that must still be 

resolved. 

  

 

9  The PEA Section and Page Number column and Applicant Notes, Comments column are intended to be filled out and 
provided with PEA submittals. The PEA Checklist is provided in Word to all Applicants to allow column resizing as 
appropriate to reduce PEA checklist length when completed for submittal. Landscape formatting may also be appropriate for 
completed PEA Checklist tables. 
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2 Introduction  

2.1 Project Background 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

2.1.1: Purpose and Need 

a) Explain why the proposed project is needed. 

b) Describe localities the proposed project would serve and how the 

project would fit into the local and regional utility system. 

c) If the proposed project was identified by the California 

Independent System Operator (CAISO), thoroughly describe the 

CAISO’s consideration of the proposed project and provide the 

following information: 

i. Include references to all CAISO Transmission Planning 

Processes that considered the proposed project.  

ii. Explain if the proposed project is considered an economic, 

reliability, or policy-driven project or a combination thereof.  

iii. Identify whether and how the Participating Transmission 

Owner recommended the project in response to a CAISO 

identified need, if applicable.  

iv. Identify if the CAISO approved the original scope of the 

project or an alternative and the rationale for their approval 

either for the original scope or an alternative. 

v. Identify how and whether the proposed project would 

exceed, combine, or modify in any way the CAISO identified 

project need. 

vi. If the Applicant was selected as part of a competitive bid 

process, identify the factors that contributed to the 

selection and CAISO’s requirements for in-service date. 

d) If the project was not considered by the CAISO, explain why. 

  

 (Natural Gas Storage Only) 

e) Provide storage capacity or storage capacity increase in billion 

cubic feet. If the project does not increase capacity, make this 

statement. 

f) Describe how existing storage facilities will work in conjunction 

with the proposed project. Describe the purchasing process 

(injection, etc.) and transportation arrangements this facility will 

have with its customers. 

  

2.1.2: Project Objectives 

a) Identify and describe the basic project objectives.10 The objectives 

will include reasons for constructing the project based on its 

  

 

10 Tangential project goals should not be included as basic project objectives, such as, minimizing environmental impacts, using 
existing ROWs and disturbed land to the maximum extent feasible, ensuring safety during construction and operation, 
building on property already controlled by the Applicant/existing site control. Goals of this type do not describe the 
underlying purpose or basic objectives but, rather, are good general practices for all projects. 
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purpose and need (i.e., address a specific reliability issue). The 

description of the project objectives will be sufficiently detailed 

to permit CPUC to independently evaluate the project need and 

benefits to accurately consider them in light of the potential 

environmental impacts. The basic project objectives will be used 

to guide the alternatives screening process, when applicable. 

b) Explain how implementing the project will achieve the basic 

project objectives and underlying purpose and need. 

c) Discuss the reasons why attainment of each basic objective is 

necessary or desirable. 

2.1.3: Project Applicant(s). Identify the project Applicant(s) and 

ownership of each component of the proposed project. Describe each 

Applicant’s utility services and their local and regional service 

territories. 

  

2.2 Pre-filing Consultation and Public Outreach11 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

2.2.1: Pre-filing Consultation and Public Outreach  

a) Describe all Pre-filing consultation and public outreach that 

occurred, such as, but not limited to: 

i. CAISO 

ii. Public agencies with jurisdiction over project areas or 

resources that may occur in the project area 

iii. Native American tribes affiliated with the project area 

iv. Private landowners and homeowner associations 

v. Developers for large housing or commercial projects near 

the project area 

vi. Other utility owners and operators 

vii. Federal, state, and local fire management agencies 

b) Provide meeting dates, attendees, and discussion summaries, 

including any preliminary concerns and how they were 

addressed and any project alternatives that were suggested. 

c) Clearly identify any significant outcomes of consultation that 

were incorporated into the proposed project. 

d) Clearly identify any developments that could coincide or 

conflict with project activities (i.e., developments within or 

adjacent to a proposed ROW). 

  

2.2.2: Records of Consultation and Public Outreach. Provide contact 

information, notification materials, meeting dates and materials, 

meeting notes, and records of communication organized by entity as an 

Appendix to the PEA (Appendix G). 

  

 

11 CPUC CEQA Unit Staff request that consultation and public outreach that occurs during the Pre-filing period and throughout 
environmental review include the assigned CPUC Staff person and CPUC consultant. 
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2.3 Environmental Review Process  

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

2.3.1: Environmental Review Process. Provide a summary of the 

anticipated environmental review process and schedule. 

  

2.3.2: CEQA Review 

a) Explain why CPUC is the appropriate CEQA Lead agency.  

b) Identify other state agencies and any federal agencies that may 

have discretionary permitting authority over any aspect of the 

proposed project. 

c) Identify all potential involvement by federal, state, and local 

agencies not expected to have discretionary permitting authority 

(i.e., ministerial actions).  

d) Summarize the results of any preliminary outreach with these 

agencies as well as future plans for outreach. 

  

2.3.3: NEPA Review (if applicable). If review according to the National 

Environmental Policy Act (NEPA) is expected, explain the portions of 

the project that will require the NEPA review process. Discuss which 

agency is anticipated to be the NEPA Lead agency if discretionary 

approval by more than one federal agency is required. 

  

2.3.4: Pre-filing CEQA and NEPA Coordination. Describe the results of 

Pre-filing coordination with CEQA and NEPA review agencies (refer to 

CPUC’s Pre-Filing Consultation Guidelines). Identify major outcomes of 

the Pre-filing coordination process and how the information was 

incorporated into the PEA, including suggestions on the type of 

environmental documents and joint or separate processes based on 

discussions with agency staff. 

  

2.4 Document Organization 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

2.4: PEA Organization. Summarize the contents of the PEA and provide 

an annotated list of its sections. 
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3 Proposed Project Description12 

3.1 Project Overview 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

3.1: Project Overview 

a) Provide a concise summary of the proposed project and 

components in a few paragraphs. 

b) Described the geographical location of the proposed project (i.e., 

county, city, etc.). 

c) Provide an overview map of the proposed project location. 

  

3.2 Existing and Proposed System 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

3.2.1: Existing System 

a) Identify and describe the existing utility system that would be 

modified by the proposed project, including connected facilities to 

provide context. Include detailed information about substations, 

transmission lines, distribution lines, compressor stations, 

metering stations, valve stations, nearby renewable generation 

and energy storage facilities, telecommunications facilities, 

control systems, SCADA systems, etc. 

b) Provide information on users and the area served by the existing 

system features. 

c) Explain how the proposed project would fit into the existing local 

and regional systems. 

d) Provide a schematic diagram of the existing system features.  

e) Provide detailed maps and associated GIS data for existing 

facilities that would be modified by the proposed project. 

  

3.2.2: Proposed Project System 

a) Describe the whole of the proposed project by component, 

including all new facilities and any modifications, upgrades, or 

expansions to existing facilities and any interrelated activities that 

are part of the whole of the action. 

b) Clearly identify system features that would be added, modified, 

removed, disconnected and left in place, etc. 

c) Identify the expected capacities of the proposed facilities, 

highlighting any changes from the existing system. If the project 

would not change existing capacities, make this statement. For 

electrical projects, provide the anticipated capacity increase in 

amps or megawatts or in the typical units for the types of facilities 

proposed. For gas projects, provide the total volume of gas to be 

  

 

12  Applicant review of the Administrative Draft Project Description or sections of the Administrative Draft Project Description 
prepared for the CEQA document may be requested by CPUC CEQA Unit Staff to ensure technical accuracy. 
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delivered by the proposed facilities, anticipated system capacity 

increase (typically in million cubic feet per day), expected 

customers, delivery points and corresponding volumes, and the 

anticipated maximum allowable operating pressure(s). 

d) Describe the initial buildout and eventual full buildout of the 

proposed project facilities. For example, if an electrical substation 

or gas compressor station would be installed to accommodate 

additional demand in the future, then include the designs for both 

the initial construction based on current demand and the design 

for all infrastructure that could ultimately be installed within the 

planned footprint of an electric substation or compressor station. 

e) Explain whether the electric line or gas pipeline will create a 

second system tie or loop for reliability. 

f) Provide information on users and the area served by the 

proposed system features, highlighting any differences from the 

existing system. 

g) Provide a schematic diagram of the proposed system features. 

h) Provide detailed maps and associated GIS data for proposed 

facilities that would be installed, modified, or relocated by the 

proposed project. 

3.2.3: System Reliability. Explain whether the electric line or gas 

pipeline will create a second system tie or loop for reliability. Clearly 

explain and show how the proposed project relates to and supports the 

existing utility systems. 

  

3.2.4: Planning Area. Describe the system planning area served or to be 

served by the project. Clearly define the Applicant’s term for the 

planning area (e.g., Electrical Needs Area or Distribution Planning Area). 

  

3.3 Project Components 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

Required for all Project Types 

3.3.1: Preliminary Design and Engineering 

a) Provide preliminary design and engineering information for all 

above-ground and below-ground facilities for the proposed project. 

The approximately locations, maximum dimensions of facilities, 

and limits of areas that would be needed to construction and 

operate the facilities should be clearly defined.13 

b) Provide preliminary design drawings for project features and 

explain the level of completeness (i.e., percentage). 

c) Provide detailed project maps (approximately 1:3,000 scale) and 

associated GIS data of all facility locations and boundaries with 

attributes and spatial geometry that corresponds to information in 

the Project Description. 

  

 

13 Refer to Attachment 1 for mapping and GIS data requirements for the project layout and design.  
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3.3.2: Segments, Components, and Phases 

a) Define all project segments, components, and phases for the 

proposed project. 

b) Provide the length/area of each segment or component, and the 

timing of each development phase. 

c) Provide an overview map showing each segment and provide 

associated GIS data (may be combined with other mapping 

efforts). 

  

3.3.3: Existing Facilities 

a) Identify the types of existing facilities that would be removed or 

modified by the proposed project (i.e., conductor/cable, 

poles/towers, substations, switching stations, gas storage 

facilities, gas pipelines, service buildings, communication systems, 

etc.).  

b) Describe the existing facilities by project segment and/or 

component, and provide information regarding existing 

dimensions, areas/footprints, quantities, locations, spans, etc. 

c) Distinguish between above-ground and below-ground facilities 

and provide both depth and height ranges for each type of facility. 

For poles/towers, provide the installation method (i.e., foundation 

type or direct bury), and maximum above-ground heights and 

below-ground depths. 

d) Explain what would happen to the existing facilities. Would they 

be replaced, completely removed, modified, or abandoned? 

Explain why. 

e) Identify the names, types, materials, and capacity/volumes ranges 

(i.e., minimum and maximum) of existing facilities that would be 

installed or modified by the proposed project. 

f) Provide diagrams with dimensions representing existing facilities 

to provide context on how the proposed facilities would be 

different. 

g) Briefly describe the surface colors, textures, light reflectivity, and 

any lighting of existing facilities. 

  

3.3.4: Proposed Facilities 

a) Identify the types of proposed facilities to be installed or modified 

by the proposed project (e.g., conductor/cable, poles/towers, 

substations, switching stations, gas storage facilities, gas pipelines, 

service buildings, communication systems). 

b) Describe the proposed facilities by project segment and/or 

component, and provide information regarding maximum 

dimensions, areas/footprints, quantities, locations, spans, etc.  

c) Distinguish between above-ground and below-ground facilities 

and provide both depth and height ranges for each type of facility. 

For poles/towers, provide the installation method (i.e., foundation 

type or direct bury), and maximum above-ground heights and 

below-ground depths. 
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d) Identify where facilities would be different (e.g., where unique or 

larger poles would be located, large guy supports or snub poles). 

e) Provide details about civil engineering requirements (i.e., 

permanent roads, foundations, pads, drainage systems, detention 

basins, spill containment, etc.). 

f) Distinguish between permanent facilities and any temporary 

facilities (i.e., poles, shoo-fly lines, mobile substations, mobile 

compressors, transformers, capacitors, switch racks, compressors, 

valves, driveways, and lighting). 

g) Identify the names, types, materials, and capacity/volumes ranges 

(i.e., minimum and maximum) of proposed facilities that would be 

installed or modified by the proposed project. 

h) Provide diagrams with dimensions representing existing facilities. 

i) Briefly describe the surface colors, textures, light reflectivity, and 

any lighting of proposed facilities. 

3.3.5: Other Potentially Required Facilities 

a) Identify and describe in detail any other actions or facilities that 

may be required to complete the project. For example, consider 

the following questions: 

i. Could the project require the relocation (temporary or 

permanent), modification, or replacement of unconnected 

utilities or other types of infrastructure by the Applicant or 

any other entity? 

ii. Could the project require aviation lighting and/or marking? 

iii. Could the project require additional civil engineering 

requirements to address site conditions or slope stabilization 

issues, such as pads and retaining walls, etc.? 

b) Provide the location of each facility and a description of the 

facility. 

  

3.3.6: Future Expansions and Equipment Lifespans 

a) Provide detailed information about the current and reasonably 

foreseeable plans for expansion and future phases of 

development. 

b) Provide the expected usable life of all facilities. 

c) Describe all reasonably foreseeable consequences of the 

proposed project (e.g., future ability to upgrade gas compressor 

station to match added pipeline capacity). 

  

Required for Certain Project Types 

3.3.7: Below-ground Conductor/Cable Installations (as Applicable) 

a) Describe the type of line to be installed (e.g., single circuit cross-

linked polyethylene-insulated solid-dielectric, copper-conductor 

cables). 

b) Describe the type of casing the cable would be installed in (e.g., 

concrete-encased duct bank system) and provide the dimensions 

of the casing.  
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c) Describe the types of infrastructure would likely be installed 

within the duct bank (e.g., transmission, fiber optics, etc.). 

3.3.8: Electric Substations and Switching Stations (as Applicable) 

a) Provide the number of transformer banks that will be added at 

initial and full buildout of the substation. Identify the transformer 

voltage and number of each transformer type. 

b) Identify any gas insulated switchgear that will be installed within 

the substation. 

c) Describe any operation and maintenance facilities, 

telecommunications equipment, and SCADA equipment that 

would be installed within the substation. 

  

3.3.9: Gas Pipelines (as Applicable). For each segment: 

a) Identify pipe diameter, number and length of exposed sections, 

classes and types of pipe to be installed, pressure of pipe, and 

cathodic protection for each linear segment. 

b) Describe new and existing inspection facilities (e.g., pig launcher 

sites). 

c) Describe system cross ties and laterals/taps. 

d) Identify the spacing between each valve station. 

e) Describe the compressor station, if needed, for any new or 

existing pipeline. 

f) Describe all pipelines and interconnections with existing and 

proposed facilities: 

i. Number of interconnections and locations and sizes; 

ii. All below-ground and above-ground installations; and 

iii. All remote facility locations for metering, telemetry, control. 

  

3.3.10: Gas Storage Facilities – Background and Resource Information 

(as Applicable) 

a) Provide detailed background information on the natural gas 

formation contributing to the existing or proposed natural gas 

facility, including the following: 

i. Description of overlying stratigraphy, especially caps 

ii. Description of production, injection, and intervening strata 

iii. Types of rock 

iv. Description of types of rocks in formation, including 

permeability or fractures 

v. Thickness of strata 

b) Provide a graphic and/or table showing formation thicknesses. 

c) Identify and describe any potential gas migration pathways, such 

as faults, permeable contacts, abandoned wells, underground 

water or other pipelines. 

d) Provide a summary and detailed cross-section diagrams of the 

geologic formations and structures of the oil/gas field or area. 

e) Provide the first well drilling and production history, 

abandonment procedures, inspections, etc. 

f) Describe production zones, including depth, types of formations, 

and characteristics of field/area. 
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g) Describe the existing and proposed storage capacity and limiting 

factors, such as injection or withdrawal capacities. 

h) Describe existing simulation studies that were used to predict the 

reservoir pressure response under gas injection and withdrawal 

operations, and simulation studies for how the system would 

change as proposed. Provide the studies as a PEA Appendix. 

i) Provide the history of the oil/gas field or area. 

3.3.11: Gas Storage Facilities – Well-Head Sites (as Applicable). 

Describe the location, depth, size and completion information for all 

existing, abandoned, proposed production and injection, monitoring, 

and test wells. 

  

3.3.12: Gas Storage Facilities – Production and Injection (as 

Applicable) 

a) Provide the proposed storage capacity of production and injection 

wells. 

b) Provide production and injection pressures, depths, and rates. 

c) Provide production and injection cycles by day, week, and year. 

d) Describe existing and proposed withdrawal/production wells (i.e., 

size, depth, formations, etc.). 

e) Describe existing and proposed cushion gas requirements. 

f) Describe any cushion gas injection—formation the well is 

completed in (cushion gas formation), and injection information. 

  

3.3.13: Gas Storage Facilities – Electrical Energy (as Applicable). 

Describe all existing and proposed electric lines, telecommunications 

facilities, and other utilities/facilities (e.g., administrative offices, 

service buildings, and non-hazardous storage), and chemical storage 

associated with the proposed project. 

  

3.3.14: Telecommunication Lines (as Applicable) 

a) Identify the type of cable that is proposed and length in linear miles 

by segment.  

b) Identify any antenna and node facilities that are part of the project. 

c) For below-ground telecommunication lines, provide the depth of 

cable and type of conduit. 

d) For above-ground telecommunication lines, provide: 

i. Types of poles that will be installed (if new poles are required) 

ii. Where existing poles will be used 

iii. Any additional infrastructure (e.g., guy wires) or pole changes 

required to support the additional cable on existing poles 

  

3.4 Land Ownership, Rights-of-Way, and Easements  

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

3.4.1: Land Ownership. Describe existing land ownership where each 

project component would be located. State whether the proposed 
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project would be located on property(ies) owned by the Applicant or if 

additional property would be required. 

3.4.2: Existing Rights-of-Way or Easements 

a) Identify and describe existing rights-of-way (ROWs) or easements 

where project components would be located. Provide the 

approximately lengths and widths in each project area. 

b) Clearly state if project facilities would be replaced, modified, or 

relocated within existing ROWs or easements. 

  

3.4.3: New or Modified Rights-of-Way or Easements 

a) Describe new permanent or modified ROWs or easements that 

would be required. Provide the approximately lengths and widths 

in each project area.  

b) Describe how any new permanent or modified ROWs or 

easements would be acquired.  

c) Provide site plans identifying all properties/parcels and partial 

properties/parcels that may require acquisition and the 

anticipated ROWs or easements. Provide associated GIS data. 

d) Describe any development restrictions within new ROWs or 

easements, e.g., building clearances and height restrictions, etc. 

e) Describe any relocation or demolition of commercial or 

residential property/structures that may be necessary. 

  

3.4.4: Temporary Rights-of-Way or Easements 

f) Describe temporary ROWs or easements that would be required 

to access project areas, including ROWs or easements for 

temporary construction areas (i.e., staging areas or landing 

zones).  

g) Explain where temporary construction areas would be located 

with existing ROWs or easements for the project or otherwise 

available to the Applicant without a temporary ROW or 

easement. 

h) Describe how any temporary ROWs or easements would be 

acquired. 

  

3.5 Construction 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

3.5.1 Construction Access (All Projects) 

3.5.1.1: Existing Access Roads 

a) Provide the lengths, widths, ownership details (both public and 

private roads), and surface characteristics (i.e., paved, graveled, 

bare soil) of existing access roads that would be used during 

construction. Provide the area of existing roads that would be 

used (see example in Table 3 below). 

b) Describe any road modifications or stabilization that would be 

required prior to construction, including on the adjacent road 
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shoulders or slopes. Identify any roads that would be expanded 

and provide the proposed width increases. 

c) Describe any procedures to address incidental road damage cause 

by project activities following construction. 

d) Provide detailed maps and associated GIS data for all existing 

access roads. 
 

Table 3. Access Roads 

Type of Road Description 
Area 

Proposed Project 

Existing Dirt Road Typically double track. May have been graded previously. No other 
preparation required, although a few sections may need to be re-
graded and crushed rock applied in very limited areas for traction. 

      acres 

New Permanent Would be xx feet wide, bladed. No other preparation required although 
crushed rock may need to be applied in very limited areas for traction. 

      acres 

Overland Access No preparation required. Typically grassy areas that are relatively flat. 
No restoration would be necessary. 

      acres 

 

3.5.1.2: New Access Roads 

a) Identify any new access roads that would be developed for project 

construction purposes, such as where any blading, grading, or 

gravel placement could occur to provide equipment access outside 

of a designated workspace.14 

b) Provide lengths, widths, and development methods for new access 

roads. 

c) Identify any temporary or permanent gates that would be installed. 

d) Clearly identify any roads that would be temporary and fully 

restored following construction. Otherwise it will be assumed the 

new access road is a permanent feature. 

e) Provide detailed maps and associated GIS data for all new access 

roads. 

  

3.5.1.3: Overland Access Routes 

a) Identify any overland access routes that would be used during 

construction, such as where vehicles and equipment would travel 

over existing vegetation and where blading, grading, or gravel 

placement would occur. 

b) Provide lengths and widths for new access roads. 

c) Provide detailed maps and associated GIS data for all overland 

access routes. 

  

3.5.1.4: Watercourse Crossings 

a) Identify all temporary watercourse crossings that would be required 

during construction. Provide specific methods and procedures for 

temporary watercourse crossings. 

  

 

14 Temporary roads that would not require these activities should be considered an overland route. 
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b) Describe any bridges or culverts that replacement or installation of 

would be required for construction access. 

c) Provide details about the location, design and construction 

methods. 

3.5.1.5: Helicopter Access. If helicopters would be used during 

construction: 

a) Describe the types and quantities of helicopters that would be 

used during construction (e.g., light, medium, heavy, or sky crane), 

and a description of the activities that each helicopter would be 

used for. 

b) Identify areas for helicopter takeoff and landing. 

c) Describe helicopter refueling procedures and locations. 

d) Describe flight paths, payloads, and expected hours and durations 

of helicopter operation. 

e) Describe any safety procedures or requirements unique to 

helicopter operations, such as but not limited to obtaining a 

Congested Area Plan from the Federal Aviation Administration 

(FAA). 

  

3.5.2 Staging Areas (All Projects) 

3.5.2.1: Staging Area Locations 

a) Identify the locations of all staging area(s). Provide a map and GIS 

data for each.15 

b) Provide the size (in acres) for each staging area and the total 

staging area requirements for the project. 

  

3.5.2.2: Staging Area Preparation 

a) Describe any site preparation required, if known, or generally 

describe what might be required (i.e., vegetation removal, new 

access road, installation of rock base, etc.).  

b) Describe what the staging area would be used for (i.e., material 

and equipment storage, field office, reporting location for workers, 

parking area for vehicles and equipment, etc.). 

c) Describe how the staging area would be secured. Would a fence be 

installed? If so, describe the type and extent of the fencing. 

d) Describe how power to the site would be provided if required (i.e., 

tap into existing distribution, use of diesel generators, etc.). 

e) Describe any temporary lightning facilities for the site.  

f) Describe any grading activities and/or slope stabilization issues. 

  

 

15  While not all potential local site staging areas will be known prior to selection of a contractor, it is expected that approximate 
area and likely locations of staging areas be disclosed. The identification of extra or optional staging areas should be 
considered to reduce the risk of changes after project approval that could necessitate further CEQA review. 
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3.5.3 Construction Work Areas (All Projects)  

3.5.3.1: Construction Work Areas 

a) Describe known work areas that may be required for specific 

construction activities (e.g., pole assembly, hillside construction)16 

b) Describe the types of activities that would be performed at each 

work area. Work areas may include but are not necessarily limited 

to: 

i. Helicopter landing zones and touchdown areas 

ii. Vehicle and equipment parking, passing, or turnaround areas 

iii. Railroad, bridge, or watercourse crossings 

iv. Temporary work pads for facility installation, modification, or 

removal 

v. Excavations and associated equipment work areas 

vi. Temporary guard structures 

vii. Pull-and-tension/stringing sites 

viii. Jack and bore pits, drilling areas and pull-back areas for 

horizontal directional drills 

ix. Retaining walls 

  

3.5.3.2 Work Area Disturbance 

a) Provide the dimensions of each work area including the maximum 

area that would be disturbed during construction (e.g., 100 feet by 

200 feet) (see example in Table 4 below). 

b) Provide a table with temporary and permanent disturbance at each 

work area (in square feet or acres), and the total area of temporary 

and permanent disturbance for the entire project (in acres). 

  

3.5.3.3: Temporary Power. Identify how power would be provided at 

work area (i.e., tap into existing distribution, use of diesel generators, 

etc.). Provide the disturbance area for any temporary power lines. 

  

3.5.4 Site Preparation (All Projects)   

3.5.4.1: Surveying and Staking. Describe initial surveying and staking 

procedures for site preparation and access. 

  

3.5.4.2: Utilities 

a) Describe the process for identifying any underground utilities prior 

to construction (i.e., underground service alerts, etc.). 

b) Describe the process for relocating any existing overhead or 

underground utilities that aren’t directly connected to the project 

system. 

c) Describe the process for installing any temporary power or other 

utility lines for construction. 

  

 

16  Understanding that each specific work area may not be determined until the final work plan is submitted by the construction 
contractor, estimate total area likely to be disturbed. 
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Table 4. Work Areas 

 Proposed Project (approximate metrics) 

Pole Diameter: 

 Wood 

 Self-Supporting Steel 

 

      inches 

      inches 

Lattice Tower Base Dimension: 

 Self-Supporting Lattice Structure 
      feet 

Auger Hole Depth: 

 Wood 

 Self-Supporting Steel 

 

      to       feet 

      to       feet 

Permanent Footprint per Pole/Tower: 

 Wood 

 Self-Supporting Steel  

 Self-Supporting Steel Tower 

 

      sq. feet 

      sq. feet 

      sq. feet 

Number of Poles/Towers: 

 Wood 

 Self-Supporting Steel 

 Self-Supporting Steel Tower 

 

      

      

      

Average Work Area around Pole/Towers (e.g., for 
old pole removal and new pole installation): 

 Tangent structure work areas 

 Dead End / Angle structure work areas 

 
 
 

      sq. feet 

      sq. feet 

Total Permanent Footprint for Poles/Towers  Approximately       acres 

 

3.5.4.3: Vegetation Clearing 

a) Describe what types of vegetation clearing may be required (e.g., 

tree removal, brush removal, flammable fuels removal) and why 

(e.g., to provide access, etc.).  

b) Provide calculations of temporary and permanent disturbance of 

each vegetation community and include all areas of vegetation 

removal in the GIS database. Distinguish between disturbance that 

would occur in previously developed areas (i.e., paved, graveled, or 

otherwise urbanized), and naturally vegetated areas. 

c) Describe how each type of vegetation removal would be 

accomplished. 

d) Describe the types of equipment that would be used for vegetation 

removal. 

  

3.5.4.4: Tree Trimming Removal 

a) For electrical projects, distinguish between tree trimming as 

required under CPUC General Order 95-D and tree removal. 

b) Identify the types, locations, approximate numbers, and sizes of 

trees that may need to be removed or trimmed substantially.  

c) Identify potentially protected trees that may be removed or 

substantially trimmed, such as but not limited to riparian trees, 

oaks trees, Joshua trees, or palm trees.  
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d) Describe the types of equipment that would typically be used for 

tree removal. 

3.5.4.5: Work Area Stabilization. Describe the processes to stabilize 

temporary work areas and access roads including the materials that 

would be used (e.g., gravel). 

  

3.5.4.6: Grading 

a) Describe any earth moving or substantial grading activities (i.e., 

grading below a 6-inch depth) that would be required and identify 

locations where it would occur. 

b) Provide estimated volumes of grading (in cubic yards) including total 

cut, total fill, cut that would be reused, cut that would be hauled 

away, and clean fill that would be hauled to the site. 

  

3.5.5 Transmission Line Construction (Above Ground) 

3.5.5.1: Poles/Towers 

a) Describe the process and equipment for removing poles, towers, 

and associated foundations for the proposed project (where 

applicable). Describe how they would be disconnected, demolished, 

and removed from the site. Describe backfilling procedures and 

where the material would be obtained. 

b) Describe the process and equipment for installing or otherwise 

modifying poles and towers for the proposed project. Describe how 

they would be put into place and connected to the system. Identify 

any special construction methods (e.g., helicopter installation) at 

specific locations or specific types of poles/towers. 

c) Describe how foundations, if any, would be installed. Provide a 

description of the construction method(s), approximate average 

depth and diameter of excavation, approximate volume of soil to be 

excavated, approximate volume of concrete or other backfill 

required, etc. for foundations. Describe what would be done with 

soil removed from a hole/foundation site. 

d) Describe how the poles/towers and associated hardware would be 

delivered to the site and assembled. 

e) Describe any pole topping procedures that would occur, identify 

specific locations and reasons, and describe how each facility would 

be modified. Describe any special methods that would be required 

to top poles that may be difficult to access. 

  

3.5.5.2: Aboveground and Underground Conductor/Cable 

a) Provide a process-based description of how new conductor/cable 

would be installed and how old conductor/cable would be removed, 

if applicable.  

b) Identify where conductor/cable stringing/installation activities 

would occur. 

c) Provide a diagram of the general sequencing and equipment that 

would be used. 

d) Describe the conductor/cable splicing process. 
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e) Provide the general or average distance between pull-and-tension 

sites. Describe the approximate dimensions and where pull-and-

tension sites would generally be required (as indicated by the 

designated work areas), such as the approximate distance to 

pole/tower height ratio, at set distances, or at significant direction 

changes. Describe the equipment that would be required at these 

sites. 

f) For underground conductor/cable installations, describe all 

specialized construction methods that would be used for installing 

underground conductor or cable. If vaults are required, provide their 

dimensions and location/spacing along the alignment. Provide a 

detailed description for how the vaults would be delivered to the 

site and installed. 

g) Describe any safety precautions or areas where special methodology 

would be required (e.g., crossing roadways, stream crossing). 

3.5.5.3: Telecommunications. Identify the procedures for installation of 

proposed telecommunication cables and associated infrastructure.  

  

3.5.5.4: Guard Structures. Identify the types of guard structures that 

would be used at crossings of utility lines, roads, railroads, highways, etc. 

Describe the different types of guard structures or methods that may be 

used (i.e., buried poles and netting, poles secured to a weighted object, 

bucket trucks, etc.). Describe any pole installation and removal 

procedures associated with guard structures. Describe guard structure 

installation and removal process and duration that guard structures 

would remain in place. 

  

3.5.5.5: Blasting 

a) Describe any blasting that may be required to construct the project. 

b) If blasting may be required, provide a Blasting Plan that identifies 

the blasting locations; types and amounts of blasting agent to be 

used at each location; estimated impact radii; and, noise estimates. 

The Blasting Plan should be provided as an Appendix to the PEA.  

c) Provide a map identifying the locations where blasting may be 

required with estimated impact radii. Provide associated GIS data. 

  

3.5.6 Transmission Line Construction (Below Ground) 

3.5.6.1: Trenching 

a) Describe the approximate dimensions of the trench (e.g., depth, 

width). 

b) Provide the total approximate volume of material to be removed 

from the trench, the amount to be used as backfill, and any amount 

to subsequently be removed/disposed of offsite in cubic yards. 

c) Describe the methods used for making the trench (e.g., saw cutter 

to cut the pavement, backhoe to remove, etc.). 

d) Provide off-site disposal location, if known, or describe possible 

option(s). 

e) Describe if dewatering would be anticipated and if so, how the 

trench would be dewatered, the anticipated flows of the water, 
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whether there would be treatment, and how the water would be 

disposed of. 

f) Describe the process for testing excavated soil or groundwater for 

the presence of pre-existing environmental contaminants that could 

be exposed from trenching operations. 

g) If a pre-existing hazardous waste were encountered, describe the 

process of removal and disposal. 

h) Describe the state of the ground surface after backfilling the trench. 

i) Describe standard Best Management Practices to be implemented. 

3.5.6.2: Trenchless Techniques (Microtunnel, Jack and Bore, Horizontal 

Directional Drilling) 

a) Identify any locations/features for which the Applicant expects to 

use a trenchless (i.e., microtunneling, jack and bore, horizontal 

directional drilling) crossing method and which method is planned 

for each crossing. 

b) Describe the methodology of the trenchless technique. 

c) Provide the approximate location and dimensions of the sending 

and receiving pits. 

d) Describe the methodology of excavating and shoring the pits. 

e) Provide the total volume of material to be removed from the pits, 

the amount to be used as backfill, and the amount subsequently to 

be removed/disposed of offsite in cubic yards. 

f) Describe process for safe handling of drilling mud and bore 

lubricants. 

g) Describe the process for detecting and avoiding “fracturing-out” 

during horizontal directional drilling operations. 

h) Describe the process for avoiding contact between drilling 

mud/lubricants and stream beds. 

i) If engineered fill would be used as backfill, indicate the type of 

engineered backfill and the amount that would be typically used 

(e.g., the top 2 feet would be filled with thermal-select backfill). 

j) Describe if dewatering is anticipated and, if so, how the pits would 

be dewatered, the anticipated flows of the water, whether there 

would there be treatment, and how the water would be disposed of. 

k) Describe the process for testing excavated soil or groundwater for 

the presence of pre-existing environmental contaminants. Describe 

the process of disposing of any pre-existing hazardous waste that is 

encountered during excavation.  

l) Describe any standard BMPs that would be implemented for 

trenchless construction. 

  

3.5.7 Substation, Switching Stations, Gas Compressor Stations 

3.5.7.1: Installation or Facility Modification. Describe the process and 

equipment for removing, installing, or modifying any substations, 

switching stations, or compressor stations including: 

a) Transformers/ electric components 

b) Gas components 

c) Control and operation buildings 

d) Driveways 
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e) Fences 

f) Gates 

g) Communication systems (SCADA) 

h) Grounding systems 

3.5.7.2: Civil Works. Describe the process and equipment required to 

construct any slope stabilization, drainage, retention basins, and spill 

containment required for the facility. 

  

3.5.8 Gas Pipelines 

3.5.8.1: Gas Pipeline Construction. Describe the process for proposed 

pipeline construction including site development, trenching and 

trenchless techniques, pipe installation, and backfilling. 

  

3.5.8.2: Water Crossings. Describe water feature crossings that will 

occur during trenching, the method of trenching through stream 

crossings, and the process for avoiding impacts to the water features 

required for pipeline construction. Identify all locations where the 

pipeline will cross water features. Cite to any associated geotechnical or 

hydrological investigations completed and provide a full copy of each 

report as an Appendix to the PEA.17 

  

3.5.8.3: Gas Pipeline Other Requirements 

a) Describe hydrostatic testing process including pressures, timing, 

source of flushing water, discharge of water. 

b) Describe energy dissipation basin, and the size and length of 

segments to be tested. 

c) Describe pig launching locations and any inline inspection 

techniques used during or immediately post construction. 

  

3.5.9 Gas Storage Facilities 

3.5.9.1: Gas Storage Construction 

a) Describe the process for constructing the gas storage facility 

including constructing well pads and drilling wells. 

b) Describe the specific construction equipment that would be used, 

such as the type of drill rig (i.e., size, diesel, electric, etc.), depth of 

drilling, well-drilling schedule and equipment. 

  

3.5.9.2: Drilling Muds and Fluids. Describe the use of any drilling muds, 

fluids, and other drilling materials. Provided estimated types and 

quantities. 

  

3.5.10 Public Safety and Traffic Control (All Projects) 

3.5.10.1: Public Safety 

a) Describe specific public safety considerations during construction 

and best management practices to appropriately manage public 

safety. Clearly state when and where they each safety measure 

would be applied.  

  

 

17 If a geotechnical study is not available at the time of PEA filing, provide the best information available. 
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b) Identify procedures for managing work sites in urban areas, covering 

open excavations securely, installing barriers, installing guard 

structures, etc. 

c) Identify specific project areas where public access may be restricted 

for safety purposes and provide the approximate durations and 

timing of restricted access at each location. 

3.5.10.2: Traffic Control 

a) Describe traffic control procedures that would be implemented 

during construction. 

b) Identify the locations, process, and timing for closing any sidewalks, 

lanes, roads, trails, paths, or driveways to manage public access. 

c) Identify temporary detour routes and locations. 

d) Provide a preliminary Traffic Control Plan(s) for the project. 

  

3.5.10.3: Security. Describe any security measures, such as fencing, 

lighting, alarms, etc. that may be required. State if security personnel will 

be stationed at project areas and anticipated duration of security. 

  

3.5.10.4: Livestock. Describe any livestock fencing or guards that may be 

necessary to prevent livestock from entering project areas. State if the 

fencing would be electrified and if so, how it would be powered. 

  

3.5.11 Dust, Erosion, and Runoff Controls (All Projects) 

3.5.11.1: Dust. Describe specific best management practices that would 

be implemented to manage fugitive dust. 

  

3.5.11.2: Erosion. Describe specific best management practices that 

would be implemented to manage erosion. 

  

3.5.11.3: Runoff. Describe specific best management practices that 

would be implemented to manage stormwater runoff and sediment. 

  

3.5.12 Water Use and Dewatering (All Projects) 

3.5.12.1: Water Use. Describe the estimated volumes of water that 

would be used by construction activity (e.g., dust control, compaction, 

etc.). State if recycled or reclaimed water would be used and provide 

estimated volumes. Identify the anticipated sources where the water 

would be acquired or purchased. Identify if the source of water is 

groundwater and the quantity of groundwater that could be used.  

  

3.5.12.2: Dewatering 

a) Describe dewatering procedures during construction, including 

pumping, storing, testing, permitted discharging, and disposal 

requirements that would be followed.  

b) Describe the types of equipment and workspace considerations to 

be used to dewater, store, transport, or discharge extracted water. 

  

3.5.13 Hazardous Materials and Management (All Projects) 

3.5.13.1: Hazardous Materials  

a) Describe the types, uses, and volumes of all hazardous materials 

that would be used during construction. 

b) State if herbicides or pesticides may be used during construction. 
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c) If a pre-existing hazardous waste were encountered, describe the 

process of removal and disposal. 

3.5.13.2: Hazardous Materials Management 

a) Identify specific best management practices that would be followed 

for transporting, storing, and handling hazardous materials. 

b) Identify specific best management practices that would be followed 

in the event of an incidental leak or spill of hazardous materials. 

c) Provide a Hazardous Substance Control and Emergency Response 

Plan / Hazardous Waste and Spill Prevention Plan as an Appendix to 

the PEA, if appropriate. 

  

3.5.14 Waste Generation and Management (All Projects) 

3.5.14.1: Solid Waste 

a) Describe solid waste streams from existing and proposed facilities 

during construction. 

b) Identify procedures to be implemented to manage solid waste, 

including collection, containment, storage, treatment, and disposal. 

c) Provide estimated total volumes of solid waste by construction 

activity or project component. 

d) Describe the recycling potential of solid waste materials and provide 

estimated volumes of recyclable materials by construction activity or 

project component. 

e) Identify the locations of appropriate disposal and recycling facilities 

where solid wastes would be transported. 

  

3.5.14.2: Liquid Waste 

a) Describe liquid waste streams during construction (i.e., sanitary 

waste, drilling fluids, contaminated water, etc.) 

b) Describe procedures to be implemented to manage liquid waste, 

including collection, containment, storage, treatment, and disposal. 

c) Provide estimated volumes of liquid waste generated by 

construction activity or project component. 

d) Identify the locations of appropriate disposal facilities where liquid 

wastes would be transported. 

  

3.5.14.3: Hazardous Waste 

a) Describe potentially hazardous waste streams during construction 

and procedures to be implemented to manage hazardous wastes, 

including collection, containment, storage, treatment, and disposal. 

b) If large volumes of hazardous waste are anticipated, such as from a 

pre-existing contaminant in the soil that must be collected and 

disposed of, provide estimated volumes of hazardous waste that 

would be generated by construction activity or project component. 

c) Identify the locations of appropriate disposal facilities where 

hazardous wastes would be transported. 

  

3.5.15 Fire Prevention and Response (All Projects) 

3.5.15.1: Fire Prevention and Response Procedures. Describe fire 

prevention and response procedures that would be implemented during 
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construction. Provide a Construction Fire Prevention Plan or specific 

procedures as an Appendix to the PEA. 

3.5.15.2: Fire Breaks. Identify any fire breaks (i.e., vegetation clearance) 

requirements around specific project activities (i.e., hot work). Ensure 

that such clearance buffers are included in the limits of the defined work 

areas, and the vegetation removal in that area is attributed to Fire 

Prevention and Response (refer to 3.5.4.3: Vegetation Clearing). 

  

3.6 Construction Workforce, Equipment, Traffic, and Schedule 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

3.6.1: Construction Workforce 

a) Provide the estimated number of construction crew members. In 

the absence of project-specific data, provide estimates based on 

past projects of a similar size and type. 

b) Describe the crew deployment. Would crews work concurrently 

(i.e., multiple crews at different sites); would they be phased? How 

many crews could be working at the same time and where? 

c) Describe the different types of activities to be undertaken during 

construction, the number of crew members for each activity (i.e. 

trenching, grading, etc.), and number and types of equipment 

expected to be used for the activity. Include a written description of 

the activity. See example in Table 5. 

  

3.6.2: Construction Equipment. Provide a tabular list of the types of 

equipment expected to be used during construction of the proposed 

project including the horsepower. Define the equipment that would be 

used by each phase as shown in the example table below (Table 5). 

  

 

Table 5. Construction Equipment and Workforce 
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3.6.3: Construction Traffic  

a) Describe how the construction crews and their equipment would be 

transported to and from the proposed project site. 

b) Provide vehicle type, number of vehicles, and estimated hours of 

operation per day, week, and month for each construction activity 

and phase. 

c) Provide estimated vehicle trips and vehicles miles traveled (VMT) for 

each construction activity and phase. Provide separate values for 

construction crews commuting, haul trips, and other types of 

construction traffic. 

  

3.6.4: Construction Schedule  

a) Provide the proposed construction schedule (e.g., month and year) 

for each segment or project component, and for each construction 

activity and phase.  

b) Provide and explain the sequencing of construction activities, and if 

they would or would not occur concurrently. 

c) Provide the total duration of each construction activity and phase in 

days or weeks. 

d) Identify seasonal considerations that may affect the construction 

schedule, such as weather or anticipated wildlife restrictions, etc. 

The proposed construction should account for such factors. 

  

3.6.5: Work Schedule 

a) Describe the anticipated work schedule, including the days of the 

week and hours of the day when work would occur. Clearly state if 

work would occur at night or on weekends and identify when and 

where this could occur. 

b) Provide the estimated number of days or weeks that construction 

activities would occur at each type of work area. For example, 

construction at a stationary facility or staging area may occur for the 

entire duration of construction, but construction at individual work 

areas along a linear project would be limited to a few hours, days or 

weeks, and only a fraction of the total construction period. 

  

3.7 Post-Construction 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

3.7.1: Configuring and Testing. Describe the process and duration for 

post-construction configuring and testing of facilities. Describe the 

number of personnel and types of equipment that would be involved. 

  

3.7.2: Landscaping. Describe any landscaping that would be installed. 

Provide a conceptual landscape plan that identifies the locations and 

types of plantings that will be used. Identify whether plantings will 

include container plants or seeds. Include any water required for 

landscaping in the description of water use above.  
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3.7.3 Demobilization and Site Restoration 

3.7.3.1: Demobilization. Describe the process for demobilization after 

construction activities, but prior to leaving the work site. For example, 

describe final processes for removing stationary equipment and 

materials, etc. 

  

3.7.3.2: Site Restoration. Describe how cleanup and post-construction 

restoration would be performed (i.e., personnel, equipment, and 

methods) on all project ROWs, sites, and extra work areas. Things to 

consider include, but are not limited to, restoration of the following: 

a) Restoring natural drainage patterns 

b) Recontouring disturbed soil 

c) Removing construction debris 

d) Vegetation 

e) Permanent and semi-permanent erosion control measures 

f) Restoration of all disturbed areas and access roads, including 

restoration of any public trails that are used as access, as well as any 

damaged sidewalks, agricultural infrastructure, or landscaping, etc. 

g) Road repaving and striping, including proposed timing of road 

restoration for underground construction within public roadways 

  

3.8 Operation and Maintenance 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

3.8.1: Regulations and Standards 

a) Identify and describe all regulations and standards applicable to 

operation and maintenance of project facilities. 

b) Provide a copy of any applicable Wildfire Management Plan and 

describe any special procedures for wildfire management. 

  

3.8.2: System Controls and Operation Staff 

a) Describe the systems and methods that the Applicant would use for 

monitoring and control of project facilities (e.g., on-site control 

rooms, remote facilities, standard monitoring and protection 

equipment, pressure sensors, automatic shut-off valves, and site 

and equipment specific for monitoring and control such as at 

natural gas well pads). 

b) If new full-time staff would be required for operation and/or 

maintenance, provide the number of positions and purpose. 

  

3.8.3: Inspection Programs 

a) Describe the existing and proposed inspection programs for each 

project component, including the type, frequency, and timing of 

scheduled inspections (i.e., aerial inspection, ground inspection, 

pipeline inline inspections).  

b) Describe any enhanced inspections, such as within any High Fire 

Threat Districts consistent with applicable Wildfire Management 

Plan requirements. 
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c) Describe the inspection processes, such as the methods, number of 

crew members, and how access would occur (i.e., walk, vehicle, all-

terrain vehicle, helicopter, drone, etc.). If new access would be 

required, describe any restoration that would be provided for the 

access roads. 

3.8.4: Maintenance Programs 

a) Describe the existing and proposed maintenance programs for each 

project component. 

b) Describe scheduled maintenance or facility replacement after the 

designated lifespan of the equipment. 

c) Identify typical parts and materials that require regular 

maintenance and describe the repair procedures. 

d) Describe any access road maintenance that would occur. 

e) Describe maintenance for surface or color treatment. 

f) Describe cathodic protection maintenance that would occur. 

g) Describe ongoing landscaping maintenance that would occur. 

  

3.8.5: Vegetation Management Programs 

a) Describe vegetation management programs within and surrounding 

project facilities. Distinguish between any different types of 

vegetation management. 

b) Describe any enhanced vegetation management, such as within any 

High Fire Threat Districts consistent with any applicable Wildfire 

Management Plan requirements. Identify the areas where 

enhanced vegetation management would be conducted. 

  

3.9 Decommissioning 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

3.9.1: Decommissioning. Provide detailed information about the current 

and reasonably foreseeable plans for the disposal, recycling, or future 

abandonment of all project facilities. 

  

3.10 Anticipated Permits and Approvals 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

3.10.1: Anticipated Permits and Approvals. Identify all necessary 

federal, state, regional, and local permits that may be required for the 

project. For each permit, list the responsible agency and district/office 

representative with contact information, type of permit or approval, and 

status of each permit with date filed or planned to file. For example: 

a) Federal Permits and Approvals 

i. U.S. Fish and Wildlife Service 

ii. U.S. Army Corps of Engineers 

iii. Federal Aviation Administration 

iv. U.S. Forest Service 
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v. U.S. Department of Transportation – Office of Pipeline Safety 

vi. U.S. Environmental Protection Agency (Resource Conservation 

and Recovery Act; Comprehensive Environmental Response, 

Compensation, and Liability Act)  

b) State and Regional Permits 

i. California Department of Fish and Wildlife 

ii. California Department of Transportation 

iii. California State Lands Commission 

iv. California Coastal Commission 

v. State Historic Preservation Office, Native American Heritage 

Commission 

vi. State Water Resources Control Board 

vii. California Division of Oil, Gas and Geothermal Resources  

viii. Regional Air Quality Management District 

ix. Regional Water Quality Control Board (National Pollutant 

Discharge Elimination System General Industrial Storm Water 

Discharge Permit) 

x. Habitat Conservation Plan Authority (if applicable) 
 

See also Table 6 of example permitting requirements and processes. 

3.10.2: Rights-of-Way or Easement Applications. Demonstrate that 

applications for ROWs or other proposed land use have been or soon 

will be filed with federal, state, or other land-managing agencies that 

have jurisdiction over land that would be affected by the project (if any). 

Discuss permitting plans and timeframes and provide the contact 

information at the federal agency(ies) approached. 

  

3.11 Applicant Proposed Measures 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

3.11 Applicant Proposed Measures 

a) Provide a table with the full text of any Applicant Proposed 

Measure. Where applicable, provide a copy of Applicant 

procedures, plans, and standards referenced in the Applicant 

Proposed Measures. 

b) Within Chapter 5, describe the basis for selecting a particular 

Applicant Proposed Measure and how the Applicant Proposed 

Measure would reduce the impacts of the project.18 

c) Carefully consider each CPUC Draft Environmental Measure 

identified in Chapter 5 of this PEA Checklist. The CPUC Draft 

Environmental Measures will be applied to the proposed project 

where applicable. 

  

 

18  Applicant Proposed Measures that use phrases, such as, “as practicable” or other conditional language are not acceptable and 
will be superseded by Mitigation Measures if required to avoid or reduce a potentially significant impact. 
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Table 6. Example Permitting Requirements and Processes 
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   19 

 

 

19 Permitting is project specific. This table is provided for discussion purposes. 
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3.12 Project Description Graphics, Mapbook, and GIS Requirements 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

3.12.1: Graphics. Provide diagrams of the following as applicable: 

a) All pole, tower, pipe, vault, conduit, and retaining wall types 

b) For poles, provide typical drawings with approximate 

diameter at the base and tip; for towers, estimate the width 

at base and top. 

c) A typical detail for any proposed underground duct banks and 

vaults 

d) All substation, switchyard, building, and facility layouts 

e) Trenching, drilling, pole installation, pipe installation, vault 

installation, roadway construction, facility removal, helicopter 

uses, conductor installation, traffic control, and other 

construction activities where a diagram would assist the 

reader in visualizing the work area and construction approach 

f) Typical profile views of proposed aboveground facilities and 

existing facilities to be modified within the existing and 

proposed ROW (e.g., typical cross-section of existing and 

proposed facilities by project segment).  

g) Photos of representative existing and proposed structures 

  

3.12.2: Mapbook. Provide a detailed mapbook on an aerial imagery 

basemap at a scale between 1:3000 and 1:6000 (or as appropriate and 

legible) that show mileposts, roadways, and all project components 

and work areas including: 

a) All proposed above-ground and underground structure/facility 

locations (e.g., poles, conductor, substations, compressor 

stations, telecommunication lines, vaults, duct bank, lighting, 

markers, etc.) 

b) All existing structures/facilities that would be modified or 

removed 

c) Identify by milepost where existing ROW will be used and 

where new ROW or land acquisition will be required. 

d) All permanent work areas including permanent facility access 

e) All access roads including, existing, temporary, and new 

permanent access 

f) All temporary work areas including staging, material storage, 

field offices, material laydown, temporary work areas for 

above ground (e.g., pole installation) and underground facility 

construction (e.g., trenching and duct banks), helicopter 

landing zones, pull and tension sites, guard structures, shoo 

flys etc. 

g) Areas where special construction methods (e.g., jack and 

bore, HDD, blasting, retaining walls etc.) may need to be 

employed 
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h) Areas where vegetation removal may occur 

i) Areas to be heavily graded and where slope stabilization 

measures would be employed including any retaining walls 

3.12.3: GIS Data. Provide GIS data for all features and ROW shown on 

the detailed mapbook. 

  

3.12.4: GIS Requirements. Provide the following information for each 

pole/tower that would be installed and for each pole/tower that 

would be removed:  

a) Unique ID number and type of pole (e.g., wood, steel, etc.) or 

tower (e.g., self-supporting lattice) both in a table and in the 

attributes of the GIS data provided 

b) Identify pole/tower heights and conductor sizes in the 

attributes of the GIS data provided. 

  

3.12.5: Natural Gas Facilities GIS Data. For natural gas facilities, 

provide GIS data for system cross ties and all laterals/taps, valve 

stations, and new and existing inspection facilities (e.g., pig launcher 

sites). 
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4 Description of Alternatives  
All Applicants will assume that alternatives will be required for the environmental analysis and that an 

EIR will be prepared unless otherwise instructed by CPUC CEQA Unit Staff in writing prior to application 

filing. See PEA Requirements at the beginning of this checklist document. The consideration and 

discussion of alternatives will adhere to CEQA Guidelines Section 15126.6. The description of 

alternatives will be provided in this chapter of the PEA, and the comparison of each alternative to the 

proposed project is provided in PEA Chapter 6. The amount of detail required for the description of 

various alternatives to the proposed project and what may be considered a reasonable range of 

alternatives will be discussed with CPUC during Pre-filing. 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

4.1 Alternatives Considered. Identify alternatives to the proposed 

project.20 Include the following: 

a) All alternatives to the proposed project that were suggested, 

considered, or studied by the CAISO or by CAISO stakeholders 

b) Alternatives suggested by the public or agencies during public 

outreach efforts conducted by the Applicant 

c) Reduced footprint alternatives, including, e.g., smaller diameter 

pipelines and space for fewer electric transformers 

d) Project phasing options (e.g., evaluate the full build out for 

environmental clearance but consider an initial, smaller buildout 

that would only be expanded [in phases] if needed) 

e) Alternative facility and construction activity sites (e.g., substation, 

compressor station, drilling sites, well-head sites, staging areas) 

f) Renewable, energy conservation, energy efficiency, demand 

response, distributed energy resources, and energy storage 

alternatives 

g) Alternatives that would avoid or limit the construction of new 

transmission-voltage facilities or new gas transmission pipelines 

h) Other technological alternatives (e.g., conductor type) 

i) Route alternatives and route variations 

j) Alternative engineering or technological approaches (e.g., 

alternative types of facilities, or materials, or configurations)  

k) Assign an identification label and brief, descriptive title to each 

alternative described in this PEA chapter (e.g., Alternative A: No 

Project; Alterative B: Reduced Footprint 500/115-kV Substation; 

Alternative C: Ringo Hills 16-inch Pipeline Alignment; Alternative 

D1: Lincoln Street Route Variation; etc.). Each alternative will be 

easily identifiable by reading the brief title. 
 

Provide a description of each alternative. The description of each 

alternative will discuss to what extent it would be potentially feasible, 

  

 

20  Reduced footprint alternatives; siting alternatives; renewable, energy conservation, energy efficiency, demand response, 
distributed energy resources, and energy storage alternatives; and non-wires alternatives (electric projects only) are typically 
required. For linear projects, route alternatives and route variations are typically required as well. 
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meet the project’s underlying purpose, meet most of the basic project 

objectives, and avoid or reduce one or more potentially significant 

impacts. If the Applicant believes that an alternative is infeasible or the 

implementation is remote and speculative (CEQA Guidelines Section 

15126.6(f)(3), clearly explain why. 
 

If significant environmental effects are possible without mitigation, 

alternatives will be provided in the PEA that are capable of avoiding or 

reducing any potentially significant environmental effects, even if the 

alternative(s) substantially impede the attainment of some project 

objectives or are costlier.21 

4.2 No Project Alternative. Include a thorough description of the No 

Project Alternative. The No Project Alternative needs to describe the 

range of actions that are reasonably foreseeable if the proposed project 

is not approved. The No Project Alternative will be described to meet 

the requirements of CEQA Guidelines Section15126.6(e). 

  

4.3 Rejected Alternatives. Provide a detailed discussion of all 

alternatives considered by the Applicant that were not selected by the 

Applicant for a full description in the PEA and analysis in PEA Chapter 5. 

The detailed discussion will include the following: 

a) Description of the alternative and its components 

b) Map of any alternative sites or routes 

c) Discussion about the extent to which the alternative would meet 

the underlying purpose of the project and its basic objectives 

d) Discussion about the feasibility of implementing the alternative 

e) Discussion of whether the alternative would reduce or avoid any 

significant environmental impacts of the proposed project  

f) Discussion of any new significant impacts that could occur from 

implementation of the alternative 

g) Description of why the alternative was rejected 

h) Any comments from the public or agencies about the alternative 

during PEA preparation 

  

For Natural Gas Storage Projects: 

4.4 Natural Gas Storage Alternatives. In addition to the requirements 

included above, alternatives to be considered for proposed natural gas 

storage projects include the following, where applicable: 

a) Alternative reservoir locations considered for gas storage including 

other field locations and other potential storage areas 

b) Alternative pipelines, road, and utility siting 

c) Alternative suction gas requirements, and injection/withdrawal 

options 

  

 

21  CPUC CEQA Unit Staff will determine whether an alternative could substantially reduce one or more potentially significant 
impacts of the proposed project (CEQA Guidelines Section 15125.5). Applicants are strongly advised to provide more rather 
than less alternatives for CPUC’s consideration or as determined during Pre-filing. 
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5 Environmental Analysis 
Include a description of the environmental setting, regulatory setting, and impact analysis for each 

resource area. The resource areas addressed will include each environmental factor (resource area) 

identified in the most recent adopted version of the CEQA Guidelines Appendix G checklist and any 

additional relevant resource areas and impact questions that are defined in this PEA checklist. 

1. Environmental Setting 

a. For each resource area, the PEA will include a detailed description of the natural and 

built environment in the vicinity of the proposed project area (e.g., topography, land use 

patterns, biological environment, etc.) as applicable to the resource area. Both regional 

and local environmental setting information will be provided.  

b. All setting information provided will relate in some way to the impacts of the proposed 

project discussed in the PEA’s impacts analysis, however CPUC’s impacts analysis may be 

more thorough, which may necessitate additional setting information than the Applicant 

might otherwise provide. 

2. Regulatory Setting 

a. Organized by federal, State, regional, and local sections 

b. Describe the policy or regulation and briefly explain why it is applicable to the proposed 

project.  

i. Identify in the setting all laws, regulations, and policies that would be applicable 

for CPUC’s exclusive jurisdiction over the siting and design of electric and gas 

facilities. Public utilities under CPUC’s jurisdiction are expected to consult with 

local agencies regarding land use matters. Local laws, regulations, and policies 

will be considered for the consideration of potential impacts during CPUC’s 

CEQA review (e.g., encroachment, grading, erosion control, scenic corridors, 

overhead line undergrounding, tree removal, fire protection, permanent and 

temporary noise limits, zoning requirements, general plan polices, and all local 

and regional laws, regulations, and policies). 

3. Impact Questions 

a. Includes all impact questions in the current version of CEQA Guidelines, Appendix G.  

b. Additional impact questions that are frequently relevant to utility projects are provided 

in Attachment 4, CPUC Draft Environmental Measures. 

4. Impact Analyses 

a. Discussion organized by CEQA Guidelines, Appendix G impact items and any Additional 

CEQA Impact Questions in the PEA Checklist. Assess all potential environmental impacts 

and make determinations, such as, No Impact, Less than Significant, Less than Significant 

with Mitigation, Significant and Unavoidable, or Beneficial Impact with respect to 

construction, operations, and maintenance activities.  

b. The impact analyses provided in PEA Chapter 5, Environmental Analysis, need not be as 

thorough as those to be prepared by CPUC for the CEQA environmental document. A 

preliminary determination will be provided but with only brief justification unless 

otherwise directed by CPUC Staff in writing during Pre-filing.  

5. CPUC Draft Environmental Measures 

a. CPUC Draft Environmental Measures are provided for some of the resource areas in 

Attachment 4, CPUC Draft Environmental Measures. The measures may be applied to 

the proposed project as written or modified by the CPUC during its environmental 

review if the measure would avoid or reduce a potentially significant impact.  
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b. The CPUC Draft Environmental Measures should be discussed with the CPUC’s CEQA 

Unit Staff during Pre-filing, especially with respect to the development of Applicant 

Proposed Measures. 

c. In general, impact avoidance is preferred to the reduction of potentially significant 

impacts. 

Additional requirements specific to each resource area are identified in the following sections. 

5.1 Aesthetics 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.1.1 Environmental Setting 

5.1.1.1: Landscape Setting. Briefly described the regional and local 

landscape setting. 

  

5.1.1.2: Scenic Resources. Identify and describe any vistas, scenic 

highways, national scenic areas, or other scenic resources within and 

surrounding the project area (approximately 5-mile buffer but may be 

greater if necessary). Scenic resources may also include but are not 

limited to historic structures, trees, or other resources that contribute to 

the scenic values where the project would be located. 

  

5.1.1.3: Viewshed Analysis 

a) Conduct a viewshed analysis for the project area (approximately 

5-mile buffer but may be greater if necessary). 

b) Describe the project viewshed, including important visibility 

characteristics for the project site, such as viewing distance, 

viewing angle, and intervening topography, vegetation, or 

structures. 

c) Provide a supporting map (or maps) showing project area, 

landscape units, topography (i.e., hillshade), and the results of 

the viewshed analysis. Provide associated GIS data. 

  

5.1.1.4: Landscape Units. Identify and describe landscape units 

(geographic zones) within and surrounding the project area 

(approximately 5-mile buffer but may be greater if necessary) that 

categorizes different landscape types and visual characteristics, with 

consideration to topography, vegetation, and existing land uses. 

Landscape units should be developed based on the existing landscape 

characteristics rather than the project’s features or segments. 

  

5.1.1.5: Viewers and Viewer Sensitivity. Identify and described the 

types of viewers expected within the viewshed and landscape units. 

Describe visual sensitivity to general visual change based on viewing 

conditions, use of the area, feedback from the public about the project, 

and landscape characteristics. 
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5.1.1.6: Representative Viewpoints 

a) Identify representative viewpoints from publicly accessible locations 

(up to approximately 5-mile buffer but may be greater if 

appropriate). The number and location of the viewpoints must 

represent a range of views of the project site from major roads, 

highways, trails, parks, vistas, landmarks, and other scenic resources 

near the project site. Multiple viewpoints should be included where 

the project site would be visible from sensitive scenic resources to 

provide context on different viewing distances, perspectives, and 

directions. 

b) Provide the following information for each viewpoint: 

i. Number, title, and brief description of the location 

ii. Types of viewers 

iii. Viewing direction(s) and distance(s) to the nearest proposed 

project features 

iv. Description of the existing visual conditions and visibility of 

the project site as seen from the viewpoint and shown in the 

representative photographs 

c) Provide a supporting map (or maps) showing project features and 

representative viewpoints with arrows indicating the viewing 

direction(s). Provide associated GIS data (may be combined with GIS 

data request below for representative photographs). 

  

5.1.1.7: Representative Photographs 

a) Provide high resolution photographs taken from the representative 

viewpoints in the directions of all proposed project features.22 

Multiple photographs should be provided where project features 

may be visible in different viewing directions from the same 

location. 

b) Provide the following information for each photograph:  

i. Capture time and date 

ii. Camera body and lens model 

iii. Lens focal length and camera height when taken 

c) Provide GIS data associated with each photograph location that 

includes coordinates (<1 meter resolution), elevations, and viewing 

directions, as well as the associated viewpoint. 

  

5.1.1.8: Visual Resource Management Areas 

a) Identify any visual resource management areas within and 

surrounding the project area (approximately 5-mile buffer). 

b) Describe any project areas within visual resource management 

areas. 

  

 

22  All representative photographs should be taken using a digital single-lens reflex camera with standard 50-millimeter lens 
equivalent, which represents an approximately 40-degree horizontal view angle. The precise photograph coordinates and 
elevations should be collected using a high accuracy GPS unit. 
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c) Provide a supporting map (or maps) showing project features and 

visual resource management areas. Provide associated GIS data. 

5.1.2 Regulatory Setting 

5.1.2.1: Regulatory Setting. Identify applicable federal, state, and local 

laws, policies, and standards regarding aesthetics and visual resource 

management. 

  

5.1.3 Impact Questions 

5.1.3.1: Impact Questions. The impact questions include all aesthetic 

impact questions in the current version of CEQA Guidelines, Appendix G.  

5.1.3.2: Additional CEQA Impact Questions: None. 

  

5.1.4 Impact Analysis 

5.1.4.1: Visual Impact Analysis. Provide an impact analysis for each 

checklist item identified in CEQA Guidelines Appendix G for this resource 

area and any additional impact questions listed above. 

  

The following information will be included in the PEA or a technical Appendix to support the 

aesthetic impact analysis: 

5.1.4.2: Analysis of Selected Viewpoints. Identify the methodology and 

assumptions that were applied in selecting key observation points for 

visual simulation. It is recommended that viewpoints are selected where 

viewers may be sensitive to visual change (public views) and in areas 

that are visually sensitive, or heavily trafficked or visited.23 

  

5.1.4.3: Visual Simulation 

a) Identify methodology and assumptions for completing the visual 

simulations. The simulations should include photorealistic 3-D 

models of project features and any land changes within the KOP 

view. The visual simulations should depict conditions: 

i. Immediately following construction, and 

ii. After vegetation establishment in all areas of temporary 

impact to illustrate the visual impact from vegetation 

removal.  

b) Provide high resolution images for the visual simulations.  

  

5.1.4.4: Analysis of Visual Change 

a) Identify the methodology and assumptions for completing the visual 

change analysis.24 The methodology should be consistent with 

applicable visual resource management criteria. 

b) Provide a description of the visual change for each selected 

viewpoint. Describe any conditions that would change over time, 

such as vegetation growth. 

  

 

23 The KOP selection process should be discussed with CPUC during Pre-filing 
24 The visual impact assessment methodology should be discussed with CPUC during Pre-filing 
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c) Describe the effects of visual change that would result in the entire 

project area, as indicated by the selected viewpoints that were 

simulated and analyzed. 

5.1.4.5: Lighting and Marking. Identify all new sources of permanent 

lighting. Identify any proposed structures or lines that could require FAA 

notification. Identify any structures or line segments that could require 

lighting and marking based on flight patterns and FAA or military 

requirements. Provide supporting documentation in an Appendix (e.g., 

FAA notice and criteria tool results). 

  

5.1.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.2 Agriculture and Forestry Resources 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.2.1 Environmental Setting 

5.2.1.1: Agricultural Resources and GIS 

a) Identify all agricultural resources that occur within the project area 

including: 

i. Areas designated as Prime Farmland, Unique Farmland, or 

Farmland of Statewide Importance 

ii. Areas under Williamson Act contracts and provide information 

on the status of the Williamson Act contract 

iii. Any areas zoned for agricultural use in local plans 

iv. Areas subject to active agricultural use 

b) Provide GIS data for agricultural resources within the proposed 

project area. 

  

5.2.1.2: Forestry Resources and GIS 

a) Identify all forestry resources within the project area including: 

i. Forest land as defined in Public Resources Code 12220(g)25  

ii. Timberland as defined in Public Resource Code section 4526 

iii. Timberland zoned Timberland Production as defined in 

Government Code section 51104(g) 

b) Provide GIS data for all forestry resources within the proposed 

project area. 

  

5.2.2 Regulatory Setting 

5.2.2: Agriculture and Forestry Regulations. Identify all federal, state, 

and local policies for protection of agricultural and forestry resources 

that apply to the proposed project.  

  

 

25  Forest land is defined in Public Resources Code as, “land that can support 10 percent native tree cover of any species, 
including hardwoods, under natural conditions, and that allows for management of one or more forest resources, including 
timber, aesthetics, fish and wildlife, biodiversity, water quality, recreation, and other public benefits.” 
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5.2.3 Impact Questions 

5.2.3.1: Agriculture and Forestry Impact Questions. The impact 

questions include all agriculture and forestry impact questions in the 

current version of CEQA Guidelines, Appendix G. 

5.2.3.2: Additional CEQA Impact Questions: None. 

  

5.2.4 Impact Analyses  

5.2.4.1: Agriculture and Forestry Impacts. Provide an impact analysis for 

each checklist item identified in CEQA Guidelines Appendix G for this 

resource area and any additional impact questions listed above. 

  

Incorporate the following discussions into the analysis of impacts: 

5.2.4.2: Prime Farmland Soil Impacts. Calculate the acreage of Prime 

Farmland soils that would be affected by construction and operation 

and maintenance. 

  

5.2.4.3. Williamson Act Impacts. Describe the approach to resolve 

potential conflicts with Williamson Act contract (if applicable) 

  

5.2.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.3 Air Quality 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.3.1 Environmental Setting 

5.3.1.1: Air Quality Plans Identify and describe all applicable air quality 

plans and attainment areas. Identify the air basin(s) for the project area. 

If the project is located in more than one attainment area and/or air 

basin, provide the extent in each attainment area and air basin. 

  

5.3.1.2: Air Quality. Describe existing air quality in the project area. 

a) Identify existing air quality exceedance of National Ambient Air 

Quality Standards and California Ambient Air Quality Standards in 

the air basin. 

b) Provide the number of days that air quality in the area exceeds 

state and federal air standards for each criteria pollutant that 

where air quality standards are exceeded. 

c) Provide air quality data from the nearest representative air 

monitoring station(s). 

  

5.3.1.3: Sensitive Receptor Locations. Identify the location and types of 

each sensitive receptor locations26 within 1,000 feet of the project area. 

Provide GIS data for sensitive receptor locations. 

  

 

26  Sensitive Receptor locations may include hospitals, schools, and day care centers, and such other locations as the air district 
board or California Air Resources Board may determine (California Health and Safety Code § 42705.5(a)(5)). 



Guidelines for Energy Project Applications Requiring CEQA Compliance: Pre-filing and PEAs 

November 12, 2019 

48 

 

5.3.2 Regulatory Setting 

5.3.2.1: Regulatory Setting. Identify applicable federal, state, and local 

laws, policies, and standards regarding aesthetics and visual resource 

management. 

  

5.3.2.2: Air Permits. Identify and list all necessary air permits.   

5.3.3 Impact Questions 

5.3.3.1: Impact Questions. The impact questions include all air quality 

impact questions in the current version of CEQA Guidelines, Appendix G. 

5.3.3.2: Additional CEQA Impact Questions: None. 

  

5.3.4 Impact Analysis 

5.3.4.1: Impact Analysis. Provide an impact analysis for each checklist 

item identified in CEQA Guidelines Appendix G for this resource area 

and any additional impact questions listed above. 

  

The following information will be presented in the PEA or a technical Appendix to support the air 

quality impact analysis: 

5.3.4.2: Air Quality Emissions Modeling. Model project emissions using 

the most recent version of CalEEMod and/or a current version of other 

applicable modeling program. Provide all model input and output data 

sheets in Microsoft Excel format to allow CPUC to evaluate whether 

project data was entered into the modeling program accurately. The 

assumptions used in the air quality modeling must be consistent with all 

PEA information about the project’s schedule, workforce, and 

equipment. The following information will be addressed in the 

emissions modeling, Air Quality Appendix, and PEA: 

a) Quantify the expected emissions of criteria pollutants from all 

project-related sources. Quantify emissions for both construction 

and operation (e.g., compressor equipment).  

b) Identify manufacturer’s specifications for all proposed new 

emission sources. For proposed new, additional, or modified 

compressor units, include the horsepower, type, and energy source. 

c) Describe any emission control systems that are included in the air 

quality analysis (e.g., installation of filters, use of EPA Tier II, III, or IV 

equipment, use of electric engines, etc.). 

d) When multiple air basins may be affected by the project, model air 

emissions within each air basin and provide a narrative (supported 

by calculations) that clearly describes the assumptions around the 

project activities considered for each air basin. Provide modeled 

emissions by attainment area or air basin (supported by 

calculations). 
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5.3.4.3: Air Quality Emissions Summary. Provide a table summarizing 

the air quality emissions for the project and applicable thresholds for 

each applicable attainment area. Include a summary of uncontrolled 

emissions (prior to application of any APMs) and controlled emissions 

(after application of APMs). Clearly identify the assumptions that were 

applied in the controlled emissions estimates. 

  

5.3.4.4: Health Risk Assessment. Complete a Health Risk Assessment 

when air quality emissions have the potential to lead to human health 

impacts27. If health impacts are not anticipated from project emissions, 

the analysis should clearly describe why emissions would not lead to 

health impacts. 

  

5.3.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.4 Biological Resources 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.4.1 Environmental Setting 

5.4.1.1: Biological Resources Technical Report. Provide a Biological 

Resources Technical Report as an Appendix to the PEA that includes all 

information specified in Attachment 2. 

  

The following biological resources information will be presented in the PEA: 

5.4.1.2: Survey Area (Local Setting). Identify and describe the biological 

resources survey area as documented in the Biological Resources 

Technical Report. All temporary and permanent project areas must be 

within the survey area. 

  

5.4.1.3: Vegetation Communities and Land Cover 

a) Identify, describe, and quantify vegetation communities and land 

cover types within the biological resources survey area.  

b) Clearly identify any sensitive natural vegetation communities that 

meet the definition of a biological resource under CEQA (i.e., rare, 

designated, or otherwise protected), such as, but not limited to, 

riparian habitat. 

c) Provide a supporting map (or maps) showing project features and 

vegetation communities and land cover type.  

  

 

27  Refer to Office of Environmental Health Hazard Assessment (OEHHA) most recent guidance for preparation of Health Risk 
Assessments to determine whether a Health Risk Assessment is required for the project. The need for an HRA should also be 
discussed with CPUC during Pre-filing. 
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5.4.1.4: Aquatic Features 

a) Identify, describe, and quantify aquatic features within the 

biological resources survey area that may provide potentially 

suitable aquatic habitat for rare and special-status species. 

b) Identify and quantify potentially jurisdictional aquatic features 

and delineated wetlands, according to the Wetland Delineation 

Report and Biological Resources Technical Report. 

c) Provide a supporting map (or maps) showing project features 

and aquatic resources. 

  

5.4.1.5: Habitat Assessment. Identify rare and special-status species 

with potential to occur in the project region (approximately a 5-mile 

buffer but may be larger if necessary). For each species, provide the 

following information: 

a) Common and scientific name 

b) Status and/or rank 

c) Habitat characteristics (i.e., vegetation communities, elevations, 

seasonal changes, etc.) 

d) Blooming characteristics for plants 

e) Breeding and other dispersal (range) behavior for wildlife 

f) Potential to occur within the survey area (i.e., Present, High 

Potential, Moderate Potential, Low Potential, or Not Expected), 

with justification based on the results of the records search, 

survey findings, and presence of potentially suitable habitat 

g) Specific types and locations of potentially suitable habitat that 

correspond to the vegetation communities and land cover and 

aquatic features 

  

5.4.1.6: Critical Habitat 

a) Identify and describe any critical habitat for rare or special-

status species within and surrounding the project area 

(approximately a 5-mile buffer). 

b) Provide a supporting map (or maps) showing project features 

and critical habitat.  

  

5.4.1.7: Native Wildlife Corridors and Nursery Sites 

a) Identify and describe regional and local wildlife corridors within 

and surrounding the project area (approximately a 5-mile 

buffer), including but not limited to, landscape and aquatic 

features that connect suitable habitat in regions otherwise 

fragmented by terrain, changes in vegetation, or human 

development.  

b) Identify and describe regional and local native wildlife nursery 

sites within and surrounding the project area (approximately a 

5-mile buffer), as identified through the records search, surveys, 

and habitat assessment. 
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c) Provide a supporting map (or maps) showing project features, 

native wildlife corridors, and native nursery sites. 

5.4.1.8: Biological Resource Management Areas 

a) Identify any biological resource management areas (i.e., 

conservation or mitigation areas, HCP or NCCP boundaries, etc.) 

within and surrounding the project area (approximately 5-mile 

buffer). 

b) Identify and quantify any project areas within biological 

resource management areas. 

c) Provide a supporting map (or maps) showing project features 

and biological resource management areas. 

  

5.4.2 Regulatory Setting 

5.4.2.1: Regulatory Setting. Identify applicable federal, state, and local 

laws, policies, and standards regarding biological resources.  

  

5.4.2.2: Habitat Conservation Plan. Provide a copy of any relevant 

Habitat Conservation Plan. 

  

5.4.3 Impact Questions 

5.4.3.1: Impact Questions. The impact questions include all biological 

resource impact questions in the current version of CEQA Guidelines, 

Appendix G. 

5.4.3.2: Additional CEQA Impact Question:  

Would the project create a substantial collision or electrocution risk for 

birds or bats? 

  

5.4.4 Impact Analysis 

5.4.4.1: Impact Analysis Provide an impact analysis for each checklist 

item identified in CEQA Guidelines, Appendix G for Biological Resources 

and any additional impact questions listed above.  

  

The following information will be included in the impact analysis: 

5.4.4.2: Quantify Habitat Impacts. Provide the area of impact in acres 

by each habitat type. Quantify temporary and permanent impacts. For 

all temporary impacts provide the following: 

a) Description of the restoration and revegetation approach 

b) Vegetation species that would be planted within the area of 

temporary disturbance 

c) Procedures to reduce invasive weed encroachment within areas 

of temporary disturbance 

d) Expected timeframe for restoration of the site 

  

5.4.4.3: Special-Status Species Impacts. Identify anticipated impacts on 

special-status species. Identify any take permits that are anticipated for 

the project. If an existing habitat conservation plan (HCP) or natural 

communities conservation plan (NCCP) would be used for the project, 

provide current accounting of take coverage included in the HCP/NCCP 
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to demonstrate that there is sufficient habitat coverage remaining 

under the existing permit. 

5.4.4.4: Wetland Impacts. Quantify the area (in acres) of temporary and 

permanent impacts on wetlands. Include the following details: 

a) Provide a table identifying all wetlands, by milepost and length, 

crossed by the project and the total acreage of each wetland 

type that would be affected by construction. 

b) Discuss construction and restoration methods proposed for 

crossing wetlands. 

c) If wetlands would be filled or permanently lost, describe 

proposed measures to compensate for permanent wetland 

losses. 

d) If forested wetlands would be affected, describe proposed 

measures to restore forested wetlands following construction. 

  

5.4.4.5: Avian Impacts. Describe avian obstructions and risk of 

electrocution from the project. Describe any standards that will be 

implemented as part of the project to reduce the risk of collision and 

electrocution. 

  

5.4.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.5 Cultural Resources28 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.5.1 Environmental Setting 

5.5.1.1: Cultural Resource Reports. Provide a cultural resource 

inventory and evaluation report that addresses the technical 

requirement provided in Attachment 3. 

  

5.5.1.2: Cultural Resources Summary. Summarize cultural resource 

survey and inventory results and survey methods. Do not provide any 

confidential cultural resource information within the PEA chapter.  

  

5.5.1.3: Cultural Resource Survey Boundaries. Provide a map with 

mileposts showing the boundaries of all survey areas in the report. 

Provide the GIS data for the survey area. Provide confidential GIS data 

for the resource locations and boundaries separately under confidential 

cover. 

  

5.5.2 Regulatory Setting 

5.5.2.1: Regulatory Setting. Identify applicable federal and state 

regulations for protection of cultural resources. 

  

 

28 For a description and evaluation of cultural resources specific to Tribes, see Section 5.18, Tribal Cultural Resources. 
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5.5.3 Impact Questions 

5.5.3.1: Impact Questions. The impact questions include all cultural 

resource impact questions in the current version of CEQA Guidelines, 

Appendix G. 

5.5.3.2: Additional CEQA Impact Questions: None. 

  

5.5.4 Impact Analysis 

5.5.4.1: Impact Analysis. Provide an impact analysis for each checklist 

item identified in CEQA Guidelines, Appendix G for this resource area 

and any additional impact questions listed above. 

  

Include the following information in the impact analysis 

5.5.4.2: Human Remains. Describe the potential for encountering 

human remains or grave goods during the trenching or any other phase 

of construction. Describe the procedures that would be used if human 

remains are encountered. 

  

5.5.4.3: Resource Avoidance. Describe avoidance procedures that 

would be implemented to avoid known resources. 

  

5.5.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.6 Energy 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.6.1 Environmental Setting 

5.6.1.1: Existing Energy Use. Identify energy use of existing 

infrastructure if the proposed project would replace or upgrade an 

existing facility. 

  

5.6.2 Regulatory Setting 

5.6.2.1: Regulatory Setting. Identify applicable federal, state, or local 

regulations or policies applicable to energy use for the proposed 

project. 

  

5.6.3 Impact Questions 

5.6.3.1: Impact Questions: The impact questions include all energy 

impact questions in the current version of CEQA Guidelines, Appendix 

G. 

5.6.3.2: Additional CEQA Impact Question:  

Would the project add capacity for the purpose of serving a non-

renewable energy resource? 
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5.6.4 Impact Analysis 

5.6.4.1: Impact Analysis. Provide an impact analysis for each checklist 

item identified in CEQA Guidelines Appendix G for this resource area 

and any additional impact questions listed above. 

  

Include the following information in the impact analysis: 

5.6.4.2: Nonrenewable Energy. Identify renewable and non-renewable 

energy projects that may interconnected to or be supplied by the 

proposed project. 

  

5.6.4.3: Fuels and Energy Use 

a) Provide an estimation of the amount of fuels (gasoline, diesel, 

helicopter fuel, etc.) that would be used during construction and 

operation and maintenance of the project. Fuel estimates should 

be consistent with Air Quality calculations supporting the PEA.  

b) Provide the following information on energy use: 

i. Total energy requirements of the project by fuel type and 

end use 

ii. Energy conservation equipment and design features 

iii. Identification of energy supplies that would serve the project 

  

5.6.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.7 Geology, Soils, and Paleontological Resources 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.7.1 Environmental Setting 

5.7.1.1: Regional and Local Geologic Setting. Briefly describe the 

regional and local physiography, topography, and geologic setting in 

the project area.  

  

5.7.1.2: Seismic Hazards 

a) Provide the following information on potential seismic hazards in 

the project area: 

i. Identify and describe regional and local seismic risk 

including any active faults within and surrounding the 

project area (will be a 10-mile buffer unless otherwise 

instructed in writing by CEQA Unit Staff during Pre-filing) 

ii. Identify any areas that are prone to seismic-induced 

landslides 

iii. Provide the liquefaction potential for the project area  

b) Provide a supporting map (or maps) showing project features and 

major faults, areas of landslide risk, and areas at high risk of 

liquefaction. Provide GIS data for all faults, landslides, and areas 

of high liquefaction potential. 
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5.7.1.3: Geologic Units. Identify and describe the types of geologic 

units in the project area. Include the following information for each 

geologic unit:  

a) Summarize the geologic units within the project area. 

b) Identify any previous landslides in the area and any areas that 

are at risk of landslide. 

c) Identify any unstable geologic units. 

d) Provide a supporting map (or maps) showing project features 

and geologic units. Clearly identify any areas with potentially 

hazardous geologic conditions. Provide associated GIS data. 

  

5.7.1.4: Soils. Identify and describe the types of soils in the project 

area. 

a) Summarize the soils within the project area. 

b) Clearly identify any soils types that could be unstable (e.g., at 

risk of lateral spreading, subsidence, liquefaction, or collapse).  

c) Provide information on erosion susceptibility for each soil type 

that occurs in the project area. 

d) Provide a supporting map (or maps) showing project features 

and soils. Provide associated GIS data. 

  

5.7.1.5: Paleontological Report. Provide a paleontological report that 

includes the following: 

a) Information on any documented fossil collection localities 

within the project area and a 500-foot buffer. 

b) A paleontological resource sensitivity analysis based on 

published geological mapping and the resource sensitivity of 

each rock type. 

c) Supporting maps and GIS data. 

  

5.7.2 Regulatory Setting 

5.7.2.1: Regulatory Setting. Identify applicable federal, state, and local 

laws, policies, and standards regarding geology, soils, and 

paleontological resources. 

  

5.7.3 Impact Questions 

5.7.3.1: Impact Questions. The impact questions include all geology, 

soils, and paleontological resource impact questions in the current 

version of CEQA Guidelines, Appendix G. 

5.7.3.2: Additional CEQA Impact Questions: None. 

  

5.7.4 Impact Analysis 

5.7.4.1: Impact Analysis. Provide an impact analysis for each checklist 

item identified in CEQA Guidelines, Appendix G for this resource area 

and any additional impact questions listed above. 

  

Include the following information in the impact analysis: 
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5.7.4.2: Geotechnical Requirements. Identify any geotechnical 

requirements that would be implemented to address effects from 

unstable geologic units or soils. Describe how the recommendation 

would be applied (i.e., when and where). 

  

5.7.4.3: Paleontological Resources. Identify the potential to disturb 

paleontological resources based on the depth of proposed excavation 

and paleontological sensitivity of geologic units within the project area.  

  

5.7.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.8 Greenhouse Gas Emissions 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.8.1 Environmental Setting 

5.8.1.1: GHG Setting. Provide a description of the setting for 

greenhouse gases (GHGs). The setting should consider any GHG 

emissions from existing infrastructure that would be upgraded or 

replaced by the proposed project. 

  

5.8.2 Regulatory Setting 

5.8.2.1: Regulatory Setting. Identify applicable federal, state, and local 

laws, policies, and standards for greenhouse gases. 

  

5.8.3 Impact Questions 

5.8.3.1 Impact Questions. The impact questions include all greenhouse 

gas impact questions in the current version of CEQA Guidelines, 

Appendix G. 

5.8.3.2: Additional CEQA Impact Questions: None. 

  

5.8.4 Impact Analysis 

5.8.4.1: Impact Analysis. Provide an impact analysis for each checklist 

item identified in CEQA Guidelines, Appendix G for this resource area 

and any additional impact questions listed above.  

  

Include the following information in the impact analysis: 

5.8.4.2: GHG Emissions. Provide a quantitative assessment of GHG 

emissions for construction and operation and maintenance of the 

proposed project. Provide model results and all model files. Modeling 

will be conducted using the latest version of the emissions model at 

the time of application filing (e.g., most recent version of CalEEMod). 

GHG emissions will be provided for the following conditions:  

a) Uncontrolled emissions (before APMs are applied) 

b) Controlled emissions considering application of APMs 

i. Based on the modeled GHG emissions, quantify the 

project’s contribution to and analyze the project’s effect on 
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climate change. Identify and provide justification for the 

timeframe considered in the analysis. 

ii. Discuss any programs already in place to reduce GHG 

emissions on a system-wide level. This includes the 

Applicant’s voluntary compliance with the EPA SF6 

reduction program, reductions from energy efficiency, 

demand response, LTPP, etc. 

iii. For any significant impacts, identify potential strategies that 

could be employed by the project to reduce GHGs during 

construction or operation and maintenance consistent with 

OPR Advisory on CEQA and Climate Change. 

Natural Gas Storage 

5.8.4.3: Natural Gas Storage Accident Conditions. In addition to the 

requirements above, identify the potential GHG emissions that could 

result in the event of a gas leak. 

  

5.8.4.4: Monitoring and Contingency Plan. Provide a comprehensive 

monitoring plan that would be implemented during project operation 

to monitor for gas leaks. The plan should identify a monitoring 

schedule, description of monitoring activities, and actions to be 

implemented if gas leaks are observed. 

  

5.8.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.9 Hazards, Hazardous Materials, and Public Safety29 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.9.1 Environmental Setting 

5.9.1.1: Hazardous Materials Report. Provide a Phase I Environmental 

Site Assessment or similar hazards report for the proposed project 

area. Describe any known hazardous materials locations within the 

project area and the status of the site. 

  

5.9.1.2: Airport Land Use Plan. Identify any airport land use plan(s) 

within the project area. 

  

5.9.1.3: Fire Hazard. Identify if the project occurs within federal, state, 

or local fire responsibility areas and identify the fire hazard severity 

rating for all project areas, including temporary work areas and access 

roads. 

  

5.9.1.4: Metallic Objects. For electrical projects, identify any metallic 

pipelines or cables within 25 feet of the project. 

  

 

29  For fire risk specific to state responsibility areas or lands classified as very high fire hazard severity zones, see Section 5.20, 
Wildfire. 
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5.9.1.5: Pipeline History (for Natural Gas Projects). Provide a narrative 

describing the history of the pipeline system(s) to which the project 

would connect, list of previous owner and operators, and detailed 

summary of the pipeline systems’ safety and inspection history. 

  

5.9.2 Regulatory Setting 

5.9.2.1: Regulatory Setting. Identify applicable federal, state, and local 

laws, policies, and standards for hazards, hazardous materials, and 

public safety. 

  

5.9.2.2: Touch Thresholds. Identify applicable standards for protection 

of workers and the public from shock hazards. 

  

5.9.3 Impact Questions 

5.9.3.1: Impact Questions. The impact questions include all hazards 

and hazardous materials impact questions in the current version of 

CEQA Guidelines, Appendix G. 

5.9.3.2: Additional CEQA Impact Questions: 

a) Would the project create a significant hazard to air traffic from 

the installation of new power lines and structures? 

b) Would the project create a significant hazard to the public or 

environment through the transport of heavy materials using 

helicopters? 

c) Would the project expose people to a significant risk of injury 

or death involving unexploded ordnance? 

d) Would the project expose workers or the public to excessive 

shock hazards? 

  

5.9.4 Impact Analysis 

5.9.4.1: Impact Analysis. Provide an impact analysis for each checklist 

item identified in CEQA Guidelines Appendix G for this resource area 

and any additional impact questions listed above. 

  

Include the following information in the impact analysis: 

5.9.4.2: Hazardous Materials. Identify the hazardous materials (i.e., 

chemicals, solvents, lubricants, and fuels) that would be used during 

construction and operation of the project. Estimate the quantity of 

each hazardous material that would be stored on site during 

construction and operation.  

  

5.9.4.3: Air Traffic Hazards. If the project involves construction of 

above-ground structures (including structure replacement) within the 

airport land use plan area, provide a discussion of how the project 

would or would not conflict with height restrictions identified in the 

airport land use plan and how the project would comply with any FAA 

or military requirements for the above ground facilities. 

  

5.9.4.4: Accident or Upset Conditions. Describe how the project 

facilities would be designed, constructed, operated, and maintained to 

  



Guidelines for Energy Project Applications Requiring CEQA Compliance: Pre-filing and PEAs 

November 12, 2019 

59 

 

minimize potential hazard to the public from the failure of project 

components as a result of accidents or natural catastrophes. 

5.9.4.5: Shock Hazard. For electricity projects, identify infrastructure 

that may be susceptible to induced current from the proposed project. 

Describe strategies (e.g., cathodic protection) that the project would 

employ to reduce shock hazards and avoid electrocution of workers or 

the public. 

  

For Natural Gas and Gas Storage: 

5.9.4.6: Health and Safety Plan. Include in the Health and Safety Plan, 

plans for addressing gas leaks, fires, etc. Identify sensitive receptors, 

methods of evacuation, and protection measures. The Plan will be 

provided as an Appendix to the PEA. 

  

5.9.4.7: Health Risk Assessment. Provide a Health Risk Assessment 

including risk from potential gas leaks, fires, etc. Identify sensitive 

receptors that would be affected and potential impacts on them if 

there is a gas release.30 

  

5.9.4.8: Gas Migration. Describe potential for and effects of gas 

migration through natural and manmade pathways. 

a) Provide Applicant Proposed Measures for avoiding gas emissions 

at the surface from gas migration pathways. 

b) Provide Applicant Proposed Measures for avoiding emissions of 

mercaptan and/or other odorizing agents. 

  

5.9.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.10 Hydrology and Water Quality 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.10.1 Environmental Setting 

5.10.1.1: Waterbodies. Identify by milepost all ephemeral, 

intermittent, and perennial surface waterbodies crossed by the project. 

For each, list its water quality classification, if applicable. 

  

5.10.1.2: Water Quality. Identify any downstream waters that are on 

the state 303(d) list and identify whether a total maximum daily load 

(TMDL) has been adopted or the date for adoption of a TMDL. Identify 

existing sources of impairment for downstream waters. Describe any 

management plans that are in place for downstream waters. 

  

5.10.1.3: Groundwater Basin. Identify all known EPA and state 

groundwater basins and aquifers crossed by the project. 

  

 

30Refer to the requirements for Health Risk Assessments in Section 5.3.4.4. 
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5.10.1.4: Groundwater Wells and Springs. Identify the locations of all 

known public and private groundwater supply wells and springs within 

150 feet of the project area. 

  

5.10.1.5: Groundwater Management. Identify the groundwater 

management status of any groundwater resources in the project area 

and any groundwater resources that may be used by the project. 

Describe if groundwater resources in the basin have been adjudicated. 

Identify any sustainable groundwater management plan that has been 

adopted for groundwater resources in the project area or describe the 

status of groundwater management planning in the area.  

  

5.10.2 Regulatory Setting 

5.10.2.1: Regulatory Setting. Identify applicable federal, state, and 

local laws, policies, and standards regarding hydrologic and water 

quality.  

  

5.10.3 Impact Questions 

5.10.3.1: Impact Questions. The impact questions include all hydrology 

and water quality impact questions in the current version of CEQA 

Guidelines, Appendix G. 

5.10.3.2: Additional CEQA Impact Questions: None. 

  

5.10.4 Impact Analysis 

5.10.4.1: Impact Analysis. Provide an impact analysis for each checklist 

item identified in the current version of CEQA Guidelines, Appendix G 

for this resource area and any additional impact questions listed above. 

  

Include the following information in the impact analysis: 

5.10.4.2: Hydrostatic Testing. Identify all potential sources of 

hydrostatic test water, quantity of water required, withdrawal 

methods, treatment of discharge, and any waste products generated. 

  

5.10.4.3: Water Quality Impacts. Describe impacts to surface water 

quality, including the potential for accelerated soil erosion, 

downstream sedimentation, and reduced surface water quality.  

  

5.10.4.4: Impermeable Surfaces. Describe increased run-off and 

impacts on groundwater recharge due to construction of impermeable 

surfaces. Provide the acreage of new impermeable surfaces that will be 

created as a result of the project. 

  

5.10.4.5: Waterbody Crossings. Identify by milepost all waterbody 

crossings. Provide the following information for crossing: 

a) Identify whether the waterbody has contaminated waters or 

sediments. 

b) Describe the waterbody crossing method and any approaches to 

avoid the waterbody.  

c) Describe typical additional work area and staging area 

requirements at waterbody and wetland crossings. 
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d) Describe any dewatering or water diversion that will be required 

during construction near the waterbody. Identify treatment 

methods for any dewatering. 

e) Describe any proposed restoration methods for work near or 

within the waterbody. 

5.10.4.6: Groundwater Impacts. If water would be obtained from 

groundwater supplies, evaluate the project’s consistency with any 

applicable sustainable groundwater management plan.  

  

5.10.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.11 Land Use and Planning 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.11.1 Environmental Setting 

5.11.1.1: Land Use. Provide a description of land uses within the area 

traversed by the project route as designated in the local General Plan 

(e.g., residential, commercial, agricultural, open space, etc.). 

  

5.11.1.2: Special Land Uses. Identify by milepost and segment all 

special land uses within the project area including: 

a) All land administered by federal, state, or local agencies, or private 

conservation organizations 

b) Any designated coastal zone management areas 

c) Any designated or proposed candidate National or State Wild and 

Scenic Rivers crossed by the project 

d) Any national landmarks 

  

5.11.1.3: Habitat Conservation Plan. Provide a copy of any Habitat 

Conservation Plan applicable to the project area or proposed project. 

Also required for Section 5.4, Biological Resources. 

  

5.11.2 Regulatory Setting 

5.11.2.1: Regulatory Setting. Identify applicable federal, state, and 

local laws, policies, and standards for land use and planning. 

  

5.11.3 Impact Questions 

5.11.3.1: Impact Questions. The impact questions include all land use 

questions in the current version of CEQA Guidelines, Appendix G. 

5.11.3.2: Additional CEQA Impact Questions: None. 

  

5.11.4 Impact Analysis 

5.11.4.1: Impact Analysis. Provide an impact analysis for each checklist 

item identified in CEQA Guidelines, Appendix G for this resource area 

and any additional impact questions listed above. 
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5.11.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.12 Mineral Resources 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.12.1 Environmental Setting 

5.12.1.1: Mineral Resources. Provide information on the following 

mineral resources within 0.5 mile of the proposed project area: 

a) Known mineral resources  

b) Active mining claims 

c) Active mines 

d) Resource recovery sites 

  

5.12.2 Regulatory Setting 

5.12.2.1: Regulatory Setting. Identify applicable federal, state, and 

local laws, policies, and standards for minerals. 

  

5.12.3 Impact Questions 

5.12.3.1: Impact Questions. The impact questions include all mineral 

resource impact questions in the current version of CEQA Guidelines, 

Appendix G. 

5.12.3.2: Additional CEQA Impact Questions: None. 

  

5.12.4 Impact Analysis 

5.12.4.1: Impact Analysis. Provide an impact analysis for each checklist 

item identified in CEQA Guidelines, Appendix G for this resource area 

and any additional impact questions listed above. 

  

5.12.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.13 Noise 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.13.1 Environmental Setting 

5.13.1.1: Noise Sensitive Land Uses. Identify all noise sensitive land 

uses within 1,000 feet of the proposed project. Provide GIS data for 

sensitive receptors within 1,000 feet of the project. 

  

5.13.1.2: Noise Setting. Provide the existing noise levels (Lmax, Lmin, 

Leq, and Ldn sound level and other applicable noise parameters) at 

noise sensitive areas near the proposed project. All noise measurement 

data and the methodology for collecting the data will be provided in a 

noise study as an Appendix to the PEA. 
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5.13.2 Regulatory Setting 

5.13.2.1: Regulatory Setting. Identify applicable state, and local laws, 

policies, and standards for noise. 

  

5.13.3 Impact Questions 

5.13.3.1 Impact Questions. The impact questions include all noise 

questions in the current version of CEQA Guidelines, Appendix G. 

5.13.3.2: Additional CEQA Impact Questions: None. 

  

5.13.4 Impact Analysis 

5.13.4.1: Impact Analysis. Provide an impact analysis for each checklist 

item identified in CEQA Guidelines, Appendix G for this resource area 

and any additional impact questions listed above. 

  

Include the following information in the impact analysis: 

5.13.4.2: Noise Levels 

a) Identify noise levels for each piece of equipment that could be 

used during construction. 

b) Provide a table that identifies each phase of construction, the 

equipment used in each construction phase, and the length of 

each phase at any single location (see example in  

Table 7 below). 

c) Estimate cumulative equipment noise levels for each phase of 

construction. 

d) Include phases of operation if noise levels during operation have 

the potential to frequently exceed pre-project existing conditions. 

e) Identify manufacturer’s specifications for equipment and describe 

approaches to reduce impacts from noise. 

  

 

Table 7. Construction Noise Levels 

 

For Natural Gas:   

5.13.4.3: Compressor Station Noise. Provide site plans of compressor 

stations or other noisy, permanent equipment, showing the location of 

the nearest noise sensitive areas within 1 mile of the proposed ROW. If 

new compressor station sites are proposed, measure or estimate the 

existing ambient sound environment based on current land uses and 
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activities. For existing compressor stations (operated at full load), 

include the results of a sound level survey at the site property line and 

nearby noise-sensitive areas. Include a plot plan that identifies the 

locations and duration of noise measurements. 

5.13.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.14 Population and Housing 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.14.1 Environmental Setting 

5.14.1.1: Population Estimates. Identify population trends for the 

areas (county, city, town, census designated place) where the project 

would take place. 

  

5.14.1.2: Housing Estimates. Identify housing estimates and 

projections in areas where the project would take place. 

  

5.14.1.3: Approved Housing Developments 

a) Provide the following information for all housing development 

projects within 1 mile of the proposed project that have been 

recently approved or may be approved around the PEA and 

application filing date: 

i. Project name 

ii. Location 

iii. Number of units and estimated population increase 

iv. Approval date and construction status 

v. Contact information for developer (provided in the public 

outreach Appendix) 

b) Ensure that the project information provided above is consistent 

with the PEA analysis of cumulative project impacts. 

  

5.14.2 Regulatory Setting 

5.14.2.1: Regulatory Setting. Identify any applicable federal, state or 

local laws or regulations that apply to the project. 

  

5.14.3 Impact Questions 

5.14.3.1: Impact Questions. The impact questions include all 

population and housing impact questions in the current version of 

CEQA Guidelines, Appendix G. 

5.14.3.2: Additional CEQA Impact Questions: None. 

  

5.14.4 Impact Analysis 

5.14.4.1: Impact Analysis. Provide an impact analysis for each checklist 

item identified in CEQA Guidelines, Appendix G for this resource area 

and any additional impact questions listed above. 
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Include the following information in the impact analysis: 

5.14.4.2: Impacts to Housing. Identify if any existing or proposed 

homes occur within the footprint of any proposed project elements or 

right-of-way. Describe housing impacts (e.g., demolition and relocation 

of residents) that may occur as a result of the proposed project. 

  

5.14.4.3: Workforce Impacts. Describe on-site manpower 

requirements, including the number of construction personnel who 

currently reside within the impact area, who would commute daily to 

the site from outside the impact area or would relocate temporarily 

within the impact area. Chapter 4 of this document can be referenced 

as applicable. Identify any permanent employment opportunities that 

would be create by the project and the workforce conditions in the 

area that the jobs would be created. 

  

5.14.4.4: Population Growth Inducing. Provide information on the 

project’s growth inducing impacts, if any. The information will include, 

but is not necessarily limited to, the following:  

a) Any economic or population growth in the surrounding 

environment that will directly or indirectly result from the project 

b) Any obstacles to population growth that the project would remove 

c) Any other activities directly or indirectly encouraged or facilitated 

by the project that would cause population growth leading to a 

significant effect on the environment, either individually or 

cumulatively 

  

5.14.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.15 Public Services  

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.15.1 Environmental Setting 

5.15.1.1 Service Providers 

a) Identify the following service providers that serve the project 

area and provide a map showing the service facilities that could 

serve the project: 

i. Police  

ii. Fire (identify service providers within local and state 

responsibility areas) 

iii. Schools 

iv. Parks 

v. Hospitals 
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b) Provide the documented performance objectives and data on 

existing emergency response times for service providers in the 

area (e.g., police or fire department response times). 

5.15.2 Regulatory Setting 

5.15.2.1 Regulatory Setting. Identify any applicable federal, state or 

local laws or regulations for public services that apply to the project.  

  

5.15.3 Impact Questions 

5.15.3.1: Impact Questions. The impact questions include all public 

services impact questions in the current version of CEQA Guidelines, 

Appendix G. 

5.15.3.2: Additional CEQA Impact Questions: None. 

  

5.15.4 Impact Analysis 

5.15.4.1 Impact Analysis. Provide an impact analysis for each checklist 

item identified in CEQA Guidelines, Appendix G for this resource area 

and any additional impact questions listed above. 

  

Include the following information in the impact analysis: 

5.15.4.2: Emergency Response Times 

a) Describe whether the project would impede ingress and egress 

of emergency vehicles during construction and operation. 

b) Include an analysis of impacts on emergency response times 

during project construction and operation, including impacts 

during any temporary road closures. Describe approaches to 

address impacts on emergency response times. 

  

5.15.4.3: Displaced Population. If the project would create permanent 

employment or displace people, evaluate the impact of the new 

employment or relocated people on governmental facilities and 

services and describe plans to reduce the impact on public services. 

  

5.15.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.16 Recreation 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.16.1 Environmental Setting 

5.16.1.1: Recreational Setting 

a) Describe the regional and local recreation setting in the project 

area including: 

i. Any recreational facilities or areas within and surrounding 

the project area (approximately 0.5-mile buffer) including 

the recreational uses of each facility or area 
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ii. Any available data on use of the recreational facilities 

including volume of use 

b) Provide a map (or maps) showing project features and 

recreational facilities and provide associated GIS data. 

5.16.2 Regulatory Setting 

5.16.2.1: Regulatory Setting. Identify applicable federal, state, and 

local laws, policies, and standards regarding recreation. 

  

5.16.3 Impact Questions 

5.16.3.1: Impact Questions. The impact questions include all 

recreation impact questions in the current version of CEQA Guidelines, 

Appendix G. 

5.16.3.2: Additional CEQA Impact Questions: 

a) Would the project reduce or prevent access to a designated 

recreation facility or area? 

b) Would the project substantially change the character of a 

recreational area by reducing the scenic, biological, cultural, 

geologic, or other important characteristics that contribute to 

the value of recreational facilities or areas? 

c) Would the project damage recreational trails or facilities? 

  

5.16.4 Impact Analysis 

5.16.4.1: Impact Analysis: Provide an impact analysis for each checklist 

item identified in CEQA Guidelines, Appendix G for this resource area 

and any additional impact questions listed above. 

  

5.16.4.2: Impact Details. Clearly identify the maximum extent of each 

impact, and when and where the impacts would or would not occur. 

Organize the impact assessment by project phase, project component, 

and/or geographic area, as necessary. 

  

5.16.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.17 Transportation 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.17.1 Environmental Setting 

5.17.1.1: Circulation System. Briefly describe the regional and local 

circulation system in the project area, including modes of 

transportation, types of roadways, and other facilities that contribute 

to the circulation system. 

  

5.17.1.2: Existing Roadways and Circulation 

a) Identify and describe existing roadways that may be used to 

access the project site and transport materials during 
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construction or are otherwise adjacent to or crossed by linear 

project features. Provide the following information for each 

road: 

i. Name of the road 

ii. Jurisdiction or ownership (i.e., State, County, City, private, 

etc.) 

iii. Number of lanes in both directions of travel 

iv. Existing traffic volume (if publicly available data is 

unavailable or significantly outdated, then it may be 

necessary to collect existing traffic counts for road 

segments where large volumes of construction traffic would 

be routed or where lane or road closures would occur) 

v. Closest project feature name and distance 

b) Provide a supporting map (or maps) showing project features 

and the existing roadway network identifying each road 

described above. Provide associated GIS data. The GIS data 

should include all connected road segments within at least 5 

miles of the project. 

5.17.1.3: Transit and Rail Services 

a) Identify and describe transit and rail service providers in the 

region. 

b) Identify any rail or transit lines within 1,000 feet of the project 

area. 

c) Identify specific transit stops, and stations within 0.5 mile of 

the project. Provide the frequency of transit service. 

d) Provide a supporting map (or maps) showing project features 

and transit and rail services within 0.5 mile of the project area. 

Provide associated GIS data. 

  

5.17.1.4: Bicycle Facilities 

a) Identify and describe any bicycle plans for the region. 

b) Identify specific bicycle facilities within 1,000 feet of the 

project area. 

c) Provide a supporting map (or maps) showing project features 

and bicycle facilities. Provide associated GIS data. 

  

5.17.1.5: Pedestrian Facilities 

a) Identify and describe important pedestrian facilities near the 

project area that contribute to the circulation system, such as 

important walkways. 

b) Identify specific pedestrian facilities that would be near the 

project, including on the road segments identified per 5.17.1.2.  

c) Provide a supporting map (or maps) showing project features 

and important pedestrian facilities. Provide associated GIS 

data. 
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5.17.1.6: Vehicle Miles Traveled (VMT). Provide the average VMT for 

the county(s) where the project is located. 

  

5.17.2 Regulatory Setting 

5.17.2.1: Regulatory Setting. Identify applicable federal, state, and 

local laws, policies, and standards regarding transportation. 

  

5.17.3 Impact Questions 

5.17.3.1: Impact Questions. All impact questions for this resource area 

in the current version of CEQA Guidelines, Appendix G. 

5.17.3.2: Additional CEQA Impact Questions:  

a) Would the project create potentially hazardous conditions for 

people walking, bicycling, or driving or for public transit 

operations? 

b) Would the project interfere with walking or bicycling accessibility? 

c) Would the project substantially delay public transit? 

  

5.17.4 Impact Analysis 

5.17.4.1: Impact Analysis. Provide an impact analysis for each 

significance criteria identified in Appendix G of the CEQA Guidelines for 

transportation and any additional impact questions listed above31. 

  

Include the following information in the impact analysis: 

5.17.4.2: Vehicle Miles Traveled (VMT) 

a) Identify whether the project is within 0.5 mile of a major transit 

stop or a high-quality transit corridor. 

b) Identify the number of vehicle daily trips that would be generated 

by the project during construction and operation by light duty 

(e.g., worker vehicles) and heavy-duty vehicles (e.g., trucks). 

Provide the frequency of trip generation during operation. 

c) Quantify VMT generation for both project construction and 

operation. 

d) Provide an excel file with the VMT assumptions and model 

calculations, including all formulas and values. 

e) Evaluate the project VMT relative to the average VMT for the area 

in which the project is located. 

  

5.17.4.3: Traffic Impact Analysis. Provide a traffic impact study. The 

traffic impact study should be prepared in accordance with guidance 

from the relevant local jurisdiction or Caltrans, where appropriate.  

  

5.17.4.4: Hazards. Identify any traffic hazards that could result from 

construction and operation of the project. Identify any lane closures 

and traffic management that would be required to construct the 

project. 

  

 

31 Discuss with CPUC during Pre-filing whether a traffic study is needed. 



Guidelines for Energy Project Applications Requiring CEQA Compliance: Pre-filing and PEAs 

November 12, 2019 

70 

 

5.17.4.5: Accessibility. Identify any closures of bicycle lanes, 

pedestrian walkways, or transit stops during construction or operation 

of the project. 

  

5.17.4.6: Transit Delay. Identify any transit lines that could be delayed 

by construction and operation of the project. Provide the maximum 

extent of the delay in minutes and the duration of the delay. 

  

5.17.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.18 Tribal Cultural Resources32 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.18.1 Environmental Setting 

5.18.1.1: Outreach to Tribes. Provide a list of all tribes that are on the 

Native American Heritage Commission (NAHC) list of tribes that are 

affiliated with the project area. Provide a discussion of outreach to 

Native American tribes, including tribes notified, responses received 

from tribes, and information of potential tribal cultural resources 

provided by tribes. Any information of potential locations of tribal 

cultural resources should be submitted in an Appendix under clearly 

marked confidential cover. Provide copies of all correspondence with 

tribes in an Appendix. 

  

5.18.1.2: Tribal Cultural Resources. Describe tribal cultural resources 

(TCRs) that are within the project area. 

a) Summarize the results of attempts to identify possible TCRs using 

publicly available documentary resources. The identification of 

TCRs using documentary sources should include review of 

archaeological site records and should begin during the 

preparation of the records search report (see Attachment 3). 

During the inventory phase, a formal site record would be 

prepared for any resource identified unless tribes object. 

b) Summarize attempts to identify TCRs by speaking directly with 

tribal representatives. 

  

5.18.1.3: Ethnographic Study. The ethnographic study should 

document the history of Native American use of the area and oral 

history of the area. 

  

5.18.2 Regulatory Setting 

5.18.2.1: Regulatory Setting. Identify any applicable federal, state or 

local laws or regulations for tribal cultural resources that apply to the 

project. 

  

 

32  For a description of historical resources and requirements for cultural resources that are not tribal cultural resources, refer to 
Section 5.5 Cultural Resources. 
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5.18.3 Impact Questions 

5.18.3.1: Impact Questions. The impact questions include all tribal 

cultural resources impact questions in the current version of CEQA 

Guidelines, Appendix G. 

5.18.3.2: Additional CEQA Impact Questions: None. 

  

5.18.4 Impact Analysis 

5.18.4.1: Impact Analysis. Provide an impact analysis for each checklist 

item identified in CEQA Guidelines, Appendix G for this resource area 

and any additional impact questions listed above. 

  

Include the following information in the impact analysis: 

5.18.4.2: Information Provided by Tribes. Include an analysis of any 

impacts that were identified by the tribes during the Applicant’s 

outreach. 

  

5.18.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.19 Utilities and Service Systems 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.19.1 Environmental Setting 

5.19.1.1: Utility Providers. Identify existing utility providers and the 

associated infrastructure that serves the project area. 

  

5.19.1.2: Utility Lines. Describe existing utility infrastructure (e.g., 

water, gas, sewer, electrical, stormwater, telecommunications, etc.) 

that occurs in the project ROW. Provide GIS data and/or as-built 

engineering drawings to support the description of existing utilities and 

their locations. 

  

5.19.1.3: Approved Utility Projects. Identify utility projects that have 

been approved for construction within the project ROW but that have 

not yet been constructed.33 

  

5.19.1.4: Water Supplies. Identify water suppliers and the water 

source (e.g., aqueduct, well, recycled water, etc.). For each potential 

water supplier, provide data on the existing water capacity, supply, and 

demand. 

  

5.19.1.5: Landfills and Recycling. Identify local landfills that can accept 

construction waste and may service the project. Provide 

documentation of landfill capacity and estimated closure date. Identify 

any recycling centers in the area and opportunities for construction 

and demolition waste recycling. 

  

 

33 Note that this project information should be consistent with the cumulative project description included in Chapter 7. 
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5.19.2 Regulatory Setting 

5.19.2.1: Regulatory Setting. Identify any applicable federal, state or 

local laws or regulations for utilities that apply to the project.  

  

5.19.3 Impact Questions 

5.19.3.1: Impact Questions. All impact questions for this resource area 

in the current version of CEQA Guidelines, Appendix G. 

5.19.3.2: Additional CEQA Impact Question: 

Would the project increase the rate of corrosion of adjacent utility lines 

as a result of alternating current impacts? 

  

5.19.4 Impact Analysis 

5.19.4.1: Impact Analysis. Provide an impact analysis for each checklist 

item identified in CEQA Guidelines, Appendix G for this resource area 

and any additional impact questions listed above. 

  

Include the following information in the impact analysis: 

5.19.4.2: Utility Relocation. Identify any project conflicts with existing 

utility lines. If the project may require relocation of existing utilities, 

identify potential relocation areas and analyze the impacts of 

relocating the utilities. Provide a map showing the relocated utility 

lines and GIS data for all relocations. 

  

5.19.4.3: Waste 

a) Identify the waste generated by construction, operation, and 

demolition of the project. 

b) Describe how treated wood poles would be disposed of after 

removal, if applicable. 

c) Provide estimates for the total amount of waste materials to 

be generated by waste type and how much of it would be 

disposed of, reused, or recycled. 

  

5.19.4.4: Water Supply 

a) Estimate the amount of water required for project construction 

and operation. Provide the potential water supply source(s). 

b) Evaluate the ability of the water supplier to meet the project 

demand under a multiple dry year scenario. 

c) Provide a discussion as to whether the proposed project meets 

the criteria for consideration as a project subject to Water 

Supply Assessment Requirements under Water Code Section 

10912. 

d) If determined to be necessary under Water Code Section 

10912, submit a Water Supply Assessment to support 

conclusions that the proposed water source can meet the 

project’s anticipated water demand, even in multiple dry year 

scenarios. Water Supply Assessments should be approved by 
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the water supplier and consider normal, single-dry, and 

multiple-dry year conditions. 

5.19.4.5: Cathodic Protection. Analyze the potential for existing 

utilities to experience corrosion due to proximity to the proposed 

project. Identify cathodic protection measures that could be 

implemented to reduce corrosion issues and where the measures may 

be applied. 

  

5.19.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   

5.20 Wildfire 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.20.1 Environmental Setting 

5.20.1.1: High Fire Risk Areas and State Responsibility Areas 

a) Identify areas of high fire risk or State Responsibility Areas 

(SRAs) within the project area. Provide GIS data for the 

Wildland Urban Interface (WUI) and Fire Hazard Severity Zones 

(FHSZ) mapping along the project alignment. Include areas 

mapped by CPUC as moderate and high fire threat districts as 

well as areas mapped by CalFire. 

b) Identify any areas the utility has independently identified as 

High FHSZ known to occur within the proposed project vicinity. 

  

5.20.1.2: Fire Occurrence. Identify all recent (within the last 10 years) 

large fires that have occurred within the project vicinity. For each fire, 

identify the following:  

a) Name of the fire  

b) Location of fire 

c) Ignition source and location of ignition 

d) Amount of land burned  

e) Boundary of fire area in GIS 

  

5.20.1.3: Fire Risk. Provide the following information for assessment of 

baseline fire risk in the area:  

a) Provide fuel modeling using Scott Burgan fuel models, or other 

model of similar quality. 

b) Provide values of wind direction and speed, relative humidity, 

and temperature for representative weather stations along the 

alignment for the previous 10 years, gathered hourly. 

c) Digital elevation models for the topography in the project 

region showing the relationship between terrain and wind 

patterns, as well as localized topography to show the effects of 

terrain on wind flow, and on a more local area to show effect 

of slope on fire spread. 
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d) Describe vegetation fuels within the project vicinity and 

provide data in map format for the project vicinity. USDA Fire 

Effects Information System or similar data source should be 

consulted to determine high-risk vegetation types. Provide the 

mapped vegetation fuels data in GIS format. 

5.20.1.4: Values at Risk. Identify values at risk along the proposed 

alignment. Values at risk may include: Structures, improvements, rare 

habitat, other values at risk, (including utility-owned infrastructure) 

within 1000 feet of the project. Provide some indication as to its 

vulnerability (wood structures vs. all steel features). Communities 

and/or populations near the project should be identified with their 

proximity to the project defined. 

  

5.20.1.5: Evacuation Routes. Identify all evacuation routes that are 

adjacent to or within the project area. Identify any roads that lack a 

secondary point of access or exit (e.g., cul-de-sacs). 

  

5.20.2 Regulatory Setting 

5.20.2.1: Regulatory Setting. Identify applicable federal, state, and 

local laws, policies, and standards for wildfire. 

  

5.20.2.2: CPUC Standards. Identify any CPUC standards that apply to 

wildfire management of the new facilities. 

  

5.20.3 Impact Questions 

5.20.3.1: Impact Questions. All impact questions for this resource area 

in the current version of CEQA Guidelines, Appendix G. 

5.20.3.2: Additional CEQA Impact Questions: None. 

  

5.20.4 Impact Analysis 

5.20.4.1: Impact Analysis. Provide an impact analysis for each checklist 

item identified in CEQA Guidelines, Appendix G for this resource area 

and any additional impact questions listed above. 

  

Include the following information in the impact analysis: 

5.20.4.2: Fire Behavior Modeling. For any new electrical lines, provide 

modeling to support the analysis of wildfire risk. 

  

5.20.4.3: Wildfire Management. Describe approaches that would be 

implemented during operation and maintenance to manage wildfire 

risk in the area. Provide a copy of any Wildfire Management Plan. 

  

5.20.5 CPUC Draft Environmental Measures   

Refer to Attachment 4, CPUC Draft Environmental Measures.   
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5.21 Mandatory Findings of Significance34 

This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

5.21.1: Impact Assessment for Mandatory Findings of Significance. 

Provide an impact analysis for each of the mandatory findings of 

significance provided in Appendix G of the CEQA Guidelines. The 

impact analysis can reference relevant information and conclusion 

from the biological resources, cultural resources, air quality, hazards, 

and cumulative sections of the PEA, where applicable. 

  

6 Comparison of Alternatives 
This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

6.1: Alternatives Comparison 

a) Compare the ability of each alternative described in Chapter 4 

against the proposed project in terms of its ability to avoid or 

reduce a potentially significant impact. The alternatives 

addressed in this section will each be:  

i. Potentially feasible 

ii. Meet the underlying purpose of the proposed project 

iii. Meet most of the basic project objectives, and  

iv. Avoid or reduce one or more potentially significant impacts. 

b) The relative effect of the various potentially significant impacts 

may be compared using the following or similar descriptors and 

an accompanying analysis: 

i. Short-term versus long-term impacts 

ii. Localized versus widespread impacts 

iii. Ability to fully mitigate impacts 

c) Impacts that the Applicant believes would be less than 

significant with mitigation may also be included in the analysis, 

but only if the steps listed above fail to distinguish among the 

remaining few alternatives. 

  

6.2: Alternatives Ranking. Provide a detailed table that summarizes the 

Applicant’s comparison results and ranks the alternatives in order of 

environmental superiority.35 

  

 

 

34  PEAs need only include a Mandatory Findings of Significance section if CPUC CEQA Unit Staff determine that a Mitigated 
Negative Declaration may be the appropriate type of document to prepare for the project, as determined through Pre-filing 
consultation. If no such determination has been made, then a Mandatory Findings of Significance section and the 
requirements below are not required. 

35  If the proposed project does not rank #1 on the list, the Applicant should provide the rationale for selecting the proposed 
project. 
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7 Cumulative and Other CEQA Considerations 
This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

7.1 Cumulative Impacts 

7.1.1: List of Cumulative Projects 

a) Provide a detailed table listing past, present, and reasonably 

foreseeable future projects within and surrounding the project 

area (approximately 2-mile buffer)36. The following information 

should be provided for each project in the table: 

i. Project name and type 

ii. Brief description of the project location(s) and associated 

actions 

iii. Distance to and name of the nearest project component 

iv. Project status and anticipated construction schedule 

v. Source of the project information and date last checked (for 

each individual project), including links to any public websites 

where the information was obtained so it can be reviewed and 

updated (the project information should be current when the 

PEA is filed) 

b) Provide a supporting map (or maps) showing project features and 

cumulative project locations and/or linear features. Provide 

associated GIS data. 

  

7.1.2: Geographic Scope. Define the geographic scope of analysis for 

each resource topic. The geographic scope of analysis for each resource 

topic should consider the extent to which impacts can be cumulative. 

For example, the geographic scope for cumulative noise impacts would 

be more limited in scale than the geographic scope for biological 

resource impacts because noise attenuates rapidly with distance. 

Explain why the geographic scope is appropriate for each resource. 

  

7.1.3: Cumulative Impact Analysis. Provide an analysis of cumulative 

impacts for each resource topic included in Chapter 5. Evaluate 

whether the proposed project impacts are cumulatively considerable37 

for any significant cumulative impacts. 

  

7.2 Growth-Inducing Impacts 

7.2.1: Growth-Inducing Impacts. Provide an evaluation of the following 

potential growth-inducing impacts: 

  

 

36 Information on cumulative projects may be obtained from federal, state, and local agencies with jurisdiction over planning, 
transportation, and/or resource management in the area. Other projects the Applicant is involved in or aware of in the area 
should be included. 

37 "Cumulatively considerable" means that the incremental effects of an individual project are significant when viewed in 
connection with the effects of past projects, the effects of other current projects, and the effects of probable future projects. 
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a) Would the proposed project foster any economic or population 

growth, either directly or indirectly, in the surrounding 

environment? 

b) Would the proposed project cause any increase in population 

that could further tax existing community service facilities (i.e., 

schools, hospitals, fire, police, etc.)? 

c) Would the proposed project remove any obstacles to 

population growth? 

d) Would the proposed project encourage and facilitate other 

activities that would cause population growth that could 

significantly affect the environment, either individually or 

cumulatively? 

8 List of Preparers 
This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

8.1: List of Preparers. Provide a list of persons, their organizations, and 

their qualifications for all authors and reviewers of each section of the 

PEA. 

  

9 References 
This section will include, but is not limited to, the following: PEA Section 

and Page 

Number 

Applicant 

Notes, 

Comments 

9.1: Reference List 

a) Organize all references cited in the PEA by section within a 

single chapter called “References.” 

b) Within the References chapter, organize all of the Chapter 5 

references under subheadings for each resource area section. 

  

9.2: Electronic References 

a) Provide complete electronic copies of all references cited in the 

PEA that cannot be readily obtained for free on the Internet. 

This includes any company-specific documentation (e.g., 

standards, policies, and other documents). 

b) If the reference can be obtained on the Internet, the Internet 

address will be provided. 

  

PEA Checklist Attachments 
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Attachment 1: GIS Data Requirements 

 

This Attachment includes specific requirements and format of GIS data that is intended to be applicable 

to all PEAs. The specific GIS data requirements may be updated on a project-specific basis during Pre-

filing coordination with CPUC’s CEQA Unit Staff. 

1. GIS data will be provided in an appropriate format (i.e., point, line, polygon, raster) and scale to 

adequately verify assumptions in the PEA and supporting materials and determine the level of 

environmental impacts. At a minimum, all GIS data layers will include the following metadata 

properties: 

a. The source (e.g., report reference), date, title, and preparer (name or company) 

b. Description of the contents and any limitations of the data 

c. Reference scale and accuracy of the data 

d. Complete attributes that correspond to the detailed mapbook, project description, and 

figures presented in the PEA and/or supporting application materials, including unique 

IDs, labels, geometry, and other appropriate project details 

2. Where precise boundaries of project features may change (e.g., staging areas and temporary 

construction work areas), the Applicant will provide GIS data layers with representative 

boundaries to evaluate potential environmental impacts as a worst-case scenario. 

3. Provide GIS data for: 

a. All proposed and alternative project facilities including but not limited to existing and 

proposed/alternative ROWs; substations and switching stations; pole/tower locations; 

conduit; vaults, pipelines; valves; compressor stations; metering stations; valve stations, 

gas wellheads; other project buildings, facilities, and components (both temporary and 

permanent); telecommunication and distribution lines modifications or upgrades 

related to the project; marker ball and lighting locations; and mileposts, facility 

perimeters, and other demarcations or segments as applicable 

b. All proposed areas required for construction and construction planning, including all 

proposed and alternative disturbance areas (both permanent and temporary); access 

roads; geotechnical work areas; extra work areas (e.g., staging areas, parking areas, lay-

down areas, work areas at and around specific pole/tower sites, pull and tension sites, 

helicopter landing areas); airport landing areas; underground installation areas (e.g. 

trenches, vaults, underground work areas); horizontal directional drilling, jack and bore, 

or tunnel areas; blasting areas; and any areas where special construction methods may 

need to be employed 

c. Within the PEA checklist there are also specific requirements for environmental 

resources within Chapter 5. All environmental resource GIS data must meet the 

minimum mapping standards specified in this Attachment. 
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Attachment 2: Biological Resource Technical Report Standards 

 

Definitions 
The following biological resources will be considered within the scope of the PEA and the Biological 

Resources Technical Report: 

Sensitive Vegetation Communities and Habitats 

a) Sensitive vegetation communities/habitats identified in local or regional plans, policies, or 

regulations, or designated by CDFW38 or USFWS 

b) Areas that provide habitat for locally unique biotic species/communities (e.g., oak woodlands, 

grasslands, and forests) 

c) Habitat that contains or supports rare, endangered, or threatened wildlife or plant species as 

defined by CDFW and USFWS 

d) Habitat that supports CDFW Species of Special Concern 

e) Areas that provide habitat for rare or endangered species and that meet the definition in CEQA 

Guidelines Section 15380  

f) Existing game and wildlife refuges and reserves  

g) Lakes, wetlands, estuaries, lagoons, streams, and rivers  

h) Riparian corridors 

Special-Status Species 

a) Species listed or proposed for listing as threatened or endangered under the federal Endangered 

Species Act (ESA) (50 CFR § 17.12 [listed plants], 17.11 [listed animals] and various notices in the 

Federal Register [proposed species]) 

b) Species that are candidates for possible future listing as threatened or endangered under the 

federal ESA (61 FR § 40, February 28, 1996) 

c) Species listed or proposed for listing by the State of California as threatened or endangered 

under the California ESA (14 CCR § 670.5) 

d) Plants listed as rare or endangered under the California Native Plant Protection Act (California 

Fish and Game Code, Section 1900 et seq.) 

e) Species that meet the definitions of rare and endangered under CEQA. CEQA Guidelines Section 

15380 provides that a plant or animal species may be treated as “rare or endangered” even if 

not on one of the official lists. 

f) Plants considered by the California Native Plant Society (CNPS) to be “rare, threatened or 

endangered in California” (California Rare Plant Rank 1A, 1B, 2A, and 2B) as well as California 

Rare Plant Rank 3 and 4 plant species 

g) Species designated by CDFW as Fully Protected or as a Species of Special Concern 

h) Species protected under the Federal Bald and Golden Eagle Protection Act 

i) Birds of Conservation Concern or Watch List species 

j) Bats considered by the Western Bat Working Group to be “high” or “medium” priority (Western 

Bat Working Group 2015) 

 

38 CDFW’s Rarity Ranking follows NatureServe’s Heritage Methodology (Faber-Langendoen, et al. 2016) 

in which communities are given a G (global) and S (state) rank based on their degree of imperilment (as 

measured by rarity, trends, and threats). Communities with a Rarity Ranking of S1 (critically imperiled), 

S2 (imperiled), or S3 (vulnerable) are considered sensitive by CDFW. 
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Biological Resource Technical Report Minimum Requirements 

Report Contents 

The Biological Resource Technical Report will include the following information at a minimum. 

a) Preliminary Agency Consultation. Describe any pre-survey contact with agencies. Describe any 

agency approvals that were required for biologists or agency protocols that were applied to the 

survey effort. Provide copies of correspondence and meeting notes with the names and contact 

information for agency staff and the dates of consultation as an appendix to the Biological 

Resources Technical Report. 

b) Records Search. Provide the results of all database and literature searches for biological 

resources within and surrounding the project area. Identify all sources reviewed (e.g., CNDDB, 

CNPS, USFWS, etc.). 

c) Biological Resource Survey Method. Identify agency survey requirements and protocols 

applicable to each biological survey that was conducted. Identify the areas where each survey 

occurred. Identify any limitations for the surveys (e.g., survey timing or climatic conditions) that 

could affect the survey results. 

d) Vegetation Communities and Land Cover. Identify all vegetation communities or land cover 

types (e.g., disturbed or developed) within the biological survey area. The biological survey area 

should include a 1,000-foot buffer from project facilities to support CPUC’s evaluation of indirect 

effects. 

e) Aquatic Resources. Identify any wetlands, streams, lakes, reservoirs, estuarine, or other aquatic 

resources within the biological survey area. Provide a wetland delineation and all data sheets 

including National Wetlands Inventory maps (or the appropriate state wetland maps, if National 

Wetlands Inventory maps are not available) that show all proposed facilities and include 

milepost locations for proposed pipeline routes. Provide a copy of agency verification of the 

wetland delineation if the delineation has been verified by the U.S. Army Corps of Engineers or 

CDFW. If the delineation has not been verified, describe the process and timing for obtaining 

agency verification.  

f) Habitat Assessments. Evaluate the potential for suitable habitat in the biological survey area for 

each species identified in the database and literature search. 

g) Native Wildlife Corridors and Nursery Sites. Identify any wildlife corridors or nursery sites that 

occur within the biological survey area. 

h) Survey Results. Describe all survey results and include a copy of any focused (e.g., rare plant, 

protocol special-status wildlife) biological resources survey reports. 

Mapping and GIS Data 

Provide detailed maps (at approximately 1:3,000 scale or similar), and all associated GIS data for the 

Biological Resources Technical Report and any supporting biological survey reports, including: 

a) Biological survey area for each survey that was conducted 

b) Vegetation communities and land cover types 

c) Aquatic resource delineation 

d) Special-status plant locations 

e) Special-status wildlife locations 

f) Avian point count locations  

g) Critical habitat 

h) California Coastal Commission or Bay Conservation and Development Commission jurisdictional 

areas
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Attachment 3: Cultural Resource Technical Report Standards 

 

Cultural Resource Inventory Report 
Provide a cultural resource inventory report that includes archaeological, unique archaeological, and 

built-environment resources within all areas that could be affected by the proposed project including 

areas of indirect effect. The inventory report will include the results of both a literature search and 

pedestrian survey. The contents will address the requirements in Archaeological Resource Management 

Reports: Recommended Contents and Guidelines. The methodology and results of the inventory should 

be sufficient to provide the reader with an understanding of the nature, character, and composition of 

newly discovered and previously identified cultural resources so that the required recommendations 

about the resource(s) CRHR eligibility are clearly understood. No information regarding the location of 

the cultural resources will be included in these descriptions. The required Department of Parks and 

Recreation (DPR) 523 forms, including location information and photographs of the resources, are to be 

included in a removable confidential appendix to the report.39  

The inventory report will meet the following requirements:  

a) The report should clearly discuss the methods used to identify unique archaeological resources 

(e.g., how the determination was made about the resources’ eligibility).  

b) The report should identify large resources such as districts and landscapes where resources 

indicate their presence, even if federal agencies disagree. It is understood that often only a few 

contributing elements may be in the project area, and that the boundaries of the large resource 

may need to be revisited as part of future projects. It is acknowledged that boundaries of 

districts and landscapes can be difficult to define and there is not always good recorded data on 

these resources.  

c) In the case of archaeological resources, the report should discuss whether each one is also a 

unique archaeological resource and explain why or why not. 

d) Descriptions of resources should include spatial relationships to other nearby resources, raw 

materials sources, and natural features such as water sources and mountains. 

e) The evidence that indicates a particular function or age for a resource should be explicitly 

described with a clear explanation, not simply asserted. 

Cultural Resource Evaluation Report 
Provide a cultural resource evaluation report. The report contents required by the state of California are 

outlined in the Archaeological Resource Management Reports: Recommended Contents and Guidelines. 

The evaluation report should also include: 

a) Resource descriptions and evaluations together, and not in separate volumes or report sections. 

This will facilitate understanding of each resource. 

b) An evaluation of each potential or eligible California Register of Historical Resources (CRHR) 

resource within the public archaeology laboratory (PAL) for all seven aspects of integrity40 using 

specific examples for each resource. This evaluation needs to be included in the evaluation 

 

39 Any aspect of the PEA and associated data that Applicants believe to be confidential will be provided in full but may be 
marked confidential if allowed pursuant to General Order 66 or latest applicable Commission rule (e.g., see Public Records 
Act Proceeding R.14-11-001). 

40  The seven aspects of integrity are location, design, setting, materials, workmanship, feeling, and association, as defined in 
“Types of Historical Resources and Criteria for Listing in the California Register of Historical Resources” [14 CCR 
4852(c)]). 
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report for all resources that could be affected by the project even if the resources were not 

previously evaluated. Previous evaluations should be reviewed to address change over time. 

c) An evaluation of each potential or eligible CRHR resource within the PAL under all four criteria 

using specific examples for each resource. This evaluation needs to be included in the evaluation 

report for all resources that could be affected by the project even if the resources were not 

previously evaluated. The cultural resources professional should make their own 

recommendation regarding eligibility, which does not need to agree with previous 

recommendations for CRHR or NRHP, as long as it is clearly explained. 

d) For prehistoric archaeological resources, Criteria 1, 2 and 341 should be explicitly considered. 

Research efforts to search for important events and persons related to the resource must be 

described. This evaluation needs to be included in the evaluation report for all resources that 

could be affected by the project even if the resources were not previously evaluated. The 

cultural resources professional should make their own recommendation, which does not need 

to agree with previous recommendations for CRHR or NRHP eligibility, as long as it is clearly 

explained. 

e) While potential unique archaeological resources could be identified in the records search 

report or inventory report, the justification for each individual resource to be considered a 

resource under CEQA should be presented in this report.  

f) If surface information collected during survey is sufficient to make an eligibility 

recommendation, this reasoning should be outlined explicitly for each resource. This is 

particularly the case for resources that are believed to have buried subsurface components. 

g) If archaeological testing or additional historical research was required in order to evaluate a 

resource, the evaluation report will be explicit about why the work was required, the results for 

each resource, and the subsequent eligibility recommendation. 

h) For large projects with multiple similar resources where the eligibility justifications for similar 

resources are essentially identical, it is acceptable to discuss these resources as a group. 

However, eligibility justifications for each individual resource is preferred, so if the grouping 

strategy is used, the criteria used to group resources must be clearly justified. 

i) Large resources such as districts and landscapes may be challenging to fully evaluate in the 

context of a single project. CPUC encourages the identification and evaluation of these 

resources with the understanding that often only a few contributing elements may be located 

within the project area, and that the boundaries of the large resource may need to be revisited 

as part of future projects. It is understood that a full evaluation of the resource may be beyond 

the scope of one project. Regardless, the potential for the project to affect any resources within 

a district or landscape must be defined. 

 

41 Criteria for Designation on the California Register are as follows (defined in http://ohp.parks.ca.gov/?page_id=21238): 
- Criterion 1: Associated with events that have made a significant contribution to the broad patterns of local or regional 

history or the cultural heritage of California or the United States. 
- Criterion 2: Associated with the lives of persons important to local, California or national history. 
- Criterion 3: Embodies the distinctive characteristics of a type, period, region or method of construction or represents 

the work of a master or possesses high artistic values. 
- Criterion 4: Has yielded, or has the potential to yield, information important to the prehistory or history of the local 

area, California or the nation. 
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Attachment 4: CPUC Draft Environmental Measures  

 

About this Attachment: The following CPUC Draft Environmental Measures are provided for 

consideration during PEA development. They should be discussed with the CPUC’s CEQA Unit Staff 

during Pre-filing, especially with respect to the development of Applicant Proposed Measures. The CPUC 

Draft Environmental Measures may form the basis for mitigation measures in the CEQA document if 

appropriate to the analysis of potentially significant impacts. These and other CPUC Draft Environmental 

Measures may be formally incorporated into Chapter 5 of future versions of the PEA Checklist.  

5.1 Aesthetics 

Aesthetics Impact Reduction During Construction 

All project sites will be maintained in a clean and orderly state. Construction staging areas will be sited 

away from public view where possible. Nighttime lighting will be directed away from residential areas 

and have shields to prevent light spillover effects. Upon completion of project construction, project 

staging and temporary work areas will be returned to pre-project conditions, including re-grading of the 

site and re-vegetation or re-paving of disturbed areas to match pre-existing contours and conditions.  

5.3 Air Quality 

Dust Control During Construction 

The Applicant shall implement measures to control fugitive dust in compliance with all local air district(s) 

standards. Dust control measures shall include the following at a minimum:  

 All exposed surfaces with the potential of dust-generating shall be watered or covered with 

coarse rock to reduce the potential for airborne dust from leaving the site.  

 The simultaneous occurrence of more than two ground disturbing construction phases on the 

same area at any one time shall be limited. Activities shall be phased to reduce the amount of 

disturbed surfaces at any one time.  

 Cover all haul trucks entering/leaving the site and trim their loads as necessary.  

 Use wet power vacuum street sweepers to sweep all paved access road, parking areas, staging 

areas, and public roads adjacent to project sites on a daily basis (at minimum) during 

construction. The use of dry power sweeping is prohibited. 

 All trucks and equipment, including their tires, shall be washed off prior to leaving project sites. 

 Apply gravel or non-toxic soil stabilizers on all unpaved access roads, parking areas, and staging 

areas at project sites. 

 Water and/or cover soil stockpiles daily. 

 Vegetative ground cover shall be planted in disturbed areas as soon as possible and watered 

appropriately until vegetation is established. 

 All vehicle speeds shall be limited to fifteen (15) miles per hour or less on unpaved areas. 

 Implement dust monitoring in compliance with the standards of the local air district.  

 Halt construction during any periods when wind speeds are in excess of 50 mph.  
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5.5 Cultural Resources 

Human Remains (Construction and Maintenance) 

Avoidance and protection of inadvertent discoveries that contain human remains shall be the preferred 

protection strategy with complete avoidance of such resources ensured by redesigning the project. If 

human remains are discovered during construction or maintenance activities, all work shall be diverted 

from the area of the discovery, and the CPUC shall be informed immediately. The Applicant shall contact 

the County Coroner to determine whether or not the remains are Native American. If the remains are 

determined to be Native American, the Coroner will contact the Native American Heritage Commission 

(NAHC). The NAHC will then identify the person or persons it believes to be the most likely descendant 

of the deceased Native American, who in turn would make recommendations for the appropriate means 

of treating the human remains and any associated funerary objects. 

If the remains are on federal land, the remains shall be treated in accordance with the Native American 

Graves Protection and Repatriation Act (NAGPRA). If the remains are not on federal land, the remains 

shall be treated in accordance with Health and Safety Code Section 7050.5, CEQA Section 15064.5(e), 

and Public Resources Code Section 5097.98.  

5.8 Greenhouse Gas Emissions 

Greenhouse Gas Emissions Reduction During Construction 

The following measures shall be implemented to minimize greenhouse gas emissions from all 

construction sites: 

- If suitable park-and-ride facilities are available in the project vicinity, construction workers shall 

be encouraged to carpool to the job site.  

- The Applicant shall develop a carpool program to the job site.  

- On road and off-road vehicle tire pressures shall be maintained to manufacturer specifications. 

Tires shall be checked and re-inflated at regular intervals. 

- Demolition debris shall be recycled for reuse to the extent feasible.  

- The contractor shall use line power instead of diesel generators at all construction sites where 

line power is available. 

- The contractor shall maintain construction equipment per manufacturing specifications. 

5.19 Utilities and Service Systems 

Notify Utilities with Facilities Above and Below Ground 

The Applicant shall notify all utility companies with utilities located within or crossing the project ROW 

to locate and mark existing underground utilities along the entire length of the project at least 14 days 

prior to construction. No subsurface work shall be conducted that would conflict with (i.e., directly 

impact or compromise the integrity of) a buried utility. In the event of a conflict, areas of subsurface 

excavation or pole installation shall be realigned vertically and/or horizontally, as appropriate, to avoid 

other utilities and provide adequate operational and safety buffering. In instances where separation 

between third-party utilities and underground excavations is less than 5 feet, the Applicant shall submit 

the intended construction methodology to the owner of the third-party utility for review and approval at 

least 30 days prior to construction. Construction methods shall be adjusted as necessary to assure that 

the integrity of existing utility lines is not compromised. 

5.20 Wildfire 

Construction Fire Prevention Plan 

A project-specific Construction Fire Prevention Plan for both construction and operation of the project 

shall be submitted for review prior to initiation of construction. A draft copy of the Plan shall be provided 

to the CPUC and state and local fire agencies at least 90 days before the start of any construction activities 

in areas designated as Very High or High Fire Hazard Severity Zones. Plan reviewers shall also include 
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federal, state, or local agencies with jurisdiction over areas where the project is located. The final Plan 

shall be approved by the CPUC at least 30 days prior to the initiation of construction activities. The Plan 

shall be fully implemented throughout the construction period and include the following at a minimum: 

 The purpose and applicability of the Plan  

 Responsibilities and duties 

 Preparedness training and drills 

 Procedures for fire reporting, response, and prevention that include: 

o Identification of daily site-specific risk conditions  

o The tools and equipment needed on vehicles and to be on hand at sites  

o Reiteration of fire prevention and safety considerations during tailboard meetings  

o Daily monitoring of the red-flag warning system with appropriate restrictions on types 

and levels of permissible activity  

 Coordination procedures with federal and local fire officials  

 Crew training, including fire safety practices and restrictions 

 Method(s) for verifying that all Plan protocols and requirements are being followed 

A project Fire Marshal or similar qualified position shall be established to enforce all provisions of the 

Construction Fire Prevention Plan as well as perform other duties related to fire detection, prevention, 

and suppression for the project. Construction activities shall be monitored to ensure implementation 

and effectiveness of the Plan.  

Fire Prevention Practices (Construction and Maintenance) 

The Applicant shall implement ongoing fire patrols during the fire season as defined each year by local, 

state, and federal fire agencies. These dates vary from year to year, generally occurring from late spring 

through dry winter periods. During Red Flag Warning events, as issued daily by the National Weather 

Service, all construction/maintenance activities shall cease, with an exception for transmission line 

testing, repairs, unfinished work, or other specific activities which may be allowed if the 

facility/equipment poses a greater fire risk if left in its current state.  

All construction/maintenance crews and inspectors shall be provided with radio and cellular telephone 

access that is operational in all work areas and access routes to allow for immediate reporting of fires. 

Communication pathways and equipment shall be tested and confirmed operational each day prior to 

initiating construction/maintenance activities at each work site. All fires shall be reported to the fire 

agencies with jurisdiction in the area immediately upon discovery of the ignition.  

All construction/maintenance personnel shall be trained in fire-safe actions, initial attack firefighting, 

and fire reporting. All construction/maintenance personnel shall be trained and equipped to extinguish 

small fires in order to prevent them from growing into more serious threats. All 

construction/maintenance personnel shall carry at all times a laminated card and be provided a hard hat 

sticker that list pertinent telephone numbers for reporting fires and defining immediate steps to take if a 

fire starts. Information on laminated contact cards and hard hat stickers shall be updated and 

redistributed to all construction/maintenance personnel and outdated cards and hard hat stickers shall 

be destroyed prior to the initiation of construction/maintenance activities on the day the information 

change goes into effect. 

Construction/maintenance personnel shall have fire suppression equipment on all construction vehicles. 

Construction/maintenance personnel shall be required to park vehicles away from dry vegetation. 

Water tanks and/or water trucks shall be sited or available at active project sites for fire protection 

during construction. The Applicant shall coordinate with applicable local fire departments prior to 

construction/maintenance activities to determine the appropriate amounts of fire equipment to be 

carried on vehicles and, should a fire occur, to coordinate fire suppression activities. 
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1   Introduction 
 
The Roadway Construction Noise Model (RCNM) is the Federal Highway 
Administration’s (FHWA) national model for the prediction of construction noise.  Due 
to the fact that construction is often conducted in close proximity to residences and 
businesses, construction noise must be controlled and monitored to avoid impacts on 
surrounding communities.  In addition to community issues, excessive noise can threaten 
a construction project's progress.  Each project needs to balance the community’s need 
for peace and quiet with the contractor’s need to progress the work. 
 
The Central Artery/Tunnel (CA/T) project in Boston, Massachusetts, which began in the 
early 1990s, is the largest urban construction project ever conducted in the United States.  
Its noise control program developed the Construction Noise Control Specification 
721.560, the most comprehensive noise specification ever developed in the United States 
[1].  As part of the CA/T project noise control program, a construction noise prediction 
spreadsheet was developed [2].  Because the CA/T prediction tool can benefit other state 
and local governments, the FHWA developed the RCNM, which is based on the noise 
prediction calculations and the equipment database used in the CA/T prediction 
spreadsheet.  The RCNM provides a construction noise screening tool to easily predict 
construction noise levels and to determine compliance with noise limits for a variety of 
construction noise projects of varying complexity. 
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2   Background 
 
The RCNM is a national model based on the noise calculations and extensive 
construction noise data compiled for the CA/T Project.  The basis for the national model 
is a spreadsheet tool developed in support of the CA/T project [2].  The CA/T predictions 
originated from Environmental Protection Agency (EPA) noise level work [3] and an 
Empire State Electric Energy Research Corp. Guide [4] which utilizes an “acoustical 
usage factor” to estimate the fraction of time each piece of construction equipment is 
operating at full power (i.e., its loudest condition) during a construction operation.  Table 
1 presents a construction equipment noise database compiled through the CA/T project 
[2].  This database is used to predict construction noise within the RCNM.  The noise 
levels listed represent the A-weighted maximum sound level (Lmax), measured at a 
distance of 50 feet from the construction equipment. 
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Table 1.  CA/T equipment noise emissions and acoustical usage factors database. 
CA/T Noise Emission Reference Levels and Usage Factors 
filename:  EQUIPLST.xls 
revised: 7/26/05 Acoustical Spec 721.560 Actual Measured No. of Actual

Impact Use Factor Lmax @ 50ft Lmax @ 50ft Data Samples
Equipment Description Device ? ( % ) (dBA, slow) (dBA, slow) (Count)

(samples averaged) 
  All Other Equipment > 5 HP No 50 85 -- N/A -- 0 
  Auger Drill Rig No 20 85 84 36 
  Backhoe No 40 80 78 372 
  Bar Bender No 20 80 -- N/A -- 0 
  Blasting Yes -- N/A -- 94 -- N/A -- 0 
  Boring Jack Power Unit  No 50 80 83 1 
  Chain Saw No 20 85 84 46 
  Clam Shovel (dropping) Yes 20 93 87 4 
  Compactor (ground) No 20 80 83 57 
  Compressor (air) No 40 80 78 18 
  Concrete Batch Plant No 15 83 -- N/A -- 0 
  Concrete Mixer Truck No 40 85 79 40 
  Concrete Pump Truck No 20 82 81 30 
  Concrete Saw No 20 90 90 55 
  Crane No 16 85 81 405 
  Dozer No 40 85 82 55 
  Drill Rig Truck No 20 84 79 22 
  Drum Mixer No 50 80 80 1 
  Dump Truck No 40 84 76 31 
  Excavator No 40 85 81 170 
  Flat Bed Truck No 40 84 74 4 
  Front End Loader No 40 80 79 96 
  Generator No 50 82 81 19 
  Generator (<25KVA, VMS signs) No 50 70 73 74 
  Gradall No 40 85 83 70 
  Grader No 40 85 -- N/A -- 0 
  Grapple (on backhoe) No 40 85 87 1 
  Horizontal Boring Hydr. Jack No 25 80 82 6 
  Hydra Break Ram Yes 10 90 -- N/A -- 0 
  Impact Pile Driver Yes 20 95 101 11 
  Jackhammer Yes 20 85 89 133 
  Man Lift No 20 85 75 23 
  Mounted Impact Hammer (hoe ram) Yes 20 90 90 212 
  Pavement Scarafier No 20 85 90 2 
  Paver No 50 85 77 9 
  Pickup Truck No 40 55 75 1 
  Pneumatic Tools No 50 85 85 90 
  Pumps No 50 77 81 17 
  Refrigerator Unit No 100 82 73 3 
  Rivit Buster/chipping gun Yes 20 85 79 19 
  Rock Drill No 20 85 81 3 
  Roller No 20 85 80 16 
  Sand Blasting  No 20 85 96 9 
  Scraper No 40 85 84 12 
  Shears (on backhoe) No 40 85 96 5 
  Slurry Plant No 100 78 78 1 
  Slurry Trenching Machine No 50 82 80 75 
  Soil Mix Drill Rig No 50 80 -- N/A -- 0 
  Tractor No 40 84 -- N/A -- 0 
  Vacuum Excavator (Vac-truck) No 40 85 85 149 
  Vacuum Street Sweeper No 10 80 82 19 
  Ventilation Fan No 100 85 79 13 
  Vibrating Hopper No 50 85 87 1 
  Vibratory Concrete Mixer No 20 80 80 1 
  Vibratory Pile Driver No 20 95 101 44 
  Warning Horn No 5 85 83 12 
  Welder / Torch No 40 73 74 5 

(Single Nozzle) 
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3  The RCNM 
 
The RCNM is a computer program used to assess construction noise impacts.  The 
computer on which it is installed should be equipped with the Microsoft Windows 98 or 
newer operating system (OS) and 192 MB or more of random access memory (RAM).  
The display should be set to 1024 x 768 pixels or greater, and the computer should carry 
the Adobe Acrobat 4.0 or newer software.  
 
The RCNM allows the estimation of three key metrics of interest:  Lmax, Leq, and L10 at 
receptor locations for a construction operation that can include up to 20 pieces of 
equipment.  RCNM allows for user-defined construction equipment and user-defined 
noise limit criteria.  The two main uses of the RCNM are to allow typical computer users 
to: 1. easily predict noise emissions from construction equipment, and 2. determine a 
construction work plan’s compliance with noise criteria limits.  A variety of construction 
work scenarios can be created quickly, allowing the user to determine the impact of 
changing construction equipment and adding/removing the effects of shielding due to 
noise mitigation devices such as barriers.   

3.1   RCNM Main Page 
 
The RCNM consists of one main display page with Input Data and Results sections, 
shown in Figure 1.   
 

 
 

Figure 1.  The RCNM main page 
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Several command buttons and pull-down menus allow the user to modify the input data 
before results are calculated by the model. 
 
3.1.1  File Menu 
 
The <File> menu, shown in Figure 2, contains items that allow the user to create, open, 
and save a case, export the results of a case, and exit the program. 

 

 

Figure 2. <File> Menu 
 
• <New> creates a new case.  If a case is currently open, the user is prompted to save it 

before closing. 
• <Open…> allows the user to open an existing case file ([name].cas). 
• <Save> saves the case with the current filename.  If this is a new case, the user is 

asked for a new filename ([name].cas). 
• <Save As…> The user is asked for a filename for a new case ([name].cas) and saves 

the case with that filename. 
• <Export Results> prompts the user to save the case results for the current or all 

receptors to a comma separated value (CSV) file with the following naming 
convention:  [name].csv.  This type of file is easily read into a spreadsheet program. 
The user can also save the case results to a text file (TXT), which saves the results to 
a space-separated text format with the following naming convention: [name].txt. 

• <Exit> closes the application.  If changes have been made to the open case, the user is 
asked if he/she would like to save the case. 

 
3.1.2 Edit Menu 
 
The <Edit> menu, shown in Figure 3, allows the user to copy and paste data, delete data, 
and undo changes.  

 
 

Figure 3. <Edit> Menu 
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• <Copy> lets the user copy into a clipboard the contents of a single cell or an entire 

line from an RCNM dialogue box. 
• <Paste> lets the user copy the contents of the clipboard into a single cell or an entire 

line of an RCNM dialogue box. 
• <Delete> lets the user delete from the case a receptor or piece of equipment selected 

in the receptor or equipment dialogue box. 
• <Undo> lets the user revert the RCNM one step to where it was before the latest 

change was made. 
 
3.1.3   View Menu 
 
The <View> menu, shown in Figure 4, allows the user to focus in <Zoom +> on either 
the Input Data or Results section of the RCNM’s main page.  To activate Zoom +, click 
on Zoom + and guide the spyglass + icon to either Input Data or Results and single-click. 
 

 
 

Figure 4.  <View> Menu 
 

To deactivate Zoom + and go back to the full RCNM screen, click on Zoom – and guide 
the spyglass – icon to the Input Data or Results section that has been maximized on the 
screen. 
 
3.1.4   Options Menu 
 
The <Options> menu, shown in Figure 5, allows the user to modify the equipment list 
and change the case’s units of measure from feet to meters. 
 

 
 

Figure 5.  <Options> menu 
 

The <Options> menu allows the user to add new types of equipment to the equipment 
list.  The equipment list modification dialogue box, shown in Figure 6, allows the user to 
specify a user-defined piece of equipment and add it.  The user can specify the following 
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data:  whether the equipment is an impact device, the equipment’s usage factor1, and the 
equipment’s Lmax level (spec and/or actual2).  The user can also delete equipment that’s 
been added by selecting it and clicking the delete button.  The default equipment cannot 
be modified, but it may be deleted entirely from the case by selecting it and clicking the 
delete button.  Selecting the default button restores the default equipment list (from the 
CA/T Project) and eliminates any user-defined equipment. 
 

 
 

Figure 6.  Equipment list modification dialogue box 
 
Data for user-defined pieces of equipment may be saved to an equipment file 
([name].equ), along with all other equipment in the current list, including default 
equipment.  This file may be opened in other cases to incorporate these pieces of 
equipment. 
 
The <Options> menu, as shown in Figure 7, also allows the user to change the case’s 
units of measure from feet to meters or from meters to feet.  The only input data affected 
by this tool are the Distance to Receptor values.  
 
                                                 
1 Usage factor is the percentage of time during a construction noise operation that a piece of construction 
equipment is operating at full power.  In the case of construction blasting, the equipment gives a very short 
duration blast, and can be quantified by using a 1% usage factor in the RCNM to allow for some prediction.  
Never use a usage factor of zero because the log of zero causes a mathematical impossibility.  The usage 
factor term only affects the computation of Leq and L10.  The usage factor does not enter into the equation 
when calculating the more important term for blasting, that being the Lmax.   
2 “Spec” refers to noise levels stated in noise specifications, and “Actual” refers to Lmax values measured 
at 50 ft from the equipment. 
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Figure 7.  Units modification pull-down menu 
 

3.1.5   Help Menu 
 
The <Help> Menu loads for the user the RCNM User’s Guide in Portable Document 
Format (PDF).  This PDF is searchable by key word using the Adobe Acrobat Edit / Find 
search tool. 

3.2  Input Data 
 
The user is required to input receptor data and equipment data before a case can be 
processed.  The user is advised to type in some summary comments about the case in the 
Case Description dialogue box before inputting data.  Also, in order to determine noise 
limit exceedance values, the user can input noise limit criteria. 
 
3.2.1  Receptors 
 
Multiple receptors may be input for a case, but only one receptor may be processed at a 
time.  The name of the highlighted receptor chosen for processing appears in blue type 
above the Equipment input dialogue box and the Noise Limits command button (see 
Figure 1).  The user specifies the receptors for a study by entering information into the 
Receptors input box in the main window of the RCNM.  The user is required to enter the 
receptor name, land use, daytime baseline L10 or Leq, evening baseline L10 or Leq, and 
nighttime baseline L10 or Leq.  The baseline levels indicate the sound level at a receptor 
before any construction noise contributions.  Baseline levels are only necessary if the 
desired noise criteria limits are based on relative increases in noise level.  If the desired 
noise criteria limits are absolute noise levels, then the user should insert a placeholder 
number other than zero.   
 
When entering information for more than one receptor, it may be desirable to copy 
information already entered.  An entire receptor row may be highlighted and copied to 
another row, where copying multiple rows requires the selection of the same number of 
rows when pasting (this same functionality also applies to editable cells).  Note: Entire 
rows may be selected by clicking on the row number. 
 
Again, the RCNM will only calculate results for the receptor displayed in blue type in the 
Input Data portion of the main page.  The results for other receptors may be displayed by 
selecting the desired receptor in the Receptor window; to select a receptor, click in any 
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cell in the row.  Up to 100 receptors may be included in any case.  Information for 
receptors is saved in the case file ([name].cas). 
 
 
3.2.2 Equipment 
 
Core equipment noise data are stored in the RCNM and are accessible by a pull-down 
menu in the main page, as in Figure 8. 
 

 
 

Figure 8.  Equipment dialogue box, with pull-down menu shown 
 

As discussed in Section 3.1.4, new pieces of equipment may be added to a case and saved 
in an equipment file ([name].equ).  When the user-defined equipment file is opened 
through the <Options> / <Modify the Equipment List> menu, user-defined equipment 
will appear in the equipment pull-down menu.  The user activates and inactivates chosen 
equipment types by ticking and unticking the “Active” checkbox.  The user is required to 
specify:  

 
1. The type of reference emission levels to use (“Spec”, if applicable, or “Actual”, 

[the default is “Actual”]);  
2. Distance to Receptor – that is, the distance between each type of equipment and 

the receptor being analyzed (the default distance is 50 feet); and 
3. Estimated Shielding (in dBA) associated with each type of equipment (can leave 

the default value of 0.0 when not considering shielding).  NOTE:  A Best 
Practices document is presented in Appendix A showing how to determine 
Estimated Shielding using several Rules of Thumb developed from 
experience at the CA/T project. 

 
When entering information for more than one piece of equipment, it may be desirable to 
copy information already entered.  An entire equipment row may be highlighted and 
copied to another row, where copying multiple rows requires the selection of the same 
number of rows when pasting (this same functionality also applies to editable cells).  
Note:  Entire rows may be selected by clicking on the row number. 
 
The user may analyze up to 20 pieces of equipment at one time, and they may be 
included in any combination of different or identical equipment types. 
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3.2.3  Noise Metric and Noise Limit Criteria 
 
While a case is open, the user can choose a noise metric (for baseline levels, noise limits, 
and calculated results) and enter the noise limit criteria for a local area.  The user may 
edit the Lmax and L10 or Leq day, evening, and night noise limit criteria for a residential, 
commercial, or industrial area.  Daytime, evening, and nighttime may represent any time 
periods the user wishes, but they are typically defined as 7 AM to 6 PM, 6 PM to 10 PM, 
and 10 PM to 7 AM, respectively.  The criteria, used together with the baseline sound 
levels, define the noise limits for each receptor.  CA/T Noise Limit Criteria are used as a 
default [1], but users may input their own criteria.  The RCNM offers a metric pull-down 
menu and two or three command buttons to the right of the Receptor input dialogue box.   
 
• Metric Pull-Down Menu 
 
A pull-down menu allows the user to choose between the L10 or Leq metric, as in Figure 
9.  The chosen metric represents that used for the baseline levels, noise limits, and 
calculated results.  For the noise limits and calculated results, Lmax values are also 
included. 
 

 
 

Figure 9.  Noise Metric pull-down menu 
 

• Noise Limit Criteria Pop-up Dialogue Box 
 
A pop-up dialogue box allows the user to specify Noise Limit Criteria information for an 
area being studied in a case, as in Figure 10.  The flexibility of the Noise Limit Criteria 
allows RCNM users to incorporate criteria based on local noise ordinances and baseline 
levels measured for each receptor. 
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Figure 10.  Noise Limit Criteria pop-up dialogue box 
 
The user may populate this dialogue box with Noise Limit Criteria information derived 
from CA/T Construction Noise Control Spec. 721.560 [1] by clicking on the “Default” 
command button and clicking “Yes” when asked to load information from the default 
file, which is stored in the RCNM (see Table 2).   

Table 2. Default Noise Limit Criteria 
 Daytime (7 AM to 6 PM) Evening (6 PM to 10 PM) Nighttime (10 PM to 7 AM) 

Land Use L10 Limit 
(dBA) 

Lmax Limit 
(dBA) 

L10 Limit 
(dBA) 

Lmax Limit 
(dBA) 

L10 Limit 
(dBA) 

Lmax Limit 
(dBA) 

Residential 

maximum of 75 
and baseline + 

5 for non-
impact* and 
exempt for 
impact** 

85 for non-
impact and 90 for 

impact 
baseline + 5 85 

if baseline <70 
then baseline 

+5;  if baseline 
≥70 then 

baseline + 3 

80 

Commercial 

maximum of 80 
and baseline + 

5 for non-
impact and 
exempt for 

impact 

N/A N/A N/A N/A N/A 

Industrial 

maximum of 85 
and baseline+5 
for non-impact 
and exempt for 

impact 

N/A N/A N/A N/A N/A 

*     Non-impact equipment is equipment that generates a constant noise level while in operation. 
**   Impact Equipment is equipment that generates impulsive noise.  Impulse Noise is defined as noise produced by 
the periodic impact of a mass on a surface, of short duration (generally less than one second), high intensity, abrupt 
onset and rapid decay, and often rapidly changing spectral composition. 
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Otherwise, the user may clear any information present in the dialogue box and specify 
new data in each cell.  Clicking on the “Clear” command button will prompt the user to 
set all the cells in the dialogue box to Not Applicable (N/A), as in Figure 11.  By clicking 
“Yes,” the user will populate all cells with N/A; by clicking “No,” the dialogue box will 
return to the data present before the user clicked “Clear.” 
 

 

 
 

Figure 11.  The Noise Limit Criteria “Clear” command button 
 
Clicking on any cell in the Noise Limit Criteria dialogue box reveals a Noise Limit 
Criteria pull-down menu.  Click on this pull-down menu to access the six options, as in 
Figure 12. 
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Figure 12.  Noise Limit Criteria pull-down menu 
 
Through these six options, the user specifies what Noise Limit Criteria changes, if any, 
are desirable in each cell.  The six cell options are: 
 

i. Exempt (for the specified metric and land use, the equipment is exempt from 
noise limits) 

ii. N/A (for the specified metric and land use, the equipment does not have 
applicable noise limits) 

iii. Value (user is prompted to enter a value for which the noise level should not 
exceed), as in Figure 13: 

 

 
 

Figure 13.  Noise Limit Criteria “Value” dialogue box 
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iv. Maximum (set value for which a noise level should not exceed to the 

maximum of two possible levels:  A user-defined level or the Baseline level 
plus some user-defined increment), as in Figure 14:  

 

 
 

Figure 14.  Noise Limit Criteria “Maximum” dialogue box 
 

v. Baseline + (set value for which a noise level should not exceed to the 
Baseline level plus some user-defined increment), as in Figure 15: 

 

 
 

Figure 15.  Noise Limit Criteria “Baseline +” dialogue box 
 

vi. Conditional (set conditional value for which a noise level should not exceed; 
the user is prompted to enter the following information: 1. a comparison 
value, i.e., “If Baseline < [value], then …”; 2. an increment value to add to 
the baseline level if the baseline level is less than the comparison value; 3. 
an increment value to add to the baseline level if the baseline level is greater 
than or equal to the comparison value), as in Figure 16: 



RCNM User’s Guide  The RCNM 

15 

 

 
 

Figure 16.  Noise Limit Criteria “Conditional” dialogue box 
 
To see the current value of a cell, simply hold the mouse pointer over the cell.  Once the 
user has specified values for all the cells in the Noise Limit Criteria dialogue box, these 
criteria can be saved in a criteria file ([name].cri) by clicking on the “Save” command 
button.  The user will be prompted to give the criteria file a name.  These criteria can 
thereafter be loaded into any case by clicking on the “Open” command button.    
 
The user returns to the Noise Limit Criteria dialogue box by clicking “Ok”, and returns to 
the case by clicking “Ok” again. 
 
• L10 Calculation (this button is present if the L10 metric is chosen) 
 
By clicking on the  “L10 Calculation” command button, the user can specify the 
adjustment factor used to calculate L10, as in Figure 17.  By clicking the “Default” 
command button, the user automatically calls for an adjustment factor of 3 dBA, a value 
empirically derived from extensive CA/T Project data [2]. 
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Figure 17.  L10 Adjustment dialogue box 
 
• Noise Limits 
 
The “Noise Limits” command button opens a display window that looks exactly like the 
“Noise Limit Criteria” dialogue box, except that it is not editable, and the only button in 
the opened window is “Ok”.  The values in the cells are based on the criteria set in the 
Noise Limit Criteria window and the baseline levels for the selected receiver, as in Figure 
18.  (If a receiver is not selected, the dialogue box is unavailable for viewing.) 
 

 
 

Figure 18.  Noise Limits display window 
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Again, these limits may be changed by the user through the Noise Limit Criteria data 
entry window. 
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4   Results 
 
Once the data for one receptor and up to 20 pieces of equipment have been specified in 
the Input Data portion of the main screen, the RCNM will automatically calculate the 
Results readout displayed in the bottom portion of the main screen, as in Figure 19.  Any 
changes to the Input Data will automatically cause the RCNM to update the Results.  The 
results for only one receptor will be displayed at a time; results for other receptors can be 
displayed by selecting the desired receptor in the Receptor window (click in any cell in 
the desired receptor row).  Results for up to 100 receptors can be saved in a case.  If 
Noise Limit Criteria information has been specified, the corresponding results (limits and 
exceedance values) will be updated as well.    
 

 
 

Figure 19.  The RCNM main-page Results display 
 
If there is insufficient input data for RCNM to compute a result, then a “Check Input 
Data” button will appear in the middle of the screen.  Clicking on this button will provide 
the user with an indication of what additional input data are required. 
 
The Results are presented in a read-only spreadsheet that contains the following fields, all 
applicable to the selected receptor: 
 
• Equipment – the name/description of the equipment type  
• Calculated Lmax – the calculated Lmax value for the equipment type.  This is 

calculated from the “Spec” or “Actual” equipment Lmax, distance, and estimated 
shielding. 
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• Calculated Leq or L10 – the calculated Leq or L10 value (depending on what is 
selected in the Noise Metric pull-down menu) for the equipment type.  This is 
calculated from the Calculated Lmax values, equipment usage factors, and selected 
adjustment factor.   

• Day Lmax Noise Limit – the daytime Lmax noise limit for the equipment type.  
• Day Leq or L10 Noise Limit – the daytime Leq or L10 noise limit for the equipment 

type.  
• Evening Lmax Noise Limit – the evening Lmax noise limit for the equipment type.  
• Evening Leq or L10 Noise Limit – the evening Leq or L10 noise limit for the 

equipment type.  
• Night Lmax Noise Limit – the nighttime Lmax noise limit for the equipment type.  
• Night Leq or L10 Noise Limit – the nighttime Leq or L10 noise limit for the 

equipment type.  
• Day Lmax Noise Limit Exceedance – the daytime Lmax noise limit exceedance for 

the equipment type.  If the criteria limit was not exceeded, the value is “None”.   
• Day Leq or L10 Noise Limit Exceedance – the daytime Leq or L10 noise limit 

exceedance for the equipment type.  If the criteria limit was not exceeded, the value is 
“None”.  

• Evening Lmax Noise Limit Exceedance – the evening Lmax noise limit exceedance 
for the equipment type.  If the criteria limit was not exceeded, the value is “None”.   

• Evening Leq or L10 Noise Limit Exceedance – the evening Leq or L10 noise limit 
exceedance for the equipment type.  If the criteria limit was not exceeded, the value is 
“None”.   

• Night Lmax Noise Limit Exceedance – the nighttime Lmax noise limit exceedance 
for the equipment type.  If the criteria limit was not exceeded, the value is “None”.   

• Night Leq or L10 Noise Limit Exceedance – the nighttime Leq or L10 noise limit 
exceedance for the equipment type.  If the criteria limit was not exceeded, the value is 
“None”.   

 
The user may scroll down to view equipment results that are not visible, or the <View> / 
<Zoom +> menu may be used to zoom in on the Results display only (see Section 3.1.3).  
There is a row at the top of the Results display, highlighted in yellow, that calculates the 
total for all equipment combined.  This row is always visible during scrolling of the 
Results spreadsheet.  (Calculations for totals are explained in Section 5.3.) 
 
Again, users may export a case’s input information and results to a comma separated 
value (CSV) report file ([name].csv) by choosing the <Export Results> option from the 
<File> menu.  The user can also save the case results to a text file (TXT), which saves the 
results to a space-separated text format ([name].txt).  Results may be saved for a single 
receptor or all receptors in the case. 
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5   Calculations in the RCNM 
 
The RCNM uses the primary equation described in the CA/T Construction Noise Control 
Specification 721.560 [1] for the construction noise calculations. 
 

5.1   Metric Calculation 
 
LmaxCalc = selected_Lmax – 20log(D/50) - shielding                                             (1) 
 
where   
 

selected_Lmax is the “Spec” or “Actual” maximum A-weighted sound level at 50 
ft., listed in Table 1 for all pieces of equipment, in dBA, 
D is the distance between the equipment and the receptor, in feet,  
shielding is the insertion loss of any barriers or mitigation, in dBA (see Appendix 
A). 

 
Leq = LmaxCalc + 10log(U.F.%/100)                                                                       (2) 
 
where   
 

U.F.% is the time-averaging equipment usage factor, in percent (see footnote 1 on 
p 7). 
 

L10 = Leq + 3 dBA adjustment factor                                                                        (3) 
 
The RCNM calculates L10 by adding 3 dBA to the Leq, where the 3 dBA default L10 
adjustment factor was empirically derived by comparing extensive CA/T construction 
noise data.  This adjustment factor may be changed in the RCNM at the user’s discretion. 

5.2  Exceedance Calculation 
 
Daytime Lmax Exceedance = LmaxCalc – Daytime Lmax Limit                                (4) 
 
Daytime Leq or L10 Exceedance = Leq or L10 – Daytime Leq or L10 Limit             (5) 
 
Evening Lmax Exceedance = LmaxCalc – Evening Lmax Limit                                 (6) 
 
Evening Leq or L10 Exceedance = Leq or L10 – Evening Leq or L10 Limit               (7) 
 
Nighttime Lmax Exceedance = LmaxCalc – Nighttime Lmax Limit                           (8) 
 
Nighttime Leq or L10 Exceedance  = Leq or L10 – Nighttime Leq or L10 Limit        (9) 
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5.3 Totals Calculation 
 
The Total values in the Results section are determined in the following manner:  
 

1) Total Leq = 10*log(Σ (individual equipment Leq values3)) 
2) Total L10 = 10*log(Σ (individual equipment L10 values3)) 
3) Total Lmax = Maximum among individual equipment Lmax values 
4) Total noise limits and limit exceedances: 

a. Determine whether or not total is impact or non-impact 
i. If all the equipment is non-impact, label the total as non-impact. 

ii. If all the equipment is impact, label the total as impact. 
iii. If the equipment is mixed non-impact and impact, label the total as 

non-impact. 
b. Determine total noise limits and limit exceedances the same way as with 
individual pieces of equipment (see Section 5.2), only use the calculated total 
sound levels (Total Leq or Total L10) and the impact or non-impact label 
according to the criteria specified in i through iii. 

 

 

                                                 
3 The Leq and L10 levels are energy averages. 
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Appendix A:  Best Practices for Calculating Estimated Shielding for Use in the 
RCNM 

 
This Appendix presents some simplified shielding factors for use in the RCNM.  These 
suggestions are "rules of thumb" based on experience gathered by CA/T construction 
noise experts working in the field [2].   
 
1)  If a noise barrier or other obstruction (like a dirt mound) just barely breaks the line-of-
sight between the noise source and the receptor, use 3 dBA. 
 
2)  If the noise source is completely enclosed OR completely shielded with a solid barrier 
located close to the source, use 8 dBA.  If the enclosure and/or barrier has some gaps in 
it, reduce the effectiveness to 5 dBA. 
 
3)  If the noise source is completely enclosed AND completely shielded with a solid 
barrier located close to the source, use 10 dBA. 
 
4)  If a building stands between the noise source and receptor and completely shields the 
noise source, use 15 dBA. 
 
5)  If a noise source is enclosed or shielded with heavy vinyl noise curtain material (e.g., 
SoundSeal BBC-13-2" or equivalent), use 5 dBA. 
 
6)  If dilapidated windows are replaced with new acoustical windows, or quality internal 
or exterior storm sashes, use an incremental improvement of 10 dBA for an overall 
Outside-to-Inside Noise Reduction (OINR) of 35 dBA.   
 
7)  If work is occurring deep inside a tunnel using the "top-down" construction method 
(i.e. cover the tunnel work with concrete roadway decks to allow surface traffic and then 
excavate underneath the roof deck), use 12 dBA.   
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

SECT I ON  

1  
Introduct ion 

1.1 Purp o s e  
T he Council on Environm ent al Qualit y ( CEQ) r egulat ions fo r implement ing t he 

procedural provisions of t he National Environm ent al Policy Act of 1969 

( NEPA ) ( 1 , 2 ) require t hat a federally- funded project be assessed for its impact on 

t he human and nat ural environm ent prior t o implement at ion . T he Federal 

T ransit Administ rat ion ( FTA) , in conjunction wit h t he Federal Highway 

Administ rat ion ( FHWA) , has issued det ailed regulat ion s implement ing NEPA for 

t ransit and highway projects . T he regulat ion s are cod ified in part 771 of t itle 23, 

Code of Federal Regulations, and are titled “Environmental Impact and Related 

Procedures .” ( 23 CFR part 771 ) . ( 3 ) 

T he Federal T ransit Administ rat ion ( FT A) provides financial assist ance for a 

range of public t ransport at ion project s from new rail rapid t ransit (R RT ) 

syst ems t o bus maint enance facilities and vehicle purchases. As required by 

NEPA and its implement ing regulat ions , each project must undergo 

environm ent al review. 

No ise and vibrat ion are somet imes amo ng t he major concerns regarding t he 

effect s of a t ransit project on t he surrounding community and are key element s 

of t he environm ent al impact assessment process for public t ransportat ion 

project s. A t ransit syst em is oft en placed near population cent ers by necessity 

and may cause noise and vibrat ion at nearby residences and ot her sensit ive 

t ypes of land use. 

T his manual provides t echnical guidance for cond uct ing noise and vibrat ion 

analyses for t ransit projects, as well as direct ion regarding preparat ion of t he 

information for FTA’s environm ent al document s . Some situat ions m ay not be 

explicitly covered in t his manual ; t he exercise of professional judgment may be 

required t o ext end t he basic met hod s in these cases and frequent consult at ion 

wit h FT A st aff is important t o ensure t h e met hod s used meet t he requirement s 

for environm ent al reviews . See Appendix G for informat ion on using non -

st andard mod eling procedures. 

In general , the noise and vibrat ion impact assessment process for project s 

includes t he following st eps: 

1. Det ermine appropriat e impact criteria ( Sect ion 4.1) .

2. Conduct screening and d etermine appropriat e level of noise analysis,

analyze project noise impact s , and evaluat e mit igat ion opt ions if

appropriat e ( Sect ions 4.2 –4.5) .

3. Det ermine appropriat e level o f vibrat ion analys is, analyze project

vibrat ion impact s, and evaluat e mit igat ion opt ions if appropriat e

( Sect ions 6.1 –6.5) .

4. Analyze construct ion noise and vibrat ion impact s ( Sect ion 7) .

5. Document findings ( Sect ion 8) .
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1.2 Organiz ation of  the Manual 

T his guidance manual is organized by t he following recom mended analysis 

workflow. A glossary of t erms used t hroughout this manual is available in 

Appendix A. Det ailed informat ion on t he fundament als of noise, noise impact 

criteria, clust ering receivers, det ermining exist ing noise , com put ing source levels 

from measurement s, and using non - st andard met hod ology is available in t he 

appendices. 

S ectio n 2 : Project Cla ss o f Action and Plann ing – T his sect ion d escribes 

t he first st ep in t he analysis process t hat is applicable to bot h noise and vibrat ion 

analyses. 

S ectio n 3 : Tran sit N oise – T his section provides t he reader with background 

information specific t o t ransit noise . 

S ectio n 4 : No ise Impact An aly sis – T his sect ion provides a g eneral out line 

of t he ent ire noise impact analysis proc ess: guidelines on det ermining n oise 

impact criteria, met hods for choo sing t he appropriat e level o f noise analysis 

( “Screening, ” “General ,” or “Det ailed ”) , st eps for e valuat ing noise impact s wit h 

t he No ise Screening Procedure ( a simplified met hod of evalua t ing t he pot ent ial 

for no ise impact from t ransit project s) , st eps for evaluat ing noise impact wit h 

t he General Noise Assessment procedure ( a simplified assessment met hod t o 

est imat e noise impact and com pare alternat ives for t ransit project s) , and st eps 

for evaluat ing noise impact wit h t he Det ailed Noise Analysis procedure ( a 

com prehensive assessment method to produce t he most accurat e est imat es of 

noise impact intended for cert ain major public t ransport at ion project s) . 

S ectio n 5: Tran sit Vib ratio n – T his sect ion cont ains background informat ion 

specific t o t ransit vibrat ion . 

S ectio n 6: Vib ration I mp act An aly sis – T his sect ion provides a general 
out line of t he ent ire vibrat ion impact analysis process : guidelines on det ermining 

vibrat ion impact criteria, met hod s for choo sing t he appropriat e level of 

vibrat ion analysis (“Screening,” “General,” or “Detailed”) , st eps for evaluat ing 

vibrat ion impact wit h t he vibrat ion screening procedure ( a simplified met hod of 

evaluat ing t he pot ent ial for vibrat ion impact from t ransit project s) , st eps for 

evaluat ing vibrat ion impact wit h t he general vibrat ion assessment procedure ( a 

simplified assessment met hod t o est imate vibrat ion impact and com pare 

alternat ives for t ransit project s) , and st eps for evaluat ing vibrat ion impact with 

t he det ailed vibrat ion analysis procedure ( a com prehensive assessment met hod 

t o prod uce t he most accurat e est imat es of vibrat ion impact int ended for cert ain 

major public t ransportation project s) . 

S ectio n 7 : N o ise and Vib ratio n During Con structio n – T h is sect ion 

present s t he p rocess of assessing noise and vibrat ion impact during 

construct ion, including determinat ion of level o f assessment , source levels, 

impact criteria, and mit igat ion . 

S ectio n 8: Do cu men tatio n o f N o ise an d Vib ration Assessmen t – T his 

sect ion includes guidance for d ocument ing t he noise and vibrat ion assessment in 

t echnical report s and environm ent al document s . 
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SECT I ON  

2  
Projec t Class of Acti on and Planning  
T he level of environm ent al analysis and review depends on t he significance of 

any potent i al associat ed environm ent al impact s, which in t urn depends in part 

on t he scope and complexit y of the proposed project . T he goals of a t ransit 

noise and vibrat ion impact assessment are to : 

1. Det ermine exist ing noise and vibrat ion levels .

2. Assess project noise and vibrat ion for pot ent ial impact .

3. Evaluat e the effect of mit igat ion opt ions on impact s .

T he class of act ion det erminat ion will inform the required level o f analysis. T he 

FT A R egional office ( i ) determines t he class of act ion based on project 

informatio n provided by t he project sponsor. T he following t ypes of informat ion 

can assist t he FT A R egional o ffice in an init ial class of act ion det erminat ion for a 

project : 

 Project descriptio n

 Project - specific graphics, including:

 Project locat ion/sizes

 Known land use and environm ent al feat ures

 Addit ional information , as appropriat e :

 Summary of prior planning

 Draft purpose and need st at ement

Project classes of act ion are described in Sect ion 2.1. Project planning and 

development guidelines are present ed in Sect ion 2.2. 

2.1 Project Class of Acti on 

FT A's environm ent al regulat ion s classif y project s by level o f environm ent al 

analysis. T he class of act ion will det ermine t he appropriat e level o f analysis and 

do cument at ion for a project . Det ails of each class are describ ed in t he following 

sect ions. For mo re informat ion, review FT A's environment al impact and relat ed 

procedures at 23 CFR part 771. 

En viron men tal I mp act S tatemen ts 

Environm ent al impact st at ement s ( EIS s ) apply t o project s t hat are expect ed to 

cause significan t environm ent al effect s in t he NEPA cont ext . T ypical examples 

include new or ext ension s o f  fixed - guideway project s, such as heavy rail, light 

rail, com mut er rail , and autom at ed guideway t ransit (AGT ) syst ems that are not 

locat ed wit hin exist ing t ransportat ion right - o f - way (RO W) . It is likely t hat for 

major infrast ruct ure project s requiring an EIS, t he mo st det ailed t reat ment of 

noise and vibrat ion impact s will oft en be required. 

Catego rical Exclu sio n s 

Cat egorical exclusions ( CEs) cover act ions that are excluded from requiring an 

EIS or environm ent al assessment ( EA) because FT A has det ermined that t hey do 

h t t p ://w w w .ft a.dot .go v/1 2 9 2 6 .h t ml . 
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not rout inely cause significant environment al impact s. FTA’s CEs are located at 

23 CFR § § 771.118(c) and (d) , commonly referred t o as t he c - list and d- list , 

respect ively. Examples of project s t hat would normally be CEs include vehicle 

purchases, maint enance of equipment , vehicles, or facilities, and R OW 

acquisitio n . 

In general, CEs for t ransit capital const ruct ion project s oft en require at least a 

screening of noise impact s. 

En viron men tal Assessmen ts 

When a proposed project is present ed t o FT A and it is uncert ain whet her t he 

project requires an EIS or qualifies for a CE , FT A will normally direct t he 

project sponsor to prepare an environment al assessment ( EA) t o assist in 

making t he det erminat ion . An EA may be prepared for any t ype of project if 

uncert ainty exist s about t he magnitude or ext ent of the impact s. Generally, an 

EA is select ed over a CE if FT A det ermines t hat several t ypes of pot ent ial 

impact s requi re furt her invest igat ion, for example, air qualit y, noise, wetlands, 

hist oric sites, and/ or t raffic, but FT A’ s environm ent al regulat ion do es not list 

t ypical project s t hat require EAs . 

Experience shows t hat most of t he EAs prepared for transit project s re quire at 

least a general assessment of noise impact s. 

2.2 Project Planning and D eve lopme nt 

Capital t ransit project s are ordinarily developed init ially from a comprehensive 

t ransportation planning process cond uct ed in met ropolit an areas ( see 23 CFR § 

450. 300) . ( 4 ) T he met ropolit an planning process oft en includes som e early 

considerat ion o f  social, econom ic, and environment al effect s of proposed major 

infrast ruct ure improvement s. At t his st age, environm ent al effect s are usually 

considered on a broad scale —fo r example , overall development pat t erns, 

impact s on green space, and regional air qualit y. Noise and vibrat ion 

assessment s are not t ypically performed at t his st age because t he propo sed 

infrast ruct ure improvement s lack the necessary det ail. 

O nce t he need for a capital t ransit project in a corridor is est ablished in the 

met ropolit an t ransportation plan, t he t ransit mo de and general alignment best 

suited for the corridor are identified. T he Screening and G eneral noise 

assessment procedures and t he vibrat ion screening procedure described in t his 

manual may be used to compare noise and vibrat ion effect s among different 

t ransit mod es and alignment s at an early st age of t he project planning . T he 

analysis t hat results is do cument ed through t he environment al review process . 

NEPA est ablishes a broad policy regarding mit igat ion as a means of 

accom plishing its environment al object ives . Ot her Federal laws, such as Sect ion 

4( f) ( 49 U.S.C. 303) and Sect ion 404 ( 33 U.S.C. 1344) , have explicit mit igat ion 

requirement s for cert ain resources. T he decision t o include noise or vibrat ion 

mit igat ion for a project is made by FT A and t he project sponsor aft er public 

review of t he environm ental do cument , as appropriate . If mit igat ion measures 

are deemed necessary t o prot ect t he envi ronm ent or t o sat isfy st at ut ory 

requirement s, they will be incorporat ed as an int egral part of t he project and 

subsequent grant document s will reference t hese measures as cont ract ual 

obligat ions on t he part of the project sponsor. T hrough t hat process, FT A 
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ensure s t hat t he project sponsor complies wit h all design and mit igat ion 

com mitment s cont ained in t he environm ent al record . 

O nce t he project ent ers const ruct ion, noise or vibrat ion may need to be 

re assessed in som e circumst ances. Some large construct ion project s in densely 

populated residential areas may require noise monito ring t o ensure agreed- upon 

noise limit s are not exceeded. V ibrat ion t est ing may be needed in t he final 

st ages of construct ion t o det ermine whet her vibrat ion cont rol measures have 

t he predict ed effect . 

Considering t hat t ransit project s must be located amid or very close to 

concentrat ions of people, noise and vibrat ion impact s can be a concern 

t hroughout t he environm ent al review process, design, and construct ion phases. 

T his manual offe rs t he flexibility to address noise and vibrat ion at different 

st ages in the development of a project and in different levels of det ail. 

2.3 Mitigatio n Poli cy  Considerations 

Because noise is frequent ly amo ng t he great est environment al concerns of 

planned t ransit project s, FTA and t he project sponsor should make reasonable 

effort s t o reduce predict ed noise t o levels considered accept able fo r affect ed 

noise - sensitive land uses. The need for noise mit igat ion is det ermined based on 

t he magnitud e of impact and considerat ion of fact ors specifically relat ed to t he 

propo sed project and affect ed land uses. 

T he goal of providing noise mit igat ion is t o gain subst ant ial noise reduct ion, not 

simply t o reduce t he predict ed levels t o just below t he “severe ” impact 

t hreshold. For FT A to det ermine whether the mit igat ion is reasonable, t he 

evaluat ion of specific mit igat ion measures should include the noise reduct ion 

pot ent ial, the cost , t he effect on t ransit operat ions and maint enance, and any 

ot her relevant factors, such a s any new environment al impact s t hat may be 

caused by t he implement at ion of a noise reduct ion measure. A t horough 

evaluat ion enables FT A to make the findings required by NEPA and ot her 

st at ut es, such as Sect ion 4(f) or Sect ion 106 requirement s and t heir 

im plementing regulat ions. 

Severe impact s have t he great est adverse impact on the communit y, and 

mit igat ion should be st rongly considered. Areas with “m od erat e ” impact s also 

have pot ent ial for effect s on t he communit y and t herefore should also include 

considerat ion and possible ado pt ion of mit igat ion measures when considered 

reasonable. 

Since reasonableness is not st rict ly defined, FT A recommends t hat project 

sponsors work wit h t he affect ed public and FT A st aff during t he environment al 

review process t o de cide appropriat e mit igat ion st rategies. A project sponsor 

may also consider developing and formally adopt ing a m itigat ion policy t o aid in 

t he det erminat ion of appropriat e and applicable mit igat ion measures for current 

and proposed project s and ant icipat ed impact s. Having such a policy in place can 

aid in t he project planning up front and help to expedit e mit igat ion decisions. 
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T he following considerat ions can assist in det ermining circumst ances t hat t rigger 

t he need for mit igat ion and include examples of h ow they can be applied in a 

noise mit igat ion policy : 

 N u mb er of N o ise -S en sitive S ites Affe cted

A row or clust er of residences adjacent t o a rail t ransit line est ablishes a

great er need for mit igat ion t han one or several isolated residences in a

mixed - use area. Single residences may not be able t o meet a cost -

effect iveness criterion for mit igat ion.

Example Mitigation Policy Consideration: Set a minimum number of

noise - sensitive sites as a t hreshold, com bined wit h a reference to a cost -

effect iveness criteri on.

 I n crea se o ver Exi stin g N o ise L evel s

Since t he noise impact criteria are delineat ed as bands or ranges, pr oject

noise can vary 5 to 7 decibels ( d B )  wit hin t he band of mo derat e impact at

any specific ambient noise level. If t he project and ambient noise plot falls

just below the severe range, t he need for mit igat ion is st rongest for a

mo derat e impact . Similarly, if t he plot falls wit hin the m od erat e range just

above the n o  impact t hreshold, the impact s are expected to be less , so t he

just ificat ion for mit igat ion would not be as st rong.

Example Mitigation Policy Consideration: Set a st rong need for

mit igat ion when a mo derate impact is 2 d B ( for example) over t he no

impact t hreshold.

 N o ise S en sitivity of the Prop erty

Sect ion 4.1 includes a comprehensive list of noise - sensitive land uses, yet

t here can be differences in noise sensitivit y depending on individual

circumst ances. For example, parks and recreat ional areas vary in t heir

sensitivit y depending on t he t ype of use t hey experience ( act ive vs. passive

recreat ion) and the set t ings in which t hey are locat ed.

Example Mitigation Policy Consideration: Cit e the use of t he propert y

as a det erminat ion of sensit ivity for parks and recreat ion al areas.

 Eff ectiveness of th e Mitiga tion Mea su re(s)

Det ermine t he ma gnitude of t he noise reduct ion t hat can be achieved, and

consider whether there are cond it ions t hat limit effect iveness, such as noise

barrier effect iveness for a mult i - story apart ment building.

Example Mitigation Policy Consideration: Set a minimum redu ct ion in

noise level t o be considered effect ive. A 5- dB reduct ion is t ypically

considered an effect ive reduct ion from mit igat ion.

 F ea sib ility o f th e Mitigatio n Mea su re(s)

Det ermine if t he mit igat ion measure is feasible from an engineering,

operat ions or s afet y perspect ive. In som e cases, it may not be possible t o

construct mit igat ion ( noise barriers) due t o physical or st ruct ural limit at ions
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or because of safet y concerns, especially relat ed to sight lines for 

pedest rians and vehicles. 

Example Mitigation Policy Consideration: Stat e t hat the engineering 

design of t he mit igat ion must be feasible , t hat it must be implement able in 

light of operat ions , and t hat mit igat ion must not com prom ise safet y. 

 F airn ess and Eq u ity of th e Mitiga tio n Mea su re(s)

Ensure t hat m it igat ion measures are applied in a fair and equit able manner.

In many cases, small differences in dist ances or operat ions can result in small

differences in project ed noise levels. For example, all the residences in a

row could have a project ed mod erat e i mpact except for o ne residence at

t he end of t he row t hat falls just under the mo derat e criteria due t o being

set slight ly furt her back from t he alignment . In a case like t his, mit igat ion

should be applied for t he ent ire row of residences if possible.

Example Mitigation Policy Consideration: Stat e t hat mit igat ion should be 

applied equit ably. 

 Exi stin g Tran sp o rtation No ise

Neighborhood s wit h ambient noise levels already heavily influenced by

t ransportation noise, especially t he same t ype of noise source as t he

project , should be considered. O ft en adding a new similar noise source will

not add t o the ambient noise levels or only slight ly increase it to wit hin

accept able levels. Whereas, impact s would be mo re likely, if t he new noise

was added t o a neighborhoo d wit h minimal t ransportat ion noise. However,

it is important t o not e t hat per ( Sect ion 4.1, St ep 3 ) the higher t he exist ing

noise , t he lower t he allowable no ise increase from new sources. A new

cumulat ive noise environment may be very object ionable becaus e people

will not be com partment alizing t he exist ing noise versus t he new noise and

react ing only t o t he new noise. In t his circumst ance, impact s predict ed in

t he mo derat e range could be t reat ed as if they were severe.

Example Mitigation Policy Consideration: Set a policy t hat moderat e 

impact s under t hese circumst ances be t reat ed as severe and cite t he 

pot ent ial for reducing noise from exist ing t ransportat ion noise, as well as 

from project noise. 

 Co mmu n ity View s

T his manual provides t he met hodo logy to make an object ive assessment of

t he need for noise mit igat ion. However, t he views of t he com munit y should

be considered where t here are pot ent ial noise impacts predict ed t hrough

t his manual . T he NEPA compliance process provides t he framework for

hearing t he c om munity's concerns about a proposed project and then

making a good- faith effort to address t hose concerns. Many project s can be

expect ed to have project ed noise levels wit hin the mod erat e impact range

and, where possible, d ecisions regarding mit igat ion should be made aft er

considering input from the affect ed public, relevant government agencies ,

and communit y organizat ions. T here have been cases where t he solut ion t o

t he noise problem, a noise barrier, was not preferable t o communit y

members because of perceived adverse visual effect s.
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Example Mitigation Policy Consideration: Stat e t hat communit y input in 

det ermining t he need for mit igat ion will be included whenever possible. 

 I mplemen tatio n Co st

Cost is an important considerat ion in reaching decisions abo ut noise

mit igat ion measures. One guideline for gauging the reasonableness of t he

cost of mitigation is the state DOT’s procedures on the subject. Many states

have est ablished t heir own cost threshold per benefit ed residence for

det ermining whether inst allat ion of noise barriers for noise reduct ion is a

reasonable expendit ure. Several airport aut horit ies have placed limit s on the

costs t hey will incur for sound insulat ion per residence for hom es, and FT A

assesses cost in a similar manner by benefited reside nce. Higher costs may

be just ified depending on the specific set of circumst ances o f  a project .

Example Mitigation Policy Consideration: Stat e t he ado pt ed cost 

t hreshold per benefit ed receiver for t ypical circumst ances. 
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SECT I ON 

3 
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Transit Noise  
T his sect ion present s t he basic concepts of t ransit noise as background for 

com put at ion met hod s and t ransit noise assessment procedures present ed in 

Sect ion 4. An overview of fundament al noise topics, including amplitude, 

frequency, t ime patt ern, and decibel addit ion , is present ed in Appendix B . 

T he Source - Pat h -R eceiver framework for noise illust rat ed in Figure 3- 1 is 

cent ral t o all environment al noise studies. Each t ransit source generat es noise 

t hat depends upon t he t ype of source and its operat ing charact erist ics. Along 

t he propagat ion pat h , bet ween all sources and receivers, noise levels can be 

reduced ( at t enuat ed) by dist ance depending on ground t ype , intervening 

obstacles, and other factors. Finally, noise combines from mult iple sources at 

each receiver and pot ent ially interfer es wit h act ivities at that locat ion . 

Fi gure 3 - 1 S ou rc e - Pat h- R ec ei ver Fram ew ork 

T his sect ion cont ains t he following: 

 Sect ion 3.1 present s t he noise met rics used in t his manual .

 Sect ion 3.2 provides an overview of t ransit noise sources, including a

list ing of major sources and a discussion of noise - generat ion

mechanisms.

 Sect ion 3.3 provides an overview of noise pat hs, including a discussion

of t he various at t enuat ing mechanisms on t he pat h bet ween source and

receiver.

 Sect ion 3.4 provides an overview of receiver response to t ransit noise ,

including a discussion of t he t echnical background for t ransit noise

criteria and t he dist inct ion bet ween absolut e and relative noise impact .
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3.1 Nois e Metrics  
T his manual uses the noise met rics out lined in T able 3- 1 for t ransit noise 

measurement s, comput at ions, and assessment . T he t erminology is consist ent 

wit h common usage in the Unit ed Stat es . All of t hese noise met rics are 

expressed in unit s of A - weight ed decibels (dB A ) .  A- weight ed sound levels 

represent t he overall noise at a receiver t hat is adjusted in frequency t o 

approximate t ypical human hearing sensitivit y. T his is the basic noise unit for 

t ransit noise analyses. 

T abl e 3 - 1 Noi se  Met ri c s 

Met ri c Abb revi ati on D efi ni t i on 

A - w eigh t ed Sou n d L e vel dB A A - w e i gh t ed sou n d levels re p r es en t t h e o ver all n oise  at a re ceiver t h at

is a dju st ed in  fr eq u en cy t o ap p ro x imat e t yp ic al h u man  h ear in g

se n sitivity. Th is is ex p re sse d a s A - w eigh t ed dec ib els (dB A), t h e b asic

n oise  u n it f or  t ran sit n oise  an alyse s .

Sou n d E x p osu re  L e vel SEL SE L is th e cu mu lat ive n oise  ex p osu re  fr om a sin gle n oise  e v en t , 

n or maliz ed to  on e se con d . SE L  con t ain s t h e same o ver al l so u n d 

en er gy as  t h e act u al  v aryin g s ou n d en er gy du rin g  t h e e ven t . I t  is t h e 

p rimary me t ric f or  t h e me a su re me n t  of  t ran sit veh ic le n ois e 

em ission s, a n d i s an  in t er me di at e me t ric in  t h e me asu re me n t  an d 

cal cu lat ion  of  b ot h  L e q (t ) an d L d n . 

E q u ivalen t  Sou n d L evel L eq(t ) Th e e q u ivalen t  sou n d level L eq(t ) des crib es a re ce iver ' s cu mu l at ive 

n oise  ex p osu re  fr om all even t s n or maliz ed  t o a sp ec ified p e riod o f  

t ime “t ” . L eq(t ) re p re se n t s a h y p ot h et ical , con st an t  sou n d le v el an d 

con t ain s t h e same over all  sou n d en er gy as t h e act u a l v ary in g sou n d 

en er gy du rin g  t h e t ime p er iod “t ”. Fo r t ran sit n oise  i mp act 

asse ssme n t s , t h e e q u ivalen t  s ou n d level me t ri c is A - w ei gh t ed an d al l 

even t s are  n or mal ize d over  a on e - h ou r t ime p er iod, L e q (1hr) . Fo r t ran sit 

n oise  asse ssme n t s, t h is met ri c  is ap p ro p riat e f or  n on - re side n t ial l an d 

u se s an d i s comp u t ed f or  t h e lou des t  h ou r of p ro ject re lat ed a ct iv ity 

du rin g h ou rs of  n oise  sen sitivi t y. 

Da y - Nigh t  Sou n d L eve l L dn L dn des cr ib es  a re ceiver ' s cu m u lat ive n oise  ex p osu re  fr om al l even t s 

over 2 4  h ou rs . E ven t s b et w een 1 0  p .m. an d 7 a. m. are  in cre ase d b y  1 0 

d B t o a ccou n t  fo r humans’ gr eate r n igh t t ime se n sitivit y t o n oise . L d n is 

u se d t o asse ss t ran sit n oise  fo r re siden t ial  lan d u se s. 

Max imu m Sou n d L eve l L m ax Th e max imu m le vel des crib es t h e max imu m n oise  leve l re a c h ed 

du rin g a  sin gle n oise  even t . Fo r t ran sit n oise  imp a ct  asse ss m en t s, it is 

ap p ro p riat e t o con sider  t h e A - w eig h t ed max i mu m leve l ( L m ax ) t o 

u n der st an d t h e f u ll con t ex t  of t h e scen ario. It is n ot ap p ro p riat e t o 

u se  t h is met ric f or  t ran sit n ois e imp act asse ssme n t s . Th is  m et ric is 

commo n ly  u se d in  veh i cle n oi se  sp ecif ic at ion s an d  com mon ly 

me asu re d fo r in d ivi du al  veh i c l es . 

T he noise met rics, including t heir applicat ion t o t ransit noise and vibrat ion 

impact assessment , are described in more det ail in Appendix B.1.4 . Mathematical 

definit ions and graphic illust rat ions are present ed to facilitat e underst anding and 

t he i nt errelat ionships amo ng met rics. 

3.2 So urces of Transit Ve hicle Nois e 

T his sect ion discusses major charact erist ics of the sources of t ransit noise. 

T ransit noise can be generat ed by t ransit vehicles in mot ion , st at ionary t ransit 

FE DE RAL  TRAN SI T ADM I N I STRATI O N 10 



 

 

   

      

          

   

 

    

    

        

   

          

 

 

       

 

       

 

    

   

 

            

        

      

      

        

        

   

      

          

  

        

 

        

        

    

         

      

  

 

        

      

        

       

        

         

       

       

           

         

      

TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

vehicles, and fixed- t ransit facilities. Procedures for comput ing nearby noise 

levels for major sources as a funct ion of operat ing paramet ers such as vehicle 

speed are given in Sect ions 4.4 and 4.5. 

Tran sit Veh icle s in Mo tio n 

T ransit vehicles most not iceably creat e noise when in mo t ion. No ise from 

t ransit vehicles in mot ion can com e from mult iple sources , including t he 

propulsion unit ( i.e. , t he engine and engine components) , t he interact ion of t he 

wheels and /or t ires and t he running surface, and warning bells and horns. 

V ehicle pr opulsion units generat e: 

 Whine from elect ric cont rol syst ems and t ract ion mot ors t hat propel

rapid t ransit cars

 Diesel- engine exhaust noise from bot h diesel- elect ric locomot ives and

t ransit buses

 Air- t urbulence noise generat ed by coo ling fans

 Gear noise

No ise is also generat ed by t he int eract ion of wheels and / o r  t ires wit h their 

running surfaces. T ire noise from rubber- t ired vehicles is generat ed at normal 

operat ing speeds. T he int eract ion of steel wheels and rails generat e s: 

 R olling noise due t o cont inuo us rolling cont act

 Impact noise when a wheel encount ers a discont inuit y in t he running

surface such as a rail joint , t urnout or crossover ( where t he t rain or rail

vehicle switches off one t rack and onto anot her)

 Impact noise from t he wheel and running surf ace if t he wheel is not

com pletely round ( wheel flat ) or if t he running surface is not com pletely

flat

 Squeal generat ed by frict ion bet ween wheels and rail on t ight curves

T ransit vehicles are equipped wit h horns and bells for use in emergency 

situat ions and as a general audible warning t o t rack workers and t respassers 

wit hin t he RO W , pedest rians, and motor vehicles at highway grade crossings. 

Horns and bells on the moving t ransit vehicle com bined wit h st at ionary bells at -

grade crossings can generate high noise levels for nearby residents and are oft en 

sources of complaints. 

For many noise sources, such as t ransit vehicles, t he sound level is dependent 

on t he speed of t he noise source. In ot her cases, such as for stationary sources 

or ho rns mo unt ed on veh icles, t he sound level is not dependent on speed. 

Figure 3- 2 illust rat es sound level d ependence on speed for a diesel - powered 

com mut er rail t rain and an elect ric- powered t ransit t rain assuming all ot her 

paramet ers, such as weight, are equal . Plott ed vert ically in this figure is a 

not ional indicat ion of t he maximum sound level during a passby. Speed 

dependence is st rong for elect ric - powered t ransit t rains because wheel/rail 

noise is the do minant noise source and noise from t his t ype of source increases 

st ron gly wit h speed. Diesel- powered commut er rail t rain noise is do minat ed by 

t he locomot ive exhaust noise at slower speeds. As speed increases, wheel - rail 
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noise becomes the do minant noise source and diesel - and elect ric- powered 

t rains generat e similar noise le vels. Similarly, speed dependence is also st rong 

for autom obiles, city buses ( t wo- axle) , and non - accelerat ing highway buses 

( t hree - axle) , because t ire/pavement noise is t he dominant noise source for 

t hese vehicles. Accelerat ing highway bus noise is dominat ed by exhaust noise. 

Fi gure 3 - 2 S ou n d Le vel  D epen denc e on Spee d 

Sound levels close t o t he source are also dependent on vehicle accelerat ion , 

vehicle lengt h, running surface t ype, and running surface cond it ion. For high-

speed rail vehicles ( vehicles wit h an operat ing speed of 90–250 mph are t ypically 

beyond t he scope of t his manual ) , air t urbulence can also be a source of noise . 

In addit ion, for an elevat ed st ruct ure, t he guideway can radiat e noise as it 

vibrat es in response t o the dynamic loading of t h e moving vehicle. 

S tation ary Tran sit Veh icle s 

No ise can be generat ed by t ransit vehicles even when t hey are st at ionary. For 

example, auxiliary equipment such as coo ling fans on mo tors, radiat or fans, plus 

hydraulic, pneumat ic, and air- cond itioning pumps, oft en cont inue t o run when 

vehicles are st at ionary . T ransit buses are also oft en left idling in st at ions or 

st orage yards. 

F ixed- tran sit Facil ities 

No ise can also be generat ed by sources at fixed -t ransit facilities. Such sources 

include vent ilat ion fans in transit st at ions, subway tunnels, and elect ric power 

subst at ions, as well as equipment in chiller plant s, and many act ivit ies wit hin 

maint enance facilities and shops. 

Co mmo n No ise S ou rces 

T able 3- 2 summarizes commo n sources of t ransit noise by vehicle and facility 

t ype . 
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T abl e 3 - 2 So urc es  of T ran si t  Noi se 

V ehi c l e or Fac i l i t y * D om i nant  C om p one nt s Com m ents 

RRT or  L i gh t  Ra il Tran sit 

(L RT) o n  ex clu sive RO W 

Wh ee l/r ail in t er act ion  an d 

gu idew a y amp lif i cat ion 
Dep en ds on  con dition  of  w h ee ls an d r ails 

Pro p u l sion  syst em Wh en  ac cele r at in g an d at  h i gh er  sp ee ds 

B rake s Wh en  st op p in g 

Au x iliar y eq u ip me n t Wh en  st op p ed 

Wh ee l sq u eal On  t igh t  cu rves 

In general No ise in cre ase s  w ith  sp ee d a n d t rain  len gt h 

L RT in Mix ed Traf f i c 

Wh ee l sq u eal On  t igh t  cu rves 

Au x ili ar y eq u ip me n t Wh en  st op p ed 

H or n s an d cro ssin g b ells At - gra de cro ssin gs an d st at ion s 

In general 

Trave lin g at  l ow er  sp ee ds in  mix ed tr af f i c 

p ro du ces less n oise  t h an w h en  t ravelin g at 

h igh er  sp ee ds in ex clu si ve R O W 

Co mmu t er  Rail 

Diese l ex h au st On  diese l - h au led t ra in s 

Co olin g fan s On  b ot h  diese l an d  electr i c - p ow er ed tr ain s 

Wh ee l/r ail in t er act ion Dep en ds on  con dition  of  w h ee ls an d r ails 

H or n s an d cro ssin g g at e b ells At - gra de cro ssin gs an d st at ion s 

In general 
No ise is u su all y domin at e d b y  locomot i ves an d 

h or n s /b ells at - gr ade cro ssin gs 

L ow  an d In t er me diat e 

Cap ac ity Tr an sit 

Pro p u lsion  syst em s, in clu din g 

sp ee d con t ro ller s 
At  low  sp ee ds 

Ven t ilat ion  syst em s At  low  sp ee ds 

Tire /gu i dew a y in t er a ct ion Fo r ru b b er - t ired veh icles, in cl u din g mon or a ils 

Wh ee l/ r ail in t er act ion Dep en ds on  con dition  of  w h ee ls an d r ails 

In general 

Wi de r an ge  of  veh ic les: mon o rail,  ru b b er -

t ired, st ee l - w h ee led, lin ear in du ct ion . No ise 

ch ara ct er istics  dep en d u p on  t yp e 

Diese l B u se s 

Co olin g fan s Wh ile i dlin g 

E n gin e casin g Wh ile i dl in g 

Diese l ex h au st At  low  sp ee ds an d w h ile ac cel er at in g 

Tire /ro a dw a y in t er a ct ion At  moder at e an d h i gh  sp ee ds 

In general 
I n clu des  cit y b u se s (gen er all y t w o - ax le)  an d 

commu t er  b u se s (gen er all y t h re e - ax le) 

E lect ric Bu se s an d 

Track less Tro l leys 

Tire /ro a dw a y in t er a ct ion At  moder at e sp ee ds 

E lect ric t ra ct ion  mot or s At  moder at e sp ee ds 

In general Mu ch  q u iet er  t h an  diese l b u se s 

B u s St or age Y ards 

B u se s st art in g u p Us u ally most di sru p t ive in  t h e early  morn in g 

B u se s acce leratin g 
Us u ally  n ear en t ran ces /ex it s a n d/or  loc at ion s 

t h at  re q u ire b u se s t o accele ra t e (t igh t  t u rn s) 

B u se s idlin g War m - u p  are as 

In general 
Site  sp ecif ic : o f t en  p eak p er iods w ith 

con sider ab le n oise 

Rail  Tr an sit St or age  Yar ds 

Wh ee l sq u eal On  t igh t  cu rves 

Wh ee l imp act s On  join t s an d sw i t ch es 

Wh ee l ro ll in g n oise On  t an gen t  t rack 

Au x iliar y eq u ip me n t 
Th ro u gh ou t  day an d n i gh t ; i n c lu des  air - b re ak 

re lease  n oise 

Co u p lin g/u n cou p lin g On  st or age t r acks 

Sign a l h or n s Th ro u gh ou t  yard s ite 

In general 
Site  sp ecif ic : o f t en  early mor n i n g an d p e ak 

p er iods w ith con sider ab le n oi se 
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Main t en an ce Fa cil itie s 

Sign a l h or n s Th ro u gh ou t  facility 

I n t er coms Th ro u gh ou t  facility 

I mp act  t oo ls Sh op  b u ildin gs 

Car/b u s w ash er s/ drier s Wash  f aci lit y 

Veh icle act i vity Th ro u gh ou t  facility 

In general 
Site  sp e cific : c on si der ab le act i vity th ro u gh ou t 

da y an d  n igh t , some  ou t si de. 

St at ion s 

Au t omo b iles 
Pat ro n  arr i v al/ dep art u re , es p ecia lly  in  earl y 

mor n in g 

B u se s idlin g B u s loadin g z on e 

I n t er coms Plat f or m are a 

L ocomot ive i dlin g At  commu t er  r ail t er min al st a t ion s 

Au x iliar y s yst em s At  t er min al st at ion s an d  la yov er  faci lit ies 

H or n s At  st at ion s , if ap p lic ab le 

In general Site  sp ecif ic , w ith  p eak a ct iv ity  p er iods 

Su b w ays 

Fan s No ise t h ro u gh  ven t  sh af t s /st ru ct u re s 

B u se s/t rain s in  t u n n els No ise t h ro u gh  ven t  sh af t s /st ru ct u re s 

In general 
No ise is n ot  a p ro b lem, ex cep t  in  t h e 

immedi at e v icin it y of ven t  sh af t s/st ru ct u re s . 
* Refe r  to Ap p en dix  A f or  addition al in f or mation .

3.3 Paths of Transit  Noi se f rom So urce to 

Re cei ver 

T his sect ion cont ains a qualitat ive overvi ew o f noise - pat h charact erist ics from 

source t o receiver, including at t enuat ion along t hese pat hs. Equat ions for 

specific noise - level att enuations along source - receiver pat hs are included in 

Sect ions 4.4 and 4.5. 

Sound pat hs from source to receiver are pr edom inant ly t hrough t he air. Along 

t hese pat hs, sound reduces wit h dist ance due t o divergence, 

absorption/diffusion , and shielding. T hese mechanisms of sound at t enuat ion are 

discussed below. 

Di ve rgen ce 

Sound levels nat urally att enuat e wit h dist ance, as sh own in Figure 3- 3. T he plot 

shows at tenuat ion at t he receiver relat ive t o the sound level 50 ft from t he 

source. T his t ype of at t enuat ion is called divergence and is dependent upon 

source configurat ion ( line or po int source) or ot her source- emission 

charact erist ics. Localized sources ( point sources) grouped closely t oget her 

at t enuat e great ly wit h dist ance at a rat e of approximately 6 dB per doubling of 

dist ance. Examples of p oint source s include highway grade - crossing signals along 

rail corridors, intercom s in maint enance yards and ot her closely grouped 

sources of noise. V ehicles passing along a t rack or roadway forming a line are 

called line sources. Line sources at t enuat e less t han point sources wit h dist ance . 

R at e of at tenuat ion for line sources varies de pending on t he noise met ric. L e q ( 1hr) 

and L d n  noise levels at t enuat e at a rate of 3 d B per doubling of dist ance and L m ax 

noise levels att enuate at a rat e of 3 to 6 d B s per doubling of dist ance . 

Figure 3- 3 illust rat es approximat e at t enuat ion with dist ance bet ween t he source 

and receiver for point and line sources. The line source curve for t he L m ax noise 
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met ric separat es int o t hree curves because it is dependent on t he length of t he 

line source. Equat ions for the curves in Figure 3- 3 are included in Sect ion 4.5. 

Fi gure 3 - 3 At t en uati o n D ue t o D i st a nc e (D i verge nc e) 

Ab so rp tion /Di ffu sio n 

In addit ion t o dist ance, sound levels can be at t enuat ed depending on t he t ype of 

ground bet ween t he source and receiver . A portion of t he sound energy is 

absorbed by t he grou nd and only t he remaining energy t ravels t o the source . 

How much energy t he ground absorbs is dependent on t he ground t ype 

( characterized as acoustically “ hard ” or “soft ”) and geom et ry . Example 

absorptive grou nd t ypes include freshly- plowed or veget at ion- covered ground. 

Figure 3- 4 illust rat es approximat e at t enuat ion due to ground t ype by source t o 

receiver pat h dist ance and height . Ground at t enuat ion can be as large as 5 d B  

over a pat h dist ance of several hundred ft . At very large dist ances, wind and 

t emperat ure gradients could mod ify t he expect ed ground att enuat ion . However , 

t hese variable atmo spheric effect s are not included in this manual because t hey 

generally occur beyond the range of t ypical t ransit - noise impact . Equat ions fo r 

t he curves in t his figure are included in Sect ion 4.5. 

Fi gure 3 - 4 At t en uati o n d u e t o So ft G ro un d 

S h iel din g 

Sound pat hs are som et imes interrupt ed by t errain, human- construct ed noise 

barriers, rows of buildings, or ot her object s . Noise barriers are one of t he most 

effect ive means of mit igat ing noise ( Sect ion 4.5, Step 7) . A noise barrier reduces 

sound levels at a receiver by breaking t he direct line - of - sight bet ween source 

and receiver wit h a solid wall ( in cont rast t o veget at ion which hides t he source 

from view but does not reduc e sound levels subst ant ially over short dist ances ) .  

Sound energy reaches the receiver only by bending ( diffract ing) over t he top of 

FE DE RAL  TRAN SI T ADM I N I STRATI O N 15 
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t he barrier, as shown in Figure 3- 5 . T his diffract ion over t he barrier reduces t he 

sound level t hat reaches t he receiver. O n e import ant considerat ion in using 

noise barriers t o mit igate noise impact s is safet y. No ise barriers, if not designed 

and sited carefully, can reduce visibilit y of t rains for pedest rians and mot orist s, 

leading t o less safe cond itions. It is import ant t o c onsult with safet y expert s 

when choosing and siting a noise barrier. 

No ise barriers for t ransportatio n syst ems are t ypically used t o att enuat e noise 

at the receiver, pot ent ially reducing received sound levels by 5 t o 15 d B , 

depending upon barrier height , length, and dist ance from bot h source and 

receiver. Barriers on st ructure s close to t he t ransportat ion noise source may 

provide less att enuat ion t han barriers locat ed farther from t he source due to 

reverberat ion ( multiple reflect ions) bet ween t he barrier a nd t he bod y of t he 

vehicle or noise source . T his reverberat ion can be offset by increased barrier 

height and/o r acoustical absorption on t he source side of t he barrier. Furt her 

discussion and equat ions on a coustical absorpt ion and barrier at t enuat ion is 

provided in Sect ion 4.5. 

Source - t o - receiver sound pat hs may not always t ravel t hrough the air, but 

rat her t hrough the ground or t hrough st ruct ural component s of t he receiver's 

building. Discussion of such ground -borne and st ruct ure - borne propagat ion is 

included in Sect ion 5. 

Fi gure 3 - 5 N oi se B arri er Geom et r y 

3.4 Re ceive r Response  to Transit Noi se 

T his sect ion cont ains an overview of human receiver response to noise. It 

serves as background information for t he noise impact criteria in Sect ion 4.1 . 

No ise can interrupt ongoing act ivities causing community annoyance, especially 

in residential areas. In general, mo st resident s becom e highly annoyed when 

noise interferes considerably wit h act ivities such as sleeping, t alking, noise -

sensitive work, and audio en t ert ainment . In addit ion, som e land uses, such as 

out doo r concert pavilions, are inherent ly incom pat ible wit h high noise levels. 

FE DE RAL  TRAN SI T ADM I N I STRATI O N 16 
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Annoyance from noise has been invest igat ed and approximate do se - response 

relat ionships have been quant ified by t he U.S. Enviro nment al Prot ect ion Agency 

( EPA ) . ( 5 ) The select ion of noise met rics in t his manual is largely based upon t his 

EPA work. Beginning in t he 1970s, t he EPA undertoo k a number of research and 

synt hesis st udies relat ing to com munity noise of all t ypes. R esults of t hese 

st udies have been widely published , discussed, and refereed by many 

professionals in acoust ics. Basic conclusions of t hese st udies have been ado pt ed 

by t he Federal Int eragency Commit t ee on Noise ( FICO N) , ( i i ) t he U.S. 

Depart ment of Housing and Urban D evelopment ( HUD) , t he American 

Natio nal Standards Inst itute, and even int ernat ionall y ( 6 ) ( 7 ) ( 8 ) ( 9 ) . Conclusions from 

t his seminal EPA work remain scientifically relevant t oday. 

Figure 3- 6 cont ains a synt hesis of act ual case st udies of communit y react ion t o 

newly introduced sources of noise in a residential urban neighborhoo d . ( 10 ) 

Plott ed horizont ally in t he figure is t he increase in noise from new sources 

above exist ing noise levels expressed as Day - Night Sound Levels, L d n , discussed 

in Appendix B.1.4.5. Plot ted vert ically is the communit y react ion to t his newly 

introduced noise. As shown in t he figure, communit y react ion varies from no 

react ion to vigorous act ion for newly introd uced noises averaging from 10 dB 

below exist ing to 25 d B above exist ing. Not e t h e assumpt ions included in t he 

graphic are associat ed with t he specific data point s from t he st udy. T hese 

assumpt ions are generally appropriat e t o give cont ext t o mo st t ransit project s, 

but com munity react ion may differ for cond it ions specific t o each proje ct . 

In many com munity at t it udinal surveys, t ransportation noise has been ranked 

amo ng t he greatest causes of communit y dissat isfact ion. A synt hesis of many 

such surveys on annoyance is shown in Figure 3- 7. ( 11 ) ( 12 ) No ise exposure levels 

are plott ed against the percent age of people who are highly annoyed by t he 

part icular level o f neighborhoo d noise. As shown in t he figure, t he percent age of 

high annoyance is approximately 0 percent at 45 dB , 10 percent around 60 dB, 

and increases quite rapidly t o approximatel y 70 percent around 85 dB. T he 

scat t er about t he synt hesis line is due to communit y variat ion and wording 

differences in t he surveys. An update of t he original research cont aining 

addit ional railroad, t ransit and st reet t raffic noise surveys generally foll ows t he 

shape of t he original response curve shown in Figure 3-7.(12)(13) 

As indicat ed by Figure 3- 6 and Figure 3- 7, int rod uct ion of cert ain levels of 

t ransit noise into a com munity may have two undesirable effects. First , it may 

subst ant ially increase noi se levels above exist ing noise levels in a communit y. 

T his effect is called a relat ive noise impact . Evaluat ion of t his effect compares 

new no ise levels to t he exist ing levels. Criteria for a relat ive noise impact 

evaluat ion are based upon noise increases above existing levels. Second , newly 

introduced t ransit noise may interfere wit h community act ivities independent of 

exist ing noise levels. For example, it may be t oo loud to converse or sleep. T his 

effect is called absolute noise impact and is expressed a s a fixed level threshold 

t hat is not t o be exceeded. T he fixed level t hreshold is det ermined 

independent ly of exist ing noise levels. R elat ive and absolut e noise impact s are 

discussed in t erms of t ransit noise criteria in Sect ion 4.1, Step 3 . 

i i  Th e Feder al I n ter agen cy  Comm ittee on  Av iation  N oise (FICAN ) is th e cu r r en t v er sion  of  th is gr oup . 
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Fi gure 3 - 6 C om m u ni t y Re ac t i on to New  N oi se,  Rel a t i ve t o Ex i st i ng  
Noi se i n a Re si de nt i al  Ur b an En vi ro nm ent  

Fi gure 3 - 7 C om m u ni t y An no yanc e D ue t o Noi se 
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SECT I ON  

4  
Noise Impact  Analysis 

T he FT A noise impact analysis process is a mult i- st ep process used to evaluat e 

t he proje ct for pot ent ial noise impact s for FT A NEPA approvals . If impact is 

det ermined, measures necessary t o mit igat e adverse impact s must be 

considered for incorporat ion int o t he project . ( 4) It is recom mended t hat project 

sponsors develop and formally ado pt a po licy for det ermining t he need for 

mit igat ion for situat ions that are loo sely covered by t he impact criteria. 

Considerat ions for mit igat ion policies are included in Sect ion 2.3 . T he FT A noise 

impact analysis st eps are summarized as follows and are described in t he 

subsequent sub sect ion s: 

4. 1 : Determine noise impact criteria. 

S tep 1: Ident ify t he t ype of project /do minant noise source ( t ransit or 

mult imodal) .  
S tep 2: Choo se land use cat egory for FT A criteria.  

4. 2 : Determine t he highest appropriat e level o f noise analysis for t he current 

st age of project planning or development . 

4. 3 : Evaluat e for t he pot ent ial of impact according t o t he No ise Screening 

Procedure. 

S tep 1: Ident ify project t ype . 

S tep 2: Det ermine t he screening dist ance . 

S tep 3: Ident ify t he st udy area. 

S t ep 4: Locat e noise - sensit ive land uses. 

4. 4 : Evaluat e impact according to t he General Noise Assessment and evaluate 

preliminary mit igat ion opt ions if impact is found . 

S tep 1: Ident ify noise- sensitive receivers. 

S tep 2: Det ermine t he project noise source reference levels. 

S tep 3: Est imate project noise exposure by dist ance . 

S tep 4: Com bine noise exposure from al l sources. 

S tep 5 : Measure exist ing noise e xposure. 

S tep 6: Invent ory noise impact s. 

S tep 7: Det ermine noise mit igat ion needs . 

4. 5 : Evaluat e for impact according to t he Det ailed Noise Analysis and evaluat e 

mit igat ion opt ions if impact is found . 

S tep 1: Ident ify noise - sensitive receivers. 

S tep 2: Det ermine noise source levels for det ailed analysis . 

S tep 3: Calculat e project noi se exposure by dist ance. 

S tep 4: Com bine noise exposure from all sources . 

S tep 5: Det ermine exist ing noise exposure . 

S tep 6: Assess noise impact . 

S tep 7: Det ermine noise mit igat ion measures. 

In addit ion t o analyzing for pot ent ial noise impact s , analyze t he project for 

pot ent ial vibrat ion impact s according t o t he process present ed in Sect ion 6. 

Aft er bot h t he noise and vibrat ion analyses have been com pleted, assess 
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construct ion noise and vibrat ion according to Sect ion 7 and do cument findings 

according t o Sect ion 8. 

4.1 D etermine Nois e Impac t Criteria 

T his sect ion describes t he procedure for det ermining t he appropriat e criteria 

for assessing project noise impact based on the t ype of project and project 

noise source. P roject noise is t he new noise or ch ange in noise introd uced by 

t he project . No ise impact criteria may vary for different segment s of t he 

project . Pro ject segment s can be portions of a project wit h similar 

charact erist ics. 

T he procedure t o det ermine t he appropriat e impact criteria is descr ibed in t his 

sect ion and shown more simply as a flow chart in Figure 4- 1. If t here is 

uncert ainty in how to det ermine t he appropriat e criteria , cont act t he FT A 

R egional office. 

T he select ed criteria are used in t he analysis procedures discussed in Sect ion s 

4.3 , 4.4, and 4.5 to ident ify pot ent ial impact s and t he level o f impact . 

Yes NoTransit 

only? 

Fi gure 4 - 1 N oi se I m p ac t  Cri t eri a Fl ow C hart by  P r oj ec t Segm ent 
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Step  1 : Ide ntify P ro j e ct  T ype 

Identify the type of project as transit, multimodal (transit and highway), or other 

multimodal according to the dominant noise source. 

O p tio n A :  Tr an sit Pro je ct (Tran sit No ise On ly ) – T he t ransit project 
cat egory includes all t ransit project s where the project noise is exclusively due 

t o new t ransit sources, no changes are made t o the high way or to exist ing 

highway noise barriers, and t he exist ing noise levels generat ed by roadway 

sources will not change because of t he project . For t hese t ransit project s, FT A 

is t he lead agency cond uct ing t he environment al review in cooperat ion wit h t he 

t ransit agency. 

T ypical examples of t ransit project s include: 

 R RT , LRT , commut er rail, and AGT

 R ail project s built wit hin an exist ing highway or railroad corridor t hat

do not alter t he exist ing noise levels generat ed by roadway sources

 Bus facility project s with operat ions on local st reets and highways used

t o access t he facility, where t he project does not include roadway

construct ion or mo dificat ion t hat changes roadway capacity subst ant ially

 Fixed facilities including st orage and maint enance yards, passen ger

st at ions and t erminals, parking facilities, and subst at ions

 Po rt ions of t ransit project s not adjacent t o highway corridors

FTA impact criteria are appropriate for transit projects, proceed to Step 2. 

O p tio n B :  Mu ltimo dal Project (Tran sit and H igh way No ise ) – In this 

manual , “mult imo dal ” refers t o p roject s t hat include changes t o bot h t ransit and 

highway com ponent s , resulting in project noise com prised of bot h highway and 

t ransit noise sources. 

T ypical examples of mult imod al project s include: 

 New highway con st ruct ion providing general - purpose lanes as well as

dedicat ed bus and high occupancy vehicle ( HOV ) la nes

 R ail t ransit project s t hat involve changes to t he highway t ravel lanes or

exist ing highway noise barriers

Evaluat e mult imodal project s for impact acco rding to the project noise source 

by project segment . FHWA’s noise assessment methods are used to inform 

FTA’s NEPA evaluation only for segment s where highway noise levels change 

due t o t he t ransit project . T hese project s are not necess arily subject t o 

FHW A’s procedures at 23 CFR part 772 (see call out box below ) . For segment s of 

t he project out side the highway corridor, use FT A ’s criteria and met hods. Use 

T able 4- 1 t o det ermine multimo dal project noise. 

O nce t he project noise source(s) is ident ified , determine t he appropriat e 

assessment met hod according t o T able 4- 2. 
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No t e t h at  a sep arat e n oise an alys is m ay b e r eq u ired for FH WA  ap p ro v al of a mu ltimo dal  p ro ject 

p u rsu an t  t o 23  CFR p art  7 7 2 . Fo r t h es e p ro ject s, i t  is i mp or t an t  t o w or k w ith  FH WA e arl y in 

t h e e n viron me n t al re view  p ro ces s t o det er min e h ow  a n ois e asse ssme n t  w ill b e comp let e d 

w h er e FH WA ap p ro val is n ee ded fo r t h e p ro ject . 

Th e det er min at ion  of  w h et h er  a p ro ject  is  su b ject  t o FH W A p ro cedu re s at  2 3  CFR p art 7 7 2 

dep en ds u p on  t h e sp ecif ic circ u mst an ces  of  a p ro je ct . A  p ro p ose d t ran sit p ro ject  t h at  w o u ld 

sh are  an  ex istin g h i gh w ay RO W is n ot  n ecess aril y a FH W A - def in ed mu l t imo dal  p ro ject . A t ran sit 

p ro ject  t h at  mee t s all t h re e o f  t h e f ollow in g crit er i a is  n ot  c on sider ed a mu ltimo dal  p ro ject 

su b ject  t o 2 3  CFR p art  7 7 2 : 

 FTA i s t h e lead  a gen cy in  t h e N E PA p ro ces s an d FH WA' s li mite d p art i cip at ion  is as a

coo p er at in g agen c y.

 Th e main  t ran sp or t at ion  p u rp ose  of  t h e p ro ject , as st at ed  i n  t h e p u rp ose  an d n ee d

st at em en t  of  t h e e n viron me n tal do cu me n t , is tr an sit - re l at ed  an d n ot  h igh w a y - re lat e d.

 No  Feder al - ai d h igh w ay fu n ds are  b ein g u se d t o f u n d t h e p ro ject .

T abl e 4 - 1 M ul t i m odal P roj ec t  Noi se Fac t o rs 

Fac t or D esc ri pt i on 

Volu me  of 

Traf f ic 

Major f re ew a ys an d in t er st at e  h igh w ays  of t en  carr y  lar ge vo lu me s of  t raf f ic 

t h ro u gh ou t  th e day an d n igh t su c h  t h at  t h e h igh w ay n oise  d omin at es  at all 

t imes. Tr an sit n oise  in  t h is c as e may  b e u n imp or t an t  b y com p arison , b u t  mu st 

still be evaluated using FTA’s noise criteria for a potential impact. 

Traf f ic P at t er n s Some  h igh w a ys an d art er i als s er ve p rimar ily as c ommu t er  r ou t es  su ch  t h at 

n igh t t ime t raf f ic dimin ish es co n sider ab ly , w h ile t ran sit s yst e ms con t in u e t o 

op er at e w ell in t o t h e lat e h ou rs. H er e t h e domin an t  n oise  s ou rce at  t imes of 

max imu m sen siti vity ma y b e t ran sit. 

Typ e o f  Traf f i c Some  h igh w a ys an d art er i als may se rve commu t er s du rin g t h e dayt ime h ou rs, 

b u t  p ro vide ac ces s t o b u sin es s cen t er s b y t ru cks  at  n i gh t . I n  t h is case ,  t h e 

ro adw ay n oise  w ou l d like l y co n t in u e t o domin at e. 

Ali gn me n t 

Co n f igu rat ion 

E levat ion  of  t h e t ran sit mo de in  t h e me dian  or b es ide a b u s y h igh w a y m ay 

re su lt in  t ran sit n oise  con t rib u t in g more  n oise  t o n earb y n eigh b or h oo ds t h an  a 

h igh w ay t h at  m a y b e p art ia lly sh ielded b y  row s of  b u ildin gs adj acen t  t o t h e 

RO W . I n  t h is c ase , b ot h  t ran s it an d h i gh w ay n oise ma y b e c on sider ed 

domin an t . 

T abl e 4 - 2 M ul t i m odal P roj ec t  Asses sm ent Met h o ds 

D om i nant 

Noi se So urc e 
Asse ssm e nt  Met ho d 

Tran sit, at 

All Time s 
Us e FTA crit er i a an d  met h od s. Proceed to Step 2. 

H igh w ay , at 

All Time s 

Us e FH WA  crit er i a an d met h ods to inform FTA’s NEPA evaluation . Contact 

FHWA directly for assistance using FHWA noise analysis methods and FHWA noise 

impact criteria. 

Tran sit an d 

H igh w ay at 

Diff er en t  Time s 

Us e b ot h  t h e FH WA an d F TA  met h ods to  det er min e if o n e,  b ot h , or  n eit h er 

me t h od det er min es  imp a ct  du e t o t h e p ro ject  n oise  fo r t h ese  segmen t s. Not e 

t h at  t h e p ro ject  n oise  in clu de s b ot h  h igh w ay an d t ran sit so u rces asso c iat ed 

w ith  t h e p ro ject . B ot h  met h ods are u se d b ecau se  t h e FT A me t h ods con sider 

n igh t t ime se n sitivity wh i le t h e FH WA  met h ods con si der  t h e p eak t raf f ic h ou r. 

Proceed to Step 2 for FTA criteria. Contact FHWA directly for assistance using FHWA 

noise analysis methods and FHWA noise impact criteria. 
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O p tio n C :  O th er Mu ltimo dal Proje cts – For project s wit h com ponent s 
from ot her mo des, cont act t he FT A R egional office. Addit ion al informat ion on 

high- speed rail vibrat ion and noise can be found in t he Federal R ailroad 

Administration (FRA) “High - Speed Ground T ransportat ion No ise and V ibrat ion 
(14)Impact Assessment” guidance manual.

Step  2 : Ch oose La n d Use  C ate g ory fo r FTA Cr iteri a 

Determine the appropriate noise-sensitive land use category for the project segment 

using Table 4-3 and the descriptions below then, proceed to Step 3. FTA criteria are 

presented by land use. 

T abl e 4 - 3 Lan d Use  Cate g ori es a n d Met ri c s fo r T ra n si t  Noi se I m p a c t  Cri t eri a 

Lan d U se 

Cate gor y 

Lan d U se 

T ype 

Noi se 

Met ri c ,  dBA 
D esc ri pt i on of L an d Use Cate gor y 

1 
H igh 

Sen sitivity 

Ou t doo r 

L eq(1hr) * 

L an d w h er e q u iet  is an  ess en t ial ele me n t o f  its in t en ded 

p u rp ose . E x amp le lan d u se s in clu de p re se rved  lan d fo r 

se re n ity an d q u iet , ou t doo r a mp h ith eate rs an d con cer t 

p avil ion s, an d  n at ion al h isto ri c  lan dm ark s w ith 

con sider ab le ou t doo r u se .  Re cor din g  st u dios an d con cer t 

h alls are  al so in clu ded in  t h is c at egory . 

2 Residen t ia l Ou t doo r L dn 

Th is c at egory is ap p licab le al l re siden t i al lan d u se an d 

b u ildin gs w h er e p eo p le n or ma lly s lee p , su ch  as h ot els an d 

h osp itals. 

3 I n st itu t ion al 
Ou t doo r 

L eq(1hr) * 

Th is c at egory is ap p licab le t o i n st itu t ion al lan d u se s w ith 

p rimaril y d a yt ime an d even in g  u se . E x amp le lan d  u se s 

in clu de s ch oo ls, lib r a ries, t h ea t er s, an d ch u rch es  w h er e it 

is imp or t an t  t o a void in t er f er en ce w ith  su ch  act i vitie s as 

sp ee ch , me ditat ion , an d con ce n t rat ion  on  re adin g 

mat er ia l. Pla ces  fo r me ditat io n  or st u dy asso ci at ed wit h 

cem et er ies, mon u me n t s, mu s eu ms, ca mp gro u n ds , an d 

re cr eation al  fac ilitie s are also i n clu ded in  t h is cat egor y. 
* L eq(1hr) f or  th e lou dest h ou r  of pr oject - r elated activity du r in g h our s of  n oise sensitivity.

No ise - sensitive land use cat egories are described in in order of sensitivit y. Most 

com mercial or indu st rial uses are not considered noise - sensitive because 

act ivities wit hin t hese buildings are generally com pat ible wit h higher noise levels. 

Business can be considered noise - sensitive if low noise levels are an impo rt ant 

part of operat ions, such as sound an d mot ion pict ure recording st udios. 

For residential land use ( cat egory 2) , apply t he noise criteria at t he nearest 

façade of t he occupied portion of t he building, e.g., not at a garage or po rch. 

T he resident ial criteria should be applied at locat ions wit h night t ime sensitivit y. 

For major noise- sensitive out door use at non - residential locat ions , apply t he 

noise criteria at t he point of noise - sensitive use nearest the noise source . 

Land use cat egories are evaluat ed using noise met rics t hat reflect t he nois e-

sensitive t ime of day: 

 Catego ries 1 and 3 – T he noise met ric, L eq(1hr) is used for all cat egory 1

and 3 land uses where night t ime sensitivit y is not a fact or. Category 3

land uses are considered less noise- sensitive t han category 1 land uses.

For t ransit analyses, L eq(1hr) is com put ed for t he noisiest hour of t ransit -
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relat ed act ivity during which human act ivities occur at t he noise -

sensitive locat ion . See Appendix B.1.4.4 for more information on t his 

met ric. 

 Catego ry 2 – T he noise met ric L d n  is a used fo r all cat egory 2 land uses

where nightt ime sensitivit y is a fact or. T his noise met ric includes a 10 -

dB penalty for night t ime noise . S ee Appendix B.1.4.5 for mo re

information on t his met ric.

L and U se Catego ries: Sp ecial Cases 

Hist oric sites, parks, indoo r- only land use, and undeveloped land require special 

considerat ion. In addit ion to NEPA, noise impact s may need t o be considered 

under ot her environm ent al laws such as Sect ion 106 (15) or Sect ion 4( f) . ( 16 ) 

Indo or -only use and undeveloped land should be evalu at ed on a case - by- case 

basis t o det ermine noise sensitivit y based on how each facility is used or t he 

reason it is prot ect ed under t he applicable requirement . 

H isto ric Sites – Sect ion 106 requires Federal agencies t o evaluat e pot ent ial 

effect s from proje ct s on hist oric propert ies. Per t he regulat ions at 36 CFR part 

800, ( 17 ) hist oric propert ies are defined as any prehist oric or historic dist rict , site, 

building, st ruct ure, or object included in, or eligible for t he National R egist er of 

Hist oric Places (NR HP ) .  An adverse effe ct det ermination under Sect ion 106 is 

made when a project may alter, direct ly or indirect ly, any of t he charact erist ics 

of a hist oric propert y t hat qualify t he propert y for inclusion in t he Nat ional 

R egist er in a manner t hat would diminis h the integrity of the property’s location, 

design, set t ing, materials, workmanship, feeling, or associat ion. 

Under FT A environment al reviews, som e st ruct ures may be evaluat ed as noise-

sensitive resource s per this noise manual and evaluat ed as historic propert ies 

under Sect ion 106. However, because t h is manual and Sect ion 106 regulat ions 

have different criteria for effect , ident ifying a severe noise impact for a st ruct ure 

under this manual do es not necessarily mean there would be an adverse effect 

under Sect ion 106. It is important to t horoughly do cument t he charact erist ics of 

hist oric propert ies t hat qualify for inclusion in t he NRHP for evaluat ion of effect 

under Sect ion 106 . 

If a propert y, for example, is list ed on t he NR HP under criterion C because t he 

st ruct ure possesses high art ist ic values, but lacks int egrity of set t ing, feeling, or 

associat ion, it is unlikely t hat a change in t he noise environm ent would affect the 

feat ures t hat qualify t he propert y for list ing or eligibilit y for inclusion in th e 

NR HP. 

In t he assessment of effect s on hist oric propert ies, considerat ion should be 

given t o not just t he proposed t ransit project , but any associat ed mit igat ion 

measures wit h t he t ransit project . For example, if a t ransit project would 

involve noise walls or berms as mit igat ion, t he effect of t hose struct ures on t he 
visual set t ing may need to be considered in a Sect ion 106 analysis. 

Parks – Mo st parks used primarily for act ive recreat ion such as sports 

com plexes and bike or running pat hs are not consid ered noise- sensitive. 
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However, som e parks ( even som e in dense urban areas) are primarily used for 

passive recreat ion such as reading, conversat ion, or medit at ion. T hese places , 

which may be valued as havens from t he noise and r apid pace of everyday cit y 

life, are t reat ed as noise - sensitive, and are included in land use category 3. 

Consult t he st at e or local agency wit h jurisdict ion over t he park on ques t ions 

about how t he park is used, and visit t he park t o observe its use , if possible. 

I nd oo r -O nly U se – T he land use cat egories described in t his sect ion 

correspond with noise impact criteria t hat provide prot ect ion for bot h out doo r 

and indoo r land uses. For locat ions where noise impact will be evaluat ed but 

t here is no outdo or land use such as apart ment buildings, hot els or upper levels 

of multi - story buildings, indoo r criteria can be used. In t hese cases, t he criterion 

for indoor noise levels from project sources is a L d n  of 45 dBA. ( 18 ) T his criterion 

is consist ent wit h t he Federal Aviat ion Administ rat ion ( FA A) . See Sect ion 4.5 for 

mo re informat ion on how indo or criteria apply to noise mit igat ion 

considerat ion. 

U nd evel op ed L and – Undeveloped land may also need to be considered for 
noise impact assessment and mit igat ion if plans are under way to develop t he 

la nd for noise - sensitive use. T he policy for considering such land for assessment 

and mit igat ion should be det ermined on a project - specific basis by t he project 

sponsor in consult at ion with t he FT A R egional office . 

Step  3 : D e te rm ine Appr op riate FTA C riter ia P re sent at ion 

FT A criteria for no ise impact were developed specifically for t ransit noise 

sources operat ing on fixed -guideways or at fixed facilities in urban areas. T hese 

criteria are based on well -documented research on human response t o 

com munit y noise a nd represent a reasonable balance bet ween communit y 

benefit and project costs. These criteria do not reflect specific communit y 

at t itudinal factors. See Appendix C for addit ional background informat ion on t he 

development of FT A noise criteria. 

T he criteri a specify a comparison of fut ure project noise wit h exist ing noise. 

No t e that project ions of fut ure noise exposure wit hout t he project ( no- build 

scenario ) are not included in t his analysis. T he criteria also consider land use 

which is an impo rt ant fact or t hat reflect s noise sensitivity based on act ivity and 

t ime period of concern. T he criteria are defined wit h the expect at ion that 

com munit ies already exposed to high levels of noise can only t olerat e a small 

increase. In cont rast , if t he exist ing noise level s are low, it is reasonable t o allow 

a great er change in the communit y noise. 

T he levels of impact are described in T able 4- 4. T he criteria at which t he levels 

of impact occur are present ed in t wo ways depending on t he relat ionship of 

project and exist in g noise sources. 

If the project noise source is a new source of transit noise in the community, such as a 

new project in an area currently without transit, use the criteria as presented in Option 

A. If the project noise adds to or changes existing transit noise in the community, use

the criteria as presented in Option B.
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T abl e 4 - 4 Level s of Im p ac t 

Level  of Im p ac t D esc ri pt i on 

N o  I mp act Pro ject - gen er at e d n oise  is n ot  like ly t o cau se commu n ity an n oyan ce. No ise 

p ro ject ion s in  t h is ran ge are  c on sider ed ac c ep t ab le b y FT A an d miti g at ion  is 

n ot  re q u ired. 

Mo der at e I mp a ct Pro ject - gen er at e d n oise  in  t h i s ran ge is  con si der ed to  c au se  imp act at  t h e 

t h re sh old of me asu rab le an n oyan ce.  Mo der at e imp a ct s se rv e as an alert  t o 

p ro ject  p lan n er s fo r p ot en t ial ad ver se  imp a c t s an d comp l ain t s fr om t h e 

commu n ity. M itig at ion  sh ou ld b e con sider ed at  t h is level  of  i mp act  b ase d on 

p ro ject  sp ecif ics  an d det ai ls c on cer n in g t h e af f ect ed p ro p er t ies. 

Sever e I mp act Pro ject - gen er at e d n oise  in  t h i s ran ge is  like l y t o c au se  a h i g h  level of 

commu n ity an n oyan ce. Th e p ro ject  sp on sor  sh ou ld first  ev alu at e a lte rn at ive 

locat ion s/ al ign me n t s t o det er min e w h et h er  it  is fe asib le t o avoi d severe imp a ct s 

alto get h er . I n  den se ly p op u lat ed u rb an  are as , ev alu at ion  of alte rn at ive loc at ion s 

may re vea l a  t rad e - of f  of af f ec t ed gro u p s, p art icu l arl y fo r su rf ace r ail 

ali gn me n t s. Pro je ct s t h at  are c h aract er ize d  as p oin t  sou rces rat h er  t h an  lin e 

sou rces of t en  p re se n t  gre at er  op p or t u n ity for  sele ct in g alte rn at ive sit es . Th is 

gu id an ce m an u al an d FT A' s en viron me n t al i m p act  re gu lat ion s b ot h  en cou rage 

p ro ject  site s w h ich  are comp a t ib le w ith  su rr ou n din g develo p me n t  w h en 

p oss ib le. I f  it  is n ot  p ract i ca l t o avoi d s e ver e imp a ct s b y ch a n gin g t h e loc at ion  of 

t h e p ro ject , mitig at ion  measu r es  mu st  b e con sider ed. 

O p tio n A :  Project N o ise I mpact Criteria Presen tation – T he impact 
criteria present at ion for evaluat ing exist ing noise independent ly to project noise 

is present ed in t his opt ion . 

T he noise levels at which impact s occur are present ed in Figure 4- 2 and T able 

4- 5. Equat ions for t h e impact criteria are presented in Appendix C . If impact is

det ermined, measures necessary t o mit igat e impact s are t o be considered for

incorporat ion into t he project . ( 3) 

Figure 4- 2 present s t he exist ing noise exposure on t he horizont al axis and 

project noise on t he vert ical axis. Cat egory 1 and 2 land uses have t he same 

criteria for project noise and are on t he primary vert ical axis. Cat egory 3 land 

use criteria are present ed on t he secondary vert ical axis. Not e t hat project 

noise for cat egory 1 and 3 lan d uses is expressed as L eq( 1hr ) , whereas project 

noise for cat egory 2 land use is expressed as L d n . Also, note t hat project noise 

criteria are 5 dB higher for cat egory 3 land uses in Figure 4- 2 since these t ypes 

of land use are less noise- sensitive t han th ose in cat egories 1 and 2. 

No t e that for project s in locat ions with exist ing noise levels below 55 dBA, t he 

project noise exposure is allowed some increase over t he exist ing noise 

exposure before it is considered to cause impact . For cat egory 1 and 2 lan d  

uses, t he maximum project noise level to be considered to cause no impact is 

65 dBA ( L e q( 1hr ) or L d n ) regardless of the exist ing noise . Not e t hat no impact at 

65 dBA aligns wit h ot her Federal agencies in t hat a L d n  of 65 dB A is a st andard 

limit for an ac cept able living environm ent among some Federal agencies. ( 19 )  ( 20 ) 

Project noise levels above the top curve are considered to cause severe impact . 

T he upper limit of t he severe impact range is 75 dB A for cat egory 1 and 2 land 

uses. T he upper limit of 75 dB A i s associat ed with an unaccept able living 

environm ent . Project noise bet ween t he t wo curves is considered t o have 

mo derat e impact on the communit y. 
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T he criteria are also t abulat ed in T able 4- 5. Figure 4- 2 and t he equat ions t hat 

correspond with t his figure in Appendix C are t he precise definit ion of the 

criteria. T he values in T able 4- 5 can be used for illust rat ive purposes and should 

only be used if all numbers are round ed up to t he nearest decibel. 

Fi gure 4 - 2 N oi se I m p ac t  Cri t eri a for  T ra nsi t  P roj e c t s 

FE DE RAL  TRAN SI T ADM I N I STRATI O N 27 



 

 

   

  

 

 

       

   
  

 

 

 

 

 

  

 

 

 

 

 

 
 

  
 

 

 

 
  

 

 

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 

 

   

      

    

 

    

       

         

          

      

       

TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

T abl e 4 - 5 Noi se  Level s  D efi ni ng I m pac t  f or T r an si t  Pr oj ec t s 

E xi st i ng 

Noi se 

E xpo su re , 

dBA 

Pr oj ec t  Noi se I m pac t  Ex p os ure ,  d BA 

Cate gor y 1 ( L e q(1 h r) ) or 2 ( L dn ) Si t es Cate gor y 3 Si t es ( L e q(1 hr) ) 

L eq(1hr) or  L dn 
No 

Imp ac t 

Mo d er ate 

Imp ac t 

Sever e 

Imp ac t 

No 

Imp ac t 

Mo d er ate 

Imp ac t 

Sever e 

Imp ac t 

<4 3 
< 

Amb ien t+10 
Amb ien t + 1 0 to 15 

> 

Amb ien t+15 

< 

Amb ien t+15 
Amb ien t + 1 5 to 20 

> 

Amb ien t+20 

4 3  <5 2 5 2 - 58 >5 8 <5 7 5 7 - 63 >6 3

4 4  <5 2 5 2 - 58 >5 8 <5 7 5 7 - 63 >6 3

4 5  <5 2 5 2 - 58 >5 8 <5 7 5 7 - 63 >6 3

4 6  <5 3 5 3 - 59 >5 9 <5 8 5 8 - 6 4 >6 4

4 7  <5 3 5 3 - 59 >5 9 <5 8 5 8 - 64 >6 4

4 8  <5 3 5 3 - 59 >5 9 <5 8 5 8 - 64 >6 4

4 9  <5 4 5 4 - 59 >5 9 <5 9 5 9 - 64 >6 4

5 0  <5 4 5 4 - 59 >5 9 <5 9 5 9 - 64 >6 4

5 1  <5 4 5 4 - 60 >6 0 <5 9 5 9 - 65 >6 5

5 2  <5 5 5 5 - 60 >6 0 <6 0 6 0 - 65 >6 5

5 3  <5 5 5 5 - 60 >6 0 <6 0 6 0 - 65 >6 5

5 4  <5 5 5 5 - 61 >6 1 <6 0 6 0 - 6 6 >6 6

5 5  <5 6 5 6 - 61 >6 1 <6 1 6 1 - 66 >6 6

5 6  <5 6 5 6 - 62 >6 2 <6 1 6 1 - 67 >6 7

5 7  <5 7 5 7 - 62 >6 2 <6 2 6 2 - 67 >6 7

5 8  <5 7 5 7 - 62 >6 2 <6 2 6 2 - 67 >6 7

5 9  <5 8 5 8 - 63 >6 3 <6 3 6 3 - 68 >6 8

6 0  <5 8 5 8 - 63 >6 3 <6 3 6 3 - 68 >6 8

6 1  <5 9 5 9 - 64 >6 4 <6 4 6 4 - 69 >6 9

6 2  <5 9 5 9 - 64 >6 4 <6 4 6 4 - 6 9 >6 9

6 3  <6 0 6 0 - 65 >6 5 <6 5 6 5 - 70 >7 0

6 4  <6 1 6 1 - 65 >6 5 <6 6 6 6 - 70 >7 0

6 5  <6 1 6 1 - 66 >6 6 <6 6 6 6 - 71 >7 1

6 6  <6 2 6 2 - 67 >6 7 <6 7 6 7 - 72 >7 2

6 7  <6 3 6 3 - 67 >6 7 <6 8 6 8 - 72 >7 2

6 8  <6 3 6 3 - 68 >6 8 <6 8 6 8 - 73 >7 3

6 9  <6 4 6 4 - 69 >6 9 <6 9 6 9 - 74 >7 4

7 0  <6 5 6 5 - 69 >6 9 <7 0 7 0 - 7 4 >7 4

7 1  <6 6 6 6 - 70 >7 0 <7 1 7 1 - 75 >7 5

7 2  <6 6 6 6 - 71 >7 1 <7 1 7 1 - 76 >7 6

7 3  <6 6 6 6 - 71 >7 1 <7 1 7 1 - 76 >7 6

7 4  <6 6 6 6 - 72 >7 2 <7 1 7 1 - 77 >7 7

7 5  <6 6 6 6 - 73 >7 3 <7 1 7 1 - 78 >7 8

7 6  <6 6 6 6 - 74 >7 4 <7 1 7 1 - 79 >7 9

7 7  <6 6 6 6 - 74 >7 4 <7 1 7 1 - 79 >7 9

>7 7 <6 6 6 6 - 75 >7 5 <7 1 7 1 - 80 >8 0

O p tio n B :  Cu mulative N o ise I mpact C riteria Presen tation 

The impact criteria presentation for evaluating existing noise to project noise 

cumulatively is presented in this option. 

In cert ain cases, t he cumulat ive form of the noise criteria shown in Figur e 4 -3 

can be used. T hese cases involve project s where changes are propo sed to an 

exist ing t ransit syst em, as opposed t o a new project in an area previously 

wit hout t ransit. Such changes might include operat ions o f a new t ype of vehicle, 

mo dificat ions of t r ack alignment s wit hin exist ing t ransit corridors, or changes in 

facilities t hat dominat e exist ing noise levels. In t hese cases, t he exist ing noise 

FE DE RAL  TRAN SI T ADM I N I STRATI O N 28 



 

 

   

        

        

       

       

      

      

     

       

        

         

          

     

    

        

      

        

        

        

       

 

           

        

         

    

   

       

      

     

 

         

      

      

        

        

       

       

            

         

          

             

 

 

     

      

       

        

        

      

      

 

 

TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

sources change because of t he project , and so it is not possible t o define project 

noise separat ely from exis t ing noise. An example would be a commut er rail 

corridor where t he exist ing noise along the alignment is dominat ed by diesel 

locomot ive - hauled t rains, and where t he project involves elect rificat ion wit h t he 

resulting replacement of some of the diesel- powered locomot ives with elect ric 

t rains operat ing at increased frequency of service and higher speeds on t he 

same t racks. In t his case, t he exist ing noise can be determined and a new fut ure 

noise can be calculat ed, but it is not possible to describe what const itut es the 

“project noise.” For example, if the existing noise dominated by trains was 

measured to be an L d n  of 63 dB A at a part icular locat ion, and t he new 

com binat ion of diesel and elect ric t rains is project ed to be an L d n  of 65 dBA, t he 

change in t he no ise exposure due t o t he project would be 2 d B . R eferring t o 

Figure 4 - 3, a 2 - d B  increase wit h an exist ing noise exposure of 63 dBA would be 

rat ed as a m oderat e impact. No rmally t he project noise is added t o t he exist ing 

noise to com e up wit h a new cumulat iv e noise, but in t his case, t he exist ing 

noise was dom inated by a source t hat changed due t o t he project , so it would 

be incorrect t o add t he project noise t o t he exist ing noise. Co nsequent ly, t he 

exist ing noise determined by measurement is compared wit h a new calculat ed 

fut ure noise, but a description of what constit ut es t he act ual project is complex. 

Anot her example would be a rail corridor where a t rack is added and grade 

crossings are closed, pot ent ially resulting in a change in t rain locat ion and horn 

operation. Here the “project noise” results from moving some trains closer to 

som e receivers, away from others, and eliminat ion of horns. In t his case, t he 

change in noise level is more readily det ermined t han t he noise from t he act ual 

project element s. In all cases, Figures 4 - 3 and 4- 4 for changes in a t ransit syst em 

results in the same assessment of impact as Figure 4 - 2 for d evelopment of 

t ransit facilities in a new area. 

T he noise impact criteria in Figure 4- 3 and Figure 4- 4 are present ed as an 

increase in cumulat ive noise level bet ween t he exist ing and project cond itions . 

T he horizont al axis represent s the exist ing noise exposure and t he vert ical axis 

is t he increase in cumulat ive noise level due to t he t ransit project . Not e t hat 

noise exposure is expr essed as L eq(1hr) for cat egory 1 and 3 land use s and L d n  for 

cat egory 2 land use. Since L eq(1hr) and L d n  are measures of tot al acoust ic energy , 

any new noise source s in a com munit y will cause an increase, even if the new 

source level is the same or less t h an t he exist ing noise level ( refer t o decibel 

addit ion in Appendix B ) . As shown in Figure 4- 3, t he criterion for m oderat e 

impact is a noise exposure increase of 10 d B for an exist ing noise exposure level 

o f  42 dBA o r less , but only a 1 - dB increase when t he exist ing noise exposure is 

70 dBA. 

As t he exist ing level of ambient noise increases, t he allowable level of t ransit 

noise increases, but t he total amo unt t hat communit y noise exposure is allowed 

t o increase is reduced. T his account s for t he unexpected r esult t hat a project 

exposure which is less t han t he exist ing noise exposure can st ill cause impact . 

T his is clearer from the examples list ed in T able 4 - 6 which indicat e t he level of 

t ransit noise allowed for different exist ing levels of exposure. Any incr ease 

great er t han shown in t he table will cause mod erat e impact . 
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Fi gure 4 - 3 I nc re ase i n C u m ul ati ve Noi se Level s Al l owe d by  Cri t eri a 

(Lan d Use C at.  1 & 2 )  

Fi gure 4 - 4 I nc re ase i n C u m ul ati ve Noi se Level s Al l owe d by  Cri t eri a 

(Lan d Use C at.  3) 

T his t ab le shows t hat as t he exist ing noise exposure increases from 45 dB A to 

75 dBA, t he allowed project noise exposure increases from 51 dBA to 65 dBA. 

However, t he allowed increase in the cumulat ive noise level d ecreases from 7 

d B t o 0 d B ( rounded t o the neares t whole decibel) . T he just ificat ion for t his is 

t hat people already exposed to high levels of noise should be expect ed to 

t olerat e only a small increase in the amount of noise in t heir com munity. In 

cont rast , if t he exist ing noise levels are quite low, it is reasonable t o allow a 

great er change in t he communit y noise for the equivalent difference in 

annoyance. 
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No t e that  T able 4- 6 was developed for illust rat ive purposes and t he official  
criteria are included in Figure 4- 3 and Figure 4- 4 and the associat ed e quat ions.  

T abl e 4 - 6 Noi se  I m pac t  C ri t eri a:  Effe c t  on C um ul ati ve N oi se E xp os ure 

L dn o r L e q(1 hr) i n  dBA  (r ou n ded t o ne are st  wh ol e dec i bel ) 

E xi st i ng 

Noi se 

E xpo su re 

Al l owabl e Pr oj ec t 

Noi se E x po su re 

Be fore M ode rat e 

I m pac t 

Al l owabl e 

Com bi ne d T ot al 

Noi se E x po su re 

Al l owabl e Noi se 

E xpo su re 

I nc rease Be fore 

Mo der ate I m pac t 

4 5  5 1  5 2  7 

5 0  5 3  5 5  5 

5 5  5 5  5 8  3 

6 0  5 7  6 2  2 

6 5  6 0  6 6  1 

7 0  6 4  7 1  1 

7 5  6 5  7 5  0 

4.2 D etermine Nois e Analysis Leve l 

T here are t hree levels of analysis t o evaluat e noise on a t ransit proje ct based on 

t he t ype and scale of t he project , st age of project development , and 

environm ent al set t ing. These levels, described below, are t he No ise Screening 

Procedure, the General Noise Assessment and the Det ailed No ise Analysis. 

T he No ise Screening P ro cedure, conduct ed first , defines t he st udy area of any 

subsequent noise impact assessment . Where t here is pot ent ial for noise impact , 

t he General Noise Assessment and Det ailed Noise Analysis procedures are 

used to det ermine t he ext ent and severity of impac t . In som e cases, a General 

No ise Assessment may be all t hat is needed. However, if the proposed project 

is near noise- sensitive land uses, and it appears at the out set that t he impact 

would be subst ant ial, it is prudent t o conduct a Det ailed Noise Analysi s. 

Conduct the noise screening procedure and then determine the appropriate noise 

analysis option. 

N o ise S creen in g Proced u re – T he Noise S creening Procedure is a simplified 

met hod o f  ident ifying st udy area receivers or locat ions where a project may 

have t he pot ent ial for noise impact s from t ransit project s . T his procedure 

account s for impact criteria, t he t ype of project , and noise- sensitive land uses. If 

no noise - sensitive land uses or receivers are present in t he analysis area, t hen 

no furt her noise ass essment is needed. If noise- sensitive receivers are identified, 

t hen proceed t o c onduct a General Assessment and /or a Det ailed Assessment .  

T he No ise Screening Procedure st eps are provided in Sect ion 4.3 . 

Ge neral No ise Assessmen t – T he General Noise Asse ssment is used t o 

examine pot ent ially impacted areas ident ified in the screening st ep by examining 

t he locat ion and est imated severity of noise impact s. This procedure considers 

noise source and land use informat ion likely t o be available at an early st age in 

t he project development process. Est imat es are made of project noise levels 

and of exist ing noise cond itions to mod el t he locat ion of a noise impact contour 
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t hat defines t he out er limit of an impact corridor or area. T his mo deling met hod 

uses t ransit - specific noise and adjustment dat a ( in t abular and graphical form) for 

t he noise comput at ions. 

For many smaller project s, t his assessment may be sufficient to define impact s 

and det ermine whether noise mit igat ion is necessary. T he procedure can be 

used in conjunction wit h est ablished highway noise predict ion procedures t o 

com pare highway, t ransit , and mult imodal alternat ives. If an assessment is 

needed t o inform the decision on t ransit mod e and general alignment in a 

corridor, t he General No ise Assessment procedures should be used, and not 

t he Det ailed No ise Analysis, which requires more detailed information. 

T he General Noise Assessment procedure is provided in Sect ion 4.4. FT A has 

also developed an Excel spreadsheet to mo re simply cond uct t he General No i se 

Assessment . It is on FT A ’s website at ht t p://www.fta.dot .gov/12347_2233.ht ml . 

De tailed No ise An alysis – T he Det ailed Noise Analysis procedure is a 

com prehensive assessment method t hat prod uces t he mo st accurat e est imat es 

of noise impact s for a proposed project . It is impo rt ant to recognize t hat use of 

t he Det ailed No ise Analysis met hod s will not provide mo re accurat e result s 

t han t he General Noise Assessment unless more det ailed and case - specific input 

data are used. 

T he project must be defined to t h e ext ent t hat locat ion, alignment , t ransit 

mo de , hourly operat ional schedules during day and night , speed profiles, plan 

and profiles of guideways, locat ions of access roads, and landform t opography 

( including t errain and building feat ures ) are det ermined. A d et ailed No ise 

Analysis is oft en accomplished at the development of t he final environm ent al 

impact st at ement ( FEIS) , record of decision (R O D) , or combined FEIS/RO D in 

t he NEPA process, when the preferred alternat ive is undergoing refinement s t o 

mit igat e it s adverse impact s. Howeve r, t h ese project det ails may not be available 

unt il t he final design phase, requiring t hat t he det ail noise analysis be conduct ed 

aft er t he NEPA process is com plete. However , it is recom mended t hat t he 

det ailed analysis be condu ct ed earlier for cont roversial project s or project s wit h 

highly noise- sensitive sit es close t o t racks. 

A Det ailed Noise Analysis may be warrant ed as part of t he development of an 

environm ent al a ssessment ( EA) if t here are pot ent ially severe impact s due t o 

t he proximit y of noise- sensitive land uses. 

In som e cases, decisions on appropriat e noise mit igat ion measures can be made 

based on t he results of t he General No ise Assessment . But if costly measures 

may be needed, it is generally recom mended t hat a Det ailed Noise Analysis be 

cond uct ed t o verify t he need and design of t he noise mit igat ion . The Det ailed 

No ise Analysis is always appropriat e under t wo set s of circumst ances: 

 For a major t ransit project wit h likely noise impact s after t he preferred

alternat ive has been selected .

 For any ot her t ransit project where pot ent ially severe impact s are

identified at an early st age .
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No ise impact s may occur for relat ively minor t ransit project s when t he project 

is near noise- sensitive sites, part icularly residences . In t his case , completing a 

Det ailed No ise Analysis is recom mended . Some examples include: 

 A t erminal or stat ion sited adjacent to a residential neighborhood

 A maint enance facility located near a schoo l

 A st orage yard adjacent t o residences

 An elect ric subst at ion located adjacent to a hospit al

T he Det ailed Noise Analysis procedure is provided in Sect ion 4.5 . 

4.3 Evaluate  Impact :  Nois e Screening Proc edure 

Identify the potential for impact using the Noise Screening Procedure described below. 

Step  1 : Ide ntify  P ro j e ct T ype 

Identify the project type using Table 4-7 and confirm the assumptions in Table 4-8 

are appropriate for the project. 

T he noise screening procedure is intended to be conservat ive t o  broadly 

capt ure t he pot ent ial for impact wit h minimal effor t . T o make t he procedure 

conservat ive , t he project syst em must be assumed to be operat ing under 

relat ively high - capacity condit ions, which would prod uce mo re noise t han 

normal operat ing condit ions. In addit ion, t he assumpt ions in T able 4- 8 were 

made using t he lowest threshold of impact ( 50 dB A) from t he criteria curves in 

Figure 4- 2. Clarificat ion can be obt ained from FT A on special cases t hat are not 

represent ed in t his sect ion. 

If t he assumpt ions in T able 4- 8 are not appropriate for t he project , make 

adjust ment s to t he screening dist ances in T able 4-8 according to t he 

met hodo logy in Sect ion 4.4 or t he FT A spreadsheet mod el. 

Step  2 :  D e te rm ine t he  Scre e ning D istan ce 

Determine the appropriate screening distance considering the type of project and 

shielding from intervening buildings. 

2 a .  Det ermine t he appropriat e screening dist ance column in T able 4- 7. 

O p tio n A: Bu ild in gs in th e S ou nd Paths – Use t he screening dist ances 
in t he “Intervening Buildings ” column. 

O p tio n B: Bu ild in gs No t in the Sou nd Path s – Use t he dist ances in 
t h e “Unobstruct ed ” column. 

2b . Adjust t hese dist ances according to t he methodolo gy in Sect ion 4.4, or t he 

FT A spreadsheet mod el , if t he assumpt ions in T able 4-8 are not appropriat e for 

t he project . T he appropriate screening dist ance is where t he project noise 

reaches 50 dBA fo r t he appropriat e met ric. If t he assumpt ions in T able 4- 8 are 

not appropriat e for a commut er rail grade crossing project where horns and 
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warning bells are used, use t he FR A horn noise mod el available from the FR A 

website t o develop t he sc reening dist ance distance (49 CFR § 222).(21) 

Step  3 :  Ide ntify Stu dy A re a 

Apply the screening distances as follows to identify the study area. The study area is 

intended to be sufficiently large to encompass all potentially impacted locations. 

O p tio n A: F ixed Gu ideway Tran sit So u rces – Apply t he screening dist ance 
from t he guideway centerline. 

O p tio n B: H igh way/Tran sit S ou rces (e. g. , Bu s) – Apply t he screening 

dist ance from the nearest R OW line on bot h sides of a highway or access road. 

O p tio n C: S mall S tation ary Facil itie s – Apply t h e screening dist ance from 

t he cent er of t he noise - generat ing act ivity. 

O p tio n D: S tation ary Facil ity S p read O ver a L arge A rea – Apply the 
screening dist ance from the out er bound ary of t he propo sed project site. 

Step  4 : L ocate Noi s e -Se nsitive La nd Us e s 

Locate all noise-sensitive land uses within the study area using Table 4-3. 

See Sect ion 4.1 for mo re informat ion on noise - sensitive land uses. Include all 

cat egories of noise - sensitive land uses in t his st ep. 

If no noise-sensitive land uses are identified, no further noise analysis is 

needed. If one or more of the noise-sensitive land uses are in the study 

area, proceed to Section 4.4 and complete a General Noise Assessment. 

FE DE RAL  TRAN SI T ADM I N I STRATI O N 34 



 

 

   

  

   
 

  

 

   

 
   

   

    

   

    

   

   

    

 

   

   

   

    

   

    

   

   

 

   

     

 

   

   

   

   

   

   
   

       

   
  

TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

T abl e 4 - 7 Sc reeni n g D i st a nc e for  Noi se A s ses sm ent s 

Pr oj ec t Syst em s 
Sc reeni ng D i st a nc e , ft * 

U n o b str uc ted In ter ven in g  Build in g s 

Fixed-Guideway Systems 

Co mmu t er  Rail  Ma in lin e 7 5 0  3 7 5  

Co mmu t er  Rail  St at ion 
With  H or n  Blow in g 1 ,6 0 0 1 ,2 0 0 

With ou t  H or n  Blow in g 2 5 0  2 0 0  

Co mmu t er  Rail  Roa d Cr oss in g w ith  H or n s an d Be lls 1 ,6 0 0 1 ,2 0 0 

RRT 7 0 0  3 5 0  

RRT St at ion 2 0 0  1 0 0  

L RT 3 5 0  1 7 5  

St re et car 2 0 0  1 0 0  

Ac ces s Ro ads  t o St at ion s 1 0 0  5 0  

L ow  an d In t er me diat e 

Cap ac ity Tr an sit 

St ee l Wh ee l 1 2 5  5 0  

Ru b b er  Tire 9 0  4 0  

Mo n or ail 1 7 5  7 0  

Yards  an d Sh op s 1 0 0 0  6 5 0  

Park in g  Fa cil itie s 1 2 5  7 5  

Ac ces s Ro ads  t o Pa rk in g 1 0 0  5 0  

An cil lar y Fa ci lit ies: Ven t ilat ion  Sh af t s 2 0 0  1 0 0  

An cil lar y Fa ci lit ies: Pow er  Su b st at ion s 2 5 0  1 2 5  

Bus Systems 

B u sw ay 5 0 0  2 5 0  

B u s Rap id Tran sit ( B R T ) on  ex clu sive r o adw ay 2 0 0  1 0 0  

B u s Faci lit ies 

Ac ces s Ro ads 1 0 0  5 0  

Tran sit M a ll 2 2 5  1 5 0  

Tran sit C en t er 2 2 5  1 5 0  

St or age &  M ain t en an ce 3 5 0  2 2 5  

Park  & Ride  L ot s w /B u se s 2 2 5  1 5 0  

Ferry Boat Terminals 3 0 0  1 5 0  
*M easu r ed fr om cen ter lin e of  gu ideway f or  f ix ed -gu ideway  s ou r ces, f r om th e RO W on b oth  s ides of  th e r oadway f or

h igh way/tr ansit sou r ces , fr om th e cen ter  of n oise -gen er atin g ac tivity f or  s tation ar y sour ces , or f r om th e ou ter b oun dar y

of  th e pr op osed p r oject  s ite f or fix ed f acilities sp r ead ou t over  a lar ge ar ea .
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T abl e 4 - 8 As sum pt i on s fo r Sc reeni ng D i st a nc es f or Noi se A sse ssm e nt s 

T ype of Pr oj ec t O perati o ns Spee d s * Met ri c * * 

Fixed-Guideway Systems 

Co mmu t er  Rail  Ma in lin e 6 6  day /1 2  n igh t ; 1  loco, 6 car s 5 5  mp h L dn 
Co mmu t er  Rail 

St at ion 

With  H or n  Blow in g 2 2  day / 4  n igh t N/A L dn 
With ou t  H or n  Blow in g 2 2  day / 4  n igh t N/A L dn 

Co mmu t er  Rail - H i gh w a y Cr o ssin g w ith  H or n s 

an d Be lls 
2 2  day / 4  n igh t 5 5  mp h L dn 

RRT 2 2 0  day / 2 4  n igh t ; 6 - c ar t ra in s 5 0  mp h L dn 
RRT St at ion 2 2 0  day / 2 4  n igh t 2 0  mp h L dn 
L RT 1 5 0  day / 1 8  n igh t ; 2  art ic veh . 3 5  mp h L dn 
St re et car 1 5 0  day / 1 8  n igh t 2 5  mp h L dn 
Ac ces s Ro ads t o St at ion s 1 0 0 0  cars, 1 2  b u se s 3 5  mp h L eq(1hr) 

L ow  an d 

I n t er me diat e 

Cap ac ity Tr an sit 

St ee l Wh ee l 2 2 0  day / 2 4  n igh t 3 0  mp h L dn 
Ru b b er  Tire 2 2 0  day / 2 4  n igh t 3 0  mp h L dn 
Mo n or ail 2 2 0  day / 2 4  n igh t 3 0  mp h L dn 

Yards  an d Sh op s 2 0  t rain  moveme n t s N/A L eq(1hr) 
Park in g  Fa cil itie s 1 0 0 0  cars N/A L eq(1hr) 
Ac ces s Ro ads  t o Park in g 1 0 0 0  cars 3 5  mp h L eq(1hr) 
An cil lar y Fa ci lit ies: Ven t ilat ion  Sh af t s Rap id Tran sit in  Su b w ay 5 0  mp h L dn 
An cil lar y Fa ci lit ies: Pow er  Su b st at ion s Sealed sh ed, air con dition ed N / A L dn 

Bus Systems 

B u sw ay 3 0  b u se s, 1 20  au t omo b iles 5 0  mp h L eq(1hr) 
B RT on  ex clu sive  roa dw a y 3 0  b u se s 3 5  mp h L eq(1hr) 

B u s Faci lit ies 

Ac ces s Ro ads 1 0 0 0  cars 3 5  mp h L eq(1hr) 
Tran sit M a ll 2 0  b u se s N/A L eq(1hr) 

Tran sit C en t er 2 0  b u se s N/A L eq(1hr) 
St or age &  M ain t en an ce 3 0  b u se s N/A L eq(1hr) 

Park  & Ride  L ot s 

w /B u se s 
1 0 0 0  cars, 1 2  b u se s N/A 

L eq(1hr) 

Ferry Boat Terminals 
8  b oat s w ith  h or n s u se d in 

n or mal do ckin g cy cle 
N/A L eq(1hr) 

* N /A =  n ot app licab le

** L eq(1hr) = th e lou dest h our  of project r ela ted activity du r in g h ou rs of  n oise sen sitivity.
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4.4 Evaluate I mpact: General Noise Assessme nt 

T he General Noise Assessment should be com plet ed aft er t he Noise Screening 

Procedure ( Sect ion 4.3) , through which noise - sensitive receivers have been 

identifi ed. T his can be completed either by using t he General No ise Assessment 

Procedure described below or us ing t he FT A General No ise Assessment 

Spreadsheet found on the following FT A websit e: 

ht t p://www.fta.dot .gov/12347_2233.ht ml . 

Assumpt ions are used t hrough out t he General No ise Assessment . If the list ed 

assumpt ions are not appropriat e for t he project and goo d engineering 

judgement cannot be used by following t he General Noise Assessment 

procedure, proceed to a Det ailed No ise Analysis or consult wit h t he FT A 

R egional office. 

Major steps in t he General No ise Assessment procedure and recommended 

workflow are shown in Figure 4- 5 and list ed below. Four examples of General 

No ise Assessment s are given at t he end of this sect ion . Many of t hese concept s 

are explained in great er det ail in t he context of a Detailed No ise Analysis in 

Sect ion 4.5. 

S tep 1: I d en tify N o ise -Sen sitive Rece ive rs – Ident ify noise - sensit ive 
receivers ( Sect ion 4.3) and t heir proximit y t o t he project and major noise 

sources. 

S tep 2: De termin e Pr o ject N o ise S ou rce Referen ce L evel s – Det ermine 
t he project noise sources and reference levels. T hen, est imat e t he project noise 

exposure at the reference dist ance of 50 ft considering operat ional 

charact erist ics wit h preliminary est imat ions of t he effect of mit igat ion. 

S tep 3: Estimate Project N oise Expo su re b y Distan ce – Est imat e project 
noise exposure at dist ances beyond 50 ft considering propagat ion charact erist ics 

using a simplified procedure. 

S tep 4: Co mb ine N oise Exp o su re from All S ou rces – Combin e all 
sources associat ed with t he project to predict t he t otal project noise at t he 

receivers. 

S tep 5: Measure Exi sting No ise Exp o su re – Measure t he exist ing noise or 
est imat e t he exist ing noise exposure using a simplified procedure. 

S tep 6: I n ven to ry I mp acts 

O p tio n A : T abulat e t he change in noise (exist ing vs. est imat ed project 

noise) at each noise - sensitive receiver or clust er, ident ifying all mod erat e 

and severe impact s. 

O p tio n B: T ake inventory of noise - sensitive receivers t hat fall wit hin t he 

m o derat e and severe noise contours. 
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S tep 7: De termin e N o ise Mitigation N eed s – Evaluat e the need for 
mit igat ion and repeat t he General No ise Assessment wit h proposed m it igat ion. 

Existing Noise 
Exposure 

Location of 
Noise-Sensitive 

Sites 

Fi gure 4 - 5 Pr oc edu re f or Gene ral  N oi se A s se ssm e n t 

Step  1 : Ide ntify Noi se -Sensiti ve Re ce ive rs 

Determine the proximity of noise-sensitive land uses identified in Section 4.3 to the 

project and to the nearest major roadways and railroad lines. 

1 a .  When necessary, use windshield surveys or d et ailed land use maps to 

confirm the loc at ion of noise- sensitive land uses. 

1b . For land uses more t han 1,000 ft from major roadways or railroad 

mainlines, obt ain an est imat e of t he populat ion density in the immediat e 

area, expre ssed in people per square mile. Dist ances to roadways or 

railroads, or po pulat ion density, will be used lat er to est imat e t he exist ing 
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noise level. Coo rdinat e with t he Met ropolit an Planning O rganizat ion ( MPO) 

for populat ion densit ies at an appropriat e level o f det ail. 

Step  2 : D e te rm ine Project No ise  S ourc e  R e f e re nce  Le vels 

Determine the general source reference level for each project noise source. 

Classify all project noise sources as fixed- guideway t ransit, highway/t ransit, or 

st at ionary facility and det ermine the source reference levels . No t e that a major 

fixed - guideway syst em will have st at ionar y facilities associat ed wit h it and t hat a 

st at ionary facility may have highway/t ransit element s associat ed wit h it . 

O p tio n A: F ixed- gu idew ay Tran sit So u rces – For t his manual, f ixed-
guideway t ransit sources include commut er rail, RR T , L R T , st reetcar, AGT , 

mo norail, and magnet ically levitat ed vehicles ( maglev) . For commut er railroads 

and LR T syst ems, the crossing of st reets and highways at - grade is likely, and in 

t hat case, warning devices should be included in t he assessment . At an early 

project st age, t he informat ion available for a General No ise Assessment 

includes: 

 Candidate t ransit mo de

 Guideway opt ions

 T ime of operat ion

 O perat ional headways

 Design speed

 Alternat ive alignment s

T his informat ion is not sufficient to predict noise levels at all locat ions along t he 

R OW . T herefore, u se conservat ive est imat es ( e.g., maximum ( expect ed) design 

speeds and operat ions at design capacities) to est imate worst - case noise levels. 

First choo se t he appropriate fixed- guideway t ransit source reference level and 

t hen predict t he noise exposure at 50 ft in t erms of L e q( 1hr) and L d n . 

A . i .  Choose the reference source noise levels 50 ft from t he t rack for one

vehicle in terms of Sound Exposure Level ( SEL) using T able 4- 9. See Appendix B

for a det ailed explanat ion of SEL. Not e t hat t he SEL reference speed is 50 mph ,

unless ot herwise not ed .
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T abl e 4 - 9 Refere nc e SE L' s  50 ft from  T rac k a nd at 5 0 m ph,  O ne  V ehi c l e 

Sou rc e T ype Referenc e Co ndi t i on s 

Referenc e 

SEL (SE L re f ), 

dBA 

Co mmu t er 

Rail , At - Gra de 

Locomotives 
Dies e l - ele ct ric, 3 0 0 0  h p , t h ro tt le 5 9 2  

E lect ric 9 0  

Diesel Multiple Unit (DMU) Diese l - p ow er ed, 1 2 0 0  h p 8 5  

Horns With in  ¼ m ile o f gra de cross i n g 1 1 0  

Cars B all ast , w elde d r ail 8 2  

Rail  Tr an sit an d St re et c ars at 5 0  mp h At - gra de, b a ll ast , w elde d r ail 8 2  

Rail Tr an sit an d St re et c ar s at 2 5  mp h At - gra de, b a ll ast , w elde d r ail 7 6  

Tran sit w h istle s / w arn in g dev ices With in  1 /8  mile o f gr ade cro s sin g 9 3  

AG T 
Steel Wheel Aer ia l, con cre t e, w elde d ra il 8 0  

Rubber Tire Aer ia l, con cre t e gu idew ay 7 8  

Mo n or ail Aer ia l s t ra ddle b e am 8 2  

Magle v Aer ia l, op en  gu idew ay 7 2  

A . i i .  Collect t he following data:

 Number of t rain passbys during t he day (7 a.m. to 10 p.m.) and night (10

p.m. to 7 a.m.) for cat egory 2 land uses

 Maximum number of t rain passbys during hours t hat cat egory 1 or

cat egory 3 land uses are normally in use ( t ypically t he peak hour t rain

volume)

 Number of vehicles per t rain for each t ime period for cat egory 2 land

uses ( if t his number varies during t he day or night , t ake t he average )

 Maximum number of vehicles per t rain during hours that cat egory 1 or

cat egory 3 land uses are normally in use ( t ypically t he peak hour t rain

volume)

 T rain speed in mph ( maximum expect ed)

 Guideway configurat ion

 Locat ion of highway and street grade crossings, if any

 If t his process is repe at ed to est imat e t he effect of proposed noise

mit igat ion, include t he noise barrier locat ion

A . i i i.  Calculat e t he noise exposure at 50 ft in t erms of L e q(1hr) :

 Calculat e L e q( 1hr) for each source using t he appropriate equat ions in

T able 4- 10.

 Comput e L e q( 1hr) . Com bo using Eq. 4- 6. It may be necessary t o comput e t he

com bined tot als wit h and wit hout warning horns. Some neighborhoods

along t he corridor may be exposed t o horn noise , but som e may not .

A . i v .  Calculat e t he noise exposure at 50 ft in t erms of L d n :

 If t he proj ect noise will affect any resident ial receivers, calculat e t he L d n

using t he com bined L e q( 1hr) for bot h t he dayt ime and night t ime periods

separat ely, using t he appropriat e equat ions in T able 4-10 .

 It may be necessary t o calculat e L d n with and without warn ing horns, as

in t he previous st ep .

No t e that t he equat ions in T able 4- 10 include t erms to account for a 

difference in speed from t he 50 mph reference speed and a numerical 

adjust ment to account for t he one - hour t ime period for t his met ric. For 
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mo re infor mation on t he numerical adjust ment t o represent t he t ime period 

of int erest , see Appendix B.1.4.4. 

T able 4- 10 present s an est imate of t he noise reduct ion pot ent ially provided by 

wayside noise barriers t hat can be used when assessin g mit igat ion opt ions in a 

General No ise Assessment . If impact is det ermined during t he General Noise 

Assessment , repeat t he procedure and include proposed mit igat ion according to 

Sect ion 4.4, St ep 7 . See Sect ion 4.5, St ep 7 for a com plet e descriptio n of t he 

benefit s resulting fro m various noise mit igat ion measures t hat can be evaluat ed 

wit h a Det ailed Noise Analysis . 
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T abl e 4 - 1 0  Com put ati o n of N oi se E xp o su re at 5 0 ft for F i xe d- G ui dew a y Gene ral Noi se As ses sm ent 

Loc om ot i ve s * 
L eq(1hr) at 5 0 f t 

ൄ 
ഽ෧ෳෳු෱෥෱(ൄ෪෴) ൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(ിු෱෥෱) ൔ ഼ൗ൚൒( ) ൔ ංඁ ൗ൚൒(േ) ൕ ඄ආෳඇ E q. 4 - 1ආඁ

Loc om ot i ve 
W ar n ing 

Ho r n s ** 
L eq(1hr) at 5 0 f t 

ഽ෧ෳෳුැ෱෴෰෵(ൄ෪෴) ൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(േ) ൕ ඄ආෳඇ E q. 4 - 2 

Rai l  V ehi c l es † 
L eq(1hr) at 5 0 f t 

ൄ 
ഽ෧ෳෳේ෋෣෴෵(ൄ෪෴) ൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(ി෋෣෴෵) ൔ ඃඁඝච඘⁡( ) ൔ ංඁ ൗ൚൒(േ) ൕ ඄ආෳඇ ൔ ല൏ൕ෶෴෣෥෭ E q. 4 - 3ආඁ

Stree t c ars 
( 25 mph or 
s lower) 

L eq(1hr) at 50 ft 

ൄ 
ഽ෧ෳෳෛ෋෣෴෵(ൄ෪෴) ൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(ി෋෣෴෵) ൔ ඃඝච඘⁡( ) ൔ ංඁ ൗ൚൒(േ) ൕ ඄ආෳඇ ൔ ല൏ൕ෶෴෣෥෭ E q. 4 - 4ඃආ

T ran si t 
W ar n ing  Ho r n s 
L eq(1hr) at 5 0 f t 

ൄ 
ഽ෧ෳෳොැ෱෴෰෵(ൄ෪෴) ൛ ൄശഽ෴෧෨ ൕ ංඁ ൗ൚൒( ) ൔ ංඁ ൗ൚൒( േ) ൕ ඄ආෳඇ E q. 4 - 5ආඁ

Com bi ne d 
Lo c omotive a nd 

tra ns it †† 
L eq(1hr) at 50 ft 

ුෟ෫ෳ෌෩ෝ෩(഼෢෬) ුෟ෫ෳිසෛ෬෭(഼෢෬) ුෟ෫ෳීසෛ෬෭(഼෢෬)൦ ൦ ൦ )ൄൃ ൄൃ ൄൃഽ෧ෳෳ෋෱෯෤෱(ൄ෪෴) ൛ ංඁඝච඘⁡(ංඁ( ) ൔ ංඁ( ) ൔ ංඁ( 
ුෟ෫ෳ෌෈෩෬෨෭(഼෢෬) ුෟ෫ෳු෈෩෬෨෭(഼෢෬) E q. 4 - 6൦ ൦ )ൔ ංඁ( ൄൃ) ൔ ංඁ( ൄൃ

D ayt i m e 
L d at 50 ft 

ഽ෦ ൛ ഽ෧ෳ(ൄ෪෴) w h er e V = V d , N L o co = N d (lo c o e ven t s), an d N Car s = N d (car even t s) E q. 4 - 7 

Ni ght t i m e 
L n at 5 0 f t 

ഽ෰ ൛ ഽ෧ෳ(ൄ෪෴) w h er e V = V n , N L o co = N d (loc o e ven t s), an d N Car s = N d (car even t s) E q. 4 - 8 

D ay/Ni g ht 
L dn at 50 f t 

ුෞ (ු෨്ൄൃ)൦ ൦ഽ෦෰ ൛ ංඁൗ൚൒⁡(ංආ ൗ ංඁ( ൄൃ) ൔ ඊ ൗ ංඁ( ൄൃ)) ൕ ං඄ෳඉ E q. 4 - 9 
= aver age n u mb er  of  locomotives  p er  tr ain ിු෱෥෱ 

K = con stan t 
-1 0  f or p ass en ger  diese l

0  f or  DM Us

+1 0 f or  e lect r ic

S = tr ain  s p eed, m p h 

േ = aver age h ou r ly volu me  of  tr ain tr af f ic , tr ain s p er h ou r 
= aver age n u mb er  of  c ar s p er  tr ain ി෋෣෴෵ 
= con stan t ല൏ൕ෶෴෣෥෭ 
+5  f or  join ted tr ack or  f or  a c r oss over  w ith in  30 0 f t

+4  f or  aer ial s tr u ctur e with  s lab tr ack (ex cep t AG T an d m on or ail)

+3  f or  e mb edded tr ack on  gr ade

-5 if  a n oise b arr ier  b locks  the lin e of  s igh t

V d = aver age h ou r ly daytime  v olu me  of  tr ain  tr af f ic, V n = aver age h ou r ly n igh ttime  v olu me  of  tr ain  tr af f ic, 
tr ain s p er  h our tr ain s p er  h our 

൙ൠ൘്൐൝⁡൚൑⁡ൟ൝ൌൔ൙൞෰ ඈ⁡ൌෳ ൘ෳ ൟ൚⁡ංඁ⁡൛ෳ ൘ෳ ൙ൠ൘്൐൝⁡൚൑⁡ൟ൝ൌൔ൙൞෰ ංඁ⁡൛ෳ ൘ෳ ൟ൚⁡ඈൌෳ ൘ෳ൛ ൛ංආ ඊ 
N d = aver age h our ly n umb er of  even ts th at occ u r N n = aver age h ou r ly nu mb er  of  even ts th at occ u r du r in g 
du r in g daytime  (7 a.m. to 1 0 p .m.) n igh ttime  (1 0 p .m. to 7 a.m.) 

൙ൠ൘്൐൝⁡൚൑⁡൐ൡ൐൙ൟ൞⁡്൐ൟൢ൐൐൙⁡ඈ⁡ൌෳ ൘ෳ ൟ൚⁡ංඁ⁡൛ෳ ൘ෳ ൙ൠ൘്൐൝⁡൚൑⁡൐ൡ൐൙ൟ൞⁡്൐ൟൢ൐൐൙⁡ංඁ⁡൛ෳ ൘ෳ ൟ൚⁡ඈ⁡ൌෳ ൘ෳ 
൛ ൛ 

ංආ ඊ 
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* Assu me s a diese l locomotive p ower  r atin g at app r ox imate ly 30 00  hp .
** Based on FRA’s horn noise model ( h ttp ://www.f r a.dot.g ov /eL ib /Details/L 0 4 0 91 ) .

† I n clu des all c omm u ter r ail c ar s, tr an sit c ar s, s treetc ar s ab ove 25 mp h , AG T an d m on or ail .

† † O n ly in clu de app r op r iate terms .
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Sou rc e * Referenc e SEL,  dBA 

Au t omo b iles  an d Van s 7 4  

B u se s (dies el - p ow er ed) 8 2 

B u se s (e lect ric) 8 0  

B u se s (h yb rid) 8 3 * * 
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O p tio n B: H igh way/Tran sit S ou rces – T he highway/t ransit t ype sources 
include most t ransit mod es t hat do not r equire a fixed- guideway. Examples are 

high- occupancy vehicles, such as buses, commut er vanpoo ls and carpoo ls. Use 

t he inst ruct ions below t o est imat e source noise levels for project s t hat involve 

t hese t ypes of vehicles and are using FTA’s environment al rev iew procedures. 

At an early project st age, the informat ion available fo r a General No ise 

Assessment includes: 

 V ehicle t ype

 T ransitway design opt ions

 T ime of operat ion

 T ypical headways

 Design speed

 Alternat ive alignment s

T his informat ion is not sufficient to predict noise levels at all locat ions along t he 

R OW ; t herefore, use of conservat ive est imat es ( e.g., maximum ( expect ed) 

design speeds and operat ions at design capacities) t o est imat e worst - case noise 

impact levels is recommended . T he procedure is consi stent with FHWA’s 

highway noise predict ion met hod . The reference SEL levels in T able 4-11 

correspond to FHWA’s source emission levels and speed coefficient s for buses 

and automobiles.(22) 

B.i. Using T able 4- 11, choo se the appropriat e reference source noise le vels 50

ft from t he roadway in t erms of SEL . Not e t hat t he SEL reference speed is 50

mph, unless ot herwise noted.

T abl e 4 - 1 1  So urc e Refe re nc e Le vel s at 5 0 ft fr om  R oadw ay,  50  m p h 

* Assu me s n or mal r oadway su rf ace con dition s .

** For  h yb r id b uses , deter min e Ref er en ce SE L on  a

cas e - b y - cas e b asis b ecau se th ey var y , an d data ar e

sc ar ce.

B.ii. Collect t he following data:

 Number of vehicle passbys during t he day ( 7 a.m. to 10 p.m.) and night

( 10 p.m. t o 7 a.m.) for each vehicle t ype in T able 4- 11 , if a cat egory 2

land use is present

 Number of vehicle passbys during hours t hat cat egory 1 or cat egory 3

land uses are normally in use , each vehicle t yp e in T able 4- 11

 Speed ( maximum expect ed)

 T ransitway configurat ion (wit h or without noise barrier)

B.iii. Calculat e t he noise exposure at 50 ft in t erms of L e q(1hr) . Calculat e L e q( 1hr) 

for each source using t he appropriat e equat ions in T able 4- 12 .
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T abl e 4 - 1 2  Com put ati o n of L e q (1 hr) an d L dn at 5 0 ft fo r Hi ghw ay/T ra nsi t Ge ner a l Noi se A sse ssm e nt 

L e q(1 hr) at 5 0 ft 
ൄ 

ഽ෧ෳ(ൄ෪෴) ൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(േ) ൔ ഴෛൗ൚൒⁡( ) ൕ ඄ආෳඇ 
ආඁ

E q. 4 - 1 0  

D ayt i m e 

L d at  5 0  ft 
ഽ෦ ൛ ഽ෉෧ෳ(ൄ෪෴)⁡w h er e V = V d E q. 4 - 1 1  

Ni ght t i m e 

L n at  5 0  ft 
ഽ෰ ൛ ഽ෉෧ෳ(ൄ෪෴) w h er e V = V n E q. 4 - 1 2  

L dn at 5 0 ft 
ුෞ (ු෨്ൄൃ)൦ഽ෦෰ ൛ ංඁൗ൚൒⁡(ංආ ൗ ංඁ( ൦ൄ ൃ) ൔ ඊ ൗ ංඁ( ൄൃ)) ൕ ං඄ෳඉ E q. 4 - 1 3  

Barri er 

Adj ust m e nt 
= - 5  fo r n oise  b arr iers 

േ 

ഴ෵

S 

V d 

V n 

= h ou rly volu me  of  veh i cles, v eh icles p er  h ou r 

= Sp ee d con st an t 

1 5  fo r diese l b u se s 

2 8  fo r e lect ric b u se s 
(23)2 1  fo r h yb rid b u se s

3 0  fo r au t omo b ile an d v an  p oo ls 

= a ver a ge veh icle sp ee d , mp h 

= a ver a ge h ou rly da yt ime volu me  of  veh icles , veh i cles p er  h ou r 

ൟ൚ൟൌൗ⁡൙ൠ൘്൐൝⁡൚൑⁡ൡ൐൓ൔൎൗ൐൞෰ ඈ⁡ൌෳ ൘ෳ ൟ൚⁡ංඁ⁡൛ෳ ൘ෳ 
൛ 

ංආ 
= a ver a ge h ou rly n i gh t t ime vo lu me  of veh icles , veh i cles p er h ou r 

ൟ൚ൟൌൗ⁡൙ൠ൘്൐൝⁡൚൑⁡ൡ൐൓ൔൎൗ൐൞෰ ංඁ⁡൛ෳ ൘ෳ ൟ൚⁡ඈ⁡ൌෳ ൘ෳ 
൛ 
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B.iv. Calculat e t h e noise exposure at 50 ft in t erms of L d n . If t he project noise

will affect any residential receivers, calculat e t he L d n  using t he com bined L e q( 1hr) 

for bot h t he dayt ime and night t ime periods separat ely, using the appropriat e

equat ions in T able 4- 12.

N o t e that t he equat ions in T able 4- 12 include t erms to account for a speed 

ot her t han t he 50 mph reference speed and a numerical adjust ment t o account 

for t he one - hour t ime period for this met ric. For more informat ion on t he 

numerical adjust ment t o represent the t ime period of interest , see Appendix 

B.1.4.4.

T able 4- 12 present s an est imate of noise reduct ion pot ent ially provided by 

wayside noise barriers . T his is considered illust rat ive given t hat barriers are t he 

mo st com mon noise mit igat ion measure. See Sect ion 4.5 , Step 7 for a complete 

descriptio n of t he benefit s resulting from noise mit igation. If impact is 

det ermined during t he General No ise Assessment without mit igat ion , repeat 

t he procedure and include propo sed mit igat ion. 

O p tio n C: S tation ary Sou rces – St at ionary s ources include fixed t ransit 

syst em facilities. New t ransit facilities undergo a site review for best locat ion 

t h at consider s the noise sensitivit y of surround ing land uses. Although many 

facilities such as bus maint enance garages are usually locat ed in indust rial and 

com mercial areas, som e facilities such as bus t erminals, ferry t erminals, t rain 

st at ions , and park- a nd - ride lot s may be placed near residential neighborhood s 

where noise impact may occur. Access roads t o som e of t hese facilities may also 
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pass t hrough noise - sensitive areas. No ise from access roads is t reat ed according 

t o t he procedures described in t he Hi ghway/T ransit Sources cat egory. In a 

General No ise Assessment , only t he prom inen t  feat ures of each fixed facility are 

considered in t he noise analysis. 

C . i .  For small facilities, using T able 4- 13 , d et ermine t he reference source noise

levels 50 ft from t he cent er of t he site in t erms of SEL. T he source reference

levels given in t he t able are based on measurement s for t he peak hour of

operat ion of a t ypical st at ionary source of t he not ed t ype and size.

A large facility, such as a rail yard, is spread out over considerable area wit h 

various noise sources wit h different noise levels depending on t he layout of t he 

facility. Specifying a single reference SEL fo r t he facility at 50 ft from t he cent er 

of t he site could be misleading if all of t hese different noise sou rces are not 

represent ed. T herefore, t he referen ce dist ance should be t he equivalent 

dist ance of 50 ft , which is det ermined by est imating t he noise levels from t he 

cent er of the site at a dist ance far enough t o capt ure all noise sources and 

project ing back t o 50 ft from t he cent er of the site. This approach allows for a 

conservat ive est imat e of noise for all surround ing areas and the equivalent noise 

can be considered as concent rat ed at t he cent er of t he site. If the locat ion of 

noise sources is known, t hen t he dist ance should be taken from t he point of t he 

noisiest act ivity on t he site ( e.g., t he dock in t he case of ferry boat operat ions) 

inst ead of t he cent er of t he site. 

T abl e 4 - 1 3  So urc e Refe re nc e Le vel s at 5 0 ft fr om  C ente r o f Si t e,  Stat i ona ry S ourc e s 

Sou rc e 
Referenc e 

SEL, d B A  
Referenc e Co ndi t i on s 

Rail System 

Yards  an d sh op s 1 1 8  2 0  t rain  moveme n t s in  p eak a ct ivit y h ou r 

L ayover t r acks ( commu t er  ra i l) 1 0 9  1 t rain  w ith  diese l lo como t i ve  idlin g fo r 1 h ou r 

Cr oss in g si gn als 1 0 9  3 6 0 0  secon d du rat ion 

Bus System 

St or age yar d 1 1 1  1 0 0  b u ses  acces s in g fa cil ity in p eak act i vity  h ou r 

Op er at in g f aci lit y 1 1 4  
1 0 0  b u ses  acces s in g fa cil ity, 3 0  b u se s se rviced an d 

clean ed in  p eak a ct iv ity h ou r 

Tran sit cen t er 1 0 1  2 0  b u se s in  p eak act ivity  h ou r 

Ferry Terminal 

Fe rr y b oat (n o f og h or n  sou n ded) 9 7  
4  fe rr y b oat  lan d in gs in 1 h ou r 

Fe rr y b oat (f og h or n  sou n ded ) 1 0 0  

Parking Garage 9 2  1 0 0 0 - car cap a city in  p eak a ct i vity h ou r 

Park & Ride Lot 1 0 1  1 2  b u se s, 1 00 0  cars in  p eak a c t ivity h ou r 

C . i i .  Collect t he following data:

 Number of layover t racks and hours of use

 Number of buses, if different from assumed reference cond it ions ( if t his

number varies during t he day or night , t ake the average)

 Number of ferry boat landings, if different from assumed reference

cond itions ( if t his numb er varies during t he day or night , t ake the

average)

 Act ual capacity of parking garage or lot
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C.iii . Calculat e L e q( 1hr) at 50 ft . Calculat e L e q( 1hr) for each source using t he

appropriat e equat ions in Table 4- 14 .

C.iv . Calculat e L d n  at 50 ft . If t he project noise wil l affect any residential

receivers, calculat e t he L d n  using t he com bined L e q( 1hr) for bot h t he dayt ime and

night t ime periods separat ely, using t he appropriat e equat ions in T able 4- 14.

T he equat ions in T able 4- 14 include a numerical adjust ment t o account for t he 

one - hour t ime period for this met ric. See Appendix B.1.4.4 for mo re 

information on t he numerical adjust ment . 

T able 4- 14 present s an est imate of noise reduct ion pot ent ially provided by noise 

barriers at t he propert y line . O nly approximat e locat ions and lengt hs for barrier 

or ot her noise mit igat ion measures are developed during a General Noise 

Assessment t o provide a preliminary indicat ion of t he costs and benefits of 

mit igat ion. A Det ailed No ise Analysis of t he preferred alternat ive is usually 

warra nt ed following the General No ise Assessment ( if it predict s any impact s) 

t o verify impact s and design t he mit igat ion. 
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T abl e 4 - 1 4  Com put ati o n of L e q(1 hr) an d L d n  at 5 0 ft f o r Stat i on ary  S ourc e Ge ne ral Noi se As ses sm ent * 

L e q(1 hr) at 5 0 ft ഽ෧ෳ(ൄ෪෴) ൛ ൄശഽ෴෧෨ ൔ ഴූ ൕ ඄ආෳඇ E q. 4 - 1 4  

D ayt i m e 

L d at  5 0  ft 

ං ුශෟ෫(഼෢෬)൦ )ഽ෦ ൛ ංඁඝච඘⁡(( ⁡) ∑ ංඁ( ൄൃ ) E q. 4 - 1 5ංආ 
ൊ෣෯ൎൄൃෲ෯ 

Ni ght t i m e 

L n at  5 0  ft 

ං ුශෟ෫(഼෢෬)൦ )ഽ෰ ൛ ංඁඝච඘⁡(( ⁡) ∑ ංඁ( ൄൃ ) E q. 4 - 1 6ඊ 
ൄൃෲ෯ൎൊ෣෯ 

L dn at 5 0 ft 
ුෞ (ු෨്ൄൃ)൦ ൦ E q. 4 - 1 7ഽ෦෰ ൛ ංඁඝච඘⁡(ංආ ൗ ංඁ( ൄൃ) ൔ ඊ ൗ ංඁ( ൄൃ)) ൕ ං඄ෳඉ 

Barri er 

Adj ust m e nt 
= - 5  fo r n oise  b arr ier at  p ro p er t y lin e 

V ol um e = ഴූ
Adj ust m e nt 

ූු = ංඁඝච඘⁡( ) Rail y ards an d sh op s 
൅ൃ

= ංඁඝච඘⁡(ിො) L ayover t r acks 

ූෂ = ංඁඝච඘⁡( ) B u s st or age y ard 
ൄൃൃ

ූෂ ූී = ංඁඝච඘⁡( ൔ ) B u s op er at in g fac ility 
൅ൃൃ ൉ൃ

ූෂ = ංඁඝච඘⁡( ) B u s t ran sit cen t er 
൅ൃ 

ූෆ = ංඁඝච඘⁡( ) Fe rr y t er min al 
േ 

ූශ = ංඁඝච඘⁡( ) Park in g  g ara ge 
ൄൃൃൃ

ූශ ූෂ Park  & r ide lot 
= ංඁඝච඘⁡( ൔ )

൅ൃൃൃ ൅േ 
෍ 

= ංඁඝච඘⁡( )
െ൉ൃൃ Cr oss in g si gn als 

ിො = a ver a ge n u mb er  of  t rain s p er  h ou r du rin g t h e da y ( 7 AM t o 1 0 PM) or  n igh t

(1 0 PM t o 7 AM) 

ി් = a ver a ge n u mb er  of  b u se s p er h ou r du rin g t h e da y or n igh t

ി෎ = a ver a ge n u mb er  of  fe rr y b oat  lan d in gs p er  h ou r du rin g t h e da y or n igh t

ിෛ = a ver a ge n u mb er  of  b u se s se rvice d an d cle an ed p er  h ou r d u rin g t h e day  or n igh t

ി෉ = a ver a ge n u mb er  of  au t omo b iles  p er  h ou r du rin g t h e day or  n igh t

E = a ver a ge h ou rly du rat ion  of even t s, sec du rin g t h e da y or n igh t 
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* I f  an y of  th ese n u mb er s is zer o, omit th at te r m.
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Step  3 : E sti mate  P r oje ct N oise E x pos ur e  by Distan ce 

Estimate the project noise exposure for locations beyond the reference distance, such 

as for noise-sensitive land uses. 

In t he previous st ep, n oise exposure at the reference dist ance of 50 ft was 

calculat ed for t he various noise sources . This st ep describes how t o est imat e 

t he project noise exposure beyond (or, if needed, closer t han) the reference 

dist ance, such as at noise- sensitive land uses locat ions. T his procedure est imat e s 

t he source ’s noise exposure as a funct ion of dist ance . Adjust ment s are provided 

t o account for shielding attenuat ion from rows of building s. 

3 a .  Select t he appropriat e dist ance correct ion curve (Fixed- Guideway & 

Highway or St at ionary) from Figure 4- 6. T he Fixed-Guideway & Highway curve 

refers t o line sources while t he Stat ionary curve is refers t o point sources. T he 

dist ance correct ion factor (C d i sta nce ) is 0 dB at 50 ft . 

3b . Choose a dist ance ot her t han 50 ft , such as the dist ance to a receiver. 

Det ermine t he correct ion fact or using Figure 4- 6 or calculat e using the 

equat ions in T able 4- 15. ( i i i ) For d ist ances beyond 1,000 ft , the equat ions in T able 

4- 15 can be used; however, ground effect s have an upper limit and at mo spheric

cond itions may affect propagat ion charact erist ics. More det ailed calculat ion

met hods may be required to account for those effect s beyond 1,000 ft .

Fi gure 4 - 6 C ur ves for  Esti m ati ng Ex po s ure vs.  D i st a nc e i n Ge ner al  Noi se  As se ssm e nt 

i i i  N ote th at th e cu r ves  an d e qu ation s ass u me ac ou stically sof t gr oun d b eyon d a distan ce of  50  f t. See Tab le 4 - 2 7  

f or  m or e detailed calcu lation  of  gr ou n d att enu ation . 
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T a bl e 4 - 1 5  D i st anc e C orr ec t i on Fac t or E qu ati on s f or Gene ral N oi se As se ss m ent 

Sou rc e E quati o n 

St at ion ary Sou rces 
വ 

ഴ෦෫෵෶෣෰෥෧ ൛ ൕඃආඝච඘⁡( )
ආඁ

E q. 4 - 1 8  

Fix ed- gu idew ay an d H i gh w a y 
വ 

ഴ෦෫෵෶෣෰෥෧ ൛ ൕංආඝච඘⁡( )
ආඁ

E q. 4 - 1 9  

വ ൛ distan ce , f t  

 

        

         

 

 

 

 

     

     

ഽ෦෫෵෶෣෰෥෧ ⁡൛ ⁡ ഽൈൃ ⁡ൔ ഴ෦෫෵෶෣෰෥෧

w h er e : 

= ഽ෦෰ o r  ഽ෧ෳ(ൄ෪෴) at  t h e n ew  distan ce in f e e tഽ෦෫෵෶෣෰෥෧
= ഽ෦෰ o r  ഽ෧ෳ(ൄ෪෴) at  5 0 f t ഽൈൃ

 

 

         

        

          

          

      

   

  

 

        

       

       

            

          

  

        

    

   

             

           

   

 

  

  

 

 

  
  

  

 

    

T abl e 4 - 1 6  Com put i ng T o t al  Noi se E xp o sure 

Tot al L e q (t ) f ro m all  sou rces 

f or  t h e h ou r of  in t eres t : 
ුෟ෫൦ൄൃഽ෧ෳෳ෶෱෶෣෮(ൄ෪෴) ൛ ංඁඝච඘⁡(ි෣෮෮⁡෵෱෷෴෥෧෵ ංඁ ) 

E q. 4 - 2 1  

Tot al L dn f ro m a ll sou rces 
ුෞ෨൦ൄൃഽ෦෰ෳ෶෱෶෣෮ ൛ ංඁඝච඘⁡(ි෣෮෮⁡෵෱෷෴෥෧෵ ංඁ ) E q. 4 - 2 2  
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3c. Apply t he dist ance c orrect ion ( C d i sta nce ) to t he project noise exposure at 50 

ft ( Sect ion 4.4, Step 2) using t he following equat ion : 

E q.  4 - 2 0  

3d . R epeat S t ep 3 c for each source - receiver dist ance from t he project . A noise 

exposure vs. dist ance curve can be creat ed , if desired, by calculat ing t he noise 

exposure for all dist ances of int erest and plot t ing a curve. T his curve can be 

used to assist in det ermining t he noise impact cont our for t he first row of 

unobstruct ed buildings. T his plot can be used to displ ay noise from bot h 

unmit igat ed and mit igat ed cond itions to assess t he potent ial benefits from 

mit igat ion measures. 

For second row receivers and beyond, it is necessary t o account for shielding 

at t enuat ion from rows of int ervening buildings. Without accoun t ing for 

shielding, impact s may be subst ant ially over est imated. Use t he following general 

rules t o account for t he effect of shielding from intervening rows of buildings: 

 Assign 4.5 dB of shielding at t enuat ion for t he first row of intervening

buildings onl y.

 Assign 1.5 dB of shielding at t enuat ion for each subsequent row, up to a

maximum t ot al at t enuat ion of 10 dB .

Step  4 : C om bine N oise E x posu re  f ro m All Sou rce s 

Combine all sources to predict the total project noise at the receivers using the 

equations in Table 4-16, once propagation adjustments have been made for the noise 

exposure from each source separately (fixed-guideway, highway/transit, and 

stationary). 
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Step  5 : E sti mat e  E x i sting No ise  E x posu r e 

Measure the existing noise or estimate the existing noise exposure using a simplified 

procedure. 

Exist ing noise in t he project vicinit y must be quant ified and com pared t o the 

project noise to det ermine t he pot ent ial noise impact . It is generally 

recom mended t o measu re exist ing noise, especially at locat ions known to be 

noise - sensitive, but if measurement results are not available t hen t hey must be 

est imat ed. In t he Det ailed No ise Analysis, t he exist ing noise exposure is usually 

based on noise measurement s at represen t at ive locat ions in t he communit y. 

It is not necessary or recommended t hat Ch an ges to Exi stin g Tran sit 
exist ing noise exposure be det ermined by For project s t hat propose 
measuring at every noise - sensitive changes t o an exist ing t ransit 
locat ion in t he project area. R ather, t he syst em, such as a rehabilitat ion 
recom mended approach is t o project , the project noise can 
charact erize t he noise environm ent for include changes t o t he exist ing 
" clust ers" of sites based on measurement s noise because of t he project , 
or est imat es at represent ative locat ions in and so it is not possible to 
t he com munit y. Because of t he sensitivit y define project noise separat ely. 
of t he noise criteria t o t he exist ing noise For t hese project s , refer to 
exposure, careful charact erizat ion of pre - Sect ion 4.1, St ep 3 – O pt ion B, 
project ambient noise is important. on using t he cumulat ive 
Guidelines for select ing represent at ive noise criteria. 
receiver locat ions and det ermining 

ambient noise are provided in Appendix D and Appendix E, respect ively . 

T his sect ion describes how t o est imat e t he exist ing noise in t he project study 

area from general data availabl e early in project planning. T he procedure uses 

T able 4- 17, where a neighborhood 's exist ing noise exposure is based on 

proximit y t o nearby major roadways or railroads , or on populat ion density. For 

areas near major airports, published aircraft noise cont ou rs can also be used t o 

est imat e t he exist ing noise exposure. T he process is as follows: 

5a . O bt ain scaled mapping and aerial phot ographs showing t he project locat ion 

and alternat ives. A scale o f 1 inch = 200 or 400 ft is convenient for t he accuracy 

needed in t he noise assessment . T he size of the base map should be sufficient to 

show dist ances of at least 1000 ft from t he cent er of the alignment or propert y 

cent er, depending on whether t he project is a line source ( fixed guideway/ 

roadway) or a st at ionary f acility. T hese data are commo nly available from local 

t ransit agencies and a number of publicly available o nline too ls. 

5b . Est imat e t he exist ing noise exposure by est imat ing t he noise from major 

roads and railroad lines or by populat ion density. First , e valuat e t he site's 

proximit y t o major roads and railroad lines including those that are included in 

t he project . If these noise sources are far enough away t hat ambient noise is 

do minated by local st reets and communit y act ivities, est imat e t he exist ing noi se 

based on populat ion density. T o choose t he appropriat e exist ing noise 

exposure, c ompare noise levels from each of t he three cat egories —R oadways , 

R ailroads, and Po pulat ion Density — and select t he lowest level. In case of a 
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T R A N SI T N OI S E A N D VI B R A TI O N I M P A C T A S S E S S M E N T M A N U A L 

li g htl y us e d r ail r o a d ( o n e t r ai n p e r d a y o r l ess) s el e ct t h e P o p ul ati o n D e nsit y 
c at e g o r y. E xisti n g n ois e l e v els a r e p r es e nt e d i n T a bl e 4- 1 7. R ef e r t o S e cti o n 4. 1, 
St e p 3 – O pti o n B, o n usi n g t h e c u m ul ati v e n ois e c rit e ri a f o r p r oj e cts t h at 
p r o p os e c h a n g es t o a n e xisti n g t r a nsit s yst e m, s u c h as a r e h a bilit ati o n p r oj e ct. 

O p ti o n A: R o a d w a y s – M aj o r r o a d w a ys a r e s e p a r at e d i nt o t w o c at e g o ri es f o r 
a g e n e r al n ois e ass ess m e nt. R o a d w a ys t h at c a n n ot b e d es c ri b e d b y t h es e t w o 
c at e g o ri es a r e n ot c o nsi d e r e d m aj o r r o a d w a ys a n d w o ul d us e t h e P o p ul ati o n 
D e nsit y m et h o d d es c ri b e d b el o w. T h e r o a d w a y c at e g o ri es a r e as f oll o ws: 

I nt e rst at e hi g h w a y— r o a d w a ys wit h 4 o r m o r e l a n es t h at all o w t r u c ks

Ot h e r r o a d w a y — p a r k w a ys wit h o ut t r u c ks a n d cit y st r e ets wit h t h e

e q ui v al e nt of 7 5 o r m o r e h e a v y t r u c ks p e r h o u r o r 3 0 0 o r m o r e

m e di u m t r u c ks p e r h o u r

T h e esti m at e d r o a d w a y n ois e l e v els i n T a bl e 4- 1 7 a r e b as e d o n d at a f o r li g ht t o 
m o d e r at e t r affi c o n t y pi c al hi g h w a ys a n d p a r k w a ys usi n g F H W A hi g h w a y n ois e 
p r e di cti o n p r o c e d u r es . W h e r e a r a n g e of dist a n c es is gi v e n, t h e n ois e e x p os u r e 
esti m at es a r e gi v e n at t h e l a r g e r dist a n c e  ( n ot e t h at t h e t r affi c n ois e at t h e 
s m all e r dist a n c e is u n d e r esti m at e d). F or hi g h w a y n ois e, dist a n c es a r e m e as u r e d 
f r o m t h e c e nt e rli n e of t h e n e a r l a n e f or r o a d w a ys wit h t w o l a n es, w hil e f o r 
r o a d w a ys wit h m o r e t h a n t w o l a n es t h e dist a n c e is m e as u r e d f r o m t h e 
g e o m et ri c m e a n of t h e r o a d w a y. T his di st a n c e is c o m p ut e d as f oll o ws: 

E q. 4- 2 3 

w h e r e: 

= dist a n c e t o t h e g e o m et ri c m e a n i n f e et

= dist a n c e t o t h e n e a r est l a n e c e nt e rli n e i n f e et

= dist a n c e t o t h e f art h est l a n e c e nt e rli n e i n f e et

O p ti o n B: R ail r o a d Li n e s – F o r r ail r o a ds, t h e esti m at e d n ois e l e v els a r e 
b as e d o n a n a v e r a g e t r ai n tr affi c v ol u m e of 5 – 1 0 t r ai ns p e r d a y at 3 0 – 4 0 m p h f o r 
m ai n li n e r ail r o a d c o r ri d o rs a n d t h e n ois e l e v els a r e p r o vi d e d i n t e r ms of L d n

o nl y. Dist a n c es a r e r ef e r e n c e d t o t h e t r a c k c e nt e rli n e, o r i n t h e c as e of m ulti pl e 
t r a c ks, t o t h e c e nt e rli n e of t h e r ail c o r ri d o r. B e c a us e of t h e i nt e r mitt e nt n at u r e 
of t r ai n o p e r ati o ns, t r ai n n ois e will aff e ct t h e L e q( 1 h r) o nl y d u ri n g c e rt ai n h o u rs of 
t h e d a y, a n d t h es e h o u rs m a y v a r y f ro m d a y t o d a y. T h e r ef o r e, t o a v oi d 
u n d e r esti m ati n g n ois e i m p a ct w h e n usi n g Le q( 1 h r) , it is r e c o m m e n d e d t h at sit es 
n e a r r ail li n es a r e esti m at e d b as e d o n n e a r b y r o a d w a ys o r p o p ul ati o n d e nsit y 
u nl ess v e r y s p e cifi c t r ai n i nf o r m ati o n is a v ail a bl e. 

O p ti o n C: P o p ul a ti o n D e n si t y – I n a r e as a w a y f r o m m aj o r r o a d w a ys, n ois e 
f r o m l o c al st r e ets o r i n n ei g h b o r h o ods is esti m at e d usi n g a r el ati o ns hi p 
d et e r mi n e d d u ri n g a r es e a r c h p r o g r a m b y E P A. ( 2 4) E P A d et e r mi n e d t h at a m bi e nt 
n ois e c a n b e r el at e d t o p o p ul ati o n d e nsit y i n l o c ati o ns a w a y f r o m t r a ns p o rt ati o n 
c o r ri d o rs, s u c h as ai r p o rts, m aj o r r o a ds a n d r ail r o a d tr a c ks, a c c o r di n g t o t h e 
f oll o wi n g r el ati o n: 

E q. 4- 2 4 
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w h er e : 

= in  dB Aഽ෦෰  
൛  = p op u lat ion  den sity in  p eo p le p er  sq u are  mile

 

       

        

           

  

 

   

 
 

 

 
  

 
 
  

  
 

 
 

 
 

 
 

 

       
       
       
       
       
       

 

       
       
       
       
       

 

       
       
       
       
       
       
       

 

      
      
      
      
      
      
      

     
       

  
   
   

   
   

 

           

       

  

      

       

        

     

        

TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

In areas near major airports, published noise cont ours can be used t o est imat e 

t he exist ing noise exposure. T he L d n  from such cont ours should be applied if 

great er t han t he est imat es of exist ing noise from ot her sources at a given 

locat ion. 

T abl e 4 - 1 7  E st i m ati ng Ex i st i ng N oi se E x po su re fo r Gene ral N oi se As se ssm e n t 

D om i nant 
E xi st i ng Noi se 
Sou rc e 

D i st anc e from Maj or 
Noi se So urc e ,  ft * 

Po pu l ati o n 
D ensi t y , pe opl e 
per sq. m i .  

Noise Exposure Estimates 
L e q 
D ay 

L e q 
E veni ng 

L e q 
Ni ght 

L dn 

1 0 – 50 7 5  7 0  6 5  7 5  
5 0 – 10 0 7 0  6 5  6 0  7 0  

I n t er st at e 1 0 0 –2 0 0  6 5  6 0  5 5  6 5  
H igh w ay * *  2 0 0 –4 0 0  6 0  5 5  5 0  6 0  

4 0 0 –8 0 0  5 5  5 0  4 5  5 5  
8 0 0  an d u p 5 0  4 5  4 0  5 0  
1 0 – 50 7 0  6 5  6 0  7 0  
5 0 – 10 0 6 5  6 0  5 5  6 5  

Ot h er  Roadw ay † 1 0 0 –2 0 0  6 0  5 5  5 0  6 0  
2 0 0 –4 0 0  5 5  5 0  4 5  5 5  
4 0 0  an d u p 5 0  4 5  4 0  5 0  
1 0 – 30 - - - - - - 7 5  
3 0 – 60 - - - - - - 7 0  
6 0 – 12 0 - - - - - - 6 5  

Railw ay †† 1 2 0 –2 4 0  - - - - - - 6 0  
2 4 0 –5 0 0  - - - - - - 5 5  
5 0 0 –8 0 0  - - - - - - 5 0  
8 0 0  an d u p - - - - - - 4 5  

1 – 1 00 3 5  3 0  2 5  3 5  
1 0 0 –3 0 0  4 0  3 5  3 0  4 0  
3 0 0 –1 0 00 4 5  4 0  3 5  4 5  

Pop u lat ion 1 0 0 0 – 3 00 0 5 0  4 5  4 0  5 0  
3 0 0 0 – 1 00 0 0 5 5  5 0  4 5  5 5  
1 0 0 00 – 30 0 00 6 0  5 5  5 0  6 0  
3 0 0 00  an d u p 6 5  6 0  5 5  6 5  

* Distan ces do n ot in clu de sh ieldin g f r om in ter ven in g r ows of  bu ildin gs. G en er ally, f or  e stimatin g sh ieldin g
atten u ation  in p op u lated ar eas , a ssu me 1  r ow of  bu ildin gs eve r y 100  f t, 4 .5  dB f or  th e f ir st r ow, an d 1 .5  dB f or
eve r y su b seq u en t r ow u p  to a m ax imu m o f 1 0  dB atten u ation .
** Roadways  w ith  4  or  m or e lanes th at p er mit tru cks , w ith  tr af f ic at 6 0 mph .
† Par kway s with  tr aff ic at 55  mp h, b u t w ith ou t tr u cks , an d c ity str eets with  th e equ ivalen t of 75  or mor e h eavy
tr u cks p er h ou r  an d 30 0 or  m or e m ediu m tr ucks  p er  h o u r  at 3 0  mp h .
†† M ain  lin e r ailr oad c or r idor s ty p ically car r yin g 5 - 10  tr ains p er  day at s p eeds of 3 0 - 4 0  mp h .

Step  6 : Inve nto ry N oise I mpa ct s 

Inventory the potential noise impacts either by comparing the project and existing noise 

at each noise-sensitive land use or by developing noise impact contours. 

Use land use informat ion and assumpt ions for shielding at t enuat ion from rows 

of buildings. In some cases, it may be necessary t o supplement t he land use 

information or determine the number of dwelling units wit hin a mult i - family 

building wit h a visual survey. If the object ive is to compare major alignment 

opt ions, it may not be necessary t o ident ify every different t ype of noise -
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

sensitive land use. T he invent ory may include a subset of land uses, including 

residential and public inst itut ional uses. 

O pt ion A is t he preferred met hod as i t quant ifies t he noise impact at each 

noise - sensitive land use indicat ing t he severity of t h e impact . O pt ion B may be 

useful fo r com paring and narrowing do wn major alignment o pt ions wit h 

numerous noise - sensitive land uses. 

O p tio n A: Co mp are existin g n o ise to p roject no ise at ea ch n o ise -

sen sitive land u se. 

A 1 . T abulat e each individual noise - sensitive land use building and site wit hin t he 

identified screening dist ance ( Sect ion 4.3) . 

A2 . Det ermine for each noise - sensitive land use t he exist ing noise ( Sect ion 4.4, 

St ep 5) , t he project noise (Sect ion 4.4 , St ep 3 ) and t he resulting change in noise. 

A3 . Designat e each noise- sensitive land use with eit her a no, moderat e, or 

severe n oise impact based on t he criteria in Sect ion 4.1. 

A4 . Ident ify all mod erat e and sever e impact s on a project map. 

O p tio n B: Deve lo p n o ise imp act con tou rs. 

B1. Det ermine t he noise level t hresholds at which t he project noise would 

cause mo derat e and severe impact s using t he est imat ed exist ing noise exposure 

from Sect ion 4.4, St ep 5 and t he noise impact criteria in Figure 4 -2. 

B2. Det ermine t he dist ances from t he project boundary t o t he t wo impact 

levels using t he noise exposure vs. dist ance curves or equa t ions in Sect ion 4.4 , 

Step 3 . 

B3. P lot point s on a project land use map t hat correspond t o the dist ances 

det ermined in Sect ion 4.4 , Step 3 . Cont inue t his process for all areas 

surround ing t he project . Connect t he plot t ed point s to represent t he noise 

impact cont ours. 

B4. T abulat e all noise - sensitive land use buildings and sites t hat lie bet ween t he 

impact cont ours and t he project bound ary. For resident ial buildings, an est imat e 

of t he number of dwelling units is sat isfactory. 

B5. Prepare summary t ables showing t he number of buildings ( and est imat ed 

dwelling units, if available) wit hin bot h impact cat egories. 

Specific decibel level noise cont ours, for example , 65 dB A, can also be plot t ed if 

desired. T he dist ances can be det ermined using the procedure in Sect ion 4.4, 

Step 3 by subst itut ing t he desired decibel level for t he impact t hreshold. 

Locat ions of point s will change wit h respect t o t he project bound ary as t he 

exist ing ambient exposure changes, t he project source levels change, and as 

shielding effe ct s change. It is recom mended t o plot point s close t oget her t o  
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

draw a smoot h curve. Fo r a General Noise Assessment , t he contours may be 

drawn t hrough buildings and t errain feat ures as if t hey were not present . T his 

pract ice is accept able considering t he le vel of det ail associat ed wit h a project in 

its early st ages of development . Example 4- 1 and Example 4- 4 describe t he 

development of noise contours wit h illust rat ions. 

Step  7 : D e te rm ine Noise M itig ati on Nee ds 

Apply estimates of the noise reduction from proposed mitigation measures (Section 

4.4, Step 2), where the assessment shows either severe or moderate impact, and 

repeat the tabulation of noise impacts. 

No t e that n oise barriers are t he only form of mit igat ion available in a General 

No ise Assessment . T he other mit igat ion measures are available fo r a Det ailed 

No ise Analysis. T he approximat e noise barrier lengt hs and locat ions developed 

in a General No ise Assess ment provide a preliminary basis for evaluat ing the 

costs and benefit s of impact mit igat ion. This evaluat ion will provide a 

conservat ive est imat e of the effect of t he mit igat ion on t he ident ified impact s. 

In general, it is recommended to com plet e a Det ailed No ise Analysis for final 

mit igat ion measures. However, if impact is ident ified through a Gener al Noise 

Assessment and can be mitigat ed to a level of no impact using t he noise 

reduct ion est imat es included in t he General No ise Assessment , a Det ailed 

No ise Analysis may not be needed . M itigat ion assumed in t he assessment used 

for t he NEPA evaluat ion mu st be included in t he project as a com mit ment . 

Consult wit h t he FT A Regional office to det ermine if a Det ailed Noise Analysis 

is required for final mit igat ion measures. 

T he following examples illust rat e how t o com plet e general noise assessment s 

for varyin g project t ypes including commut er rail, highway/t ransit, BR T syst em, 

and a t ransit cent er. 

E x ample  4 -1  Ge ne r al N oise Asses sme n t – Co m mute r Ra il 

Gene ral  N oi se A s se ssm e n t  for a  Com m ut er R ai l  Sys t em  i n an 

E x i st i ng Aba nd o ned Rai l road Ri ght - of - W ay 

Th e f oll ow in g ex amp le illu st ra t es  t h e Gen er al No ise Asse ss me n t p ro cedu re  fo r a n ew  fix ed - gu idew ay p ro je ct . 

Th e h yp ot h et ical p ro ject  is  a commu t er  rai l syst em  t o b e b u ilt  w ith in  t h e ab an don ed RO W of a ra ilro a d. Th e 

ex amp le covers  a se gme n t  of t h e corr idor  t h at  p ass es  t h ro u gh  a den se l y de velo p ed are a w ith  p op u lat ion  den sity 

of  2 5 ,0 0 0 p eo p le p er  squ are  mile in  mix e d sin g le - an d mu lti - f amil y re si den t ial lan d u se s a s sh ow n  in Figu re 4 - 7 . 

Th e e x amp le is p re se n t ed in  t w o p art s: first , a  segmen t  w h er e t h e r ail lin e is  gr ad e - se p ar a t ed an d a h or n  is n ot 

sou n ded; an d se con d, an  at - gr ade st re et - rai l cro ss in g w h er e t h e h or n  is sou n ded. 

Ass um pt i o ns 

 Pr oj ec t  Corri d or

E x istin g p op u lat ion  den sity is 2 5 ,0 0 0 p eo p le p er  sq u are  mile.

 Com m ut er Rai l  Sy st em

Co mmu t er  t rain  w ith  on e loc omo t i ve an d a t h re e - c ar con si st  on  a dou b le - t rack at - gr ade syst em  w ith

w elded r ail . Tr ain s op er at e w i t h  2 0 - m i n ut e h eadw ays du rin g  p eak h ou rs an d 1 - h ou r h ead w ays du rin g

o f f - p eak. Sp ee ds are ap p ro x imat ely 4 0  mp h  a lon g t h e corr i dor .
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D et erm i ne Pr oj ec t Sou rc e Refere nc e Le vel s at 5 0 f t 

Classif y t h e n oise  sou rce: Fix e d - Gu i dew ay  Tr an sit  
Det er min e n oise  sou rce re f er en ce level fr om Tab le 4 - 9 : 

L ocomot ive: 9 2  dB A  
Cars: 8 2  dB A  

E st i m ate Proj ec t N oi se E xpo su re at 5 0 ft 

Det er min e aver age  h ou rly d a yt ime an d n igh t t ime volu me s of  t rain  t raf f ic. 

Da yt ime ( 7 a .m. – 1 0  p .m.) 

අඃ⁡ൟ൝ൌൔ൙൞ 
േ෦ ൛ ൛ ඃෳඉ⁡ൟ൝ൌൔ൙൞ഏ൓൚ൠ൝ 

ංආ⁡൓൚ൠ൝൞ 

Nigh t t ime ( 1 0  p .m. – 7 a.m .) 

ඇ⁡ൟ൝ൌൔ൙൞ 
േ෰ ൛ ൛ ඁෳඈ⁡ൟ൝ൌൔ൙൞ഏ൓൚ൠ൝ 

ඊ⁡൓൚ൠ൝൞ 

Us e E q . 4 - 1 a n d E q . 4 - 3 t o c a l c u la t e t h e da y t ime L eq(1hr) a t 5 0  ft f or  t h e locomot iv es  a n d  r a il c a rs . 

ൄ 
ഽ෦ෳු෱෥෱෵ ൛ ൄശഽ෴෧෨ ൔ ංඁൗ൚൒(ിු෱෥෱෵) ൔ ഼ൗ൚൒(

ආඁ
) ൔ ංඁൗ൚൒(േ෦) ൕ ඄ආෳඇ

අඁ 
൛ ඊඃ ൔ ංඁൗ൚൒(ං) ൕ ංඁൗ൚൒( ) ൔ ංඁൗ൚൒(ඃෳඉ) ൕ ඄ආෳඇ 

ආඁ
൛ ඇංෳඉ⁡൏ള A a t  5 0  ft 

ൄ 
ഽ෦ෳේ෋෣෴෵ ൛ ൄശഽ෴෧෨ ൔ ංඁൗ൚൒(ി෋෣෴෵) ൔ ඃඁൗ൚൒( ) ൔ ංඁൗ൚൒(േ෦) ൕ ඄ආෳඇ 

ආඁ
අඁ 

൛ ඉඃ ൔ ංඁൗ൚൒(඄) ൔ ඃඁൗ൚൒( ) ൔ ංඁൗ൚൒(ඃෳඉ) ൕ ඄ආෳඇ 
ආඁ

൛ ආ඄ෳඈ⁡൏ള A  a t  5 0  ft 

Cal c u l a t e t h e t ot a l d a y t ime L d f or  t h e locomot iv e a n d  r a il c a rs u sin g E q . 4 - 7 . 

ුෞෳ෌෩ෝ෩ ුෞෳිසෛ෬෭ 
൛ ංඁൗ൚൒(ංඁ ൦ൄൃ ൔ ංඁ ൦ൄൃ)ഽ෦ෳ෋෱෯෤෱  

൉ൄෳോ ൈെෳൊ 
൛ ංඁൗ൚൒(ංඁ ൦ൄൃ ൔ ංඁ ൦ൄൃ)  

൛ ඇඃෳඅ⁡൏ളല a t  5 0 f t  

 

 

   

 

 
 

 
    

       

 

          

          

          

          

 

          

          

          

          

 

 

 

TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

O perati ng Sc he dul e 

D ayt i m e 

Ni ght t i m e 

H eadw ay (m i n ut es) T r ai ns per  h ou r Peri o d 
Peri o d 

I nbo u nd O ut bo u nd I nbo u nd O ut bo u nd T ot al T ot al 

7 a.m. – 8 a.m. 2 0  2 0  3 3 6 6 

8 a.m. – 4 p .m. 6 0  6 0  1 1 2 1 6  

4 p .m. – 6 p .m. 2 0  2 0  3 3 6 1 2  

6 p .m. – 1 0  p .m. 6 0  6 0  1 1 2 8 

1 0  p .m. – 1 1  p .m. 6 0  6 0  1 1 2 2 

1 1  p .m. – 5 a.m. - - - - - - - - - - - -

5 a.m. – 6 a.m. 6 0  6 0  1 1 2 2 

6 a.m. – 7 a.m. 2 0  2 0  1 1 2 2 

Part 1: Grade-Separated Street Crossing 

FE DE RAL  TRAN SI T ADM I N I STRATI O N 55 

Use Eq. 4-1 and Eq. 4-3 to calculate the daytime Leq(1hr) at 50 ft for the locomotives and rail cars. 

𝐿𝑑.𝐿𝑜𝑐𝑜𝑠 = 𝑆𝐸𝐿𝑟𝑒𝑓 + 10𝑙𝑜𝑔(𝑁𝐿𝑜𝑐𝑜𝑠) + 𝐾𝑙𝑜𝑔(
𝑆

50
) + 10𝑙𝑜𝑔(𝑉𝑑) − 35.6 

= 92 + 10𝑙𝑜𝑔(1) − 10𝑙𝑜𝑔(
40

50
) + 10𝑙𝑜𝑔(2.8) − 35.6 

= 61.8⁡𝑑𝐵A at 50 ft 

𝐿𝑑.𝑅𝐶𝑎𝑟𝑠 = 𝑆𝐸𝐿𝑟𝑒𝑓 + 10𝑙𝑜𝑔(𝑁𝐶𝑎𝑟𝑠) + 20𝑙𝑜𝑔(
𝑆

50
) + 10𝑙𝑜𝑔(𝑉𝑑) − 35.6 

= 82 + 10𝑙𝑜𝑔(3) + 20𝑙𝑜𝑔(
40

50
) + 10𝑙𝑜𝑔(2.8) − 35.6 

= 53.7⁡𝑑𝐵A at 50 ft 

Calculate the total daytime Ld for the locomotive and rail cars using Eq. 4-7. 

𝐿𝑑.𝐶𝑜𝑚𝑏𝑜 = 10𝑙𝑜𝑔(10
𝐿𝑑.𝐿𝑜𝑐𝑜⁄10 + 10

𝐿𝑑.𝑅𝐶𝑎𝑟𝑠⁄10)

= 10𝑙𝑜𝑔(10
61.8⁄10 + 10

53.7⁄10)

= 62.4⁡𝑑𝐵𝐴 at 50 ft 



C al c ul at e t h e ni g htti m e L e q( 1 h r) at 5 0 ft f o r t h e l o c o m oti v es a n d r ail c ars. 

at 5 0 ft 

at 5 0 ft 

C al c ul at e t h e t ot al ni g htti m e L n f o r t h e l o c o m oti v e a n d r ail c a rs usi n g E q. 4- 8. 

at 5 0 ft 

C al c ul at e L d n at 5 0 ft f o r t h e p r oj e ct usi n g E q. 4- 9. 

 
 

at 5 0 ft 

E xi s ti n g 
N oi s e 

L d n 

O n s e t of M o d e r a t e 
I m p a c t 

L d n 

O n s e t of S e v e r e I m p a c t 
L d n 

6 0 d B A 5 8 d B A 6 4 D b a 

a b o v e. T h e p r oj e ct n ois e l e v el at 5 0 ft is a p p r o xi m at el y 6 4 d B A. 

T R A N SI T N OI S E A N D VI B R A TI O N I M P A C T A S S E S S M E N T M A N U A L 

E s ti m a t e E xi s ti n g  N oi s e E x p o s u r e 
Esti m at e e xisti n g n ois e at n ois e-s e nsiti v e sit es. Si n c e t h e e xisti n g ali g n m e nt is o n a n a b a n d o n e d r ail r o a d, t h e 
d o mi n a nt e xisti n g n ois e s o u r c e c a n b e d es c ri b e d b y a g e n e r ali z e d n ois e l e v el t o c h a r a ct e ri z e a l ar g e a r e a. 
Us e T a bl e 4- 1 7 a n d p o p ul ati o n d e n sit y of 2 5, 0 0 0 p e o pl e  p er s q u a r e mil e t o d et e r mi n e t h e e xisti n g n ois e 
l e v el. U n o b st r u ct e d r esi d e n c e s r a n g e f r o m 1 0 0 t o 2 0 0 ft f r o m t h e r ail li n e. 

A c c o r di n g t o T a bl e 4- 1 7: L d n = 6 0 d B A 

D e t e r mi n e N oi s e L e v el a n d Di s t a n c e f o r t h e O n s e t Of I m p a c t 
D et e r mi n e t h e n ois e l e v el f o r t h e o ns et of m o d e r at e a n d s e v e r e i m p a ct usi n g Fi g u r e 4- 2 a n d t h e e xisti n g 
n ois e l e v el of 6 0 d B A. N ot e t h at t his p r oj e ct is l a n d us e c at e g o r y 2 a n d t h e a p p r o p ri at e m et ri c is Ld n . 

D et e r mi n e t h e dist a n c e f r o m t h e p r oj e ct n ois e s o u r c es  t o t h e n ois e i m p a ct c o nt o u rs usi n g t h e fi x e d-
g ui d e w a y c u r v e i n Fi g u r e 4- 6 ( o r t h e e q u ati o ns i n T a bl e 4- 1 5) a n d t h e p r oj e ct i m p a ct t h r es h ol ds o bt ai n e d 

M o d e r at e i m p a ct ( 5 8 d B A) 

A c c o r di n g t o Fi g u r e 4- 6, t h e dist a n c e c o r r e cti o n is a p p r o xi m at el y - 6 d B at 1 2 0 ft. 
S e v e r e I m p a ct ( 6 4 d B A) 

F E D E R A L T R A N SI T A D MI NI S T R A TI O N  5 6 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

Ac cor din g t o Fi gu re  4 - 6 , t h e dist an ce corr e ct ion  is less  t h an  0  dB  at  ap p r ox imat ely  5 1  f t .  

 

O n s et  o f M o d erate  O n s et  o f S e v ere 
P r o j ec t  Lev el  

I m p ac t  I m p ac t  
L dn  

D i s t an c e  D i s t an c e  

6 4  d B A  1 2 0   f t   5 1  f t   

 

D evel op  N oi se I m p ac t  Co nt o urs  

Draw  con t ou rs f or  each  af f ect ed lan d  u se , b ase d  on  t h e ab ove t ab le an d it s distan ce f ro m  t h e r ail lin e  

( Figu re  4 - 7 ) .  No t e t h at  t h e imp act  dist an ces  l iste d  are  in  t er ms of  dist an ce t o t h e cen t er li n e o f  t h e 

Co mmu t er  Rail  cor ri dor .   

 

I nvent or y of  Noi se I m pac t  

Th er e are  six  re si den t ial b u il d in gs w ith in  t h e con t ou rs def in in g  moder at e imp a ct  (sh ade d i n  Figu re  4 - 7 ) .    

Th e p ro cedu re  is re p eate d  as su min g a n oise  b arr ier t o b e p lace d at  t h e r a ilro ad  RO W l in e. Th e b arr ier 

se rves t o re du ce p ro je ct  n oise  fr om t h e commu t er  rail  b y  at  least 5  dB . No t e t h at  t h e b arr ier does  n ot  

af f ect  t h e p ro ject  crit er i a  t o b e u se d in  det er min in g  imp a ct , an d t h e same ex istin g n oise  le vels (as  t h e case  

w ith ou t  a b arr ier)  are  u se d t o  det er min e t h es e t h re sh olds.  

 

I n  t h is ex amp le, th e n oise  b arr ier decre ase s t h e dist an ce t o  moderat e i mp act  fr om  1 2 0  t o 6 0  ft  an d  

elimin at es  all  re s iden t ia l n oise  imp act  fo r t h is se gme n t  of  t h e p ro ject  are a .  

Fi gure 4 - 7 N oi se I m p ac t s of H yp ot het i c al Com m ut er Rai l 

Part 2: At-Grade Crossing with Horn Blowing 

No w  con sider  t h e c ase  of  an act i ve st re et  cro ssin g  of  t h e commu t er  railro ad t r acks .  Th e Gen er al No ise 

Asse ssme n t  met h od in clu des sou rce re f er en ce levels fo r h o rn s on  movin g t ra in s an d w ar n in g b ells (cro ss in g 

sign als)  at  t h e st re et  cro ssin g . Ac cor din g t o T ab le 4 - 9 , t h e hor n  n oise  ap p lies  t o t rack se g me n t s w ith in  ¼ mile of 

t h e grade cro ssin g . 

E st i m ate Proj ec t N oi se E xpo su re at 5 0 ft 

Us in g t h e t rain  volu me s fr o m Part  1  an d t h e in f or mat ion  in Tab le 4 - 9 an d Tab le 4 - 1 0 , det er min e t h e day 

an d n igh t t ime L eq(1hr) f ro m sou n din g t h e h or n s at  5 0  ft . 

ഽ෦ෳුැ෱෴෰෵ ൛ ൄശഽ෴෧෨ ൔ ංඁ ඝච඘(േ෦) ൕ ඄ආෳඇ 
൛ ංංඁ ൔ ංඁ ඝච඘(ඃෳඉ) ൕ ඄ආෳඇ 
൛ ඈඉෳඊ⁡൏ള A 
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Project Level 

Ldn 

Onset of Moderate 

Impact 

Distance 

Onset of Severe 

Impact 

Distance 

64 dBA 120 ft 51 ft 



  

  

 
 

 
 

        

 

  

  

ഽ෰ෳුැ෱෴෰෵ ൛ ൄശഽ෴෧෨ ൔ ංඁ ඝච඘(േ෰) ൕ ඄ආෳඇ 
൛ ංංඁ ൔ ංඁ ඝච඘(ඁෳඈ) ൕ ඄ආෳඇ 
൛ ඈඃෳඊ⁡൏ളല 

C a lc u l a t e t h e L dn a t  5 0 f t  f ro m t ra in  h or n s u sin g E q . 4 - 9 : 

ഽ෦෰ෳුැ෱෴෰෵ ൛ ංඁඝච඘⁡(ංආ ൗ ංඁ(
ුෞෳ෌෈෩෬෨෭ 

ൄൃ൦ ) ൔ ඊ ൗ ංඁ(
(ු෨ෳ෌෈෩෬෨෭്ൄൃ) 

ൄൃ൦ ))- 1 3 .8

൛ ඉං⁡൏ളല 

 

 

   

 

 

  

 

   

    

  

 

 

 

 

 

 

  

 
  

  

  

 
 

   

൛ අඊෳ඄⁡൏ളല 

Calcu l at e L dn at  5 0  ft . f ro m t h e w arn in g b ells u sin g E q . 4 - 1 7 : 
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At - gra de st re et  cro ssin gs w il l h ave w arn in g  b ells, t yp ic all y s ou n din g fo r 2 0  secon ds fo r e v er y t rain  p assb y. 

Th e t ot al d a yt ime an d n i gh t t ime du rat ion s are  as fo l low s: 

= a ver a ge da yt ime h ou rly du rat ion 

=2 0  secon ds X 2 .8 t ra in s/h ou r = 5 6  se con ds /h ou r 
ശ෦ 

= a ver a ge n i gh t t ime h ou rly du rat ion 

=2 0  secon ds X 0 .7  t ra in s/h ou r = 1 4  secon ds /h ou r 
ശ෰ 

Fro m Tab le 4 - 1 4 : 

ഽ෦ෳෟ්෧෮෮ ൛ ൄശഽ෴෧෨ ൔ ංඁ ඝච඘( 
ശ෦ 

඄ඇඁඁ
) ൕ ඄ආෳඇ 

൛ ංඁඊ ൔ ංඁ ඝච඘( 
ආඇ 
඄ඇඁඁ

) ൕ ඄ආෳඇ 
൛ ආආෳ඄⁡൏ളല 

ഽ෰ෳෟ්෧෮෮ ൛ ൄശഽ෴෧෨ ൔ ංඁ ඝච඘( 
ശ෰ 

඄ඇඁඁ
) ൕ ඄ආෳඇ 

൛ ංඁඊ ൔ ංඁ ඝච඘( 
ංඅ 
඄ඇඁඁ

) ൕ ඄ආෳඇ 

ഽ෦෰ෳෟ්෧෮෮

൛ ංඁඝච඘⁡(ංආ ൗ ංඁ(
ුෞෳ෗ෂෟ෦෦ 

ൄൃ൦ ) ൔ ඊ ൗ ංඁ(
(ු෨ෳ෗ෂෟ෦෦്ൄൃ) 

ൄൃ൦ ))- 1 3 .8

൛ ආඈෳ඄⁡൏ളല 

Co mp are d t o h or n  b low in g, t h e crossin g si gn al w arn in g b el l n oise  is n egli gib le , b u t  st ill m u st  b e in clu ded in  t h e 

evalu at ion . 

E st i m ate  Ex i st i ng Noi se E xpo su re 

Fro m P art  1 , t h e e x istin g n oise  level is  6 0  dB A. 

D et erm i ne Noi se Level  a n d D i st anc e f or t he O n set O f Im pac t 

As in  P art  1 , t h e e x istin g n ois e level (6 0  dB A) is u se d t o de t er min e t h e o n se t  of  moderat e an d s ever e 

i mp act s: 

E xi st i ng 

Noi se 

L dn 

O nse t of Mo derate 

I m pac t 

L dn 

O nset of Se vere I m p ac t 

L dn 

6 0  dB A 5 8  dB A 6 4  dB A 
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𝐿𝑛.𝐿𝐻𝑜𝑟𝑛𝑠 = 𝑆𝐸𝐿𝑟𝑒𝑓 + 10 log(𝑉𝑛) − 35.6

= 110 + 10 log(0.7) − 35.6 

= 72.9⁡𝑑𝐵𝐴 

Calculate the Ldn at 50 ft from train horns using Eq. 4-9 : 

𝐿𝑑𝑛.𝐿𝐻𝑜𝑟𝑛𝑠 = 10log⁡(15 × 10(
𝐿𝑑.𝐿𝐻𝑜𝑟𝑛𝑠⁄10) + 9 × 10(

(𝐿𝑛.𝐿𝐻𝑜𝑟𝑛𝑠+10)⁄10))-13.8

= 81⁡𝑑𝐵𝐴 



 

 

   

 

     

   

 

 

  

  

     

 

 

  

     

Mo der at e imp act  (5 8 dB A) 

ආඉ ൕ (ඉං ൕ ඇ) ൛ ⁡ ൕංඈ⁡൏ള 
Ac cor din g t o Fi gu re 4 - 6 , t h e dist an ce corr e ct ion  is ap p ro x imat ely - 1 7  dB at  7 1 5 f t .  

Sever e I mp act  (6 4  dB A) 

ඇඅ ൕ (ඉං ൕ ඇ) ൛ ⁡ ൕංං⁡൏ള 
Ac cor din g t o Fi gu re 4 - 6 , t h e dist an ce corr e ct ion  is ap p ro x imat ely - 1 1  dB at  2 6 5 f t .  
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Det er min e t h e d istan ce f ro m t h e p ro ject  n oise  sou rces t o t h e imp act  con t ou rs u sin g t h e f ix ed - gu idew ay 

cu rve in Fi gu re 4 - 6 (o r t h e e qu at ion s in Tab le 4 - 1 5 ) an d t h e p ro ject  imp a ct  t h re sh olds ob t ain ed ab o ve. Th e 

p ro ject  n oise  at  5 0 f t  is ap p ro x imat ely 8 1  dB A. H ow ever , t h er e are  at  le ast  t w o in t er ven in g row s of 

b u ildin gs, wh i ch  w ill p ro vide 6  dB  (4 .5  dB  fo r t h e f irst  row  a n d 1 .5  dB  fo r t h e se con d row ) o f  sh ieldin g . 

Pr oj ec t  Level 

L dn 

O n set of Mo derate 

I m pac t 

D i st anc e 

O nset of Se vere 

I m pac t 

D i st anc e 

8 1  dB A 7 1 5  f t  2 6 5  f t  

D raw N oi se I m pac t  C ont our s 

Co n t ou rs can  b e draw n  as  in Part  1 f or  ¼ mile o n  eit h er  si de o f  t h e gra de cross in g . 

E x ample  4 -2  Ge ne r al N oise Asses sme n t – Highw ay /T r ansit  

Gene ral  N oi se A s se ssm e n t  Ex am pl e of Hi g hwa y/T r a nsi t Co rri d or Pr oj ec t s 

Th is ex amp le il lu st rat es a h i gh w ay/t r an sit p ro ject  w h er e t h e h igh w ay n oise  dom in at es  an d  t h e FH WA 

asse ssme n t  met h ods sh ou ld b e u se d t o in f or m t h e FTA p ro ces s a ccor din g t o t h e imp act cri t er ia in  Section 4 .1 . 

Case 1 :  Hi g hway  D om i nat es 

A n ew L RT s y st em  is p l a n n ed f o r  t h e me dian o f  a ma jor h i g h w a y t h at carr ies h eav y t r af f ic b ot h  day an d n igh t . 

Th e n oise levels at  t h e f i r s t  ro w of  h ou se s alon g t h e h igh w a y w er e m easu re d du rin g p eak h ou r, mid - d a y an d 

n igh t t ime w ith h ou r l y L e q (1hr) re adin g s of 6 5  dB A, 6 3  dB A , a n d  6 0  d B A, re sp ect ive l y . Th e L RT t racks w i ll b e  1 2 5  

f t  f r o m t h e f irst r o w  o f h ou se s. Th e L RT op er a t ion s du rin g p eak h ou r w ill b e  4 - car t rain s at 4 5 m p h ,  w ith 5 -

m in u t e h eadw a y s in b o t h dire ct ion s. Nigh t t ime se r vi ce decr e as e s  t o 2 - car t rain s an d 2 0  m in u t e h eadw a y s .  

FTA i s p ro vi din g a sh are  of  t h e f u n din g fo r t h e L RT p ro ject ,  b u t  t h e St at e DOT an d t h e FH WA are  co - lea d 

agen cies  b ecau se  t h e me d ian re q u ires con sider ab le p re p ar a t ion  fo r t h e t rack s, in clu d in g r ep lacin g  b rid ge p iers o f 

st re et  cro ssin gs an d mo vin g s ome  h igh w ay  lan es . 

Ass um pt i o ns 

= 8 2 dB A  
ിd = 4  c ars p er  t rain  

ി൙ = 2  c ars p er  t rain  
ൄ = 4 5  mp h  
േ෦

ൄശഽ෴෧෨ 

= 2 4  t rain s p er  h ou r  
േ = 6  t rain s p er  h ou r  ෰ 

E st i m ate Proj ec t N oi se E xpo su re at 5 0 ft 

Us e Tab le 4 - 9 an d Tab le 4 - 1 0  t o det er min e t h e p eak h ou r L eq(1hr) f o r  t h e r ail veh i cles. 

Us e E q . 4 - 3 t o calcu l at e t h e LRT p eak - h ou r n o ise level . 
ෛ 

ഽ෦ෳේ෋෣෴෵(൓) ൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(ി෥෣෴෵) ൔ ඃඁඝච඘⁡( ) ൔ ංඁ ൗ൚൒(േ) ൕ ඄ආෳඇ 
ൈൃ

අආ 
൛ ඉඃ ൔ ංඁ ൗ൚൒(අ) ൔ ඃඁඝච඘⁡( ) ൔ ංඁ ൗ൚൒(ඃඅ) ൕ ඄ආෳඇ 

ආඁ
൛ ඇආ dB A at  5 0  ft 
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Us e E q . 4 - 3 t o calcu l at e t h e LRT l at e e ven in g h ou rly n o ise l evel. 

ഽ෰ෳේ෋෣෴෵(൓) ൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(ി෥෣෴෵) ൔ ඃඁඝච඘⁡( ෛ
ൈൃ
) ൔ ංඁ ൗ൚൒(േ) ൕ ඄ආෳඇ 

൛ ඉඃ ൔ ංඁ ൗ൚൒(ඃ) ൔ ඃඁඝච඘⁡( 
අආ 
ආඁ
) ൔ ංඁ ൗ൚൒(ඇ) ൕ ඄ආෳඇ 

൛ ආඇ dB A at  5 0  ft 

E st i m ate Proj ec t N oi se E xpo su re at 1 25  ft 

Sin ce t h e L RT t ra cks  w il l b e 1 2 5 f t  f ro m t h e f irst  row  of  h ou se s, u se Figu re 4 - 6 t o det er min e t h e level at 

1 2 5  f t . 

At  1 2 5  ft , t h e dist an ce corr ec t ion  is 5  dB . 

Peak h ou r: 

ඇආ ൕ ආ ൛ ⁡ඇඁ⁡൏ളല⁡ൌൟ⁡ංඃආ⁡൑ൟ 
Nigh t h ou rly: 

ආඇ ൕ ආ ൛ ⁡ආං⁡൏ളല⁡ൌൟ⁡ංඃආ⁡൑ൟ 
I n  t h is case , t h e h igh w a y do mi n at es  t h e n oise  en viron me n t  in  t h e are a b ot h  day an d n i gh t ,  b y 5 dB  du rin g 

p eak h ou r an d 9 dB at  n igh t . Ac cor din g t o Section 4 .1 an d Tab le 4 - 2 , u se  t h e FH WA ass es sme n t  met h ods . 

E x ample  4 -3  Ge ne r al N oise Asses sme n t – BRT Syste m 

Gene ral  N oi se A s se ssm e n t  for a  BRT Sy st em  i n a n E xi st i ng Rai l roa d Ri g ht - of - W a y 

Th is ex amp le fo r a simp le B R T p ro ject  il lu st rat e s u sin g t h e FTA p ro ce du re s f or  a n ew  BR T cor ri dor p lan n ed in 

an  ex istin g ab an don ed ra ilro a d R OW . 

Ass um pt i o ns 

= 8 2  fo r b u se s  
ൄ = 2 5  mp h  
േ෦

ൄശഽ෴෧෨ 

= (3 4 4  b u se s) / (1 5 h ou rs)  = 22 .9  b u se s p er  h ou r 

േ෰ = (1 1 6  b u se s) / (9  h ou rs)  = 1 2.9  b u se s p er  h ou r 

E st i m ate Proj ec t N oi se E xpo su re 

U s e t h e in f or mat ion  an d eq u a t ion s in Tab le 4 - 1 2  t o cal cu lat e t h e dayt ime an d n i gh t t ime L eq(1hr) at  5 0 f t . 

= 1 5  fo r b u se sഴෛ 
ൄ 

൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(േ෦) ൔ ഴෛඝච඘⁡( ) ൕ ඄ආෳඇഽ෦ෳ්෷෵ ආඁ

ඃආ 
൛ ඉඃ ൔ ංඁ ൗ൚൒(ඃඃෳඊ) ൔ ංආൗ൚൒( ) ൕ ඄ආෳඇ 

ආඁ
൛ ආආ dB A at  5 0  ft 

ൄ 
൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(േ෰) ൔ ഴෛඝච඘⁡( ) ൕ ඄ආෳඇഽ෰ෳ්෷෵ ආඁ

ඃආ 
൛ ඉඃ ൔ ංඁ ൗ൚൒(ංඃෳඊ) ൔ ංආൗ൚൒( ) ൕ ඄ආෳඇ 

ආඁ
൛ ආ඄⁡dB A at  5 0  ft 

Calcu l at e L dn at  5 0 f t  f or  t h e pro ject  u sin g E q . 4 - 1 3 . 

ഽ෦෰ෳ්෷෵ ൛ ංඁඝච඘⁡(ංආ ൗ ංඁ(
ුෞෳෂ෯෭ 

ൄൃ൦ ) ൔ ඊ ൗ ංඁ(
(ු෨ෳෂ෯෭്ൄൃ) 

ൄൃ൦ )) ൕ ං඄ෳඉ
൛ ඇඁ dB A at  5 0  ft 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

E st i m ate  Ex i st i ng Noi se E xpo su re 

Th e su rr ou n din g are a  is re si d en t ial w ith  2 ,5 0 0  p eo p le p er  sq u are  mile st art in g ap p ro x ima t ely 1 0 0  ft  aw ay 

f ro m t h e p ro p ose d align me n t . Det er min e t h e e x istin g n oise u sin g Tab le 4 - 1 7 . 

L dn = 5 0  dB A 

D et erm i ne Noi se Level a n d d I st anc e f or t he O n set o f I m pac t 

Det er min e t h e n oise  level fo r t h e o n se t  of  moderat e an d se ver e imp a ct  u sin g Fi gu re 4 - 2 a n d t h e e x istin g 

n oise  level of  5 0  dB A. No t e t h at  t h is p ro ject  is l an d u se  c at egory 2 an d t h e ap p ro p riat e me t ric is L dn . 

E xi st i ng 

Noi se 
L dn 

O nset of Mo derate  I m p ac t 
L dn 

O nset of Se vere 

I m pac t 
L dn 

5 0  dB A 5 4  dB A 5 9  dB A 

Det er min e t h e dist an ce t o t h e n oise  imp act con t ou rs u sin g t h e f ix ed - gu idew a y & h i gh w ay cu rve in Fi gu re 

4 - 6 (o r t h e e qu at ion s in Tab le 4 - 1 5 ) an d t h e p ro ject  imp act t h re sh olds ob t ain ed ab ove.  T h e p ro ject  n oise

level at  5 0  ft  is ap p ro x imat ely 6 0  dB A.

Mo der at e imp act  (5 4 dB A) 

ආඅ ൕ ඇඁ ൛ ⁡ ൕඇ⁡൏ള 
Ac cor din g t o Fi gu re 4 - 6 , t h e dist an ce corr e ct ion  is ap p ro x imat ely - 6 dB  at  1 2 5  ft . 

Sever e I mp act  (5 9 dB A) 

ආඊ ൕ ඇඁ ൛ ⁡ ൕං⁡൏ള 
Ac cor din g t o Fi gu re 4 - 6 , t h e dist an ce corr e ct ion  is less t h an - 1 dB at ap p ro x imat ely 6 0 f t . 

Pr oj ec t  Level 
L dn 

O nset of Mo derate 

I m pac t 
D is ta nce 

O nset of Se vere I m p ac t 
D is ta nce 

6 0  dB A 1 2 5 f t  6 0  f t  

I nvent or y of  Noi se I m pac t 

Sin ce t h er e a re  re siden t i al l an d u se s ap p ro x imat el y 1 0 0  ft  aw ay fr om t h e p ro p ose d a lign me n t  an d t h e o n se t 

o f  m oderate i mp act  i s at 1 2 5 f t , t h er e are p oss ib le moder at e imp act s t o t h e r es iden ces . 

Noi se Mi t i gati on 

A b ar rier is p ro p ose d fo r mit i gat ion b et w ee n  t h e B RT syst em  an d t h e r es i den ces . Th e an alys is is re p eate d 

an d re su lt s in  a  p r edict e d n ew p ro ject level of  5 5  dB A an d t h e f ollow in g imp a ct  d istan ces : 

Mi t i gate d P roj ec t 

Level 
L dn 

O nset of Mo derate 

I m pac t 
Distan c e 

O nset of Se vere I m p ac t 
Distan c e 

5 5  dB A 6 0  f t  N/A 

Wi t h a n oise  b arr ier in  p l ace b et w ee n  th e B RT syst em  an d t h e r es iden ces , it is p re d ict ed t h at  t h e o n se t  of 

m oderate i mp act  w ou l d oc cu r ap p ro x imat ely 6 0 f t  aw ay fr om t h e B RT syst em . Sin ce t h e  re siden t ial  are a 

b egin s ap p ro x imat ely  1 0 0  ft  aw ay fr om t h e B RT  syst em ,  w h ich  is b eyon d t h e d istan ce o f m oderate i mp act 

(6 0 f t ), a n oise  b arr ier w ou ld p ro vide t h e ap p ro p riat e n oise  mitig at ion  fo r t h e p re dict ed m oderate i mp act . 

Th e o n se t  of s ever e i mp act is list ed a s N/ A b ec au se w ith  a n oise  b arr ier, t h e s ever e i mp a c t  crit e rion  is n ot 

ex cee ded b y t h e p ro ject . 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

E x ample  4 - 4  Ge ne r al N oise Asses sme n t – T ran sit Cente r 

Gene ral  N oi se A s se ssm e n t  for a  T ra nsi t  Ce nt er 

Th e f ollow in g ex amp le illu st ra t es  t h e p ro cedu re  fo r p er f ormin g a Gen er a l No ise Asse ss me n t f or  a st at ion ar y 

sou rce. Th e e x amp le re p re se n t s a t yp ic al FT A - assist ed p ro j ect  in  an  u rb an  are a, t h e sit in g  of  a b u sy t ran sit 

cen t er  in  a mix ed comme r ci al  an d re si den t ial are a , as  sh ow n  in Figu re 4 - 8 . 

Assu me  t h at  t h e No ise Scre e n in g Pro ce du re h as a lrea dy b e en  don e f or  t h is p ro je ct  an d t h e n earest  re siden ce 

h as b ee n  iden t ified ap p ro x ima t ely 1 4 0  ft  fr om t h e cen t er  of t h e p ro p ose d t ran sit c en t er . Reca ll t h at  if an y 

re siden t ial or  ot h er  n oise - se n sitive l an d u se  is iden t ified w ith in  1 5 0  ft  of  a t ran sit c en t er d u rin g t h e No ise 

Scre en in g Pro cedu re , ad dition al an al ysis is  re q u ired. 

Ass um pt i o ns 

 Mai n Stree t  T raf fi c

Peak h ou r t raf f ic of  1 2 0 0  au t os, 2 0  h eavy t ru cks ,  3 0 0  mediu m t ru cks .

 Po pul ati o n D en si t y

1 2  h ou se s p er b lock , sin gle f a mily h ome s , 3  p eo p le p er  fami ly.

o B lock are a 7 8 ,7 5 0  sq u are f t .

o Pop u lat ion  den sity = 9 ,7 5 0  p eo p le/sq u are  mile.

 Bus T raffi c

Peri o d Ho urs 
Buse s per 

Ho ur 

Peak, Mor n in g 7 a.m. – 9 a .m. 3 0  

Peak, Af t er n oo n 4 p .m. – 6 p .m. 3 0  

Mid - d ay 9 a.m. – 4 p .m. 1 5  

E ven in g 6 p .m. – 1 0  p .m. 1 2  

E arly Mo rn in g  (N igh t ) 6 a.m. – 7 a .m. 1 5  

L at e N igh t 1 0  p .m. – 1 a.m. 4 

E st i m ate Proj ec t N oi se E xpo su re at 5 0 ft 

Det er min e t h e h ou rly volu me  of b u se s du rin g d ay an d n i gh t . 

Da yt ime (7 a .m. – 1 0  p .m. ) 

േ෦ ൛ 
ඃඈ඄⁡്ൠ൞൐൞

ංආ⁡൓൚ൠ൝൞ 
൛ ංඉෳඃ⁡്ൠ൞൐൞ഏ൓൚ൠ൝ 

Nigh t t ime (1 0 p .m. – 7 a.m . ) 

േ෰ ൛ 
ඃඈ⁡്ൠ൞൐൞

ඊ⁡൓൚ൠ൝൞ 
൛ ඄⁡്ൠ൞൐൞ഏ൓൚ൠ൝ 

Calcu l at e t h e da yt ime an d n ig h t t ime L eq(1hr) at  5 0  ft f or  t h e bu s t ran sit cen t er u sin g t h e re f er en ce levels in 

Tab le 4 - 1 3  an d t h e e q u at ion s in Tab le 4 - 1 4 . 

ഽ෦ෳ්ො෋෧෰෶෧෴ ൛ ൄശഽ෴෧෨ ൔ ഴූ ൕ ඄ආෳඇ 

൛ ංඁං ൔ ංඁඝච඘⁡( 
ංඉෳඃ 
ඃඁ 

) ൕ ඄ආෳඇ 
൛ ඇආ⁡൏ളല at  5 0  ft 

ഽ෰ෳ්ො෋෧෰෶෧෴ ൛ ൄശഽ෴෧෨ ൔ ഴූ ൕ ඄ආෳඇ 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

඄ 
൛ ංඁං ൔ ංඁඝච඘⁡(⁡ ) ൕ ඄ආෳඇ 

ඃඁ
൛ ආඈ⁡൏ള A at  5 0  ft 

Calcu l at e L dn at  5 0  ft  fo r t h e pro ject u sin g E q . 4 - 1 7 . 
ුෞෳෂුසෟ෨෮ෟ෬ (ු෨ෳෂුසෟ෨෮ෟ෬്ൄൃ) 

൛ ංඁඝච඘⁡(ංආ ൗ ංඁ( ൄൃ) ൔ ඊ ൗ ංඁ( ൄൃ)) - 1 3 .8ഽ෦෰ෳ්ො෋෧෰෶෧෴ 
൦ ൦ 

൛ ඇඇ⁡൏ളല at  5 0  ft 

E st i m ate  Ex i st i ng Noi se E xpo su re 

E st imat e e x istin g n oise  at  n ois e - se n sitive sit es  fr om t h e dom in an t  n oise  sou rce, an d eit h er  major ro adw ays 

or  loca l st re et s (p op u lat ion  d en sity). 

Roa dwa y N oi se E st i m ate – Th e t raf f ic on  Ma in  St re et  q u alif ies t h is str ee t  fo r t h e Oth er  Roadw ay 
cat egor y in T ab le 4 - 1 7 . Ac cor din g t o t h e map , t h e n earest  r es iden ce is 2 7 5  ft  fr om t h e e dge o f  Ma in 

St re et . Th e t ab le sh ow s ex istin g L dn = 5 5  dB A at  t h is di st an ce f or  re p re se n t at ive b u sy cit y st re et  t raf f ic. 

Po pul ati o n D en si t y N oi se E st i m ate – N oise  fr om loc al  st re et s is est imat ed fro m  t h e p op u lat ion 

den sity of 9 ,7 5 0  p eo p le/sq u are  mile. Tab le 4 - 1 7  con f irms t h at  t h e L dn is ap p ro x imat ely 5 5 dB A . 

I n  t h is ex amp le, t h e e x istin g n oise  level b y b ot h  t h e r oadw a y an d  p op u lat ion  den sity est i mat es  are  t h e sa me , 

b u t  t h at  is n ot  always t h e c ase . I f  t h e levels are diff er en t , u se  t h e low er n oise  level. Th e e x istin g n oise  le vel 

asso ci at ed w ith  t h e r es iden t ial  n eigh b or h oo d in  t h is ex amp l e is L dn = 5 5  dB A . 

D et erm i ne Noi se Level a n d D i st anc e f or t he O n set of I m pac t 

Det er min e t h e n oise  level f or t h e o n se t  of  moderat e an d se ver e imp a ct  u sin g Fi gu re 4 - 2 a n d t h e e x istin g 

n oise  level of  5 5  dB A. No t e t h at  t h is p ro ject  is l an d u se  c at egory 2 an d t h e ap p ro p riat e me t ric is L dn . 

E xi st i ng Noi se 
L dn 

O nset of Mo derate 

I m pac t 
L dn 

O nset of Se vere 

I m pac t 
L dn 

5 5  dB A 5 6  dB A 6 2  dB A 

D et er min e t h e dist an ces  fr om  t h e cen t er  of  t h e p rop er t y t o t h e n oise  imp act  con t ou rs u sin g t h e st at ion ary 

cu rve in Fi gu re 4 - 6 . T h e p ro ject  n oise  level  at  5 0  ft is 6 6  dB A. 

Mo der at e imp act  (5 6 dB A) 

ආඇ ൕ ඇඇ ൛ ⁡ ൕංඁ⁡൏ള 
Ac cor din g t o Fi gu re 4 - 6 , t h e dist an ce corr e ct ion  is ap p ro x imat ely - 1 0  dB at  1 2 5  f t . 

Sever e i mp a ct  (6 2 dB A) 

ඇඃ ൕ ඇඇ ൛ ⁡ ൕඅ⁡൏ള 
Ac cor din g t o Fi gu re 4 - 6 , t h e dist a n ce corr e ct ion  is - 4  dB at ap p ro x imat ely 7 0  f t . 

Pr oj ec t Noi se 
L dn 

O nset of Mo de rat e 

I m pac t 
D is ta nce 

O nset of Se vere 

I m pac t 
D is ta nce 

6 6  dB A 1 2 5  f t  7 0  f t  

D raw N oi se I m pac t  C ont our s 

Draw  l in es at 7 0  f t  an d 1 2 5 f t  fr om t h e cen t er  of  t h e p rop ert y of  t h e p ro p ose d t ran sit c en t er . Th es e lin es 

re p re se n t  t he n oise  imp act  co n t ou rs . ( No t e t h a t in Figu re 4 - 8 t h e s ever e i mp act  con t ou r is n ot  draw n f or 

clar ity . Th e con t ou r is ju st  w ith in  t h e dash ed lin e r ep re se n t in g t h e m oderate i mp act con t ou r af t er 

mitig at ion ) . 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

I nvent or y of  Noi se I m pac t 

With in , or  t ou ch in g,  t h e con t ou r def in in g m oder at e i mp a ct are  t h re e r es iden t ial  b u ildin g s  (sh aded in Figu re 

4 - 8 ) .  No  re siden ces  are  w ith in  t h e s ever e i mp act  con t ou r.

Noi se Mi t i gati on 

Th e p ro ces s is rep eate d w ith  a h yp ot h et ical n oise  b arr ier at  t h e p ro p er t y lin e o n  t h e r es iden t ial si de o f  t h e 

t ran sit c en t er . Th is w ou ld con sist  of  a w all ap p ro x imat ely 1 5  ft  h igh  p art iall y en clos in g t h e t ran sit cen t er , 

su f f icien t  t o scree n  t h e r es iden ces  b u t  n ot  t he comme rci al b lock f ac in g M ain  St re et . A cco rdin g t o T ab le 

4 - 1 4 , t h e ap p rox imat e n oise  b arr ier e f f ect  is - 5 dB . Rep eatin g t h e p ro cedu re  ab ove,  t h e n oise  b arr ier w il l

re du ce t h e m oderate i mp act con t ou r t o 8 0  f t  an d t h e s ever e i mp act con t ou r t o 4 5  ft (not e t h at  at  5 0  ft  t h e

distan ce cor re ct ion  is  0 ) , w h ic h  in  t h is ex amp le elimin at es al l p ot en t ial imp a ct s on  t h e r es iden ces .

Fi gure 4 - 8 E xam pl e of Pr o j ec t  for Ge neral N oi se A ss essm e nt :  
Si t i ng of Tr an si t  Cent er i n Mi xe d C om m erc i al /Resi d enti al  Area  

4. 5 Evaluate I mpact: D etailed Noise Analys is 

Eval u ate fo r impact u sin g th e Detailed No ise An alysis p rocedu re in 

th is sectio n, if app r op riate. For guidelines on when t he Det ailed No ise 

Analysis is appropriat e, review Sect ion 4.2. 

T he st eps in t he Det ailed No ise Analysis ( Figure 4- 9) parallel t he st eps in the 

General No ise Assessment , t hough t he Det ailed Noise Analysis employs 

equat ions for comput at ion s rat her t han graphs or t ables. E ach st ep in t he 

Det ailed No ise Analysis is mo re refined in t he prediction of project noise and 

subsequent evaluat ion of mitigat ion measures. No ise project ions from t he 

project must be det ermined for each rece iver. 

 S tep 1: I d en tify N o ise -Sen sitive Rece ive rs

Ident ify t he noise- sensitive receivers of interest in t he impact analysis st udy,

including clust ering noise - sensitive areas. T his ident ificat ion is usually based
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

on t he Screening Procedure and General Nois e Assessment previously 

cond uct ed. 

 S tep 2: De termin e Project N o ise S ou rce Referen ce L evel s

Det ermine t he project noise sources and reference levels. T hen, est imat e

t he project noise exposure at t he reference dist ance of 50 ft , considering

operat ional charact erist ics . When appropriat e, measurement s may be used

t o det ermine noise source reference levels.

 S tep 3: De termin e Prop agation Ch aracteristics

Est imat e project noise exposure as a funct ion of dist ance, account ing for

shielding and propagat ion along th e pat h .

 S tep 4: Co mb ine N oise Exp o su re from All S ou rces

Combine all sources t o predict the t ot al project noise at receivers.

 S tep 5: De termin e Exi stin g N oise Expo su re

Det ermine t he exist ing noise exposure. Measurements are used t o

det ermine t he exist ing noise exposure. When measurement s are

unavailable, a simplified procedure to est imate exist ing noise exposure may

be used wit h a clear just ificat ion t o and approval by t he FT A R egional o ffice.

 S tep 6: Assess N o ise I mp act

Assess t he noise impact at each receiver of int erest using separat e

proc ed ures for t ransit only and mult imod al t ransportat ion project s.

 S tep 7: De termin e N o ise Mitigation Measures

Evaluat e the need for mit igat ion and repeat t he Det ailed Noise Analysis wit h

propo sed mit igat ion.

When sit uat ions arise t hat are not explicitly covered in t he Det ailed No ise 

Analysis, professional judgment , in consult at ion wit h t he FT A R egional office, 

may be used t o ext end t hese met hod s t o cover t hese unique cases, when 

appropriat e. Appendix G provides inform at ion on developing and using non -

st andard mod eling procedures. 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

Fi gure 4 - 9 Pr oc edu re f or D et ai l ed Noi se A nal ysi s 

Step  1 : Ide ntify Noi se -Sensiti ve Rece ive rs 

Select the noise-sensitive receivers of interest, the number of which will depend upon 

the land use in the vicinity of the proposed project and the extent of the study area 

defined by the Noise Screening Procedure in Section 4.3 and the results of the General 

Noise Assessment in Section 4.4. 

T he st eps in ident ifying the noise- sensitive receivers of interest , bot h t he 

number of receivers needed and t heir locat ions, shown in Figure 4- 10, include: 

1 a . Ident ify all noise- sensitive land uses. 

1 b . Select individual receivers of int erest . 

1 c . Clust er residential neighborhoods and ot her large noise - sensitive areas. 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

Fi gure 4 - 1 0  Gui de t o Sel ec t i ng Noi se - Se nsi t i ve Rec ei vers of Inte re st 

1a . Ident ify all noise- sensitive land  uses where impact is identified by t he 

General No ise Assessment in Sect ion 4.4. If a General No ise Assessment has 

not been do ne, include all noise- sensitive sites according t o the No ise Screening 

Procedure in Sect ion 4.3. In areas where ambient noise is low, include land uses 

t hat are fart her from t he propo sed project t han for areas wit h higher ambient 

levels. 

R ecommended mat erials and met hods that can assist in locat ing noise - sensitive 

land uses near t he propo sed project include: 

 L and u se map s prepared by regional or local planning agencies or by t he

project st aff . Area- wide maps oft en do not have sufficient det ail t o be of

much use. But they can provide broad guidance and may suggest residential

pockets hidden wit hin ot herwise com mercial zones. Of mo re use are

project - specific maps t hat provide building- by- building det ail on t he land

near t he propo sed project .

 Ro ad an d town map s can sup plement other maps, are generally mo re up -

t o -date, and may be of larger scale.

 Ae rial pho to graph s ,  when current , especially t hose of 400 - ft scale or

bet t er, are valuable in locating all pot ent ial noise - sensit ive land uses close t o

t he propo sed project . In addit ion, t hey can be useful in det ermining the

dist ances bet ween receivers and t he project .

 Win d sh ie ld su rvey , in which t he corridor is driven and land uses are

annot ated on base maps, may be used for d efinit ive ident ificat ion of noise -

sensitive sites . The windshield survey, supplement ed by foot work where

needed, is especially useful in identifying newly- const ruct ed sites and in

confirming land uses very close to t he propo sed project . In addit ion, maps

and aerial phot os t ypically reveal only horizont al d ist ances, not vert ical

dist ances. Houses on a hill overloo king t he project may need a barrier of

unaccept able height for it s at t enuat ion t o be effect ive, and t he great er

vert ical dist ance bet ween source and receiver may eliminat e t he impact

ent irely. T he windshield survey would reveal where vert ical contour maps
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or ot her means may be needed so that vert ical dist ances can be 

det ermined . 

 G e o grap h ic In fo rmation S ystems (GIS ) provides elect ronic m apping

needed for ident ifying noise- sensitive land uses. GIS dat a may include land

parcels, building st ruct ures, aerial phot ography , and project - specific

information. These dat a may be obt ained during t he project study or from

local or regional agencies that store and maint ain GIS data. Using elect ronic

GIS d at a has ad vant ages over paper mapping wit h respect to aut omating t he

process of ident ifying noise- sensitive land uses and accurat ely being able to

det ermine t heir dist ances to the project alignment

T able 4- 18 cont ains t hree types of land uses of interest and pro vides guidelines as 

t o when receivers should be analyzed individually and when they can be 

clust ered . 

T abl e 4 - 1 8  Lan d Use s of I nt erest 

Lan d U se s Spec i fi c  Use Sel ec t i ng Rec ei vers 

Residen ces I solat ed sin gle fa mil y re si den c es 

Ne igh b or h oo ds (sin gle an d 

mu lti - f amil y re si den ces , 

ap art me n t  b u ildin gs , du p lex es , 

et c.) 

Sele ct  ea ch  isol at ed res i den ce as a re cei ver  of  in t er es t . 

Fo r re siden t ial  are as, clu st er  b y p ro x imit y t o p ro ject 

sou rces, p ro x imit y t o amb ien t - n oise  sou rces, an d  loc at ion 

alon g p ro je ct  lin e. Ch oo se  on e r eceiver  of in t er es t 

( close st  t o t h e p ro ject  n oise  sou rce an d at  an 

in t er me diat e d is t an ce f ro m  t h e p re domin an t  sou rces of 

ex istin g n oise ) in  each clu st er (i.e., B alan ce t h e dist an ce 

b et w ee n  th e r eceiver  an d  t h e n ew  n oise  sou rce an d t h e 

re ceiver an d t h e e x istin g n ois e so u rce). Mu ltip le clu st er s 

in  on e locat ion  m ay b e n ee de d t o f u lly ch ar ac t er ize  t h e 

are a. 

I n doo r n oise - Pla ces  of  w or sh ip Sele ct  n oise - se n sitive b u il din g s as se p ar at e r ecei ver s of 

se n sitive sit es Sch oo ls H osp itals /n u rsin g 

h ome s L ib raries 

Pu b lic mee t in g  h alls 

Co n cer t 

h alls/ au dito riu ms /t h eate rs 

Record in g/b ro a dc ast  st u dios 

Mu se u ms an d cer t a in  h isto ric 

b u ildin gs 

H ot els an d mot els 

Ot h er  p u b lic b u ildin gs w ith 

n oise - se n sitive in doo r u se 

in t er es t . 

Ou t doo r n oise - Ce rt ain  p ark s Fo r re lat i vely s ma ll n oise - se n s itive are as, se lect  n oise -

se n sitive are as H isto ric site s u se d fo r 

in t er p re t at ion 

Amp h ith eate rs 

Passi ve r ecre at ion  are as 

Ce me t er ies 

Ot h er  ou t doo r n oise - se n sitive 

are as 

se n sitive sit es  as  sep arat e r e c eiver s of  in t er es t . 

Fo r re lat i vely lar ge are as (e . g. a cem et er y , et c.) , c lu st er  b y 

p ro x imit y t o p ro ject  n oise  so u rces, p ro x imit y t o amb ien t -

n oise  sou r ces , an d  loc at ion  a l on g p ro ject  lin e. Ch oo se  on e 

re ceiver  of  in t er es t  ( close st  t o t h e p ro ject  n oise  sou rce 

an d at an  in t er me di at e dist an c e f ro m t h e p re domin an t 

sou rces of  ex istin g n oise ) in  e ach  c lu st er . 
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1b . Select t he following t ypes of noise - sensitive receivers wit hin t he noise st udy 

area, per T able 4- 18, to be evaluat ed as individual receivers: 

 Every major noise- sensitive public building

 Every isolated residence

 Every relat ively small out doo r noise - sensitive area

Use judgment t o avoid analyzing noise where such analysis is obviously not 

needed. Areas t hat are considered part icularly noise - sensitive by t he 

com muni t y , but do not meet t he criteria in T able 4- 3, should be considered on 

a case - by- case basis as discussed in Sect ion 4.1 . 

1c. R esident ial neighborhood s and relat ively large outdo or noise - sensitive areas 

can oft en be clust ered, simplifying t he analysis t ha t is required without 

com prom ising t he accuracy of t he analysis. Subdivide all such 

neighborhoods/areas into clust ers of approximately uniform noise, each 

cont aining a collect ion of noise - sensitive sites. St rive to obt ain uniformit y of 

bot h project noise a nd ambient noise using t he following guidelines: 

 In general, project noise reduces ( drops off) wit h dist ance from t he project .

For t his reason, project noise uniformit y requires nearly equal dist ances

bet ween t he project noise source and all sites within the clust er. Clusters

are t ypically shaped as long narrow st rips parallel t o the t ransit corridor

and/o r circling project point sources such as maint enance facilit ies. It is

suggest ed to clust er site s where t he project noise var ies over a range of 5

d B or less.

 No t e that noise drops off approximately 3 d B per doubling of dist ance for

line sources and approximat ely 6 d B  per doubling of dist ance for point

sources over open t errain. T his reduct ion in noise will occur over a short er

dist ance in areas cont aining obstacles blocking t he path of sound

propagat ion, such as rows of buildings.

 Ambient noise usually drops off from non - project sources in t he same

manner as noise from project sources. For t his reason, clust ering for

uniform ambient noise will usually r esult in long narrow st rips parallel to

major roadways or circling major po int sources of ambient noise, such as

manufact uring facilities . It is suggest ed t o clust er site s where t he ambient

noise varies over a range of 5 d B or less. Ambient noise levels m a y be

difficult t o judge wit hout measurement s. In areas wit hout predominant

sources of noise, like highways, ambient noise can be considered t o var y

wit h population density, which is oft en uniform along t he corridor. In

situat ions where ambient noise t ends to be uniform, the clust ers can

encom pass relatively large areas.

Aft er defining clust ers, select one represent at ive receiver in each clust er. It is 

recom mended t o choo se the receiver closest t o t he project noise source and at 

an intermediat e dist ance fro m t he predom inant sources of exist ing noise. See 

Appendix D for addit ional guidance and examples on clust ering receivers, as 

well as a n example. 
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Assess each identified cluster represent at ive and individual noise - sensitive 

receiver of interest using the Det ailed No ise Analysis as present ed in the 

following steps. 

Step  2 : D e te rm ine Project No ise  S ourc e Ref e re nce  Le vels 

Identify the major project noise sources near the noise-sensitive receivers of interest, 

group them by source type, and determine reference levels to compute project noise at 

50 ft, as shown in Figure 4-11 . 

Fi gure 4 - 1 1  Fl o w D i agram  for D et erm i ni n g P roj ec t Noi se at  50 ft 

2 a .  Ident ify the major project noise sources near receivers of interest according 

t o T able 4- 19. T he right- hand column of t he t able indicat es if each source is 

considered as a major contributo r t o t he overall noise impact . Not e t hat some 

noise sources can create high noise levels but are not indicat ed as major 

cont ributor s. Although such sources are loud, t hey rarely st ay in a 

neighborhood for more t han a day or t wo; t herefore, t he overall noise 

exposure is relat ively minor. Comput at ions are required for all major noise 

sources in t his t able. 
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T abl e 4 - 1 9  So urc es  of T ra nsi t  N oi se 

Pr oj ec t  T ype Sou rc e T y pe Ac t ual  So urc e Maj or ? 

Co mmu t er  Rail 

L igh t  Rai l St re et car s 

RRT 
Fix ed - Gu i dew ay 

L ocomot ive an d r ail car  p assb ys 

H or n s an d w h istle s 

Cr oss in g si gn als 

Cr oss overs /sw it ch es 

Sq u eal on  t igh t  cu rves 

Track - main t en an ce e q u ip me n t 

Yes 

Yes 

Yes 

Yes 

Yes 

N o  

St at ion ary 
Su b s t at ion s 

Ch iller p lan t s 

Yes 

N o  

B u sw ays 

B u s Tran sit M a lls 
H igh w ay /Tr an sit 

B u s p assb ys 

B u se s p ark in g 

Yes 

N o  

St at ion ary B u se s idlin g Yes 

AG T 

Mo n or ail 

Fix ed - Gu i dew ay Veh icle p assb ys Yes 

Miscell an eo u s L in e e q u ip me n t N o  

Term in als 

St at ion s 

Tran sit C en t er s 

Fix ed - Gu i dew ay 

L ocom ot ive an d r ail car  p assb ys 

Cr oss overs /sw it ch es 

Sq u eal on  t igh t  cu rves 

Yes 

Yes 

Yes 

H igh w ay /Tr an sit 

B u s p assb ys 

B u se s p ark in g 

Au t omo b ile p assb ys 

Yes 

N o  

N o  

St at ion ary 

L ocomot ives idl in g 

B u se s idlin g 

F er ry b oat s l an din g , i dlin g , an d  dep art in g at  do ck 

H VAC e q u ip me n t 

Co olin g t ow er s 

P/A  syst em s 

Yes 

Yes 

Yes 

N o  

N o  

N o  

Park - an d - Ri de L ot s 
H igh w ay /Tr an sit 

B u s p assb ys 

B u se s idlin g 

Au t omo b ile p assb ys 

Yes 

Yes 

N o  

St at ion ary P/A  syst em s N o  

Traf f ic  Di ver sion  Pro ject s H igh w ay /Tr an sit H igh w ay veh ic le p assb ys Yes 

St or age F ac ilitie s 

Main t en an ce Fa cil itie s 

Fix ed - Gu i dew ay 

L ocomot ive an d r ail car  p assb ys 

L ocomot ives idl in g 

Sq u eal on  t igh t  cu rves 

H or n s, warn in g si gn als,  cou p li n g/ u n cou p lin g , 

au x iliar y eq u ip me n t , cro sso ve rs/ swit ch es , b rake 

sq u eal , an d air re lease 

Yes 

Yes 

Yes 

Yes 

H igh w ay /Tr an sit B u s p assb ys Yes 

St at ion ary 

B u se s idlin g 

Yard /sh op  act i vitie s 

Car wash es 

H VAC E q u ip me n t 

P/A  Syst em s 

Yes 

N o  

N o  

N o  

N o  
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2 b .  Separat e t he major noise sources by source t ype: fixed - guideway t ransit, 

highway/t ransit or st at ionary facility. N ot e t hat a major fixed - guideway syst em 

will usually have st at ionary facilities associat ed with it, and t hat a st at ionary 

facility may have highway/t ransit eleme nt s associat ed wit h it . T hen use the 

inst ruct ions in t he following source t ype opt ions below t o: 

2c. Det ermine t he source reference levels for t he all project noise sources. 

Each source reference level pert ains t o reference operat ing cond it ions for 

st at io nary sources or o ne vehicle passby under reference operat ing condit ions. 

T hese reference levels should incorporat e source -noise mit igat ion only if such 

mit igat ion will be considered for incorporat ion int o t he syst em specificat ions . 

T he source levels used in this manual are t ypical of syst ems designed according 

t o current engineering pract ice, but t hey do not include special noise cont rol 

feat ures t hat could be incorporat ed in t he specificat ions at ext ra cost . If special 

feat ures t hat result in noise reduc t ions are included in any of t he predict ions, 

t he Federal environm ent al do cument s must include a com mitment by t he 

project sponsor to ado pt such t reatment s before t he project is approved for 

construct ion. For example, if t he specificat ions include vehicle noise limit s t hat 

may not be exceeded, t hese limit s should be used t o det ermine t he reference 

level , and t his level should be used in t he analysis rat her t han t he st andard, 

t abulat ed reference level. 

2d . Convert the source reference level to noise exposur e in t erms of L e q( 1hr) or 

L d n  under project operat ing cond it ions using t he appropriat e equat ions 

depending upon the t ype of source. T he noise exposure is det ermined at t he 

reference dist ance of 50 ft . 

O p tio n A. F ixed- gu ideway S ou rces – Com put e project nois e at 50 ft for 
fixed - guideway sources as ident ified in t he second column of T able 4- 19. 

A . i .  Reference S EL L evel s

Det ermine t he reference SEL at 50 ft for each major fixed - guideway noise

source, either by measurement according to Appendix F or by referencing T able

4- 20 . T he t able provides guidance on which method is preferred for each

source t ype. T he "NO" designat ion implies t hat t he source levels given in t he

t able are appropriat e t o use in t he analysis , and t he " YES" designat ion implies

t hat measurement s are preferred over t he data given in t he t able. In general,

measurement s are preferred for source t ypes t hat vary considerably from

project t o project , including any emerging t echnolo gy sources. T he data in t he

t able are adequat e for source t ypes t hat do not vary considerably from project

t o project .

For sources where measurement s are preferred, refer t o Appendix F for 

guidance on measurement procedures and method s for conversion of t hese 

measurement s t o t he reference cond it ions of T able 4-20. For project s where 

source - noise specificat ions have been defined ( e.g., noise limit s are usually 

included in t he specificat ions for purchase of new t ransit vehicles) , t hese 

specificat ions may be used inst ead of measurement s aft er conversion t o 

reference cond itions u sing t he equat ions in Appendix F. T his is only appropriat e 

when there is a firm commitm ent to ado pt t he noise specificat ions in t he vehicle 
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procurement do cument s during t he engineering phase and t o adhere t o the 

specificat ions t hroughout the procurement , d elivery, and t est ing of t he vehicles. 

Approximate L m ax values are provided in t he t able for general user information. 

As discussed in Appendix B.1.4.2 , L m ax is not used direct ly in t he evaluat ion of 

noise impact . 

T abl e 4 - 2 0  So urc e Refe re nc e SE Ls  at 5 0 ft : Fi xe d- G ui dew a y S ourc e s at 50  m p h 

Sou rc e 
Referenc e 

SEL ,  dBA 

App roxi m ate 

L ma x , dBA 

Prefer 

Mea surem e nt s? * 

Rail  c ars 8 2  8 0  N o  

St re et cars* * 7 6  7 4  N o  

L ocomot ives – diese l 9 2  8 8  N o  

L ocomot ives – ele ct ric 9 0  8 6  N o  

Diese l mu ltip le u n it ( DMU ) 8 5  8 1  Yes 

Agt – st ee l w h ee l 8 0  7 8  Yes 

Agt – ru b b er  t ire 7 8  7 5  Yes 

Mo n or ail 8 2  8 0  Yes 

Magle v 7 2  7 0  Yes 

Tran sit c ar h or n s (e me rgen c y ) 9 3  9 0  N o  

Tran sit c ar w h istle s 8 1  7 8  N o  

L ocomot ive h or n s 

At - gra de cro ssin g 1 1 3  1 1 0  

N oFro m cro ssin g t o 1 /8  mile † 1 1 0  

Fro m 1 /8 mile t o 1 /4  m ile 1 1 0  1 1 0  
* " N o "  imp lies th at th e sour ce levels given  in  th e tab le ar e ap pr opr iate to u se in  th e an alys is an d

" Yes "  imp lies th at me asur em en ts ar e p r ef er r ed over th e data given in  th e tab le.

* * Th e r ef er en ce sp eed f or  s tr eetcar s is 25  m ph . For streetcar speeds above 25 mph, use the “Rail

Cars” reference level and 50 mph for the reference speed.

† Use th e f ollowin g eq u ation f or  l ocomotive h or n s f r om c r oss in g to 1 /8  m ile :
෌ැൄശഽේ෧෨ ൛ ංං඄ ൕ ඄ ൗ ( )
൉൉ൃ

w h er e:  
വෘ = distan ce f r om gr ade cr oss in g par allel to tr acks  

A.i i. Estimate No ise Exp o su re at 50 f t  – Use t he reference SELs in T able

4- 20 , operat ing cond it ions, and t he equat ions in T able 4- 21 t o predict t he noise

exposure at 50 ft expressed in t erms of L e q( 1hr) and L d n . Follow t he st eps below:

1. Id en tif y op eratin g conditio n s – T rains wit h different numbers of cars or

operat ing condit ions produce different noise exposure levels and should be

convert ed from SEL t o L d n  separat ely. Use t he following guidelines t o

det ermine if sources should be convert ed separat ely. T hese differences in

operat ing condit ions will prod uce an approximate 2 - decibel change in noise

exposure:

 40 percent change in number of locomot ives or cars per t rain .

 40 percent change in number of t rains per hour .

 40 percent change in number of t rains per day, or per night ( for

com put at ion of L d n ) .

 15 percent change in t rain speed .

 Change of one not ch in diesel lo comot ive t hrot t le set ting ( e.g., from

not ch 5 t o not ch 6) .
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2. Estab lish rel evan t time period s – For each of t hese source t ypes and

cond itions, det ermine t he relevant t ime periods for all receivers t hat may be

affect ed by this source.

 For residential receivers, the t ime periods of interest fo r

com put at ion of L d n  are: dayt ime ( 7 a.m. to 10 p.m.) and nightt ime

( 10 p.m. t o 7 a.m.) .

 If t he source will affect non- residential receivers, t he t ime period of

interest is t he loudest hour of project- relat ed act ivity during hours

of noise sensitivit y. Se veral different hours may be of int erest for

non - resident ial receivers depending on t he hours t he facility is used.

3 . Co llect in pu t d ata

 Source reference SELs for locomot ives, rail cars, and warning horns.

 N umber of rail cars in t he t rain ( if t his number va ries during t he

day, t ake t he average for t he dayt ime and nightt ime periods

separat ely for cat egory 2 land uses, and use t he maximum number

during t he period of interest for cat egory 1 or 3 land uses ) .

 N umber of locomot ives in t he t rain, if any .

 T rain speed, in miles per hour ( maximum expect ed) .

 Average t hrott le sett ing of t he t rain's locomot ive(s) for diesel-

powered locomotives and DMU’s only.( i v ) If this input is not

available, assume a t hrot t le set t ing of 8 for locat ions where t he

vehicle wo uld accelera t e  and 5 for all ot her locat ions . ( 25 ) 

 For residential receivers of interest :

 Average hourly t rain volume during dayt ime hours ( t he tot al

number of t rain passbys bet ween 7 a.m. and 10 p.m., divided by

15 hours) ;

 Average hourly t rain volume during night t ime ho urs (the tot al

number of t rain passbys bet ween 10 p.m. and 7 a.m., divided by

9 hours) ;

 For non- residential receivers of int erest , number of event s t hat

occur during each hour of int erest in t rains per hour ; and

 T rack t ype ( cont inuously welded or joint ed) and profile ( at- grade or

elevat ed) .

4 . Cal cu late L eq(1h r) at 50 f t

 Calculat e L e q( 1hr) using t he appropriat e equat ions in T able 4- 21 for

each hour of interest .

 Comput e t he com bined L e q( 1hr) . It may be necessary t o com put e t he

com bined tot als wit h and wit hout t he warning horns; som e

neighborhoods along t he corridor may be exposed t o t he horn

noise and som e may not .

5 . Cal cu late L d n  at 50 f t

 If t he project noise will affect any resident ial receivers, calculat e t he

L d n  using t he com bined day L e q( 1hr) and the combin ed night L e q( 1hr) .

 It may be necessary t o calculat e L d n with and without the warning

horns, as above.

i v  O mit th is ter m if n ot app licab le f r om th e eq u ation  in Tab le 4 - 2 1  for  oth er  v eh icle typ es. 
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No t e that t he equat ions in T able 4- 21 include t erms to account for a difference 

in speed from t he reference speed of 50 mph and a numerical adjust ment t o 

account for t he one - hour t ime period for t his met ric. For mo re informat ion on 

t he numerical adjust ment to represent t he t ime period of interest , see 

Appendix B.1.4.4. 
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L eq(1hr) at 5 0 f t E q. 4 - 2 5ഽ෧ෳෳු෱෥෱(ൄ෪෴) ൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(ിු෱෥෱) ൔ ഴො ൔ ഼ൗ൚൒( ) ൔ ංඁ ൗ൚൒(േ) ൕ ඄ආෳඇ 
ආඁ

Loc om ot i ve 

Warni ng 

Hor ns ** 
L eq(1hr) at 5 0 f t 

E q. 4 - 2 6ഽ෧ෳෳුැ෱෴෰෵(ൄ෪෴) ൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(േ) ൕ ඄ආෳඇ 

Rai l  V ehi c l es † 
L eq(1hr) at 5 0 f t 

ൄ 
ഽ෧ෳෳේ෋෣෴෵(ൄ෪෴) ൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(ി෋෣෴෵) ൔ ඃඁඝච඘⁡( ) ൔ ංඁ ൗ൚൒(േ) ൕ ඄ආෳඇ E q. 4 - 2 7ආඁ

ൔ ല൏ൕ෶෴෣෥෭ 
Stree t c ar 
( 25 mph or s lower) 

L eq(1hr) at 5 0 f t 

ൄ 
E q. 4 - 2 8ഽ෧ෳෳෛ෋෣෴෵(ൄ෪෴) ൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(ി෋෣෴෵) ൔ ඃඝච඘⁡( ) ൔ ංඁ ൗ൚൒(േ) ൕ ඄ආෳඇ ൔ ല൏ൕ෶෴෣෥෭ ඃආ

T ran si t 

Warni ng 

Hor ns ** 
L eq(1hr) at 5 0 f t 

ൄ 
E q. 4 - 2 9ഽ෧ෳෳොැ෱෴෰෵(ൄ෪෴) ൛ ൄശഽ෴෧෨ ൕ ංඁ ൗ൚൒( ) ൔ ංඁ ൗ൚൒(േ) ൕ ඄ආෳඇ 

ආඁ

Com bi ne d 
Lo c omotive a nd 

tra ns it †† 
L eq(1hr) at 5 0 f t 

ුෟ෫ෳ෌෩ෝ෩(഼෢෬) ුෟ෫ෳිසෛ෬෭(഼෢෬)൦ ൦ )ൄൃ ൄൃഽ෧ෳෳ෋෱෯෤෱(ൄ෪෴) ൛ ංඁඝච඘⁡(ංඁ( ) ൔ ංඁ( 
E q. 4 - 3 0

ුෟ෫ෳීසෛ෬෭(഼෢෬) ුෟ෫ෳ෌෈෩෬෨෭(഼෢෬) ුෟ෫ෳු෈෩෬෨෭(഼෢෬)൦ ൦ ൦ )ൔ ංඁ( ൄൃ)⁡ൔ⁡ංඁ( ൄൃ) ൔ ංඁ( ൄൃ

D ayt i m e 
L d at 50 ft 

ഽ෦ ൛ ഽ෧ෳ(ൄ෪෴)⁡w h er e V = V d , N L o co = N d (lo c o e ven t s), an d N Car s = N d ( car even t s) E q. 4 - 3 1  

Ni ght t i m e 
L n at 5 0 f t 

ഽ෰ ൛ ഽ෧ෳ(ൄ෪෴) w h er e V = V n , an d N L o co = N d ( loco e ven t s), an d N C a r s  = N d ( c ar E q. 4 - 3 2  
even t s) 

D ay/Ni g ht 
L dn at 50 f t 

ුෞ (ු෨്ൄൃ)൦ ൦ഽ෦෰ ൛ ංඁඝච඘⁡(ංආ ൗ ංඁ( ൄൃ) ൔ ඊ ൗ ංඁ( ൄൃ)) ൕ ං඄ෳඉ E q. 4 - 3 3  

= aver age n u mb er  of  locomotives  p er  tr ain ിු෱෥෱

= ⁡ඁ⁡൑൚൝⁡൅ ൞ ඇഴො
⁡ඃ(൅ ൕ ආ)⁡൑൚൝⁡൅ ൡ ඇ 

wh er e 

T = aver age thr ottle sett in g f or  diese l -p ower ed locom otives  an d DM Us on ly 

K = -1 0  f or  p ass en ger  diese l 
Ŧ0  f or  DM Us

+1 0 f or  e lect r ic

=  a ver age n u mb er  of  c ar s p er  tr ain ി෋෣෴෵ 
= aver age h ou r ly volu me  of tr ain tr af f ic, tr ain s p er  h ou r േ 

S = tr ain  sp eed, mp h 

= con stan t ല൏ൕ෶෴෣෥෭ 
+5  f or  join ted tr ack or  f or a cr ossover  w ith in  30 0 f t

+4  f or  aer ial s tr u ctur e with  s lab tr ack (ex cep t AG T an d m on or ail)

+3  f or  e mb edded tr ack on  gr ade

V d = aver age h ou r ly daytime  v olu me  of  tr ain  tr af f ic, V n = aver age h ou r ly n igh ttime  v olu me  of  tr ain  tr af f ic, 
tr ain s p er  h our tr ain s p er  h our 

൙ൠ൘്൐൝⁡൚൑⁡ൟ൝ൌൔ൙൞෰ ඈ⁡ൌෳ ൘ෳ ൟ൚⁡ංඁ⁡൛ෳ ൘ෳ ൙ൠ൘്൐൝⁡൚൑⁡ൟ൝ൌൔ൙൞෰ ංඁ⁡൛ෳ ൘ෳ ൟ൚⁡ඈൌෳ ൘ෳ൛ ൛ංආ ඊ 
N d = aver age h our ly n umb er of  even ts th at occ u r N n = aver age h ou r ly nu mb er  of  even ts th at occ u r du r in g 
du r in g daytime  (7 a.m. to 1 0 p .m.) n igh ttime  (1 0 p .m. to 7 a.m.) 

൙ൠ൘്൐൝⁡൚൑⁡൐ൡ൐൙ൟ൞⁡്൐ൟൢ൐൐൙⁡ඈ⁡ൌෳ ൘ෳ ൟ൚⁡ංඁ⁡൛ෳ ൘ෳ ൙ൠ൘്൐൝⁡൚൑⁡൐ൡ൐൙ൟ൞⁡്൐ൟൢ൐൐൙⁡ංඁ⁡൛ෳ ൘ෳ ൟ൚⁡ඈ⁡ൌෳ ൘ෳ 
൛ ൛ 

ංආ ඊ 
 

                  

                     
                   

              
 

TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

T abl e 4 - 2 1   Com put ati o n  of L e q(1 hr)  an d L dn at 5 0 ft :  F i xe d- Gui dew ay  So urc es  

Loc om ot i ve s *  ൄ 

* As su m es a diesel l ocom oti ve power ra ti ng a t ap pr ox im a tel y 300 0 h p ** Based on FRA’s horn noise model ( www.f ra . dot. g ov/El ib /Docu m en t/2 681 ) 

† In clu des a ll comm u ter r ai l ca rs , tra ns i t car s, s tr eetcar s ab ove 25 m ph , AGT a n d m onora il . †† On l y in clu de a pp r opr ia te term s .
Ŧ B ecau s e of th e wide ra ng e of veh i cle typ es tha t q ua li f y a s a DMU, m eas urem en ts a r e pr eferr ed for th e r ef erence l evel an d s p ee d coeff i ci en t. I f 

n o m ea su r em en ts a r e con du cted, us e th e r efer en ce l evel i n Tab l e 4 - 2 0  an d a sp eed coef f i ci en t of 0. 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

E x ample  4 -5  D e tai l e d Noise An alys is – Fix e d Guide way  No ise  Sou rce s 
Com p ut ati on  of L e q (1 hr) a n d L dn at 5 0 ft  f or Fi xe d - G ui dew ay  So urc e 

A com mu t er  t rain  w ith  1  dies el locomo t i ve an d 6  c ars w il l p ass close  t o a re si den t ial are a at a gr a de crossin g. 

Th e t rack is join t ed. 

Ass um pt i o ns 

ൄശഽ෴෧෨ = 9 2  fo r diese l locomo t i ves 

= 8 2  fo r rail  c ars 

= 1 1 3  fo r locomo t ive  w arn in g  h or n s at - gra de cro ss in g 

ി෋෣෴෵ = 6 

ിු෱෥෱ = 1 

ൄ = 4 3  mp h 
൅ = 8 
േ෦ = අඁ⁡ൟ൝ൌൔ൙൞ ංආ⁡൓൚ൠ൝൞ ඳ ൛ ඃෳඇඇඈ⁡ൟ൝ൌൔ൙൞⁡൛൐൝⁡൓൚ൠ൝ 
േ෰ = ⁡ඃ⁡ൟ൝ൌൔ൙൞ ඊ⁡൓൚ൠ൝൞ ඳ ൛ ඁෳඃඃඃ⁡ൟ൝ൌൔ൙൞⁡൛൐൝⁡൓൚ൠ൝ 

Us e t h e e q u at ion s in Tab le 4 - 2 1  t o det er min e t h e dayt ime L eq(1hr) f or  each  sou rce an d t h e comb in ed da yt ime 

L eq(1hr) at  5 0  ft . 

ൄഽ෦ෳු෱෥෵(ൄ෪෴) ൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(ിු෱෥෱) ൔ ഴො ൔ ഼ൗ൚൒( ) ൔ ංඁ ൗ൚൒(േ෦) ൕ ඄ආෳඇ 
ආඁ

අ඄ 
൛ ඊඃ ൔ ංඁ ൗ൚൒(ං) ൔ ඇ ൔ (ൕංඁ)ൗ൚൒( ) ൔ ංඁ ൗ൚൒(ඃෳඇඇඈ) ൕ ඄ආෳඇ 

ආඁ
൛ ඇඈෳ඄⁡൏ളല at  5 0  ft 

ൄഽ෦ෳේ෋෣෴෵(ൄ෪෴) ൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(ി෋෣෴෵) ൔ ඃඁൗ൚൒ ୰ ୴ ൔ ංඁ ൗ൚൒(േ෦) ൕ ඄ආෳඇ ൔ ല൏ൕ෶෴෣෥෭ ආඁ 
අ඄ 

൛ ඉඃ ൔ ංඁ ൗ൚൒(ඇ) ൔ ඃඁൗ൚൒ ୰ ୴ ൔ ංඁ ൗ൚൒(ඃෳඇඇඈ) ൕ ඄ආෳඇ ൔ ආ 
ආඁ 

൛ ඇඃෳං⁡൏ളല at  5 0  ft 

ഽ෦ෳුැ෱෴෰(ൄ෪෴) ൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(േ෦) ൕ ඄ආෳඇ 
൛ ංං඄ ൔ ංඁ ൗ൚൒(ඃෳඇඇඈ) ൕ ඄ආෳඇ 
൛ ඉංෳඈ⁡൏ളല at  5 0  ft 

ුෞෳ෌෩ෝ෩෭(഼෢෬) ුෞෳිසෛ෬෭(഼෢෬) ුෞෳ෌෈෩෬෨(഼෢෬)൦ ൦ ൦ഽ෦ෳ෋෱෯෤෱(ൄ෪෴) ൛ ංඁൗ൚൒ ൳ංඁ( ൄൃ) ൔ ංඁ( ൄൃ) ൔ ංඁ( ൄൃ)൷ 
With  h or n : ⁡ 

൛ ඉංෳඊ⁡൏ളല in  n eigh b or h oo ds w h er e t h e h or n  is sou n ded 

With ou t  h or n : ුෞෳ෌෩ෝ෩෭(഼෢෬) ුෞෳිසෛ෬෭(഼෢෬) 
൛ ංඁൗ൚൒ ൳ංඁ( ൦

ൄൃ) ൔ ංඁ( ൦
ൄൃ)൷ 

൛ ඇඉෳඅ⁡൏ളല in  n eigh b or h oo ds w h er e t h e h or n  is n ot  sou n ded 

Us e t h e same eq u at ion s as ab ove t o det er min e t h e n igh t t im e L eq(1hr) at  5 0  ft . Us e V n in st ea d of  V d . 

= 5 6 .5  fo r locomo t i ves ഽ෰ෳු෱෥෱෵(ൄ෪෴)
= 5 1 .3  fo r cars ഽ෰ෳේ෋෣෴෵(ൄ෪෴)
= 7 0 .9  fo r h or n s ഽ෰ෳුැ෱෴෰(ൄ෪෴)
= 7 1 .1  in  n eigh b or h oo ds w h er e t h e h or n  is sou n ded ഽ෰ෳ෋෱෯෤෱(ൄ෪෴) 
= 5 7 .6  in  n eigh b or h oo ds w h er e t h e h or n  is n ot  soun ded 

Calcu l at e t h e L dn w ith  an d w ith ou t h or n s. 
ුෞෳස෩෧ො෩ (ු෨ෳස෩෧ො෩്ൄൃ)( ൦ ) ( ൦ )ഽ෦෰ෳ෋෱෯෤෱ ൛ ංඁൗ൚൒ ൳ංආ ൗ ංඁ ൄൃ ൔ ඊ ൗ ංඁ ൄൃ ൷ ൕ ං඄ෳඉ 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

With  h or n : ൛ ඉංෳඇ at  5 0  ft  in  n eigh b or h oo ds w h er e h or n s are  sou n ded 
With ou t  h or n : ൛ ඇඉෳං at  5 0  ft  in  n eigh b or h oo ds w h er e h or n s are  n ot  so u n ded 

No t e: Co mp u t at ion  re su lts sh ou ld alw ays  b e r ou n ded to  t h e n earest  decib el at  t h e e n d o f  t h e comp u t at ion . I n 

all ex a mp les of  t h is s ect ion , h ow ever , t h e f irst  deci ma l p la c e is re t ain ed fo r re ader s t o p r ecise ly  mat ch  t h eir o w n 

comp u t at ion s ag ain st  t h e ex a mp le comp u t at ion s. 

O p tio n B . H ighwa y/Tran sit S ou rces – Com put e project noise at 50 ft for 

highway/ t ransit noise sources as identified in t he second column of T able 4- 19. 

Use t he inst ruct ions below t o est imat e source noise levels for project s 

following FTA’s procedures that involve highway vehicles. 

T his met hod is based on t he original FHWA highway noise predict ion mo del, 

wit h updated noise emission levels. ( 26 ) T he vehicle equations are applicable t o 

speeds t ypical of freely - flowing t raffic on city st re et s and access roads. 

B.i. Refe ren ce S EL Lev els – Det ermine t he reference SEL at 50 ft for each

major highway/t ransit source, either by measurement according t o Appendix F

or by using T able 4- 22 . ( v ) T he t able provides guidance on which met hod is

preferred for each source type. “NO" implies that t he source levels given in t he

t able are appropriat e t o use in t he analysis , and "Y ES" implies t hat

measurement s are preferred over t he data given in t he t able. For sources where

measurement s are preferred, refer to Appendix F for guidance on measurement

procedures and method s for conversion of measurement data t o the reference

cond itions in T able 4- 20.

Approximate L m ax values are provided in t he t able for general user information. 

As discussed in Appendix B.1.4.2 , L m ax is not used direct ly in t he evaluat ion of 

noise impact . 

T abl e 4 - 2 2  So urc e Refe re nc e SE Ls  at 5 0 ft :  Hi ghw a y/T ra n si t  So urc es at 5 0 m ph 

Sou rc e 
Referenc e 

SEL,  dBA 

App roxi m ate 

L ma x ,  dBA 

Prefer 

Mea surem e nt s? * 

Au t omo b iles 7 4  7 0  N o  

B u se s (dies el) 8 2  7 9  N o  

B u se s (e lect ric t ro lle yb u s) 8 0  7 7  N o  

B u se s (h yb rid)* * 8 3  8 0  Yes 

* " N o "  imp lies th at th e sour ce levels given  in  th e tab le ar e ap p r op r iate to u se in  th e an alys is an d

" Yes "  imp lies th at me asur em en ts ar e p r ef er r ed over th e data given in  th e tab le.

** H yb r id b u s w ith  f u ll - time  diese l e n gin e an d e lect r ic dr ive motors .

v I dlin g b u ses  ar e con sider ed station ar y sou r ces. 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

B.ii. N o ise Expo su re at 50 f t  – Use t he reference SELs in T able 4- 22,

operat ing condit ions, and the equat ions in T able 4- 23 t o predict t he noise

exposure at 50 ft expressed in t erms of L e q( 1hr )  and L d n . Follow t he st eps below:

1 . I d en tify o perating co nd itio n s – No ise emission from most t ransit buses

is not dependent upon whet her the buses are accelerat ing or cruising.

However, accelerat ing suburban buses are subst ant ially louder t han cruising

suburban buses. For t his reason, suburban buses require separat e

calculat ion along roadway st ret ches where t hey are accelerat ing. Separat e

calculat ion is also needed for all highway/t ransit vehicles at different speeds,

since speed affect s noise emissions. Use t he following guidelines t o

det ermine if sources should be calculat ed separat ely. T hese differences in

operat ing condit ions will prod uce an approximate 2 - decibel change in noise

exposure:

 40 percent change in number of vehicles per hour ;

 40 percent ch ange in number of vehicles per day, or per night ( for

com put at ion of L d n ) ; or

 15 percent change in vehicle speed.

2 . Estab l ish relev an t time p erio d s – For each of t hese source t ypes and

cond itions, det ermine t he relevant t ime periods for all receivers t hat m ay be

affect ed by this source.

 For residential receivers, the t ime periods of interest for

com put at ion of L d n are: d ayt ime ( 7 a.m. to 10 p.m.) and nightt ime

( 10 p.m. t o 7 a.m.) .

 If t he source will affect non- residential receivers, t he t ime period of

inte rest is t he loudest hour of project relat ed act ivity during hours

of noise sensitivit y. Several different hours may be of int erest for

non - resident ial receivers depending on t he hours t he facility is used.

3 . Co llect in pu t d ata

 Source reference SELs for the vehicle t ypes o f  concern

 Average running speed in m iles per hour

 For residential receivers of interest :

 Average hourly vehicle volume during dayt ime hours ( t ot al

number of vehicle passbys bet ween 7 a.m. and 10 p.m., divided

by 15) .

 Average hourly vehicle volume during nightt ime hours ( tot al

number of vehicle passbys bet ween 10 p.m. and 7 a.m., divided

by 9) .

 For non- residential receivers o f  int erest ,  number of event s t hat

occur during each hour of int erest , in vehicles per hour

4 . Cal cu late L eq(1h r) at 50 f t  – Cal cu late L eq(1h r) u sin g th e app rop riate

equat ions in T able 4- 23 for each hour of int erest .

5 . Cal cu late L d n  at 50 f t  – If t he project noise will affect any resident ial
receivers, calculat e t he L d n  using t he day L e q( 1hr) and night L e q( 1hr) .

No t e that  t he equat ions in T able 4- 23 include t erms to account for a difference 

in speed from t he reference speed of 50 mph and a numerical adjust ment t o 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

account for t he one - hour t ime period for t his met ric. For mo re informat ion on 

t he numerical adjust ment to repres ent t he t ime period of interest , see 

Appendix B.1.4.4. 

T abl e 4 - 2 3  Com put ati o n of L e q (1 hr) an d L dn at 5 0 ft : Hi ghwa y/T ra n si t  So urc es 

L e q(1 hr) at 5 0 

ft 

ൄ 
) ൕ ඄ආෳඇഽ෧ෳ(ൄ෪෴) ൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(േ) ൔ ഴ෧෯෫෵෵෫෱෰෵ ൕ ංඁඝච඘⁡(

ආඁ
E q. 4 - 3 4  

D ayt i m e 

L d at  5 0  ft 
ഽ෦ ൛ ഽ෧ෳ(ൄ෪෴)⁡w h er e V = V d E q. 4 - 3 5  

Ni ght t i m e 

L n at  5 0  ft 
ഽ෰ ൛ ഽ෧ෳ(ൄ෪෴) w h er e V = V n E q. 4 - 3 6  

L dn at 5 0 ft 
ුෞ (ු෨്ൄൃ)( ) ( ൦ )൦ൄ ൃ ൄൃഽ෦෰ ൛ ංඁൗ൚൒(ංආ ൗ ංඁ ൔ ඊ ൗ ංඁ ) ൕ ං඄ෳඉ E q. 4 - 3 7  

Adj ust m e nt s 
= - 3  fo r au t omo b iles , op en - gr aded  asp h alt 

= +3  fo r au t omo b iles , gro ove d p ave me n t 

േ 
ഴ෧෯෫෵෵෫෱෰෵

S 

V d 

V n 

= a v er a ge h ou rly volu me  of v eh icles , veh icles p er  h ou r 

ෛ 
= ඃආඝච඘⁡( ) f or  b u se s 

ൈൃ
ෛ

඄ං ඝච඘( )⁡ f or  h yb rid b u se s ( 23 ) 

ൈൃ
ංෳඇ f or  ac cele r at in g 3 - ax le com mu t er  b u se s 

ෛ
අඁඝච඘⁡( ) f or  au t omo b iles 

ൈൃ

= a ver a ge veh icle sp ee d , mp h (dist an ce di vide d b y t i me , ex cl u din g st op 

t ime at  re d ligh t s) 

= a ver a ge h ou rly da yt ime volu me  of  veh icles  of  t h is typ e, ve h icles p er  h ou r 

ൟ൚ൟൌൗ⁡ൡ൐൓ൔൎൗ൐⁡ൡ൚ൗൠ൘൐෰ ඈ⁡ൌෳ ൘ෳ ൟ൚⁡ංඁ⁡൛ෳ ൘ෳ 
൛ 

ංආ 
= a ver a ge h ou rly n i gh t t ime vo lu me  of veh icles , veh i cles p er h ou r 

ൟ൚ൟൌൗ⁡ൡ൐൓ൔൎൗ൐⁡ൡ൚ൗൠ൘൐෰ ංඁ⁡൛ෳ ൘ෳ ൟ൚⁡ඈ⁡ൌෳ ൘ෳ 
൛ 

ඊ 

E x ample  4 -6  D e tai l e d Noise An alys is – Highw ay Tr an s it N o ise  Sou rce s 
Com p ut ati on  of L e q (1 hr) a n d L dn at 5 0 ft  f or Hi ghwa y/ T ran si t  So urc e 

A b u s ro u t e w ith  city b u se s w ill p ass close  t o a s ch oo l t h at  i s in  ses sion  fr om 8 a. m. t o 4 p .m. on  w ee kd ays. 

With in  t h is time p er iod,  t h e h ou r of  gre at es t  a ct ivit y fo r t h is b u s ro u t e is 8 a.m. t o 9 a .m . 

Ass um pt i o ns 

= 8 2  dB A

ൄ = 4 0  mp h 
േ = 3 0  b u se s p er  h ou r 

ൄശഽ෴෧෨ 

Us e t h e e q u at ion s in Tab le 4 - 2 3  t o det er min e t h e h ou rly L eq(1h r )  at 5 0  f t . 
ൄഽ෦ෳ්෷෵ ൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(േ) ൔ ഴ෧෯෫෵෵෫෱෰෵ ൕ ංඁඝච඘⁡( ) ൕ ඄ආෳඇ 
ආඁ

අඁ අඁ 
൛ ඉඃ ൔ ංඁ ൗ൚൒(඄ඁ) ൔ ඇ ൔ ඃආ ൗ ൗ൚൒( ) ൕ ංඁඝච඘⁡( ) ൕ ඄ආෳඇ 

ආඁ ආඁ
൛ ආඊෳඈ⁡൏ളല at  5 0  ft 
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േ෦ = ඃඁඁ⁡്ൠ൞൐൞ ංආ⁡൓൚ൠ൝൞ ඳ ൛ ං඄ෳ඄඄⁡്ൠ൞൐൞⁡൛൐൝⁡൓൚ൠ൝ 
േ෰ = ⁡ඃඁ⁡്ൠ൞൐൞ ඊ⁡൓൚ൠ൝൞ ඳ ൛ ඃෳඃඃ⁡്ൠ൞൐൞⁡൛൐൝⁡൓൚ൠ൝ 

Calcu l at e t h e da yt ime an d n ig h t t ime L eq(1hr) at  5 0 f t . 

ഽ෦ෳ්෷෵ ൛ ඉඃ ൔ ංඁ ൗ൚൒(ං඄ෳ඄඄) ൔ ඇ ൔ ඃආ ൗ ൗ൚൒( 
අඁ 
ආඁ
) ൕ ංඁඝච඘⁡( 

අඁ 
ආඁ
) ൕ ඄ආෳඇ 

൛ ආඇෳඃ⁡൏ളല at  5 0  ft 

ഽ෰ෳ්෷෵ ൛ ඉඃ ൔ ංඁ ൗ൚൒(ඃෳඃඃ) ൔ ඇ ൔ ඃආ ൗ ൗ൚൒( 
අඁ 
ආඁ
) ൕ ංඁඝච඘⁡( 

අඁ 
ආඁ
) ൕ ඄ආෳඇ 

൛ අඉෳඅ⁡൏ളല at  5 0  ft 

Calcu l at e L dn at  5 0  ft . 

ഽ෦෰ෳ්෷෵ ൛ ංඁൗ൚൒(ංආ ൗ ංඁ(
ුෞෳෂ෯෭ 

ൄൃ൦ ) ൔ ඊ ൗ ංඁ(
(ු෨ෳෂ෯෭്ൄൃ) 

ൄൃ൦ )) ൕ ං඄ෳඉ 
൛ ආඈෳඃ⁡൏ളല at  5 0  ft 
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Th is same  b u s also p asse s  clos e t o a re siden t i al are a w ith  t h e f ollow in g op er at in g  con dit ion s: 

No t e: Co mp u t at ion  re su lts sh ou ld alw ays  b e r ou n ded to  t h e n earest  decib el at  t h e e n d o f  t h e comp u t at ion . I n 

all ex a mp les of  t h is s ect ion , h ow ever , t h e f irst  deci ma l p la c e is re t ain ed f o r  re ader s t o p r ecise ly  mat ch  t h eir o w n 

comp u t at ion s ag ain st  t h e e x a mp le comp u t at ion s. 

O p tio n C. S tation ary So u rces – Comput e project noise at 50 ft for 

st at ionary sources as ident ified in t he second column of T able 4- 19. 

C . i .  De termine Ref erence S EL Lev els – Determine t he reference SEL at 50

ft for each major stat ionary source, either by measurement according to

Appendix F or by using T able 4- 24 . T he t able provides guidance on which

met hod is preferred for each source t ype. " NO " implies t hat t he source levels

given in the t able are appropriat e to use in t he analysis , and " YES" implies t hat

measurement s are preferred over t he data given in t he t able. In general,

measurement s are preferred for source t ypes t hat vary considerably from

project t o proj ect . For example, curve squeal is highly variable d epending on

weat her condit ions, curve radius, and t rain speed. T he data in t he t able are

adequate for source t ypes t hat do not vary considerably from project t o project

( crossing signals, for example). For sources where measurement s are preferred,

refer t o Appendix F for guidance on measurement procedures and met hod s for

conversion of t hese measurement s t o t he reference cond itions o f T able 4- 24.

Layover facilities and t ransit ce nt ers can be t he sources of low- frequency noise 

from idling diesel engines. Sound s wit h considerable low - frequency compo nent s 

can cause great er annoyance t han would be expect ed based on t heir A -

weight ed levels. Low - frequency sound s often cause windo ws and walls to 

vibrat e resulting i n second ary effect s in buildings such as rat t ling of dishes in 

cupboards and wall - mounted pict ures. T he reference levels in T able 4-24 are 

adjust ed t o t ake increased annoyance int o account . For a Det ailed Noise 

Analysis at locat ions where such idling t akes place for an ext ended period, use 

t he met hod described in ANSI St andard S12.9 - Part 4, Annex D . ( 27 ) 

Approximate L m ax values are provided in t he t able for general user information. 

As discussed in Appendix B.1.4.2 , L m ax is not used direct ly in t he evaluat io n of 

noise impact . 

FE DE RAL  TRAN SI T ADM I N I STRATI O N 81 



 

 

   

  

 
  

 

 

 

 

    

    

    

    

     

    

    

    

    

    
  

 

  

  

 

      

     

           

 

        

      

       

     

     

 

       

 

         

   

 

           

       

   

      

        

  

       

          

    

       

 

     

    

    

      

         

        

   

TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

T abl e 4 - 2 4  So urc e Refe re nc e SE Ls  at 5 0 ft :  Stat i o na ry S ou rc es 

Sou rc e 
Referenc e 

SEL , dBA 

App roxi m ate 

L ma x ,  dBA 

Prefer 

Mea surem e nt s? * 

Au x iliar y E q u ip me n t 1 0 1  6 5  Yes 

L ocomot ive I d lin g 1 0 9  7 3  N o  

Rail  Tr an sit I dlin g 1 0 6  7 0  N o  

B u se s Idlin g 1 1 1  7 5  N o  

Fe rr y Bo at  L an din g * * , I d lin g , a n d Dep art in g 9 1  7 8  N o  

Fe rr y Bo at  Fo g H or n 9 0  8 4  N o  

Track C u r ve Sq u eal 1 3 6  1 0 0  Yes 

Car Wash es 1 1 1  7 5  Yes 

Cr oss in g Si gn als 1 0 9  7 3  N o  

Su b st at ion s 9 9  6 3  N o  
* " N o "  imp lies th at th e sour ce levels given  in  th e tab l e ar e ap p r op r iate to u se in  th e an alys is , an d " YES"  imp lies

th at m easu r em en ts ar e p r ef er r ed over  th e data given in  th e tab le.

* * Ferr y b oat lan din gs ar e in clu ded in  th e station ar y sou r ce cate gor y b ecau se th e n oise fr om th e landin g r em ain s 

in  on e ar ea e ven  t h ou gh  th e b oats move in  an d ou t. 

C . i i .  Estimate No ise Exp o su re at 50 f t  – Use t he reference SELs in T able

4- 24 , operat ing cond it ions, and t he equat ions in T able 4- 25 t o predict t he noise

exposure at 50 ft expressed in t erms of L e q( 1hr) and L d n . Follow t he st eps below:

1. Id en tif y op eratin g conditio n s – Ident ify act ual source durat ions and

numbers of event s. Sources wit h different operat ing cond itions should be

convert ed from SEL t o L d n  separat ely . Use t he following guidelines t o

det ermine if sources shou ld b e convert ed separat ely. T hese differences in

operat ing condit ions will prod uce an approximate 2 - dB change in noise

exposure:

 40 percent change in event durat ion ( e.g., from 30 t o 42 minut es) ,

o r

 40 percent change in number of event s per hour ( e.g., fro m 10 t o

14 event s per hour) .

2. Estab lish rel evan t time period s – For each of these source t ypes and

cond itions, det ermine t he relevant t ime periods for all receivers t hat may be

affect ed by this source.

 For residential receivers, the t ime periods of inter est for

com put at ion of L d n  are: dayt ime ( 7 a.m. to 10 p.m.) and nightt ime

( 10 p.m. t o 7 a.m.) .

 If t he source will affect non- residential receivers, t he t ime period of

interest is t he loudest hour of project relat ed act ivity during hours

of noise sensitivi t y . Several different hours may be of int erest for

non - resident ial receivers depending on t he hours t he facility is used.

3. Colle ct inp u t data

 Source reference SELs for each relevant source

 Average durat ion of one event , in second s

 For residential receivers of interest :

 Average number of event s per hour t hat occur during t he

dayt ime ( t he tot al number of event s bet ween 7 a.m . and 10

p.m ., divided by 15) .
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 Average number of event s per hour t hat occur during t he

night t ime (t he t ot al number of event s bet ween 10 p.m . and 7

a.m ., divided by 9) .

 For non- residential receivers of int erest , number of event s t hat

occur during each hour of int erest in event s per hour

4. Cal cu late L eq(1h r) at 50 f t  – Calculat e L e q( 1hr) using t he appropriat e

equat ions in T able 4- 25 for each hour of int erest .

5. Cal cu late L d n  at 50 f t  – If t he project noise will affect any resident ial

receivers, calculat e t he L d n  using t he day L e q( 1hr) and night L e q( 1hr) .

No t e that t he equat ions in T able 4- 25 include a numerical adjust ment t o 

account for t he on e- hour t ime period for t his met ric. For mo re informat ion on 

t he numerical adjust ment to represent t he t ime period of interest , see 

Appendix B.1.4.4. 

T abl e 4 - 2 5  Com put ati o n of L e q (1 hr) an d L d n  at 5 0 ft :  S t ati onar y S ou rc es 

L e q(1 hr) at 5 0 

ft 

ശ 
ഽ෧ෳ(ൄ෪෴) ൛ ൄശഽ෴෧෨ ൔ ංඁ ൗ൚൒(ി) ൔ ංඁඝච඘⁡( ) ൕ ඄ආෳඇ 

඄ඇඁඁ
E q. 4 - 3 8  

D ayt i m e 

L d at  5 0  ft 
ഽ෦ ൛ ഽ෧ෳ(ൄ෪෴)⁡w h er e N = N d E q. 4 - 3 9  

Ni ght t i m e 

L n at  5 0  ft 
ഽ෰ ൛ ഽ෧ෳ(ൄ෪෴) w h er e N = N n E q. 4 - 4 0  

L dn at 5 0 ft 
ුෞ (ු෨്ൄൃ)( ) ( ൦ )൦ൄ ൃ ൄൃഽ෦෰ ൛ ංඁඝච඘⁡(ංආ ൗ ංඁ ൔ ඊ ൗ ංඁ ) ൕ ං඄ෳඉ E q. 4 - 4 1  

ി 
E *  

N d 

N n 

= n u mb er  of  even t s of  t h is typ e t h at  occu r du rin g on e - h ou r 

= du r at ion  of  on e e ven t , se c 

= a ver a ge h ou rly n u mb er  of  e ven t s t h at  occu r du rin g  d ayt i me 

( 7  a . m . t o 1 0 p . m . ) 

൙ൠ൘്൐൝⁡൚൑⁡൐ൡ൐൙ൟ൞⁡്൐ൟൢ൐൐൙⁡ඈ⁡ൌෳ ൘ෳ ൟ൚⁡ංඁ⁡൛ෳ ൘ෳ 
൛ 

ංආ 
= a ver a ge h ou rly n u mb er  of  e ven t s t h at  occu r du rin g  n igh t t i me 

( 1 0  p . m . t o 7 a . m . ) 

൙ൠ൘്൐൝⁡൚൑⁡൐ൡ൐൙ൟ൞⁡്൐ൟൢ൐൐൙⁡ංඁ⁡൛ෳ ൘ෳ ൟ൚⁡ඈ⁡ൌෳ ൘ෳ 
൛ 

ඊ 

*O mit th e ter m con tain in g E f or  fer r y b o at, an d f og h or n n oise sour ces .
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E x ample  4 -7  D e tai l e d Noise An alys is – Stati ona ry Noi se So urce s 
Com p ut ati on  of L e q (1 hr) a n d L dn at 5 0 ft  f or Stat i o na r y So urc e s 

A si gn al cro ssin g  lies close  t o a sch oo l t h at is in  ses sion  fr o m 8 a.m . t o 4 p .m. on  w ee kd a ys . With in  t h is time 

p er iod, t h e h ou r of  gre at es t  a ct ivit y fo r t h e sign a l cro ss in g i s 8 a.m. t o 9 a.m . 

Ass um pt i o ns 

ൄശഽ෴෧෨ = 1 0 9  dB A 

ശ = 2 5  secon ds ( cou n t in g b ot h  cy cles of  t h e sign al) 
ി = 2 2 

Us e t h e e q u at ion s in Tab le 4 - 2 5  t o det er min e t h e h ou rly L eq(1hr) at 5 0  f t . 

ഽ෦ෳ෋෴෱෵෵ ൛ ൄശഽ෴෧෨ ൔ ංඁൗ൚൒(ി) ൔ ංඁൗ൚൒ ୰ 
ശ 

඄ඇඁඁ 
୴ ൕ ඄ආෳඇ 

൛ ංඁඊ ൔ ංඁൗ൚൒(ඃඃ) ൔ ංඁൗ൚൒( 
ඃආ 
඄ඇඁඁ

) ൕ ඄ආෳඇ 
൛ ඇආෳඃ⁡൏ളല at  5 0 f t 

Th is s a m e  s i gn al cro ssin g lies close t o  a re s i den t ia l are a w ith  t h e f ollow in g op er at in g co n dition s: 

ി෦ = ඃඁඁ⁡ ංආ⁡൓൚ൠ൝൞ ඳ ൛ ං඄ෳ඄⁡൐ൡ൐൙ൟ൞⁡൛൐൝⁡൓൚ൠ൝ 
ി෰ = ංඃ⁡ ඊ⁡൓൚ൠ൝൞ ඳ ൛ ංෳ඄඄⁡൐ൡ൐൙ൟ൞⁡൛൐൝⁡൓൚ൠ൝ 

Calcu l at e t h e da yt ime an d n ig h t t ime L eq(1hr) at  5 0 f t . 

ඃආ 
ഽ෦ෳ෋෴෱෵෵ ൛ ංඁඊ ൔ ංඁൗ൚൒(ං඄ෳ඄) ൔ ංඁൗ൚൒( ) ൕ ඄ආෳඇ 

඄ඇඁඁ
൛ ඇ඄ෳං⁡൏ളല at  5 0  f t 

ඃආ 
ഽ෰ෳ෋෴෱෵෵ ൛ ංඁඊ ൔ ංඁൗ൚൒(ංෳ඄඄) ൔ ංඁൗ൚൒( ) ൕ ඄ආෳඇ 

඄ඇඁඁ
൛ ආ඄ෳං⁡൏ളല at  5 0 f t  

Calcu l at e L dn at  5 0  ft . 
ුෞෳස෬෩෭෭ (ු෨ෳස෬෩෭෭്ൄൃ)( ൦ ) ( ൦ )

ഽ෦෰ ൄൃ ൄൃ൛ ංඁൗ൚൒(ංආ ൗ ංඁ ൔ ඊ ൗ ංඁ ) ൕ ං඄ෳඉ 
൛ ඇ඄ෳං⁡൏ളല at  5 0 f t 

No t e: Co mp u t at ion  re su lts sh ou ld alw ays  b e r ou n ded to  t h e n earest  decib el at  t h e e n d o f  t h e comp u t at ion . I n 

all ex a mp les of  t h is s ect ion , h ow ever , t h e f irst  deci ma l p la c e is re t ain ed fo r re ader s t o p r ecise ly  mat ch  t h eir o w n 

comp u t at ion s ag ain st  t h e e x a mp le comp u t at ion s. 

Step  3 : D e te rm ine Prop ag ati on C ha rac te ristic s 

Determine the combined propagation characteristics between each source and receiver 

of interest. 

3 a .  Calculat e project noise exposure as a funct ion of dist ance. Calculate the 

project noise exposure at distances other than 50 ft, such as at receiver locations, as a 

function of distance accounting for shielding and ground effects along the path . See 

Example 4- 8 below. 

FE DE RAL  TRAN SI T ADM I N I STRATI O N 84 



 

 

   

         

            

    

     

 

           

   

         

       

          

        

       

 

      

      

 

 

         

         

 

   
 

 

     

    

 

       

TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

1. Det ermine t he topo graphy of t he ground within t he transit corridor using
t he figures in T able 4- 26 as a guide. It is not necessary t o represent t he

t ransit corridor wit h an ext reme number of changes in topo graphy. O ft en,

several t ypical sect ions will suffice throughout t he t ransit corridor.

2. U se t he equat ions in T able 4- 26 t o det ermine ground fact or ( G) based on
t he effect ive pat h height ( Heff) for each ident ified t errain feat ure . St andard

source height s are included at t he bot tom of t he t able. Assume receiver

height s of 5 ft for bot h outdo or receivers and first - floor receivers. No t e

t hat larger ground fact ors correspond t o  larger amo unt s of ground

at t enuat ion wit h increasi ng dist ance from t he source. For acoustically "hard"

( e.g., non- absorptive) ground condit ions, G should be t aken to be zero.

3. Det ermine t he dist ance correct ion factor using t he ground fact or and
anot her dist ance, such as the dist ance to a receiver, and th e equat ions in

T able 4- 27.

4. Apply t he dist ance correct ion (C d i sta nce ) t o the project noise exposure at 50

ft ( Sect ion 4.5, Step 2) using t he following equat ion:

E q. 4 - 4 2ഽ෦෫෵෶෣෰෥෧ ⁡൛ ⁡ ഽൈൃ෨෶ ⁡ൔ ഴ෦෫෵෶෣෰෥෧
w h er e : 

ഽ෦෫෵෶෣෰෥෧ = ഽ෦෰ o r  ഽ෉෧ෳ(ൄ෪෴) at  t h e n ew  distan ce, f t

ഽൈൃ෨෶ = ഽ෦෰ o r  ഽ෉෧ෳ(ൄ෪෴) at  5 0  ft

5. Plot noise exposure as a funct ion of dist ance if desired.

FE DE RAL  TRAN SI T ADM I N I STRATI O N 85 



 

 

   

  

 

     

    

 
   

   

 
   

 

 

 

 
 

    

 
   

   

   

 
   

    

   

 
   

   

   

  

   

    

 

   

 

  
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

  

T abl e 4 - 2 6  Gr o un d Fac t o r  G,  fo r Gro u nd At t e nuati o n 

Gr o u nd  Fac tor 

So f t Gr o un d : ඁෳඇඇ෰ ഹ෧෨෨ ൠ ආ 

ഹ෧෨෨ സ ൛ ඁෳඈආ(ං ൕ )෰ E q . 4-43ආ ൞ ഹ෧෨෨ ൞ අඃ 
අඃ 

ഹ෧෨෨ ൡ අඃඁ෰ 

H ef f = su m of  av er age p ath  h eights on  e ith er  s ide of  th e b arr ier , s ee b elow. 

Har d  Gr ou n d : സ ൛ ඁ 

ഹ෵ ൔ ඃഹ෤ ൔ ഹ෴ E q . 4-44ഹ෧෨෨ ൛ ⁡ 
ඃ 

Fig u r e 4-12 Fla t Gr o u n d 

ഹ෵ ൔ ඃഹ෤ ൔ ഹ෥ ൔ ഹ෴ ല 
ഹ෧෨෨ ൛ ⁡ ൑൚൝⁡ള ൠ 

ඃ ඃ 

ല 
Use E q . 4-44 ൑൚൝⁡ള ൟ 

ඃ 
Fig u r e 4-13 So u r c e in Sh allo w  C u t 

ഹ෵ ൔ ഹ෥ ൔ ഹ෴ ൑൚൝⁡ഹ෤ ൠ ഹ෥ഹ෧෨෨ ൛ ⁡ 
ඃ 

ഹ෵ ൔ ඃഹ෤ ൕ ഹ෥ ൔ ഹ෴ ൑൚൝⁡ഹ෤ ൟ ഹ෥ഹ෧෨෨ ൛ ⁡ 
ඃ

Fig u r e 4-14 E leva ted  R ec eiv e r 

ള 
Use E q . 4-44 ൑൚൝⁡ല ൠ 

ඃ 

ഹ෵ ൔ ඃഹ෤ ൔ ഹ෥ ൔ ഹ෴ ള 
ഹ෧෨෨ ൛ ⁡ ൑൚൝⁡ല ൟ 

ඃ ඃ 
F i g u r e 4 -15 S o u r c e  in S l o p e d  C u t 

ഹ෵ ൔ ഹ෴ ള 
ഹ෧෨෨ ൛ ⁡ ൑൚൝⁡ല ൠ 

ඃ ඃ 

ഹ෵ ൔ ඃഹ෥ ൔ ഹ෴ ള 
ഹ෧෨෨ ൛ ⁡ ൑൚൝⁡ല ൟ 

ඃ ඃ 
F i g u r e 4 -16 S o u r c e  a n d  R e c e i v e r  Se p ar at e d  b y  T r e n c h 

ഹ෵ = 8  f t f or  tr ain s with  diese l -elect r ic locomot ives = 3  f t f or  2 -ax le city b u ses 

= 2  f t f or  tr ain s with ou t diese l -el ect r ic locomotives = 8  f t f or  3 -ax le comm u ter b uses 

= 0  f t f or  au tomob iles 

N ote: E q u ation s f or  H ef f rem ain  valid w h en  H b = 0 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

T abl e 4 - 2 7  D i st anc e C orr ec t i on Fac t or E qu ati on s f or D et ai l ed N oi se A nal ysi s 

Sou rc e E quati o n * 

St at ion ary Sou r ces 
വ വ 
) ൕ ංඁസൗ൚൒( ) E q. 4 - 4 5ഴ෦෫෵෶෣෰෥෧ ൛ ⁡ ൕඃඁඝච඘⁡(

ආඁ ආඁ

Fix ed - gu idew ay r ai l c ar p assb y s 
വ വ 
) ൕ ංඁസൗ൚൒( ) E q. 4 - 4 6ഴ෦෫෵෶෣෰෥෧ ൛ ⁡ ൕංඁඝච඘⁡(

ආඁ අඃ

Fix ed - gu idew ay locomo t i ve an d ru b b er -

t ired veh ic le p assb ys , h igh w ay  veh icle 

p assb ys an d  h or n s 

വ വ 
E q. 4 - 4 7) ൕ ංඁസൗ൚൒( )ഴ෦෫෵෶෣෰෥෧ ൛ ⁡ ൕංඁඝච඘⁡(

ආඁ ඃඊ

വ ൛ d istan ce , f t  

സ ൛ g ro u n d fa ct or , se e T ab le 4 - 2 6  
*Th ese  e q u ation s ass u me th e distan ce b etwee n  th e sour ce an d r eceiver  is ap p r ox imate ly 3 00 f t  or  less . At lon ger

dist an ces , gr ou n d e f fect s h ave an u p per  limit an d atm osp h er ic condition s may  af f ect  p r op agation  c har acte r istics . Th er ef or e,

mor e detailed calcu lati on  m eth ods may  b e r equ ir ed to ac cou n t f or th ose ef f ects.

E x ample  4 -8 : D e ta il e d Noise An alys is – E x posure  vs . Dist an ce  Cur ve 
E xpo su re v s.  D i st anc e C u rve f or Fi xe d - G ui dew a y S ourc e 

Plot  an  ex p osu re  vs. distan ce cu rve fo r a diese l - e lect ric co mmu t er  t rain t h at  doe s n ot  s ou n d t h e h or n  in  th is 

are a. 

Ass um pt i o ns 

Th e t er rain  is fl at  gr assl an d w i t h ou t  a n oise  b arr ier. 

ഽ෧ෳෳු෱෥෱⁡(ඉ ൕ ඊൌ൘) = 7 2  dB A at  5 0  ft 
ഽ෦෰ෳු෱෥෱ = 6 8  dB A at  5 0  ft 

H r = 5  ft 

H b = 0 ft (for a “no noise barrier” case) 

H s = 8  ft  (f or  a diese l - ele ct ric co mmu t er  t rain ) 

Calcu l at e H ef f u sin g t h e e q u at ion s in Tab le 4 - 2 6 . 

ഹ෧෨෨ ൛ 
ഹ෵ ൔ ඃഹ෤ ൔ ഹ෴ 

ඃ 

൛ 
ඉ ൔ ඁ ൔ ආ 

ඃ 
= 6 .5  ft 

Det er min e t h e gro u n d fact or u sin g E q . 4 - 4 3 . 

സ ൛ ඁෳඈආ(ං ൕ 
ഹ෧෨෨ 

අඃ 
) 

൛ ඁෳඇ඄ 

Us e E q . 4 - 4 5  t o det er min e n oise vs. ex p osu re  eq u at ion s f or  L d.lo co an d L dn.lo co . 

ഽ෧ෳෳු෱෥෱⁡ = ඈඃ ൕ ංඁඝච඘⁡( ෌ 
ൈൃ
) ൕ ඇෳ඄ඝච඘⁡( ෌ 

േ൅
) 

ഽ෦෰ෳු෱෥෱ = ඇඉ ൕ ංඁඝච඘⁡( ෌ 
ൈൃ
) ൕ ඇෳ඄ඝච඘⁡( ෌ 

േ൅
) 

P lot t h e t w o e q u at ion s ( se e e x amp le in Fi gu re 4 - 1 7 ) . Fro m t h es e cu rves, th e n oise  levels du e t o t h is tr ain 

op er at ion  can  b e det er min ed f or  a re cei ver  of  in t er es t  at  an y dist an ce w ith ou t  sh ieldin g . 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

Fi gure 4 - 1 7  E xam pl e E xpo su re v s.  D i st anc e C ur ves 

3b . Calculat e t he at tenuat ion due t o shielding for each dist ance of interest from 

St ep 3a, using t he following equa t ion and T ables 4- 26 through 4- 30 and as 

illust rat ed in Example 4 - 9. If t he condit ions described in t he t ables are not met , 

t he at t enuat ion due to shielding is considered zero. Shielding can be due to 

intervening noise barriers, t errain feat ures, rows of buildings, and dense t ree 

zones. 

E q. 4 - 4 8ല෵෪෫෧෮෦෫෰෩ ൛ ඞඒඩ൪ഺഽ෤෣෴෴෫෧෴⁡൚൝⁡ല෤෷෫෮෦෫෰෩෵⁡൚൝⁡ല෶෴෧෧෵൮ 

w h er e: 

= b arr ier in se rt ion  loss , se e T ab le 4 - 2 8ഺഽ෤෣෴෴෫෧෴ 

= at t en u at ion  du e t o b u ildin gs , se e Tab le 4 - 2 9 
ല෤෷෫෮෦෫෰෩෵ 

= at t en u at ion  du e t o t re es , se e Tab le 4 - 3 0  
ല෶෴෧෧෵ 

T abl e 4 - 2 8  Barri er  I nse rti on Lo ss 

Barri er 

I nsert i o n 

Los s 

വ 
E q. 4 - 4 9ഺഽ෤෣෴෴෫෧෴ ൛ ඞඒඩ⁡{ඁ⁡චඣ ( ല෤෣෴෴෫෧෴ ൕ ංඁ(സූ් ൕ സ්) ඝච඘( ))|

ආඁ

ല෤෣෴෴෫෧෴ 

P 

വ 
G NB 

G B 

൛ ඞකඟ⁡{ංඃ⁡൚൝⁡}ආෳ඄ ඝච඘(ു) ൔ ඇෳඈ~| Fo r n o n - a b so rp tiv e tra n sit b a rri ers w ith in  5  f t o f  th e ra il 

൛ ඞකඟ⁡{ංආ⁡൚൝⁡(ආෳ඄ ඝච඘(ു) ൔ ඊෳඈ ) } Fo r a b so rp tiv e tra n sit b a rr iers with in  5  f t o f  th e ra il 

ඃෳආං෍ു Fo r a ll o t h er b a rri e rs, a n d f o r p r o t r u si o n o f t erra in 
൛ ඞකඟ⁡{ංආචඣ(ඃඁ ඝච඘( ) ൔ ආ)|⁡ a b o v e  t h e li n e o f  si g h tඥඒඟ඙ൺඅෳඅඇ෍ു୳ 

= p at h  len gt h  diff er en ce, f t  (se e f igu re 4 - 1 8 ) * 

= c lose st  dist an ce b et w ee n  t he r eceiver an d t h e so u rce, f t  

= g ro u n d f act or G co mp u t ed wit h ou t  b arr ier ( se e Tab le 4 - 2 6 ) 

= g ro u n d f act or G co mp u t ed wit h  b arr ier ( se e Tab le 4 - 2 6 ) 
* I f  th e sou r ce h eigh t (exh au st outlet) f or  diese l -e lect r ic locomot iv es is n ot av ailab le, as su me  15  f t.
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

Fi gure 4 - 1 8  N oi se B arri er Param et er  "P"  

T abl e 4 - 2 9  At t enuati o n d ue t o B ui l di ng s  

Con di t i on E quati o n 

Gap s in  t h e r ow  of  b u ildin gs c on st itu t e les s 

t h an  3 5 % of  t h e len gt h  of  th e r ow 
E q. 4 - 5 0ല෤෷෫෮෦෫෰෩෵ ൛ ඞකඟ⁡{ංඁ⁡൚൝⁡}ංෳආ⁡(ൃ ൕ ං) ൔ ආ~| 

G ap s in t h e r o w  o f b u il d in g s c o n st it u t e  3 5  t o  

6 5 % o f t h e le n g t h  of  t h e r o w 
ല෤෷෫෮෦෫෰෩෵ ൛ ඞකඟ{ංඁ⁡൚൝⁡}ංෳආ⁡(ൃ ൕ ං) ൔ ඄~| 

E q. 4 - 5 1  

G ap s in t h e r o w o f  b u il d in gs co n st it u t e  m o r e  

t h an 6 5 % o f  t h e len g t h  of t h e r o w 
ല෤෷෫෮෦෫෰෩෵ ൛ ඁ 

ൃ = nu mb er  of  r ows of h ou ses  th at in ter ven e b etwe en  th e sou r ce an d r ece iver 

T abl e 4 - 3 0  At t enuati o n d ue t o T rees 

Con di t i on E quati o n 

At least 1 0 0  f t  o f  t r e e s  in t erv e n e b et w e e n  th e 

sou rce an d r e ce iver  w ith n o  c lear li n e - o f - sig h t 

b et w e e n sou rce a n d  r e ceiver , an d t h e t re es 

ex t en d 15  ft o r  m o re  ab o v e t h e li n e - o f - sigh t 

ൈ 
ല෶෴෧෧෵ ൛ ඞකඟ ൫ංඁ⁡൚൝ ൯ ⁡ൢ൓൐൝൐⁡ൈ ൡ ංඁඁ൑ൟ E q. 4 - 5 2ඃඁ 

൛ ඁ⁡ൢ൓൐൝൐⁡ൈ ൞ ංඁඁ൑ൟ 

W = width  of  tr ee zon e alon g the lin e - of - site b etwe en  th e sou r ce an d r ece iver  in f e e t 

E x ample  4 -9 : D e ta il e d Noise An alys is – Shie ld ing 
Com p ut ati on  of Shi el di ng 

Th e f ollow in g fe at u re s are b et w ee n  t h e r ail cor ri dor  an d  a r eceiver  of  in t er es t . C alcu l at e t h e at t en u at ion  du e t o 

sh ieldin g. 

1 . A 1 5 - f oo t  h igh  n oise  b arr ier is 4 0  ft  fr om t h e close st  t rack a n d 1 3 0  ft  fr om t h e r eceiver

2 . A den se  t re e z on e 1 0 0  ft  t h ick t h at  ex t en ds 1 5 ft ab o v e t h e  li n e - o f - sigh t

Ass um pt i o ns 

H s = 8  ft  
H r = 5  ft  

B arr ier d imen sion s  
A = 4 0 .6 1  ft  
B = 1 3 0 .3 8  ft  
C = 1 7 0 .0 3  ft  

Barri er 

Calcu l at e H ef f w ith  an d w ith out  t h e b arr ier u sin g t h e e q u at ion s in Tab le 4 - 2 6 . 
ഹ෵ ൔ ඃഹ෤ ൔ ഹ෴ഹ෧෨෨ෳූ෱්෣෴෴෫෧෴ ൛ 

ඃ 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

൛ 
ඉ ൔ ඁ ൔ ආ 

ඃ 
= 6 .5  ft 

ഹ෧෨෨ෳ්෣෴෴෫෧෴ ൛ 
ഹ෵ ൔ ඃഹ෤ ൔ ഹ෴ 

ඃ 
൛ 
ඉ ൔ ංආ ൔ ආ 

ඃ 
= 2 1 .5 f t  

Det er min e t h e gro u n d fact or w ith  an d w ith ou t  t h e b arr ier u sin g E q . 4 - 4 3 . 

സූ෱්෣෴෴෫෧෴ ൛ ඁෳඈආ(ං ൕ 
ഹ෧෨෨ 

අඃ 
) 

൛ ඁෳඇ඄ 

സ්෣෴෴෫෧෴ ൛ ඁෳඈආ(ං ൕ 
ഹ෧෨෨ 

අඃ 
) 

൛ ඁෳ඄ඈ 

Calcu l at e t h e b arr ier in se rt io n  loss u sin g T ab le 4 - 2 8  an d Fi gu re 4 - 1 8 . 

ു ൛ ല ൔ ള ൕ ഴ 

൛ ඁෳඊඇ f t  

ല෤෣෴෴෫෧෴ ൛ ඞකඟ⁡{ංආචඣ(ඃඁ ඝච඘( 
ඃෳආං෍ു 

ඥඒඟ඙ൺඅෳඅඇ෍ു୳ 
) ൔ ආ)|⁡ 

= 1 2 .8  dB 

= ඞකඟ⁡⁡{⁡ංආ⁡൚൝⁡ංඃෳඉ| 
= 1 2 .8  dB 

ഺഽ෤෣෴෴෫෧෴ ൛ ඞඒඩ⁡{ඁ⁡චඣ ( ല෤෣෴෴෫෧෴ ൕ ංඁ(സූ෱්෣෴෴෫෧෴ ൕ സ්෣෴෴෫෧෴ ) ඝච඘( 
വ

ආඁ
))| 

൛ ංඃෳඉ ൕ ංඁ(ඁෳඇ඄ ൕ ඁෳ඄ඈ) ඝච඘( 
ංඈඁ 
ආඁ 

) 
= 1 1 .4 dB 

T rees 

Det er min e t h e at t en u at ion  du e t o t re es  u sin g Tab le 4 - 3 0 . 
ൈ 

൛ ඞකඟ⁡{ංඁ⁡൚൝ |ല෶෴෧෧෵ ඃඁ

൛ ආ dB 

T ot al  Shi el di ng 

Th e t ot al sh ield in g is t h e m ax i mu m of  t h e b arr ier an d t re e z on e sh ieldin g , 1 1 .4 dB . 

ല෵෪෫෧෮෦෫෰෩ ൛ ඞඒඩ൪ഺഽ෤෣෴෴෫෧෴⁡൚൝⁡ല෤෷෫෮෦෫෰෩෵⁡൚൝⁡ല෶෴෧෧෵൮ 

൛ ඞඒඩ{ංංෳඅ⁡൚൝⁡ඁ⁡൚൝⁡ආ| 
= 1 1 .4  dB 

No t e: Co mp u t at ion  re su lts sh ou ld alw ays  b e r ou n ded to  t h e n earest  decib el at t h e e n d o f  t h e comp u t at ion . I n 

all ex a mp les of  t h is s ect ion , h ow ever , t h e f irst  deci ma l p la c e is re t ain ed fo r re ader s t o p r ecise ly  mat ch  t h eir o w n 

comp u t at ion s ag ain st  t h e e x a mp le comp u t at ion s. 
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3 c .  Com bine the t wo propagat ion charact erist ics. 

Combine t h e results from St eps 3a and 3b t o  det ermine t he noise at t he 

receiver considering t he propagat ion charact erist ics of dist ance and shielding by 

applying t he dist ance correct ion and at t enuat ion due to shielding t o the project 

noise exposure level at 50 ft . 

T he equat ions in T able 4- 31 com bine t he equat ions in St eps 3a and 3b . 

T abl e 4 - 3 1  Cal c ul ate L dn o r L e q (1 hr) 

Sou rc e E quati o n * 

St at ion ary Sou rces 
വ വ 

E q. 4 - 5 3ഽ෌෫෵෶ෛ෪෫෧෮෦ ൛ ഽ⁡ ൕ ඃඁ ඝච඘( ) ൕ ංඁസൗ൚൒( ) ൕ ല෵෪෫෧෮෦෫෰෩ ආඁ ආඁ

Fix e d - gu idew ay r ai l c ar 

p assb ys 

വ വ 
E q. 4 - 5 4ഽ෌෫෵෶ෛ෪෫෧෮෦ ൛ ഽ⁡ ൕ ංඁ ඝච඘( ) ൕ ංඁസൗ൚൒( ) ൕ ⁡ല෵෪෫෧෮෦෫෰෩ ආඁ අඃ

Fix ed - gu idew ay locomo t i ve 

an d ru b b er - t ired veh icle 

p assb ys, h i gh w ay veh ic le 

p assb ys an d  h or n s 

വ വ 
E q. 4 - 5 5ഽ෌෫෵෶ෛ෪෫෧෮෦ ൛ ഽ⁡ ൕ ංඁඝච඘⁡( ) ൕ ංඁസൗ൚൒( )⁡ൕല෵෪෫෧෮෦෫෰෩ ආඁ ඃඊ

ഽ ൛ ഽ෦෰⁡൚൝⁡ഽ෧ෳ 
വ ൛ d istan ce , f t  

സ = g ro u n d f act or , se e Sect ion 4 .5 , St ep  3 a 

= a t t en u at ion  du e t o sh ield in g , se e Se ct ion 4 .5 , St ep  3 b . ല෵෪෫෧෮෦෫෰෩ 
*Th ese eq u ation s ass u me th e distan ce b etwee n  th e sour ce an d r eceiver  is ap p r ox imate ly 3 00 f t  or  less . At lon ger

distan ces , gr ou n d e f fect s h ave an u p per  limit an d atm osp h er ic condition s may  af f ect  p r op agation  c har acte r istics .

Th er ef or e, m or e detailed calcu lation  m eth ods may  b e r equ ir ed to ac cou n t f or  th ose ef fect s . ( 28 , 29 ) 

Step  4 : C om bine N oise E x posu re  f ro m All Sou rce s 

Combine all sources to predict the total project noise at the receivers using the 

equations in Table 4-32 after propagation adjustments have been made for the noise 

exposure from each source separately. 

T abl e 4 - 3 2  Com put i ng T o t al  Noi se E xp o sure 

Tot al L e q (1hr) f ro m a l l  s ou rces 

f or  t h e h ou r of  in t eres t : 

ුශෟ෫(഼෢෬)൦ංඁ ൄൃ )ഽ෧ෳෳ෶෱෶෣෮(ൄ෪෴) ൛ ංඁඝච඘⁡(ි෣෮෮⁡෵෱෷෴෥෧෵ 
E q. 4 - 5 6  

T ot al L dn f ro m a ll s ou rces 
ුෞ෨

ංඁ ൦ൄ ൃ )ഽ෦෰ෳ෶෱෶෣෮ ൛ ංඁඝච඘⁡(ි෣෮෮⁡෵෱෷෴෥෧෵ 
E q. 4 - 5 7  

E x ample  4 -1 0  D e tai led No ise  An al ysis –  Co mbine Sou rce s 

Com p ut ati on  of T ot al  Ex po su re f r o m  C om bi ne d S ourc e s 

Co mb in e t h e n oise  ex p osu re  fr om t h e commu t er  t rain  an d ligh t  ra il s yst em t o e st imat e t h e t ot al n oise  ex p osu re 

at  t h e r eceiver . 

Ass um pt i o ns 

A com mu t er  t rain  op er at ion p ro du ces  t h e f ollow in g le vels at  a re ceiver  of in t er es t : 

= 7 2  dB Aഽ෧ෳෳ෋෱෯෯෷෶෧෴ 
= 6 8  dB Aഽ෦෰ෳ෋෱෯෯෷෶෧෴ 

A li gh t  rai l syst em  p ro du ces  t h e f ollow in g leve ls at  t h e sa m e r eceiver : 

= 6 9  dB Aഽ෧ෳෳු෫෩෪෶ේ෣෫෮ ⁡ 
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= 7 0  dB Aഽ෦෰ෳු෫෩෪෶ේ෣෫෮ 

N o  ot h er p ro ject sou rces af f ect t h is r ecei ver . 

Calcu l at e t h e t ot al n oise  ex p osu re  a t t h e r ece iver  u sin g t h e eq u at ion s in Tab le 4 - 3 2 . 

ഽ෧ෳෳ෶෱෶෣෮ ൛ ංඁඝච඘⁡(ංඁ(ൊ൅ഏൄൃ) ൔ ංඁ(൉ൌഏൄൃ)) 
൛ ඈ඄ෳඉ dB A 

ഽ෦෰ෳ෶෱෶෣෮ ൛ ංඁඝච඘⁡(ංඁ(൉ോഏൄൃ) ൔ ංඁ(ൊൃഏൄൃ)) 
൛ ඈඃෳං dB A 

No t e: Co mp u t at ion  re su lts sh ou ld alw ays  b e r ou n ded to  t h e n earest  decib el at t h e e n d o f  t h e comp u t at ion . I n 

all ex a mp les of  t h is s ect ion , h ow ever , t h e f irst  deci ma l p la c e is re t ain ed fo r re ader s t o p r ecise ly  mat ch  t h eir o w n 

comp u t at ion s ag ain st  t h e e x a mp le comp u t at ion s. 

Step  5 : D e te rm ine E x isting  No ise  E x po sure 

Choose the appropriate method for characterizing noise and then determine the 

existing noise at each identified noise-sensitive receiver. The exist ing noise is needed 

t o det ermine t he noise impact according t o t he criteria described in Sect ion 4.1, 

Step 2 . Recall t hat impact is assessed based on a com parison of t he exist ing 

ambient noise exposure and t he addit ional noise exposure t hat will be caused by 

t he project . T he exist ing noise exposure must be est imated for all receivers of 

interest ident ified in Sect ion 4.5, St ep 1 . 

For a Det ailed No ise Analysis, it is recommended to measure exist ing noise at 

each receiver of int erest ident ified in Sect ion 4.5, St ep 1 , for t he mo st precise 

assessment of exist ing noise and conclusions concerning noise impact . However, 

measurement s ar e expensive, o ft en t hwart ed by weather, and t ake considerable 

t ime in the field. If t aking measurement s at each ident ified receiver is not 

possible, o ther less precise method s are available. Different met hods may be 

used at different receivers along t he pr oject . However, it is important t o 

recognize t he correlat ion bet ween t he precision of measurement s and t he 

confidence in the impact assessment . Especially in a Det ailed No ise Analysis, 

avoid using less precise met hod s of measuring exist ing noise just for t he sake of 

convenience or expediency. T he use of less precise met hod s must be clearly 

just ified. 

O p tio n A. N o ise Exp o su re Mea su remen ts – Full one -hour measurement s 

are t he mo st appropriat e way t o det ermine ambient noise exposure for 

non- resident ial receive rs wit h t he level of precision expect ed in a Det ailed 

No ise Analysis . For resident ial receivers, full 24 -hour measurement s are mo re 

appropriat e . T hese full- durat ion measurement s are preferred over ot her 

met hods of charact erizing exist ing noise where t ime and st udy funds allow. 

Follow t he procedures below for t hese full- durat ion ambient noise exposure 

measurement s: 

A i .  N on - residen tial land u ses – M easure a full hour L e q ( 1hr) at t he receiver of 

interest on at least t wo non - successive weekdays ( generally be t ween noon on 

Mo nday and noon on Friday) . Select t he hour of t he day when t he maximum 

project act ivity is expect ed t o occur. 
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A.i i. Resid en tial lan d u ses – M easure a full 24- hour L d n  at t he receiver of

interest for a single weekday ( generally bet ween noon on Mond ay and noo n on

Friday) .

A.i ii. Microp hon e po sitio n – T he l ocat ion of t he micropho ne at t he receiver

depends upon t he proposed locat ion of t he t ransit noise source , so use good

t echnical judgment in posit ioning t he measurement micropho ne. If , for example,

a new rail line will be in front of t he house, do not locat e the micropho ne in t he

backyard behind t he house where t he line of sight between the noise source

and receiver is obst ruct ed . Figure 4- 19 illust rat es recommended measurement

posit ions for v arious locat ions o f the project , wit h respect t o t he house and t he

exist ing source of ambient noise.

A.i v. Mea su remen t guidel ines – Undert ake all measurement s in accordance

wit h good engineering pract ice following guidelines given in AST M and ANSI

st andar d s . ( 30 ) ( 31 ) 

Fi gure 4 - 1 9  Rec om m ende d Mi c r op ho ne L oc ati on s 

for E xi st i ng  Noi se Me as ur em ents 
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O p tio n B. No ise Expo su re Co mpu tation s fro m Partial Mea su remen ts 

– O ft en , measurement s can be made at som e of t he receivers of interest and

used to est imate noise ex posure at nearby receivers. In ot her situat ions, several

L e q( 1hr) measurement s can be t aken at a receiver and t hen t he L d n  com put ed

from t hese. Bot h opt ions require experience and knowledge of acoustics t o

select represent at ive measurement sites. If using this met hod t o com put e an

Ldn, a minimum t ime period of one hour should be used for each measurement

period . It is unaccept able to ext rapolate a one hour measurement from a

shorter measurement period .

Measurement s at one receiver can be used t o represent t he noise environment 

at ot her sites, but only when proximit y t o major noise sources is similar among 

t he sites. R esident ial neighborhood s wit h ot herwise similar hom es may have 

great ly varying noise environment s . For example, one area of t he neighborhood 

may be locat ed where t he ambient noise is clearly due to highway t raffic . A 

second area t oward t he interior of t he neighborhoo d may have highway noise as 

a fact or , but also include other noise sources from t he com munity . A t hird area 

locat ed deep into the resident ial area could have local st reet t raffic and ot her 

com munit y act ivities dominat e the ambient noise. In t his example, t hree or 

mo re measurement sites would be required to represent t he varying ambient 

noise condit ions in a single neighborhood. 

T ypi cal situat ions where represent at ive measurement sites can be used t o 

est imat e noise levels at ot her sites o ccur when bot h share t he following 

charact erist ics: 

 Proximit y t o the same major t ransportat ion noise sources, such as

highways, rail lines and aircra ft flight patt erns

 Proximit y t o the same major stationary noise sources, such as power

plant s, indust rial facilities, rail yards and airports

 Similar t ype and density of housing, such as single -family hom es on

quart er- acre lot s and mult i- family housing in apartment complexes

Acoustical professionals are oft en adept at such comput at ions from part ial dat a 

and are encouraged t o use t heir experience and judgment in fully ut ilizing t he 

measurement s in t heir comput at ions. This does necessitat e a conservat ive 

est imat e ( underest imat e) of exist ing noise t o account for reduced precision 

from part ial data as com pared t o full noise measurement s. 

T hose wit hout a background in acoustics are encouraged to use t he procedures 

in Appendix E t o comput e exist ing noise from pa rt ial measurement s. T hese 

met hods include a fact or to conservat ively est imate (underest imat e) exist ing 

noise to account for reduced precision from part ial dat a as compared t o full 

noise measurement s. 

O p tio n C. Estimatin g Exi stin g No ise Exp o su re – T he least precise way t o 

det ermine noise exposure is t o est imat e it from a t able. T his method is oft en 

used for t he General No ise Assessment , but it is not recom mended for a 

Det ailed No ise Analysis. It can be used , however, in t he absence of bet t er data 

for locat io ns where roadways or railroads are t he predo minant ambient noise 

source. T able 4- 17 presents t hese exist ing levels. T he levels in T able 4-17 are 
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conservat ive and underest imate exist ing noise to account for reduced precision 

com pared t o full noise measureme nt s. If a simplified procedure t o est imat e 

exist ing noise exposure is chosen it must be clearly just ified and receive 

approval by the FT A R egional office. 

While measurement s are considered t he mo st precise method , t here is one 

situat ion where it may be mo re accurat e t o est imat e rat her t han measure t he 

exist ing noise exposure, which is in areas near major airports where aircraft 

noise is dom inant . Because airport noise is highly variable based on weat her 

cond itions and correspond ing runway usage, it is pref erable in such cases t o 

base t he exist ing noise exposure on published aircraft noise contours in t erms 

of Annual Average L d n . 

Step  6 : A ssess Noi s e  Impa ct 

Assess noise impact at each receiver of interest ident ified in Sect ion 4.5, Step 1 

using t he noise im pact criteria in Sect ion 4.1 and t he procedures in t his st ep . 

Choo se t he appropriat e noise impact assessment procedure for a t ransit 

project or mult imodal project . 

O p tio n A. Tran sit Pro jects – For t ransit project s, noise impact is assessed at 

each receive r of int erest using t he criteria for t ransit project s described in 

Sect ion 4.1. T he noise impact assessment procedure is as follows: 

A . i .  T abulat e exist ing ambient noise exposure ( rounded to the nearest whole

decibel) at all receivers ident ified Sect ion 4.5, Step 1. In cases where large

residential buildings are exposed t o noise on one side only, t he receivers on

t hat side are included in the analysis.

A . i i .  T abulat e project noise exposure at t hese receivers from Sect ion 4.5,

Step 4.

A . i i i.  Det ermine t he level of noise impact ( no impact , moderat e impact , or

severe impact ) according to Sect ion 4.1.

A . i v .  Document t he results in noise - assessment invent ory t ables. Include t he

following informat ion:

 R eceiver ident ificat ion and locat ion

 Land use descriptio n

 Number of noise- sensit ive sites represent ed ( number of dwelling units

in residences or acres of out door noise - sensitive land)

 Closest dist ance to t he project

 Exist ing noise exposure

 Project noise exposure

 Level o f noise impact ( no impact , mod erat e impact , or severe impact )

 A sum of t he t ot al number of receivers and numbers of dwelling units

predict ed t o experience mod erat e impact or severe impact

A . v .  Illust rat e t he areas of m oderat e impact and severe impact . T wo met hod s

o f  displaying impact are labeling and contouring.
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 In a Det ailed No ise Analysis, t he mo st accurat e indication of impact is

t o  label each impact ed building or cluster ident ified in t he inventory

t able.

 A less precise illust rat ion of impact ed areas is a plot of project noise

cont ours on t he maps or aerial photograph s, along wit h shaded impact

areas. Use t he procedures in Sect ion 4.4 , Step 6 and the levels from

Sect ion 4.5, St ep 2 t o develop t hese cont ours.

N ot e that it is difficult to posit ion noise contours in urban areas due t o 

shielding, t errain features , and ot h er propagat ion anomalies. If noise cont ours 

are used, they should be considered illust rat ive rat her t han definit ive. If desired 

t o confo rm to t he pract ices of anot her agency, t he cont ouring may perhaps 

include several cont our lines of constant project nois e, such as L d n  65, L d n  70 , 

and L d n  75 dB A. 

A . v i .  Including informat ion on the magnitude of t he impacts is an essent ial part

of t he assessment . T he magnitud e of noise impact is defined by t he t wo

t hreshold curves delineat ing onset of mod erat e impact and severe impact .

O p tio n B. Mu ltimo dal Proje cts – For mult imodal project s, project noise 

com prised of bot h hi ghway and t ransit noise sources that are assessed 

according t o t he FT A noise impact criteria ( see T able 4- 2) , use the procedure in 

O pt ion A above. For multimo dal project s t hat require FHWA’s noise 

assessment met hod s to inform FTA’s evaluation ( see Sect ion 4.1 , St ep 1 -

O pt ion B ) , follow t he FHWA guidance . ( 32 ) In general, t he appropriat e calculat ion 

met hod is t o use t he current version of F HWA’s Traffic Noise M odel (T NM) . ( 22) 

T NM is a st at e- o f -t he- art com put er program used for predict ing noise impact s 

near highways. 

T NM allows for a det ailed assessment at each receiver of int erest by separat ely 

calculat ing t he noise cont ribut ion of each roadway segment . For ea ch roadway 

segment , t he noise from each vehicle t ype is comput ed from reference n oise 

levels, adjust ed for: 

 V ehicle volume

 V ehicle speed

 Grade

 R oadway segment lengt h

 Source- t o - receiver dist ance

Furt her adjustment s needed to accurat ely mo del the sound prop agat ion from 

source t o receiver include: 

 Shielding pro vided by ro ws of build ings,

 Effect s of different ground t y pes,

 Source and receiver elevat ions, and

 Effect of any intervening noise barriers .

T NM sums t he noise cont ributio ns of each vehicle t ype for a given roadway 

segment at t he receiver. TNM t hen repeat s t his process for all roadway 

segment s, summing their cont ributions t o generat e t he predict ed noise level at 

each receiver. 
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Step  7 : D e te rm ine Noise M itig ati on  M e asure s 

Evaluat e alternat ive mit igat ion measures where the Det ailed Noise Analysis 

shows either severe or m oderat e impact , and it is not feasible to change t he 

alignment or locat ion of t he project to avoid impact . Project noise t hat is found 

t o cause no impact does not generally require any mit i gat ion . 

Mit igat ion of noise impact from t ransit project s may involve t reatment s at t he 

t hree fundament al compo nent s of the noise problem: at the noise source, along 

t he source - t o - receiver propagat ion pat h , or at the receiver. Generally, t he 

t ransit propert y has aut hority to t reat t he source and som e element s of t he 

propagat ion pat h, but may have lit t le or no aut horit y to mod ify anyt hing at t he 

receiver. Aft er mit igat ion opt ions have been det ermined, repeat t he project 

noise comput at ions including t he adopt e d mit igat ion and reassess t he remaining 

noise impact . 

Approximate costs for noise cont rol measures are document ed in a report 

from t he T ransit Coo perat ive R esearch Program (T CR P) ( 33 ) an d are also 

present ed in this s ect ion. These costs reflect the noise mit i gat ion costs available 

in 1997 ( unless ot herwise not ed) , which are t he mo st recent data available as of 

t his publicat ion, and should only be used as represent at ive est imat es when 

considering noise mit igat ion opt ions. Current noise mitigat ion costs should b e 

researched before decisions on noise mit igat ion opt ions are finalized, and t hen 

t hey should be document ed according t o Sect ion 8. 

7a . Evalu ate So u rce Trea tmen ts – T he most effect ive noise mit igat ion 

t reat ment s are applied at the noise source. T his is t he preferred approach to 

mit igat ion when possible. Common source t reatment s and t heir est imat ed 

acoustical effect iveness are included in T able 4- 33 and described below. It is 

import ant to note t hat t he values below are est im at es and should be applied 

wit h good engineering judgement. It also important t o not e t hat t hese mit igat ion 

measures should not be applied as a reduct ion in t he reference SEL values for a 

vehicle t hat already incorporat es t hat measure as a feat ure , such as vehicle 

skirt s. Measurement s t o d et ermine t he reference SEL source level are required 

in t hose inst ances . 

T abl e 4 - 3 3  T ran si t  Noi se Mi t i gati on Meas ure s – S ou rc e T reatm ents 

Mi t i gati on Meas ure E ffec t i veness 
St rin gen t  Veh icle & E q u ip me n t  No ise Sp ecif i cat ion s Varie d 
Op er at ion al Rest rict ion s † Varie d 

Resilien t  or D amp ed Wh ee ls* 
Fo r ro llin g n oise  on  t an gen t  t rack: 2  dB 
Fo r w h ee l sq u eal on  cu rved t r ack: 1 0 - 2 0  dB

Veh icle Skirt s * 6 - 1 0  dB
Un der car Ab sor p t ion * 5  dB 
Qu iet F an D es ign an d F an P l a cem en t * Varie d 
Pre ven t at ive M ain t en an ce o n R ail S y st em s * Varie d 
R es u rf acin g R oa ds * *  1 0  dB 
Gu idew ay Su p p or t  fo r B u se s* * 1 0  dB 
Tu rn  Radi i G re at er  t h an  1 0 0 0 ft * Avoi ds Sq u eal 
Rail  L u b ricat ion  on  Sh arp  Cu r ves * Redu ces  Sq u eal 
Mo vab le - Po in t  Fro gs (r edu ce rail gap s at  cro sso ver s) * Redu ces  Imp a ct  No ise 
E n gi n e C omp art me n t  Treat m en t s 6 - 1 0  dB
Qu iet Z on es * Redu ces o ccu rr en ce of  h or n  n oise 
† FTA does n ot n or ma l l y a ccep t op era ti on al r estri cti on s a s a n oi se m i tig a tion m ea su r e – s ee bel ow. 
* A pp li es to r ai l pr ojects on l y .
** App l ies to b us p r oj ects onl y .
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 S tringen t Veh icle and Eq u ip men t N oise Sp ecification s

 Veh icle s – Among t he most effect ive noise mit igat ion t reat ment s is

noise cont rol during the specificat ion and design of t he t ransit vehicle.

Such source t reat ment s apply t o all t ransit mod es. By developing and

enforcing st ringent but achievable no ise specificat ions, t he t ransit

propert y t akes a major step in cont rolling noise everywhere on t he

syst em. It is important to ensure t hat the noise levels quot ed in t he

specificat ions are achievable wit h t he applicat ion o f best available

t echnolo gy during t he development of t he vehicle and reasonable

considering t he noise reduct ion benefit s and costs.

Effect ive enforcement includes penalties for non - com pliance wit h t he 

specificat ions. T he noise mit igat ion achieved by sour ce t reat ment is 

dependent on t he qualit y of inst allat ion and maintenance. V ehicles failing 

t o  meet the noise specificat ion could result in complaints from the 

public and require ad dit ional noise mit igat ion measures applied along the 

pat h or at receivers. 

 S tation ary sou rce s – St ringent but achievable no ise specificat ions for

st at ionary sources are also an effect ive approach for mitigat ing noise

impact s. T ypical equipment includes fixed plant equipment such as

t ransformers and mechanical equipment , as well as grade - crossing

signals. For example, it may be possible to reduce noise impact from

grade- crossing signals in some areas by specifying equipment t hat set s

t he level of t he warning signal lower in locat ions where ambient noise is

lower to minimize the signal noise in t he direct ion of noise - sensitive

receivers.

 O peration al Restrictio ns – Changes in operat ions that can mit igat e noise

include t he lowering of speed, t he reduct ion of nightt ime ( 10 p.m. to 7 a.m. )

operat ions, and reduct ion of warning horns and signals.

 S peed redu ction – Because noise from mo st transit vehicles is

dependent on speed, a reduct ion of speed results in lower noise levels.

T he effect can be considerable. For example, t he speed dependency of

st eel- wheel/st eel- rail syst ems for L e q ( 1h r )  and L d n  ( T able 4 - 21) results in a

6- dB reduct ion when reducing t he speed t o half of t he original speed.

Altho ugh t here are t angible benefit s from speed reduct ions during t he 

mo st noise- sensitive t ime periods, FT A do es not ordinarily accept speed 

reduct ion as a noise mit igation measure for t wo important reasons: 

speed reduct ion is unenforceable and negat ed if vehicle operators do 

not adhere t o est ablished policies, and it is cont rary to t he purpose of 

t he t ransit investment by FT A , which is to move as many people as 

possible as efficiently and safely as possible. 

 Red uction o f n igh ttime o p eration s – Complete eliminat ion of

night t ime operat ions has a st rong effect on reducing the L d n , because

night t ime noise is increased by 10 dB when calculat ing L d n . But

rest rict ions on operat ions are usually not feas ible because of service

demands. FT A generally does not pursue rest rict ions on operat ions as a
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noise reduct ion measure. However, if early mo rning idling can be 

curt ailed to t he minimum necessary, however, t his can have a 

measurable effect on L d n . 

While t here are t angible benefits from limit s on operations during t he 

mo st noise- sensitive t ime periods, FT A do es not recommend limit s on 

operat ions as a way t o reduce noise impact s because it is cont rary to 

t he purpose of t he t ransit invest ment by FT A which is t o move as many 

people as possible as efficient ly and safely as possible. 

 Red uction o f wa rn in g ho rns and signals – Minimizing or eliminat ing

horns and other warning signals at gat e crossings can reduce n oise

impact for light rail and commut er rail syst ems. Although t hese

mit igat ion opt ions are limited by safet y considerat ions, t hey can be

effect ive in t he right circumst ances . For examples, see quiet zones

below and wayside horns in Step 7b.

Wh eel Treatmen ts (Rail) – A major source of noise from st eel - wheel 

and st eel- rail syst ems is the wheel/rail int eract ion t hat can prod uce t hree 

dist inct ive sounds : roar, impact , and squeal ( as discussed in Sect ion 3.2) . 

R oar is t he rolling noise caused by small - scale roughness on t he wheel t read 

and rail running surface. Impact s are caused by discontinuit ies in t he running 

surface of t he rail or by a flat spot on t he wheels. Squeal occurs when a 

st eel - wheel t read or it s flange rubs across t he rail, resulting in resonant 

vibrat ions in t he wheel t hat creat es a screeching sound. V arious wheel 

designs and ot her mit igat ion measures exist to reduce t he noise from each 

of t hese t hree mechanisms. 

 Resilien t wh eel s – R esilient wheels are effect ive in eliminat ing wheel

squeal on t i ght turns wit h reduct ions of 10 t o 20 d B  in t he high -

frequency range where squeal noise occurs. R olling noise is also slight ly

reduced with resilient wheels and t ypically achieves a 2- d B  reduct ion on

t angent t rack. T he costs for resilient wheels are approx imat ely $2000 to

$3000 per wheel, as compared t o about $400 to $700 for standard

st eel wheels. ( vi ) 

 Da mp ed wh eel s – Damped wheels, like resilient wheels, are effect ive

in eliminat ing wheel squeal on t ight t urns wit h reduct ions o f 5 t o 15 dB

in t he high - frequency range where squeal occurs. Rolling noise is also

slight ly reduced by approximately 2 dB on t angent t rack. T his t reat ment

involves at t aching vibrat ion absorbers to st andard st eel wheels. T he

costs fo r damped wheels add approximat ely $500 to $1000 t o t he

normal $700 for each st eel wheel.

v i  Assu me s 8  wh eels p er  v eh icle. 
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 Veh icle Trea tmen ts – Vehicle no ise mit igat ion measures are applied to

t he various mechanical systems associat ed wit h propulsion, ven t ilat ion , and

passenger com fort. Propulsion syst ems of t ransit vehicles include diesel

engines, elect ric mot ors, and diesel - elect ric com binat ions. Noise from the

propulsion syst em depends on t he t ype of unit and how much noise

mit igat ion is built int o t he design. Mufflers on diesel engines are generally

required t o meet noise specificat ions ; however, mufflers are generally

pract ical only on buses, not on locomo t ives. Cont rol of noise from engine

casings may require shielding t he engine by bod y panels wit hout louvers,

dict at ing ot her means of cooling , and vent ilat ion.

V ent ilat ion requirement s for vehicle syst ems are related to t he noise 

generat ed by a vehicle. Fan noise oft en remains a major no ise source aft er 

ot her mit igat ion measures have been inst itut ed because of t he need to have 

direct access t o cooling air. T his applies to heat exchange rs for elect ric 

t ract ion mot ors, diesel engines , and air- condit ioning syst ems. The mit igat ion 

opt ions for t hese syst ems include: 

 Q u iet fa n d esign and p lace men t – Fan noise can be reduced by

inst allat ion of quiet, efficient fans. Forced - air cooling on elec t ric t ract ion

mo tors can be quiet er than self - coo led motors at operat ing speeds.

Placement of fans on t he vehicle can make a considerable difference in

t he noise radiat ed t o t he wayside or to pat rons on t he st at ion

plat forms.

 Veh icle ski rts an d u nd ercar ab so rp tion – The vehicle bo dy design

can provide shielding and absorption of t he noise generat ed by t he

vehicle component s. Acoust ical absorption under the car has been

demo nst rat ed t o provide up to 5 d B of mit igat ion for wheel/rail noise

and propulsion - syst em noise on rapid t ransit t rains. Similarly, vehicle

skirt s over t he wheels can provide more than 5 dB of mit igat ion. By

carrying t heir own noise barriers, vehicles wi t h t hese feat u r es can

provid e cost - effect ive noise red uct ion. T he cost for vehicle skirt s will

add approximately $5000 to $10000 per vehicle. Undercar absorption

will add approximately $3500 per vehicle, assuming that 50% of t he

underside of the floo r is t reat ed.

 Preve n tative M ain tenan ce (Rail ) – Prevent at ive maint enance is t he best

st rat egy t o minimize rail and wheel deteriorat ion. While t hese are not

mit igat ion measures in t he t radit ional sense and should not be included as

mit igat ion in an environment al document , t hey can help t o keep bot h noise

and vibration levels at a “like - new” level o r reduce both noise and vibrat ion

in syst ems with deferred maintenance. T his can be accom panied by

considerable life cost benefits fo r t he t ransit syst em.

 S p in - slide co n tro l systems – Similar t o ant i- locking brake syst ems

( ABS) on autom obiles, spin - slide cont rol syst ems reduce t he incidence

of wheel flat s, a major contributo r of impact noise. T rains wit h smoot h

wheel t reads can be up t o 20 dB quiet er t han t hose with wheel flat s. T o

be effect ive, t he ant i- locking feat ure should be in operat ion during all

braking phases, including emergency braking. Wheel flat s are more likely
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t o occur during emergency braking t han during dynamic braking. T he 

cost of slip - slide cont rol may be incorporat ed in t he new vehicle cost s, 

but may be bet ween $5,000 and $10,000 per ve hicle wit h a maint enance 

cost of $200 per year. 

 Wh eel truin g – Maintenance of wheels by t ruing eliminat es wheel flat s 

from t he t reads and rest ores t he wheel profile. As discussed above, 

wheel flat s are a major source of impact noise. As a guideline, it is 

recom mended t hat w heel set s match within approximat ely ±0.01 inch 

and all wheels on t he same t ruck should match wit hin ±0.02 inches to 

minimize damage and wear t o wheels and rails . ( 34 ) A wheel t ruing 

machine cost s approximat ely $1 million , including associ at ed 

maint enance materials and labor cost s. T he T CR P report est imates a 

syst em wit h 700 vehicles would incur a yearly cost of $300,000 to 

$400,000 for a wheel t ruing program . 

It is recommended t o inst all wheel - flat det ector syst ems t o ident ify 

vehicles t h at are most in need of wheel t ruing. T hese syst ems are 

becom ing mo re com mon on railroads and int ercity passenger syst ems, 

but are relat ively rare on t ransit syst ems. 

 Rail g rind ing – T he smoot hness of the running surface is critical in t he

mit igat ion of n oise from a mo ving vehicle. Mill scale grinding before

com mencement of pre - revenue service t rain operat ions is critical.

Experience shows t hat grinding new rails aft er approximately 3 mont hs

of t rain operat ions and scheduling rout ine grinding at approximat e

intervals of 2 years in t he problem areas would minimize noise

problems relat ed to corrugat ion in most cases. Grinding wit h small

machines when t he corrugat ion depth is st ill small is a reasonable

approach. As a guideline, it is recom mended t o spot- grind at locat ions

where corrugat ion occurs before corrugat ion grows to 0.02 inches ( 32) .

Periodic rail grinding can result in a net savings per year on wheel and 

rail wear. Mo st t ransit systems cont ract out rail grinding, altho ugh some 

of t he larger syst ems m ake t he invest ment of approximately $1 million 

for t he equipment and do their own grinding. Cont ract ors t ypically 

charge a fixed amo unt per day for t he equipment on site, plus an 

amo unt per pass- mile (one pass of t he grinding machine for one mile) . 

T ypical rail grinding cost would be approximat ely $ 7,000 to $ 10,000 per 

pass- mile. 

 Wh eel and rail p rofile matchin g – It is import ant to consider t he

wheel and rail profile com pat ibilit y when t ruing wheels and grinding

rails. If t he profiles do not match, t he be nefits of t his kind of

prevent at ive maint enance will not be achieved.

It is equally important to consider init ial wheel and rail profile 

com pat ibilit y. Work wit h track designers and vehicle suppliers early in 

t he design process to ensure wheel and rail p rofile compatibility. 

Profiles should be defined during t he design phase and should be in 
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place when syst em opens . ( 32 ) T he cost of wheel and rail profile matching 

may be incorporat ed in t he new vehicle and new rail costs. 

Profile grinding of t he rail head in com binat ion wit h a wheel t ruing 

program may be the mo st pract ical approach to cont rolling and 

reducing noise and vibrat ion where such pract ices are not normally 

cond uct ed. 

 Main ten an ce p ro gram – Clearly defined maint enance specificat ions

should be developed during design phase of t he project . The

specificat ions should define rail and wheel profiles, include det ailed

guidance for pre - revenue mill scale grinding, address issues relat ed to

healthy rail- wheel interface, and include a mechanism for periodic

mo nitoring of wheel and rail cond ition and verificat ion for

com pliance. ( 32) A diligent maintenance program can often resolve or

reduce rail noise issues before t hey occur. V ehicle recond itioning

programs should also be developed part icularly for com ponent s such as

suspension syst em, brakes, wheels, and slip - slide det ect ors.

 Gu id ewa y Su ppo rt (Bus) – T he smoot hness of t he running surface is

critical in t he mit igat ion of noise from a mo ving vehicle.

 Resu rfacing ro ad s – Roughness on t he guideway can be elimi nat ed by

resurfacing roads, t hereby reducing noise levels by up t o 10 d B .

 Brid ge expan sio n join t an gles and d esign – Bridge expansion joint s

are also a source of noise for rubber - t ire vehicles. T his source of noise

can be reduced by placing expansion joi nt s on an angle or by specifying

t he serrat ed t ype rat her t han joint s wit h right - angle edges.

 Turn Radii and R a i l  Lu brication – For st eel- wheel/st eel- rail syst ems

wit h non - steerable t rucks and sharp t urns, squeal can typically be eliminat ed

by designing a ll t urn radii to be great er t han 1000 ft , or 100 t imes t he t ruck

wheelbase, whichever is less. If t his is not possible, squeal can be mi t igated

by inst allat ion of lubricat ors ( t hough t he pot ent ial environm ent al impact s of

lubricant applicat ion should be fa ct ored into t his decision) . R ail lubricat ors

cost approximately $10,000 - $40,000 per curve.

 Mo vab le- po in t an d Sp rin g - rail F rogs – Frogs with spring- loaded

mechanisms and frogs wit h mo vable point s can reduce impact noise near

crossovers. According t o the T CR P report , a spring frog costs

approximately $12,000, t wice t he cost of a st andard frog. A movable point

frog involves elaborat e signal and cont rol circuitry resulting in higher costs

o f  approximat ely $200,000.

 U se o f Lo co motive Ho rns a t - grad e Crossin gs an d Qu iet Zon es – In

cases where com mut er rail operat ions share t racks or RO W wit h freight or

intercity passenger t rains that are part of the general railroad syst em, t he

safet y rules of t he FR A, including the T rain Horn R ule , apply. ( 35 ) T h e T rain

Horn R ule requires t hat locom ot ive horns be sounded at public highway

grade crossings, altho ugh som e except ions are allowed in carefully defined

circumst ances. Locomot ive horns are oft en a major cont ributor in

FE DE RAL  TRAN SI T ADM I N I STRATI O N 10 2 



 

 

   

    

       

     

 

        

       

     

        

     

     

       

       

        

        

       

      

         

           

   

       

          

        

   

         

       

  

 

       

        

     

      

      

   

       

        

 

 

         

       

     

         

     

      

      

    

       

        

    

                                                           
   

TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

project ions of adverse noise impact , in t he com munity f rom propo sed 

com mut er rail project s. Since noise barriers are not feasible at highway - rail 

grade crossings, t he est ablishment of quiet zones could be considered. 

Q uiet zone s can be est ablished in which supplement al safet y measures 

( SSMs) are used in place of t he locomot ive horn t o provide an equivalent 

level o f safet y at - grade crossings. ( vi i ) By adopt ing an approved SSM at each 

public grade crossing, a quiet zone of at least a half -mile lo ng can be 

est ablished. These measures are in addit ion to t he st andard safet y devices 

required at mo st public grade crossings ( e.g., stop signs, reflect orized 

crossbucks, flashing light s wit h gat es t hat do not completely block t ravel 

over t he t racks) . Below are four SSMs t hat have been predet ermined by t he 

FR A to fully compen sat e for t he lack of a locom ot ive horn: 

 Tempo rary clo su re of a pu b lic h igh way - rail grad e crossin g –

T his measure requires closure of t he grade crossing for one period each

24 hours, and t he closure must occur at t he same t ime each day.

 F ou r-q uad ran t ga te s ystem – T his measure involves t he inst allat ion

of at least one gat e for each direct ion of t raffic t o fully block vehicles

from ent ering the crossing.

 Ga tes with me d ian s o r ch an nel iza tion d ev ices – T his measure

keeps t raffic in t he proper t ravel lanes as it approaches t he crossing.

T his denies t he driver the opt ion of circumvent ing the gat es by t raveling

in t he opposing lane.

 O ne -wa y street with gates – T his measure consists of one - way

st reets wit h gat es inst alled , so t hat all approaching t ravel lanes are

co mpletely blocked.

In addit ion t o the pre- approved SSMs, t he FR A rule also ident ifies a range of 

ot her measures t hat may be used in est ablishing a quiet zone. T hese could 

include mod ified SSMs or non - engineering t ypes of measures, such as 

increased mo nitor ing by law enforcement for grade crossing violat ions or 

inst itut ing public educat ion and awareness programs that emphasize t he 

risks associat ed wit h grade crossings and applicable requirement s. T hese 

alternat ive safet y measures ( ASMs) require approval by F R A based on a 

demo nst rat ion t hat public safet y would not be com promised by eliminat ing 

horn usage. 

T he lead agency for designat ing a quiet zone is t he local public authorit y 

responsible fo r t raffic control and law enforcement on t he roads crossing 

t he t ra cks. T o sat isfy t he FR A regulatory requirements, t he public t ransit 

agency must work closely wit h t his agency while also coo rdinat ing wit h any 

freight or passenger railroad operat or sharing t he ROW . T he final 

environm ent al do cument should discuss t he main considerat ions in ado pt ing 

t he quiet zone including: t he engineering feasibilit y, recept iveness of t he 

local public aut horit y, consultat ion with t he railroad, preliminary cost 

est imat es, and evidence of t he planning and interagency coo rdinat ion t hat 

has oc curred to date . If a quiet zone will be relied on as a mit igat ion 

measure, t he final environment al do cument should provide reasonable 

v i i  For  m or e in f or mation  on  qu ie t zon es, v isit: h ttp s://www.f r a.dot.g o v/Page/P0 8 89 . 
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assurance t hat any remaining issues can and will be resolved. For mo re 

information on document at ion requirement s see Sect i o n  8. 

T he cost of est ablishing a quiet zone varies considerably, depending on t he 

number of int ersect ions t hat must be t reated and t he specific SSMs, ASMs, 

or combinat ion of measures t hat are used. T he FR A gives a cost est imate of 

$15,000 per crossing for inst alling t wo 100- foo t - long, non -t raversable 

medians that prevent mot orist s from driving around closed gat es. A t ypical 

inst allat ion of a four -quadrant gat e syst em is in t he range of $175,000 – 

$300,000 per crossing. ( 36 ) Who pays for the inst allat ion of mod ificat ions can 

becom e a major consideration in a decision to pursue a quiet zone 

designat ion, especially in cases where noise from preexist ing railroad 

operat ions is cont roversial in t he communit y. In many cases where a quiet 

zone would mit igat e a severe impact caused by t he propo sed t ransit project , 

t he costs are covered by t he project sponsor and FT A in t he same 

propo rt ion as t he overall cost - sharing for t he project . 

7b . Evalu ate Path Treatmen ts – When noise mit igat ion t reat ment s cannot 

be applied at t he noise source or addit ional mit igat ion is required aft er t reat ing 

t he source, t he next preferred placement of noise mit igat ion is along t he noise 

propagat ion pat h between t he source and receiver. Common pat h t reat ment s 

and t heir est imat ed acoustical effect i veness are included in T able 4- 34 and 

described below. 

T abl e 4 - 3 4  T ran si t  Noi se Mi t i gati on Meas ure s – P ath T reatm ent s 

Mi t i gati on Meas ure E ffec t i veness 

No ise b arr iers close  t o veh i cl es 6 - 1 5  dB

No ise b arr iers at  row  lin e 3 - 1 5  dB ( 37 ) 

Alte rat ion  of  h or izo n t a l & ver t ical  al ign me n t s Varie d 

Wa ysi de h or n s Varie d 

Acq u isit ion  of  b u f f er  z on es Varie d 

B all ast  on  at - gr ade gu idew ay * 3  dB 

B all ast  on  aer i al gu idew ay * 5  dB 

Resilien t  t rack  su p p or t  on  aer ial gu idew ay Varie d 

Veget at ion  an d t re es Varie d, se e T ab le 4 - 3 0  

* Ap p lies to r ail p r oject s on ly .

 N o ise Barriers – Noise barriers are effect ive in mit igat ing noise when t hey

break t he line - o f - sight between source and receiver. T he mechanism of

sound shielding is described in Sect ion 3.3. T he necessary height of a ba rrier

depends on t he source height and the dist ance from the source t o t he

barrier, see T able 4- 28 and Figure 4- 18 .

 N o ise b arrie rs clo se to ve h icle s – Barriers locat ed very close t o a

rapid t ransit t rain , for example , may only need t o be approximately 3 t o

4 ft above t he top of rail t o be effect ive. St andard barriers close t o

vehicles can provide noise reduct ions of 6 to 10 d B .

 N o ise b arrie rs at RO W lin e – Barriers on t he ROW line or for
t rains on t he far t rack, t he height must be increased to provide

equ ivalent effect iveness to barriers locat ed close t o t he vehicles.

O t herwise, t he effect iveness can drop to 3 dB or less, even if t he

barrier breaks t he line - o f - sight .
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All barrier effect iveness can be in creased by as much as 5 d B  by applying 

sound - absorbing material to the inner surface of t he barrier. T he lengt h of 

t he barrier wall is also important to its effect iveness. T he barrier must be 

long enough t o block noise from a moving t rain along mo st of it s visible 

pat h. T his is necessary so that t rain noise from beyond t he ends of t he 

barrier will not severely comprom ise noise - barrier performance at noise-

sensitive locat ions. T he barrier lengt h can be refined in t he engineering 

phase, closely examining t he predict ed sound level exceedances at specific 

receive rs, site geomet ries, and t he cont ribution of barrier flanking noise, 

t hen adjust ing t he lengt h as appropriat e. 

No ise barriers can be made of any out doo r weat her -resist ant solid material 

t hat meet s t he minimum sound t ransmission loss required by t he proje ct . 

M at erials t hat are commonly used for no ise barriers include 16- gauge st eel, 

1 - inch t hick plywoo d, and any reasonable t hickness of concret e. T ypically, a

surface de nsity of 4 pounds per square foo t is required . Areas wit h st rong

winds may require mo re s tringent st ruct ural requirement s. It is critical t o

seal any gaps between barrier panels and bet ween t he barrier and t he

ground or elevat ed guideway deck for maximum performance.

Cost s for noise barriers ( based on highway inst allat ions ) range from $2 0 t o 

$ 25 per square foot of installed noise barrier at - grade wit h addit ional cost 

for design and inspect ion . ( 38 ) Inst allat ion on aerial st ructure s could be t wice 

t he amount of inst allat ion at - grade , especially if t he st ruct ure has t o be 

st rengt hened to accommoda t e t he added weight and wind load. 

As described in Sect ion 3.3, noise barriers, if not designed and sited 

carefully, can reduce visibilit y of t rains for pedest rians and mot orist s , which 

causes safet y concerns. It is import ant t o consult wit h safet y expert s in 

choo sing and siting a noise barrier. 

 Alteratio n o f H o r izon tal an d Vertical Ali gn ments – T ransit alignment

in a cut as part of grade separat ion can accom plish t he same result as

inst allat ion of a noise barrier at - grade or on aerial st ruct ure. The wall s of

t he cut serve t he same funct ion as barrier walls in breaking t he line - o f - sight

bet ween source and receiver.

 Wayside H o rn s – T he sounding of a locomot ive horn as t he t rain

approaches an at- grade intersect ion produces a very wide noise foot print in

t he com munit y. Using wayside horns at t he se int ersection s inst ead of t he

locomot ive horn can substant ially reduce t he noise foot print wit hout

com prom ising safet y at t he grade crossing.

A wayside horn do es not need to be as loud as a locomo t ive horn, and t he 

warning sound is focused only on t he area where it is needed. T hese are 

pole - mounted horns used in conjunct ion wit h flashing light s and gat es at t he 

intersect ion, wit h a separate horn orient ed t oward each direct ion of 

oncoming vehicle t raffic. Noise level s in nearby residential and business 

areas can be reduced substant ially wit h wayside horns, depending on t he 

locat ion wit h respect t o t he grade crossing. 
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A plan to use wayside horns in place of t he locomot ive horn at public grade 

crossings must be coo rdin at ed wit h several public and privat e ent it ies, 

not ably t he local agency having responsibility for t raffic cont rol and law 

enforcement on t he road crossings, t he st ate agency responsible fo r railroad 

safet y, any railroads t hat share t he RO W , and FR A. Public not ificat ion must 

also be given. Preliminary cost informat ion from t est ing programs indicat es a 

wayside horn syst em at a railroad/highway grade crossing costs 

approximately $50,000. 

 Buf fer Zo ne s – Because noise levels att enuat e with dist ance, o ne noise

m itigat ion opt ion is t o increase t he dist ance bet ween noise sources and the

closest noise- sensitive receivers. T his can be accom plished by locat ing

alignment s away from noise- sensitive sites. Acquisition of land or purchasing

easement s for no ise buffer zone s is an opt ion t hat may be considered if

appropriat e for t he project.

 Gro und Ab so rp tion – Ball ast o n Gu id eways – Propagat ion of noise

over ground is affect ed by whether t he ground surface is absorptive or

reflect ive. N oise from vehicles on t he surface is st rongly affect ed by t he

charact er of t he ground in t he immediat e vicinit y of t he vehicle. R oads and

st reets fo r buses are hard and reflect ive, but t he ground at t he side of a

road has a subst ant ial effect on t he propagat ion of noise t o great er dist ance.

G uideways for rail syst ems can be eit her reflect ive or absorptive, d epending

on whet her t hey are concret e or ballast . Ballast on a guideway can reduce

t rain noise 3 dB at - grade and up to 5 dB on an aerial st ruct ure.

 Vege tatio n an d Trees – In almost all cases, veget at ion and t rees are

in effect ive at providing noise mit igat ion. V eget at ion and T rees can provide

som e mit igat ion if at least 100 ft of t rees intervene between the source and

receiver, if no clear line- o f -sight exist s bet ween the source and receiver , and

if t he t rees ext end 15 ft or mo re above the line- o f - sight as described in

Sect ion 4.5, St ep 3b . T his is generally not a recom mended form of

mit igat ion to pursue.

7c. Evaluate Receive r Treatmen ts – Consider t reat ment s to t he receivers 
when noise mit ig at ion t reatment s cannot be applied at t he source or along t he 

propagat ion pat h, or if combinat ions of t reat ment s are required . Com mon 

receiver t reat ment s and t heir est imat ed acoustical effect iveness are included in 

T able 4- 35 and are described in t his sect ion. 

T abl e 4 - 3 5  T ran si t  Noi se Mi t i gati on Meas ure s – Rec ei ver T reatm ent s 

Mi t i gati on Meas ure E ffec t i veness 

Acq u isit ion  of  Pro p er t y Righ t s  fo r C on st ru ct ion  of No ise B a rr iers 5 - 1 0  dB

B u ildin g No ise I n su lat ion 5 - 2 0  dB

 N o ise Barriers – In cert ain cases, it may be possible t o acquire limit ed

propert y right s for t he const ruct ion of noise barriers at the receiver. As

discussed above, barriers need to break t he line- o f - sight bet ween t he noise

source and t he receiver t o be effect ive and are most effect ive when th ey are
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cl os est t o eit h e r t h e s o u r c e o r t h e r e c ei v e r. S e e S e cti o n 3. 3 f o r m o r e 
i nf o r m ati o n o n n ois e b a r ri e rs. 

B uil di n g I n s ul a ti o n – I n c as es w h e r e n ois e b a r ri e rs a r e n ot f e asi bl e— s u c h
as m ulti-st o r y b uil di n gs, b uil di n gs v e r y cl os e t o t h e R O W, o r g r a d e
c r ossi n gs — t h e o nl y p r a cti c al n ois e miti g ati o n m e as u r e m a y b e t o p r o vi d e
s o u n d i ns ul ati o n f o r t h e b uil di n gs. I n t h es e c as es, t h e n e e d f o r miti g ati o n at
l o c ati o ns w h e r e i m p a ct h as b e e n i d e ntifie d will d e p e n d o n t h e us e ( o ut d o o r
vs. i n d o o r), a n y e xisti n g o ut d o o r t o i n d o o r r e d u cti o n i n n ois e l e v els, a n d t h e
f e asi bilit y of c o nst r u cti n g eff e cti v e n ois e b a r ri e rs f o r s e c o n d st o ri es a n d
a b o v e.

D e p e n di n g o n t h e q u alit y of t h e o ri gi n al  b uil di n g f a ç a d e, es p e ci all y wi n d o ws 
a n d d o o rs, s o u n d i ns ul ati o n t r e at m e nt s c a n i m p r o v e t h e n ois e r e d u cti o ns 
f r o m t r a nsit n ois e b y 5 t o 2 0 d B. T o b e c o nsi d e r e d c ost- eff e cti v e, a 
t r e at m e nt s h o ul d p r o vi d e a mi ni m u m r ed u cti o n of 5 d B i n t h e i nt e ri o r of 
t h e b uil di n g a n d m e et t h e Ld n 4 5 d B A i nt e ri o r c rit e ri o n. F o r m o r e 
i nf o r m ati o n, s e e S e cti o n 4. 1. 

I n m a n y c as es, es p e ci all y i n l o c ati o ns wit h hi g h a m bi e nt n ois e l e v els, t h e 
e xisti n g s o u n d i ns ul ati o n of a b uil di n g m a y al r e a d y m e et t h e 4 5 d B A L d n

i nt e ri o r n ois e c rit e ri o n. It is r e c o mm e n d e d t h at s o u n d i ns ul ati o n t esti n g b e 
c o n d u ct e d t o d et e r mi n e if t h e e xisti n g s o u n d i ns ul ati o n is s uffi ci e nt o r w h at 
a d diti o n al m e as u r es w o ul d b e r e q ui r e d t o m e et t h e i nt e ri o r c rit e ri o n. 
Eff e cti v e t r e at m e nts i n cl u d e: 

C a ul ki n g a n d s e ali n g g a ps i n t h e b uil di n g f a ç a d e; a n d
I nst all ati o n of n e w d o o rs a n d wi n d o ws t h at a r e s p e ci all y d esi g n e d t o
m e et a c o usti c al t r a ns missi o n-l oss r e q ui r e m e nts:
- E xt e ri o r d o o rs f a ci n g t h e n ois e s o u r c e s h o ul d b e r e pl a c e d wit h

w ell- g as k et e d, s oli d- c o r e w o o d d o o rs a n d w ell- g as k et e d st o r m 
d o o rs. 

-  A c o usti c al wi n d o ws a r e t y pi c all y m a d e of m ulti pl e l a y e rs of gl ass 
wit h ai r s p a c es b et w e e n t o p r o v i d e n ois e r e d u cti o n. A c o usti c al 
p e rf o r m a n c e r ati n gs a r e p u blis h e d i n t e r ms of S o u n d T r a ns missi o n 
Cl ass ( S T C) f o r t h es e wi n d o ws.  It is r e c o m m e n d e d t o us e a 
mi ni m u m S T C r ati n g of 3 9 o n a n y wi n d o w e x p os e d t o t h e n ois e 
s o u r c e. 

T h es e t r e at m e nts a r e b e n efi ci al f o r h e a t i ns ul ati o n as w ell as f o r s o u n d 
i ns ul ati o n, b ut a c o usti c al wi n d o ws a re t y pi c all y n o n- o p e r a bl e a n d c e nt r al 
v e ntil ati o n o r ai r c o n diti o ni n g is n e e d e d. R esi d e nts’ p r ef e r e n c e s s h o ul d b e 
c o nsi d e r e d. 

If n e e d e d, a d diti o n al b uil di n g s o u n d i ns ul ati o n c a n b e pr o vi d e d b y s e ali n g 
v e nts a n d v e ntil ati o n o p e ni n gs a n d r el o c a ti n g t h e m t o a si d e of t h e b uil di n g 
a w a y f r o m t h e n ois e s o u r c e. I n c as e s w h e r e t h e n ois e s o u r c es is l o w-
f r e q u e n c y n ois e f r o m di es el l o c o m oti v es, it m a y b e n e c ess a r y t o i n c r e as e 
t h e m ass of t h e b uil di n g f a ç a d e f o r w oo d-f r a m e h o us es b y a d di n g a l a y e r of 
s h e at hi n g t o t h e e xt e ri o r w alls. 
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Examples of residential sound insulat ion for rail or highway project s are 

limit ed. However, much pract ical experience wit h sound insulat ion of 

buildings has been gained through grant s for noise mitigat ion t o local airport 

aut horit ies by FAA . 
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SECT I ON 

5 

TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

Transit V ibration  
T his sect ion present s t he basic concepts of t ransit ground - borne vibrat ion , also 

referred t hroughout t his manual as simple “vibration,” and low - frequency 

ground borne -noise t hat somet imes results from vibrat ion. T he st eps for t he 

scree ning and assessing of pot ent ial vibrat ion impact s of t ransit project s for FT A 

NEPA approval are described in t he following sect ions. 

T he Source- Pat h -R eceiver framework for ground -borne vibrat ion for a rail 

syst em illust rat ed in Figure 5- 1 is cent ral to all environment al vibrat ion st udies . 

T he t rain wheels rolling on t he rails creat e vibrat ion energy t hat is t ransmit t ed 

t hrough t he t rack su pport syst em into t he t ransit st ruct ure. T he vibrat ion of t he 

t ransit st ruct ure excites t he adjacent ground , creat ing vibrat ion waves t hat 

propagat e t hrough t he ground and into nearby buildings creat ing ground- borne 

vibrat ion effect s that potent ially interfere wit h act ivities. T he vibrat ing building 

com ponent s may radiat e sound , which t his manual refers t o as ground - borne 

noise. Airborne noise from t ransit sources is covered in Sect ions 2.3 –4.5 of this 

manual. Ground - borne noise refers t o t he noise generat e d by ground -borne 

vibrat ion . 

Fi gure 5 - 1 Pr opa gati on of Gr ou nd - B or ne V i br ati on i nt o B ui l di ng s 

T his sect ion cont ains t he following: 

 Sect ion 5.1 T he ground- borne vibrat ion and noise met rics used in t his

manual

 Sect ion 5.2 An overview of t ransit vibrat io n sources

FE DE RAL  TRAN SI T ADM I N I STRATI O N 10 9 
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 Sect ion 5.3 An overview of t ransit vibrat ion pat hs

 Sect ion 5.4 An overview of receiver fact ors of t ransit vibrat ion and a

discussion of t he t echnical background for ground- borne noise criteria

5.1 Ground-Bor ne Vi bration and Noi se Metrics 

V ibrat io n is an oscillat ory mo t ion t hat can be described in t erms of t he 

displacement , velocity, or accelerat ion. Because t he mot ion is oscillatory, t here 

is no net mo vement of t he vibrat ion element and t he average of any of t he 

mo t ion met rics is zero. Displacemen t is t he most int uit ive met ric. For a 

vibrat ing floo r, t he displacement is simply t he dist ance t hat a point on t he floo r 

mo ves away from it s st at ic posit ion. T he velocity represent s t he inst ant aneous 

speed of the floo r mo vement and accelerat ion is the rat e of change of t he 

speed. 

Altho ugh displacement is easier t o underst and t han velocit y or accelerat ion, it is 

rarely used for d escribing ground - borne vibrat ion. Most t ransducers used for 

measuring ground - borne vibrat ion use either velocity or accelerat ion. 

Furt hermo re, t he response of humans, buildings, and equipment to vibrat ion is 

mo re accurat ely described using velocity or accelerat ion. 

T his manual uses the met rics out lined in T able 5- 1 for t ransit ground - borne  
vibrat ion and noise measurement s, com put at ions, and assessment . T hese  
met rics are consist ent wit h com mon usage in t he United Stat es.  

T abl e 5 - 1 Gr o un d- b or ne V i brat i on an d N oi se Met ri c s 

Met ri c Abb revi ati on D efi ni t i on 

Vib rat ion  De cib els VdB Th e v ib rat ion  ve locit y leve l in decib el s ca le . 

Peak Part i c le Velo cit y PPV 
Th e p eak sign a l v alu e o f an  oscill at in g vib rat ion velo c ity w av ef or m. 

Us u ally  ex p re sse d in  in ch es /se con d in  t h e U n ite d St at es . 

Root Me an  Sq u are rms 
Th e sq u are  roo t  of  t h e arit h me t ic a ver a ge o f  t h e sq u are d a mp lit u de o f 

t h e sign al. 

A - w eigh t ed Sou n d L e vel dB A 

A - w eigh t ed sou n d levels re p r es en t  t h e o ver all n oise  at a re ceiver  t h at

is a dju st ed in  fr eq u en cy t o ap p ro x imat e t yp ic al h u man  h ear in g

se n sitivity. Th is u n it is u se d t o  ch ara ct er ize  gro u n d - b or n e n oise .

T he met rics in t he t able above are illust rat ed in Figure 5- 2. T he compo nent s in 

t he figure include: 

 Raw signal – T his curve shows the inst ant aneous vibrat ion velocit y ,

which fluct uat es posit ive ly and negat ive ly about t he zero point .

 Pea k p article ve lo city (PPV) – PPV is t he maximum inst an t aneous

posit ive or negat ive peak of t he vibrat ion signal. PPV is oft en used in

mo nitoring of const ruct ion vibrat ion ( such as blasting )  since it is relat ed

t o t he st resses t h at are experienced by buildings and is not used t o

evaluat e human response.

 Ro o t mean sq uare (rms) ve lo city – B e cause t he net average of a

vibrat ion signal is zero, t he rms amplitude is used to de scribe smo othed

vibrat ion amplit ude. T he rms of a signal is t he square roo t of t he

FE DE RAL  TRAN SI T ADM I N I STRATI O N 11 0 



 

 

   

      

       
         

          

 

 

    

 

         

        

        

     

 

 

         

 

 

       

   

  

 

 

 

  

 

 

  

  

   

 

                                                           
 

  

 

TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

average of the squared amplit ude of t he signal. T he average is t ypically 

calculat ed over a one- second period. T he rms amplitude is always less 

t han t he PPV ( vi i i ) and is always posit ive. T he rms amplit ude is used t o 

convey t he magnit ude of t he vibrat ion signal felt by t he human body, in 

inches/second . 

Fi gure 5 - 2 V i b rat i on Si gna l i n Abs ol ut e Uni t s 

T he PPV and rms velocit y are described in inches per second in t he U nit ed 

Stat es and met ers per second in ternat ionally ( wit h several different reference 

values) . Altho ugh it is not universally accept ed, vibrat io n is com monly expressed 

in decibel not at ion . T he d ecibel scale com press es t he range of numbers 

required t o describe vibrat ion.  

T he graph in Figure 5- 3 shows t he rms curve from Figure 5- 2 expressed in 

decibels. 

V ibrat ion velocity level in decibels is def ined as: 

ൡ 
ഽ෸ ൛ ⁡ඃඁ ඝච඘ ( )

ൡ෴෧෨ 
E q. 5 - 1 

w h er e: 

= ve locit y leve l , V dB ഽ෸
= rms velo c ity amp lit u de ൡ 
= 1  x  1 0 - 6 in /se c in  t h e U SA ൡ෴෧෨ 
= 1  x  1 0 - 8 m/se c in t er n at ion all y * 

*Becau se of  th e var iation s in  th e r ef er en ce qu an tities, it is imp or tan t to b e clear  ab ou t wh at 

r ef er en ce qu an tity is b ein g used wh en  sp ecifyin g velocity leve ls. Al l v ib r ation  leve ls in  th is 

man u al ar e r ef er en ced to 1x 10 -6 in ch es/secon d. 

v i i i  Th e r atio of  PPV to max imu m rms  am p litu de is def in ed as th e crest f actor  f or  th e sign al. Th e cr est f actor  is typ ically gr eate r  

th an 1 .4 1 , alth ou gh  a cr est f actor of  8  or  m or e is n ot u nu su al f or  imp u lsive sign als. For  gr ou n d -b orn e vib r ation  fr om tr ain s, th e 

cr est f actor  is u su ally 4  to 5 . 
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Fi gure 5 - 3 V i b rat i on Si gna l  i n RM S Ve l oc i t y D ec i bel s 

Ground - borne noise o ccurs when vibrat ion radiat es through a building int erior 

and creat es a low- frequency sound , oft en described as a rumble , as a t rain 

passes by. T he annoyance pot ent ial of ground - borne noise is t ypically 

charact erized wit h t he A - weight ed sound level. Although t he A- weight ed sound 

level is t ypically used t o charact erize com munit y noise, charact erizing low -

frequency noise using A - weight ing can be challenging because t he non- linearity 

of human hearing causes sounds dom inat ed by low -frequency component s t o 

seem louder t han broadband sounds ( sounds consist ing of many frequency 

com ponent s, wit h no do minant frequencies) t hat have t he same A- weight ed 

level. T he result is t hat ground - borne noise wit h a level o f 40 dB A sound s 

louder t han 40 dBA broadband noise. Because ground -borne noise sounds 

louder t han broadband noise at t he same noise level, t he limit s for ground-

borne noise are lower ( i.e., st rict er)  t han would be t he case for broadband 

noise. 

5.2 So urces o f Transit Ground-b orne V ibration 

and Noi se 

Ground - borne vibrat ion can be a concern for nearby neighbors of a t ransit  
syst em route or maintenance facility. Ho wever, in cont rast to airborne noise,  
ground - borne vibrat ion is not a commo n environmental problem. It is unusual  
for vibrat ion from sources such as buses an d t rucks t o be percept ible, even in  
locat ions close to major roads. T his sect ion discusses com mo n sources of  
ground - borne vibrat ion and noise.  

Mo st percept ible indoor vibrat ion is caused by sources wit hin buildings such as 

operat ion of mechanical equipmen t , mo vement of people , or slamming of doo rs. 

T ypical out door sources of vibrat ion waves t hat propagat e t hrough t he ground 

and creat e percept ible ground - borne vibrat ion in nearby buildings include 

construct ion equipment , steel - wheeled t rains, and t raffic on rough roads. If t he 

roadway is fairly smo ot h, the vibrat ion from rubber-t ired t raffic is rarely 

percept ible. Building damage due to vibrat ion is also rare for t ypical 

t ransportation project s ; but in ext reme cases, such as during blast ing or pile -

driving d uring construct ion, vibrat ion could cause damage t o buildings. 

Figure 5- 4 illust rat es common vibrat ion sources and t he human and st ruct ural 

response t o ground - borne vibrat ion ranging from approximately 50 V dB ( below 
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percept ibilit y) t o 100 V dB (t he t hresh old of pot ent ial damage). T he background 

vibrat ion velocity level in residential areas is usually 50 VdB or lower , ( i x ) and the 

t hreshold of percept ion for humans is approximat ely 65 VdB . A vibrat ion level 

of 85 V dB in a residence can result in st rong annoya nce. 

Fi gure 5 - 4 T y pi c al  Level s of Gro u nd - B or ne V i brat i o n 

R apid t ransit or light rail syst ems t ypically generate vibrat ion levels of 70 V dB or 

mo re near t heir t racks , while buses and t rucks rarely creat e vibrat ion t hat 

exceeds 70 VdB unless t here are bu m p s  due to frequent pot holes in t he road. 

Heavy locomot ives on diesel commut er rail syst ems creat e vibrat ion levels 

approximately 5 t o 10 dB higher t han rail t ransit vehicles. 

V ibrat ion from t rains is st rongly dependent on factors such as how smoot h t he 

wheels and rails are , as well as t he resonance frequencies of t he vehicle 

suspension syst em and t he t rack support syst em. T hese syst ems , like all 

mechanical syst ems , have resonances t hat result in increased vibrat ion response 

at cert ain frequencies, called nat ural frequencies. Unusually rough road or t rack, 

st eel - wheel flat s, geologic cond itions that prom ot e efficient propagat ion of 

vibrat ion, or vehicles wit h very st iff suspension syst ems could increase t ypical 

i x  Backgr ou n d v ib r ation  is typ ically well b elow th e th r esh old of  h u man  p er cep tion  an d is of  c on cern on ly wh en  th e vibr a tion 

af f ect s ver y sen sitive man uf actur in g or  r ese ar ch  eq u ip me n t. E lectron  m icr osc op es an d h igh -r esolu tion  lith ogr ap h y eq u ip men t 

ar e ex amp les of  e qu ip men t th at is h igh ly sensitive to v ib r ation . 
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vibrat ion levels by approximately 10 V dB . Commo n fact ors t hat cont ribute to 

ground - borne vibrat ion and noise at t he source are present ed in T able 5-2. 

T hese fact ors are discussed in mo re det ail t hroughout this Sect ion . 

T abl e 5 - 2 Fac t or s t h at I nfl uenc e Le vel s of Gro u nd - B orne  V i brat i o n a nd  Noi se at t he S ou rc e 

Cate gor y Fac t or s I nfl uenc e 

Sp ee d 
H igh er  sp ee ds re su lt in  h igh er  vib rat ion  le vels. Dou b lin g sp e ed res u lts in  a 

vib rat ion  le vel in cre ase  of ap p ro x imat ely 4  t o 6 dB . 

Op er at ion s 

an d 

Veh icle 

Su sp en sion 

St iff  su sp en sion  in  t h e vert ical  direct ion can  in cre ase  t h e e f f ect ive vib rat ion 

f or ces . On  t ran sit car s, th e p rimar y su sp en sion h as t h e larg es t e f f ect o n  vib rat ion 

levels . 

Veh icles 
Wh ee l 

Co n dition 

an d T yp e 

Wh ee l f lat s an d gen er al w h ee l  rou gh n es s are  ma jor so u rce s of  vib rat ion  fr om 

st ee l w h ee l/st ee l rail  syst em s. Resilien t  w h ee ls on  rail  t ran sit  syst em s c an  p ro vi de 

some  vib rat ion  re du ct ion  ove r so lid st ee l w h ee ls , b u t  are  u su ally  t oo  st iff  t o 

p ro vide su b st an t ial re du ct ion .  For  more  in f or mat ion , s ee Se ct ion 6 .4 , St ep  2 . 

Track /Ro adw ay 

Su rf ace 

Rou gh  t rack o r ro u gh  roa ds a re  of t en sou rces o f  ex ces sive vib rat ion . M ain t ain in g 

a smoo t h  su rf ace w ill re du ce vib rat ion  le vels. 

Track Su p p or t 

Syst em 

On  rai l syst em s , t h e t rack su p p or t  syst em  is on e o f  t h e maj or  comp on en t s in 

det er min in g t h e levels  of  vi b r a t ion . Th e h igh es t  vib rat ion  le v els are cre at ed b y 

t rack t h at  is r igi dl y at t a ch ed t o a con cre t e t rackb ed ( e. g., t rack o n  w oo d h alf - t ies 

em b edded in  t h e con cre t e) . T h e vib rat ion  level s are mu ch  l ow er  w h en  sp ecial 

vib rat ion  con t ro l t ra ck s yst em s su ch  as re si lien t  fast en er s, b all ast  mat s , an d 

f loat in g sl ab s are  u se d. 

Gu idew ay 

Tran sit 

St ru ct u re 

H eavier t ran sit st ru ct u re s t yp i cal ly re su lt in t h e low er  v ib rat ion  levels. Th e 

vib rat ion  le vels f ro m a li gh t w eigh t  b or ed tu n n el w ill u su all y b e h igh er  t h an  fr om a 

p ou re d con c re t e b ox  su b w ay. 

Tran sit Sy st em 

E levat ion 

A ra il s yst em  gu i dew a y w il l b e e ith er  u n der gro u n d (su b w ay) , at - gr ade,  or 

ele vat ed , w ith su b st an t ial diff er en ces  in  t h e vib rat ion  ch ar ac t er istics at  e ach 

ele vat ion . 

 Un der gro u n d: v ib rat ion  is t yp i cal ly t h e mo st  i m p or t an t  en viron me n t al

f act or  of  in t er es t .

 At - gra de: airb or n e n oise  is t y p ical ly t h e dom in an t  fact or ,  al t h ou gh vib rat ion

an d n oise  c an  b e a p ro b lem , p art icu l arly  at  in t er ior lo cat ion s w ell isol at ed

f ro m ex t er ior n oise .

 E levat ed:  i t  is r are  fo r v ib rat io n  t o b e an  issu e w ith  elevat ed  railw ays

ex cep t  w h en  gu idew ay su p p or t s are  loc at ed wit h in  5 0 f t  of  b u ildin gs.

Brief discussion s of ground- borne vibrat ion and noise sources for d ifferent 

mo des of t ransit are provided below . 

A t - Grad e H eavy Rail and L igh t Rail 

Ground - borne vibrat ion and noise from urban heavy rail and LR T is common 

when there is less t han 50 ft bet ween t he t rack and building foundations. Local 

geology and st ruct ural det ails of t he building det ermine if t he source of 

com plain t s is due t o percept ible vibrat ion or audible ground - borne noise. 

Complaints about ground -borne vibrat ion from surface t rack are more common 

t han ground - borne noise com plaints. A subst ant ial percent age of com plaint s 

about bot h ground - borne vibrat ion and noise correlate wit h p roximit y of special 

t rack work, rough or corrugat ed t rack, o r wheel flats. Light rail syst ems t end to 

generat e fewer com plaints t han heavy rail due t o lower operat ing speeds. 
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Co mmu ter and I n tercity Passen ge r Train s 

T here is t he pot ent ial for vibrat ion - relat ed issues when new com mut er or 

intercity rail passenger service ( including elect ric mult iple unit s ( EMUs) and 

diesel mu ltiple unit s (DMUs) )  powered by either diesel o r elect ric locomot ives 

is introduced in an urban or suburban area. Commut er and int er city passenger 

t rains have similar charact erist ics, but commut er t rains t ypically operat e on a 

mo re frequent schedule. These passenger t rains oft en share t rack wit h freight 

t rains, which have different vibrat ion charact erist ics as discussed below. 

F reigh t Train s 

Local and long - dist ance freight t rains are similar in t hat t hey bot h are diesel -

powered and have t he same t ypes of cars. T hey differ in t heir overall lengt h, 

number and size of locom ot ives, and number of heavily loaded cars. However, 

because locomot ive suspensions are similar, t he maximum vibrat ion levels of 

local and long - dist ance freight s are similar. Locomot ives and rail cars wit h wheel 

flat s are t he sources of t he highest vibrat ion levels. 

If t he t ransit project does not in any way change t he freight service, t racks, et c . , 

t hen vibrat ion from t he freight line would be part of t he exist ing cond it ions and 

need t o be considered in term s of cumulat ive impact s ( see Sect ion 6.2, St ep 3 

on how t o consider cumulat ive impact s) . If t he project result s in changes to t he 

freight pat h, operat ions, frequency, et c . ( e.g., relocat ing freight t racks wit hin t he 

R OW t o make roo m for the t ransit t racks) t hen t hose pot ent ial impact s and 

mit igat ion should be evaluat ed as part of t he propo sed project . However, not e 

t hat vibrat ion mit igat ion is very difficult t o implement on t racks where freight 

t rains wit h heavy axle loads operat e . 

H igh -S peed Passen ger Train s 

Passenger t rains t ravelling at h igh speed s, 90 to 250 miles per hour, have t he 

pot ent ial for creat ing high levels of ground - borne vibrat ion. Ground -borne 

vibrat ion should be ant icipat ed as one of t he major environm ent al impact s of 

any t rain s t ravelling at high speeds locat ed in an urban or suburban area . ( x ) For 

project s t hat are specifically high - speed t ransport at ion refer to the FRA “High -

Speed Ground Transportation Noise and Vibration Impact Assessment” 

guidance manual . ( 39 ) 

A G T  S ystems 

AGT syst ems include a wide range of t ransport at ion vehicles t hat provide local 

circulat ion in do wnt own areas, airports , and t heme parks. Because AGT 

syst ems normally operat e at low speeds, have light weight vehicles, run on 

elevat ed st ruct ures, and rarely operat e in vibrat ion- sensitive areas, ground -

borne vibrat ion problems are very rare. 

S ub way and At- grade Track 

While ground - borne vibration produced from t rains operat ing subway and at -

grade t rack have very different charact erist ics, t hey have com parable overall 

vibrat ion velocity levels. Com plaints about ground - borne vibrat ion are oft en 

mo re common near subways t han near at - grade t rack. T his is not because 

x Amtr ak t r ain s (b r an ded Acela at th e time  of  pu b lication ) on  t h e Nor th east Cor r idor  b etwe en  Boston  an d Wash in gton , D C, 

wh ich  attain  m oder ate to h igh  s peeds in  s ome  s ect ion s with  improved tr ack, f it in to th is cate gor y. 
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subways creat e higher vibrat ion levels t han at - grade syst ems, rat her because 

subways are usually locat ed in more densely developed areas in closer proximit y 

t o building found at ions, and t he airborne noise is usually a mo re serio us 

problem for at- grade syst ems t han t he ground - borne vibrat ion. Anot her 

difference bet ween subway and at - grade t rack is t hat the ground- borne 

vibrat ion from subways t ends t o be higher frequency than t he vibrat ion from at -

grade t rack, which makes the groun d- borne noise more not iceable. 

S treetcars 

Complaints about ground -borne vibrat ion from st reet cars are uncommon given 

t hat st reetcars t ypically operat e at very low speeds ( less t han 25 mph) . 

Bus e s  

Because t he rubber t ires and suspension syst ems of buse s provide vibrat ion 

isolation, it is unusual for buses t o cause ground - borne vibrat ion or noise 

problems. For m ost issues wit h bus- relat ed vibrat ion , such as rat t ling of 

windo ws, t he cause is almost always airborne noise and direct ly relat ed t o 

running surface cond it ions such as pot hole s, bump s, expansion joint s, or ot her 

discont inuit ies in t he road surface ( usually resolved by smo ot hing t he 

discont inuit ies) . 

B uses operat ing inside buildings will likely cause vibration concerns for ot her 

building inhabit an t s . An example of t his situat ion is a bus t ransfer st at ion in the 

same building as com mercial office space. Sudden loading of a building slab by a 

heavy mo ving vehicle o r by vehicles running over lane divider bumps can cause 

intrusive building vibrat ion . 

5.3 Paths of Transit  Ground-Bor ne Vi bration and 

Nois e 

V ibrat ion t ravels from the source t hrough the t ransit st ruct ure and excites t he 

adjacent ground, creat ing vibrat ion waves t hat propagat e t hrough soil layers and 

rock st rat a t o t he foundations o f nearby buildings. The vibrat ion t hen 

propagat es from the foundat ion t hroughout the remainder of t he building 

st ruct ure. The vibrat ion of t he building st ruct ure and roo m surface s can radiat e 

a low - frequency rumble called ground- borne noise ( Figure 5- 1) . 

Soil and subsurface cond it ions are known t o have a strong influence on t he 

levels of ground - borne vibrat ion. Among t he mo st important fact ors are t he 

st iffness and int ernal damping of t he soil and t he depth t o bedrock. V ibrat ion 

propagat ion is mo re efficient in st iff clay soils. Shallow rock may concent rat e t he 

vibrat ion energy close to the surface , result ing in ground - borne vibrat ion 

problems at large dist ances from t he t rack. Factors such as soil layers and dept h 

t o wat er t able can have subst ant ial effect s on t he propagat ion of ground - borne 

vibrat ion. T hese factors are summarized in T able 5- 3. 
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T abl e 5 - 3 Fac t or s th at I nfl uenc e Le vel s of Gro u nd - b orne  V i brat i o n a nd  Noi se al ong Pat h 

Geol o gy Fac t or s I nfl uenc e 

Soil t yp e Vib rat ion  leve ls are gen er al ly h igh er  in  st iff cl ay - t yp e so i l t h an  in  loo se  san dy so il. 

Rock l ayer s 

Vib rat ion leve ls are u su all y h ig h n ear at - gr ade t r ack w h en t h e dep t h t o b edrock is 3 0 f t 

or less. Su b w ays f ou n ded in ro ck w ill re su lt in low er vib rat ion amp lit u des close t o t h e 

su b w ay. Vib r at ion  levels do n ot  at t en u at e as rap id ly in  rock  as in  soi l. 

Soil l ayer in g 
Soil l ayer in g c an  h ave a su b st a n t ial ef f ect  on  t h e vib rat ion  le vels sin ce e ach  st r at u m c an 

h ave con si der ab l y d iff er en t  dy n amic ch ar act er isti cs. 

Dep t h  t o w at er  t ab le 
Th e p re se n ce o f  t h e w at er  t ab le may h ave a su b st an t ial  ef f ect  on  vib rat ion , b u t  a 

def in ite  re lat ion sh ip  h as n ot  b ee n  est ab lish ed. 

5.4 Re ceiver Factors that I nf luence Ground-

Borne V ibration and Noi se 

Ground - borne vibrat ion is a concern almost exclusively inside buildings. T rain 

vibrat ion may be percept ible to people who are out doors, but it is very rare for 

out doo r vibrat ion t o cause com plaint s. 

T he vibrat ion levels inside a building are dependent on t he vibrat ion energy t hat 

reaches t he building found at ion, coupling of t he building foundation to t he soil, 

and propagat ion of t he vibrat ion t hrough t he building. In general, the heavier a 

building is, the lower the response will be to t he incident vibrat ion energy. 

Common fact ors that contribute to ground -borne vibrat ion and noise at t he 

receiver are present ed in Table 5- 4. 

T abl e 5 - 4 Fac t or s th at I nfl uenc e Le vel s of Gro u nd - B orne  V i brat i o n a nd  Noi se at t he Rec ei ver 

Rec ei ver Bui l di ng 

Fac t or s 
I nfl uenc e 

Fo u n dat ion  t yp e 
Th e h eavier t h e b u ildin g  fo u n dat ion , t h e gre at er  t h e cou p lin g loss  a s t h e vib rat ion 

p ro p agat es  fr om t h e gro u n d i n t o t h e bu ildin g. 

B u ildin g 

con st ru ct ion 

E ach  b u ildin g  h as diff er en t  ch a ract er isti cs re l at ive t o st ru ct u re - b or n e vib rat ion , b u t , in 

gen er al, t h e h eav ier t h e b u ildi n g, t h e low er  t h e levels of vib rat ion . Th e m ax imu m 

v ib rat ion  a mp lit u des  of  t h e f loor s an d w alls of a b u ild in g w i ll  of t en  occu r at  t h e 

re son an ce f re q u en cies of  t h e comp on en t s of  t h e bu ildin g. 

Acou st ic al 

ab sor p t ion 

Th e mo re  acou st i ca lly ab sor p t ive mat er i als in  t h e r eceiver  r oo m, th e low er  t h e 

gro u n d - b or n e n o ise level. No t e t h at  b ecau se  gro u n d - b or n e n oise  u su ally is a  low -

f re q u en cy p h en ome n on , it is a f f ect ed b y low - f re q u en cy ab so rp t ion  (e .g., b elo w  2 5 0 

H z ). 

5.5 Human Response  to Transit Ground -borne 

Vi bration and Noi se 

T his sect ion cont ains an overview of hu man receiver response to ground - borne 

vibrat ion and noise. It serves as background informat ion for t he vibrat ion impact 

criteria in Sect ion 6.2 . 

T he effect s of ground - borne vibrat ion can include percept ible movement of 

floo rs in buildings, rat t ling of wi ndows, shaking of it ems on shelves or hanging on 

walls, and low -frequency noise ( ground - borne noise). Building damage is not a 
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fact or fo r t ypical t ransportat ion project s, but in ext reme cases, such as during 

blast ing or pile- driving during construct ion , vibrat ion could cause damage t o 

buildings. Altho ugh t he percept ibilit y t hreshold is approximately 65 V dB, human 

response t o vibrat ion is not usually subst ant ial unless the vibrat ion exceeds 70 

V dB ( Figure 5- 4) . A vibrat ion level t hat causes annoyance is well below t he 

damage risk t hreshold for typical buildings ( 100 V dB) . 

Ground - borne vibrat ion is almost never a problem out doors. Altho ugh the 

mo t ion of t he ground may be perceived, wit hout t he effect s associat ed wit h t he 

shaking of a building, t he mot ion doe s not provoke t he same adverse human 

react ion. Ground - borne noise t hat accom panies t he building vibrat ion is usually 

percept ible only inside buildings and t ypically is only an issue at locat ions with 

subway or tunnel operat ions where t here is no airborne n oise pat h or for 

buildings wit h subst ant ial sound insulat ion such as a recording st udio. 

O ne of t he challenges in developing suitable criteria for ground - borne vibrat ion 

is t hat t here has been relat ively lit t le research int o human response t o vibrat ion 

and , specifically, human annoyance wit h building vibrat ion. T he American 

Natio nal Standards Inst itute ( ANSI) developed criteria for evaluat ion of human 

exposure t o vibrat ion in buildings in 1983 , ( 40 ) and t he Internat ional O rganizat ion 

for St andardizat ion ( IS O) ado pt ed similar criteria in 1989 ( 41 ) and revised t hem in 

2003 . ( 42 ) T he 2003 version of ISO 263 1- 2 acknowledges that “human response 

to vibration in buildings is very complex.” It further indicates that the degree of 

annoyance cannot always be explained by t he magnitude of the vibrat ion alone. 

In som e cases , com plaint s are associat ed with measured vibrat ion t hat is lower 

t han t he percept ion threshold. O t her phenomena such as ground - borne noise, 

rat t ling, visual effect s such as mo vement of hanging object s, a nd t ime of day ( e.g., 

lat e at night) all play som e role in t he response of individuals. T o underst and and 

evaluat e human response, which is oft en measured by com plaint s, all of these 

relat ed effect s need to be considered. 

Figure 5- 5 il lust rat es t he relat ionship bet ween t he vibrat ion veloci t y  level 

measured in 22 ho mes and t he general respo nse o f  t he occupant s t o the 

vibrat ion fro m m e asurem e nt s performed for several tran sit sy st ems along wit h 

subject ive rat ings by researchers and resident s. T hese data are p ublished in t he 

“Stat e- o f -t he- Art R eview o f Ground - bo rne No ise and V ibrat ion . ”( 43 ) T he figure 

a l s o in c l ud e s a cu rv e represent ing t he percent of people anno yed by vibrati o n  

from high- speed t rains from a Japanese st udy for comparison. ( 44 ) 

Bo t h t he occupant s and t he people who perform ed the measurement s agreed 

t h at floor vibrat ion in t he Dist inct ly Percept ible range is unaccept able fo r a 

residen ce. T he dat a indicates t hat residential vibrat ion exceeding 75 V dB is 

unaccept ab le for a repet itive vibrat ion source such as rapid t ransit t rains t h at 

pass ev e r y 5 t o  15 minut es. T he results from t he Japanes e st udy confirm t he 

conclusion that at a vibration velocity level of 75 t o 80 VdB , many people will 

find the vibrat ion annoying. A T ransportation R esearch Board (T RB ) st udy of 

human response to vibrat ion from 2009 also supports t his finding and indicat es 

t hat incidence of com plaints fall rapidly wit h a level decreasing below 72 

V dB . ( 42) ( 45 ) 
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Response to Rapid 
Transit Trains 

Range of Response to 
Rapid Transit Trains 

Response to High-
Speed Trains 

Fi gure 5 - 5 Re s po nse t o T r ansi t - I nd uc ed Resi denti al V i brat i on 

T able 5- 5 present s t he human response t o different levels of ground - borne 

vibrat ion and noise on which t he criteria present ed in Sect ion 6.2 are based. 

T he vibrat ion level (V dB) is present ed wit h the correspond ing frequency 

assuming t hat t he vibrat ion spect rum peaks a t 30 Hz or 60 Hz. ( xi ) T he ground-

borne noise levels (dB A) are est imated for t he specified vibrat ion velocity wit h a 

peak vibrat ion spect rum of 30 Hz ( Low Freq) and 60 Hz ( Mid Freq). Not e t hat 

t he human response differs for vibrat ion velocit y level based on frequency. For 

example, t he noise caused by vibrat ing st ructural component s may cause 

annoy ance even t hough t he vibrat ion cannot be felt. Alternat ively, a low -

frequency vibrat ion can cause annoy ance while the ground - borne noise level it 

generat es do es not . 

xi Th e A -weigh ted leve l of  gr ou n d -b or n e n oise can  be estimated b y ap p lyin g A -weigh tin g to th e v ib r ation  v elocity sp ect r u m an d 

b y sub tr actin g an  addition al 5  dB f or  a r oom with  av er age ac ou stical ab sor p tion . Sin ce th e A -weigh tin g at 31 .5  H z is -39 .4  dB, if 

th e vib r ation  sp ect ru m p eaks  at 30  H z, th e A -weigh ted soun d leve l w ill b e ap p r ox imate ly 40  dB lower  t h an  th e velocity leve l. I f 

th e vib r ation  sp ect ru m p eaks  at 60  H z, th e A -weigh ted soun d leve l w ill b e ap p r ox imate ly 25  dB lower  th an  th e velocity leve l. 
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T abl e 5 - 5 Hum a n Res po ns e t o D i fferent  Le vel s of Gr ou nd - B or ne V i br ati on a n d Noi se 

V i brat i on 

V el oc i t y Level 

Noi se Le vel 
Hum a n Re sp on se Lo w 

Fr eq * 

Mid 

Fr eq ** 

6 5  VdB 2 5  dB A 4 0  dB A 

Ap p ro x imat e t h re sh old of  p er cep t ion  fo r man y h u man s. L o w -

f re q u en cy sou n d : u su ally in au dib le . M i d - f re q u en cy sou n d : e x c es sive 

f or  q u iet  slee p in g are as . 

7 5  VdB 3 5  dB A 5 0  dB A 

Ap p ro x imat e di vi din g l in e b et w ee n  b are ly p er cep t ib le an d d istin ct ly 

p er cep t ib le. Man y p eo p le fin d t ran sit vib rat ion at  t h is level  a n n oyin g. 

L ow - f re q u en cy n ois e : t ole rab l e f or  slee p in g are as . M i d - f re q u en cy 

n oise : ex ces sive in  most  q u iet  occu p ied are as . 

8 5  VdB 4 5  dB A 6 0  dB A 

Vib rat ion t ole rab le on l y if  t h er e are  an  in f re q u en t  n u mb er of  even t s 

p er  day . L ow - f re q u en cy n oi se : ex ces sive f or  slee p in g  are as . M id -

f re q u en cy n oise : ex ces sive e v en  fo r in f re q u en t  even t s f or  some 

act i vitie s . 
* Ap p r ox imate n oise leve l w h en  vib r ation  s p ect ru m p eak is n ear  30 H z.

** Ap p r ox imate  n oise leve l w h en vib r ation  s p ectr u m p eak is near 60  H z.
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SECT I ON 

6 

TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

V ibration Impact Analysi s 

T he FT A vibrat ion im pact analysis process is a mult i- step process used to 

evaluat e a project for pot ent ial vibrat ion impact s. If impact is det ermined, 

measures necessary t o mit igat e adverse impact s are to be considered for 

incorporat ion into t he project . ( 3) 

T he FT A vibrat ion impact analysis st eps are summarized as follows and are 

described in t he following sect ions: 

6. 1 Det ermine vibrat ion analysis level. 

6. 2 Det ermine vibrat ion impact criteria . 

O p tio n A: General V ibrat ion Assessment Criteria 

O p tio n B: V ibrat ion Impact Criteria for a Det ailed Vibrat ion Analysis 

6. 3 Evaluat e Impact : V ibration Screening Procedure 

S tep 1: Classify project vehicles. 

S tep 2: Det ermine project t ype. 

S tep 3: Det ermine screening dist ance. 

S tep 4: Ident ify vibrat ion - sensitive land uses. 

6 .4 Evaluat e Impact : General V ibrat ion Assessment . 

S tep 1: Select base curve for ground surface vibrat ion level. 

S tep 2: Apply adjust ment s. 

S tep 3: Invent ory vibrat ion impact . 

6. 5 Evaluat e Impact : Det ailed V ibrat ion Analysis 

S tep 1: Charact erize Existing V ibrat ion 

S tep 2: Est imate V ibrat ion Impact 

S tep 3 :  Assess V ibrat ion Impact s 

S tep 4: Det ermine V ibrat ion Mit igat ion Measures 

A similar process for t he noise impact analysis is present ed in Sect ion 4. Aft er 

t he noise and vibrat ion analyses have been co mplet ed, assess construct ion noise 

and vibrat ion according t o Sect ion 7 and document findings according to 

Sect ion 8. 

6.1 D etermine Vibration Analy sis L eve l 

T here are t hree levels of analysis t o assess t he pot ential grou nd - borne vibrat ion 

and noise impact s resulting f ro m a public t ransportat ion project . T he 

appropriat e level of analysis varies by project based on t he t ype and scale o f the 

project , the st age of project developm ent , and its environm ent al set t ing. These 

t hree levels are : t he V ibrat ion Screening Procedure, t he General V ibrat ion 

Assessment , and t he Det ailed V ibrat ion Analysis. T hese levels of vibrat ion 

analysis mirror t he levels of noise analysis discussed in Sect ion 4.2 . 

T he V ibrat ion Screening Procedure, performed first , defines t he st udy are a of 

any subsequent vibrat ion impact assessment . Where t here is pot ent ial for 
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impact , the General V ibrat ion Assessment and Det ailed V ibrat ion Analysis 

procedures are used to determine t he ext ent and severity of impact . In some 

cases, a General V ibrat ion As sessment may be all that is needed. However, if 

t he propo sed project is near noise - sensitive land uses and it appears at t he 

out set that t he impact would be subst ant ial, it is prudent t o cond uct a Det ailed 

V ibrat ion Analysis. 

T he met hod s for analyzing t ra nsit vibrat ion are consistent wit h t hose described 

in recognized handbooks and internat ional standards.(46)(47) 

Conduct the vibration screening procedure and then determine the appropriate 

vibration analysis option: 

Vib ratio n S creen ing Pro ced u re – The V ibrat ion Screening Procedure is a 

simplified met hod of ident ifying t he pot ent ial for vibration impact from t ransit 

project s. The V ibrat ion Screening Procedure is applicable to all t ypes of t ransit 

project s and do es not require any specific knowledge about t he vibrat ion 

charact erist ics of t he syst em or t he geology of t he area. T his procedure uses 

simplified assumpt ions and considers t he t ype of project and t he presence or 

absence of vibrat ion - sensitive land uses wit hin a screening dist ance t hat has been 

develop ed to ident ify mo st pot ent ial vibrat ion impact s. If no vibrat ion - sensitive 

land uses are present wit hin t he define d screening distance, t hen no further 

vibrat ion assessment is necessary. 

T he V ibrat ion Screening Procedure st eps are provided in Sect ion 6.3, St ep 1 . 

Ge neral Vib ration Assessmen t – T he General V ibrat ion Assessment is used 

t o examine pot ent ial impact s to vibrat ion - sensitive land use areas ident ified in 

t he screening st ep mo re closely . It us es generalized informat ion likely t o be 

available at a n early st age in t he project developm ent process and during t he 

development of mo st environm ent al document s. 

V ibrat ion levels at receivers are det ermined by est imat ing the overall vibrat ion 

velocity level and A - weighted ground- borne noise levels as a fu nct ion of dist ance 

from t he t rack and applying adjust ment s t o account for fact ors such as t rack 

support syst em s, vehicle speed, t ype of building, and t rack and wheel condit ion s. 

A General V ibrat ion Assessment is sufficient for t he environm ent al review of 

many project s, including project s that com pare t ransit modal alternat ives or 

relocat e a crossover or turnout . T he General V ibrat ion Assessment may also be 

sufficient if it results in a commit ment t o mit igat ion t hat eliminat es the vibrat ion 

impact s, such as a change in t ransit mode or alignment . However, i f impact is 

identified t hrough t he General V ibrat ion Assessment procedures and not 

mit igat ed , a Det ailed V ibration Analysis of t he select ed alternat ive must be 

com pleted . Most vibrat ion mit igat ion measures can only be specified aft er a 

Det ailed V ibrat ion Analysis has been done . 

T he General V ibrat ion Assessment procedure is provided in Sect ion 6.3, Step 2. 

De tailed Vib ration Analysis – T he Det ailed V ibrat ion Analysis procedure is a 

com prehensive assessment method t hat prod uces t he mo st accurat e est imat es 
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of vibrat ion impact for a propo sed project and is oft en accom plished during t he 

engineering phase of a project when there are sufficient dat a ident ifying 

pot ent ial adverse vibrat ion impact s from the project . However, a Det ailed 

V ibrat ion Analysis may be warrant ed earlier in t he environm ent al review 

process if t here are pot ent ially severe impact s due to the proximit y of vibrat ion -

sensitive land uses. T his t ype of assessment requires professionals wit h 

experience in performing and interpret ing vibrat ion propagat ion t est s. 

A Det ailed V ibrat ion Analysis may not be necessary for all segment s o f  a 

project . Generalized predict ion curves from t he General V ibrat ion Assessment 

procedures may be sufficient for most of t he alignment , and t he Det ailed 

V ibrat ion Analysis procedure may only need to be applied to part icularly 

sensitive receivers ( Sect ion 6.3) .  Not e t hat a Det ailed V ibrat ion Analysis is 

t ypically required when designing special t rack - support syst ems such as fl oat ing 

slabs or ballast mat s. These and ot her costly v ibrat ion mit igat ion measures can 

only be specified aft er a Det ailed V ibrat ion Analysis has been do ne in t he 

engineering phase of t he project . 

T he Det ailed V ibrat ion Analysis procedure is presented in Sect ion 6.3 , Step 3 . 

6.2 D etermine Vibration I mpact Criteria 

Use t he FT A criteria present ed in t his sect ion when cond uct ing a General 

V ibrat ion Assessment or a Det ailed V ibrat ion Assessment . Like noise, the 

sensitivit y t o vibrat ion varies by land use t ype , and the criteria represent t hese 

sensitivit ies. T hese criteria are based on nat ional and int ernat ional 
( 38) ( 39) ( 48 )st andards, as well as experience on human response to building 

vibrat ion. See Sect ion 5.5 for addit ional background informat ion on the 

developm ent of FT A vibration criteria. T he criteria for environ ment al impact 

fr o m  ground- borne vibrat ion and noise are based o n  t he maximum root -

me an - square ( rm s) vibrat ion velo cit y levels for repeated event s o f  t he sa m e  

source. 

Det ermine t he appropriat e crite ria based on t he level of analysis ( Sect ion 6.1 ) .  

T he impact criteria for t he General V ibrat ion Assessment are present ed in 

O pt ion A , and t he impact criteria for the Det ailed V ibrat ion Analysis are 

present ed in Opt ion B . 

Option A : Gener al  Vibration A sses sm ent Cr iteri a 

Det ermine t he land use according to St ep 1 and t he frequency of event s 

according t o Step 2. The impact criteria for the General V ibrat ion Analysis are 

present ed in Step 3. 

Step  1 : L and U se C ate g ories 

Determine the appropriate land use category for the receiver of vibration impacts of 

the project or project segment. Sensitive land use cat egories for vibrat ion 

assessment are present ed in T able 6 -1 in order of sensitivit y. Consider indoor 

use of t he buildings when det ermining land use cat egories f or ground- borne 

vibrat ion and noise, since impact is experienced indoors. 
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T abl e 6 - 1 Lan d Use  Cate g ori es f or Ge neral  V i br ati o n As ses sm ent I m pac t  Cri t eri a 

Lan d U se 

Cate gor y 

Lan d U se 

T ype 
D esc ri pt i on of L an d Use Cate gor y 

-
Sp ecial 

B u ildin gs 

Th is c at egory i n clu des sp ecia l - u se  facil itie s t h at  are ver y sen sitive t o v ib rat ion  an d 

n oise  t h at  are  n ot  in clu ded  in t h e cat egories b elo w an d re q u ire sp ecial con sider at ion . 

H ow ever , if t h e b u ildin g w i ll r are ly b e o ccu p ied w h en  t h e sou rce of  t h e vib rat ion 

(e .g., t h e t rai n ) is op er at in g,  t h er e is n o n ee d t o e va lu at e f or  imp act . E x amp les of 

t h es e f acilitie s in clu de con cer t  h alls, TV an d re cor din g st u di os, an d t h eate rs. 

1 
H igh 

Sen sitivity 

Th is c at egory in clu des  b u il din gs w h er e vib rat ion levels,  in cl u din g t h ose  b elo w  t h e 

t h r es h old of  h u man  an n oyan c e, w ou ld in t er f er e w ith  op er at ion s w ith in  t h e bu ildin g. 

E x amp les in clu de b u il din gs w h er e vib rat ion - se n sitive r es e arc h  an d m an u f act u rin g*  is 

con du ct ed, h osp ita ls wit h  vib r at ion - se n sitive e q u ip me n t , an d u n iver sitie s con du ct in g 

p h ysica l research operations. The building’s degree of sensitivity to vibration is 

dep en den t  on  t h e sp ecif ic eq uip me n t  t h at  w ill b e af f ect ed b y  t h e vib rat ion . 

E q u ip me n t  moderat ely sen siti ve t o vib rat ion , su ch  as h i gh  r es olu t ion  lith ograp h ic 

eq u ip me n t , op t ical mi cro s cop es , an d ele ct ro n  micro scop es w ith  vib rat ion  isol at ion 

syst em s are in clu de d in  t h is c a t egory.* *  For  eq u ip me n t  t h at  is mor e se n sitive , a 

Det aile d Vib r at ion  An a lysi s m u st  b e con du ct ed. 

2 Residen t ia l 

Th is c at egory in clu des a l l re si den t ial l an d u se an d b u ild in gs w h er e p eo p le n or mally 

slee p , su ch  as h ot els an d h osp itals. Tran sit - gen er at ed gro u n d - b or n e vib rat ion  an d 

n oise  fr om su b w ays or  su rf a c e r u n n in g t rain s are  con si der e d t o h ave a si mil ar e f f ect 

on  re ceiver s.* * * 

3 I n st itu t ion al 

Th is c at egory in clu des i n st itu t ion s an d of f ices  t h at  h ave vib r at ion - se n sitive e q u ip me n t 

an d h a ve t h e p ot en t ial f or  act i vity in t er f er en ce su ch  as  sch o ols, ch u rch es , docto rs ’ 

of f ices . Co mme r ci al or  in du st rial loc at ion s in clu d in g of f ice  b u ildin gs are  n ot  in clu de d 

in  t h is cat egor y u n less t h er e is vib rat ion - se n sitive a ct ivit y o r e q u ip me n t  w ith in  th e 

b u ildin g. As w ith  n oise , t h e u se  of  t h e b u ildin g det er min es  t h e vib rat ion  sen sitivit y. 
* M an uf actur in g of  c ompu ter  ch ip s is an  ex amp le of  a vib r ation -sen sitive p r oces s.

** Stan dar d op tical m icr osc op es can b e imp acte d at vibr ation  leve ls b elow th e th r esh old of  h u man  an n oyan ce.
*** E ven  in  n oisy  ur b an  ar eas, the b edrooms  w ill of ten  b e in q u iet b u ildin gs with  e f f ect ive n oise in su lation . H owev er , gr ou n d - 

b or n e vibr ation  an d n oise ar e exp er ien ced in door s , an d bu ildin g o cc u p an ts h ave pr actically n o m ean s to r edu ce th eir 

ex p osur e. Th er ef or e, occ up an ts in  n oisy  ur b an  ar eas ar e ju st as likely to b e exp osed to gr ou n d -b orn e vib r ation  an d n oise 

as th ose in q u iet sub ur b an  ar eas. 

 Gro und -b o rn e Vib ration – Locat ions wit h equipment t hat is highly -

sensitive t o vibrat ion should be included in cat egory 1 or assessed using t he

Det ailed V ibrat ion Analysis procedures ( Sect ion 6.3, St ep 3) and criteria

( Sect ion 6.2, O pt ion B ) or specific criteria of t he equipment manufact urer.

Mo st com put er inst allat ions or t elephone swit ching equipment is not 

considered sensitive t o vibrat ion. Although t he owners of t his t ype of 

equipment oft en are concerned wit h the pot ent ial for ground - borne 

vibrat ion int errupt ing smoot h opera t ion of t heir equipment , it is rare for 

com put er or ot her elect ronic equipment t o be part icularly sensitive t o 

vibrat ion. T his t ype of equipment is t ypically designed t o operat e in 

com mo n building environment s where t he equipment may experience 

occasional dist urbances and cont inuous background vibrat ion caused by 

ot her equipment . 

 Gro und -b o rn e No ise – Ground - borne noise is t ypically only assessed at

locat ions wit h subway or tunnel operat ions where t here is no airborne

noise path, or for buildings wit h subst ant ial sound insulat ion such as a

recording st udio. For t ypical buildings with at - grade or elevat ed t ransit

operat ions, t he interior airborne noise levels are oft en higher t han t he
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ground - borne noise levels. For interior roo ms or ot her special cases, 

groun d - borne noise may need to be assessed. 

Step  2 : Ide ntify E ve nt Fre que nc y 

Determine the appropriate frequency of events for the project or project segment. 

Communit y response to vibrat ion correlat es wit h t he frequency of event s and , 

intuit ively, more frequent event s of low vibrat ion levels may evoke the same 

response as fewer high vibrat ion level event s. T his effect is account ed for in the 

ground - borne vibrat ion and noise impact criteria by charact erizing project s by 

frequency of event s. Event frequency de finit ions are present ed in T able 6-2. 

T abl e 6 - 2 E vent Fre que nc y D efi ni t i ons 

Cate gor y D efi ni t i on T ypi c al  Pr oj ec t  T ype s 

Fre q u en t  E vent s Mo re  t h an  7 0  even t s p er  day Mo st  rap id t ran s it 

Oc cas ion al E ven t s 3 0 – 70  even t s p er  day Mo st  commu t er  t ru n k lin es 

I n f re q u en t  E ven t s Fe w er  t h an  3 0  even t s p er  day Mo st  commu t er  rai l b ran ch  l i n es 

Step  3 :  Ap ply I mp ac t Cr iteri a by La nd U se and E ven t 

Fre que ncy 

Select the appropriat e i mpact criteria for ground -borne vibrat ion and noise 

based on t he previously ident ified land use cat egories and frequency of event s. It 

is also import ant to consider t he t ime of vibrat ion sensitivit y. If t he building is 

not t ypically occupied when t he vibrat ion source ( e.g., t rain) is operat ing, it is 

not necessary t o consider impact . 

T he criteria in this sect ion are appropriat e for assessing human annoyance or 

interference with vibrat ion- sensitive equipment for commo n project s. While not 

t ypical, exist ing cond itions , freight t rain operat ions, and building damage may 

require considerat ion . 

 Exi stin g C o nd ition s – The criteria in t his sect ion do not consider exist ing

cond itions. In mo st cases, t he exist ing envir o n ment does not include a

subst ant ial numb er o f  percept ible ground- borne vibrati o n  o r  noise event s.

However, exist ing cond it ions must be evaluat ed in some cases, such as for

project s locat ed in an exist ing rail corridor. For criteria considering exist ing

cond itions, see St ep 3b .

 F reigh t Train O peration s – T he criteria are primarily based on

experience wit h passenger t rain operat ions. Passenger t ra in operat ions

( rapid t ransit, com mut er rail, and int ercity passenger railroad) creat e

vibrat ion event s that last approximately 10 seconds or less while a t ypical

line - haul freight t rain event last s approximat ely t wo minutes. T his manual is

orient ed to t ran sit project s. H owever, situat ions will occur when freight

t rain operat ions must be evaluat ed, such as when freight t rain t racks are

relocat ed for a t ransit project within a railroad RO W . Guidelines on

applying t hese criteria t o freight t rain operat ions are present ed in Step 3c.
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 Buil din g Damage – It is ext remely rare for vibrat ion from t rain

operat ions t o cause subst ant ial or even minor cosmetic building damage.

However, damage to fragile hist oric buildings locat ed near t he RO W may be

of concern. Even in t h ese cases, damage is unlikely except when t he t rack is

locat ed very close to t he struct ure. Damage t hresholds t hat apply t o t hese

st ruct ures are discussed in Sect ion 7.2, St ep 4 on Const ruct ion V ibrat ion

Impact s.

3 a .  Cho o se th e impact criteria b y lan d u se catego ry and even t 

frequ en cy. The criteria for ground - borne vibrat ion and noise land use 

cat egories 1 - 3 are present ed in T able 6- 3. T he criteria are present ed in t erms of 

accept able indoo r ground -borne vibrat ion and noise levels. Impact will occur if 

t hese levels are exceeded. Criteria for ground - borne vibrat ion are expressed in 

t erms of rms velocit y levels in V dB , and criteria for ground -borne noise are 

expressed in t erms of A- weight ed sound pressure levels in dB A. 

T abl e 6 - 3 I nd oo r Gro u nd - B or ne V i br ati on ( GBV ) an d G ro u nd - B or ne N oi se ( G BN) 

I m pac t  Cri t eri a for  Ge ner al  V i brat i on A s ses sm ent 

Lan d U se C ate gor y 

GBV  I m pac t  Le vel s 

(V dB re 1  m i c ro - i nc h / sec ) 

GBN I m pac t  Level s 

(dBA re  20  m i c ro P asc al s) 
Fr eq u en t 

E ven ts 

O c casio n al 

E ven ts 

In f r eq u en t 

E ven ts 

Fr eq u en t 

E ven ts 

O c casio n al 

E ven ts 

In f r eq u en t 

E ven ts 

Cate gor y 1 : B u i ldin gs w h er e 

vib rat ion  w ou ld in t er f er e w ith 

in t er ior o p er at ion s. 

6 5  VdB * 6 5  VdB * 6 5  VdB * N/A * *  N/A * *  N/A * *  

Cate gor y 2 : Residen ces  an d 

b u ildin gs w h er e p eo p le 

n or mall y slee p . 

7 2  VdB 7 5  VdB 8 0  VdB 3 5  dB A 3 8  dB A 4 3  dB A 

Cate gor y 3 : I n st itu t ion al l an d 

u se s w ith  p rimarily  d ayt ime 

u se . 

7 5  VdB 7 8  VdB 8 3  VdB 4 0  dB A 4 3  dB A 4 8  dB A 

* Th is cr iter ion  limit is b ased on  l eve ls th at ar e acc ep tab le f or  m ost m oder ately sen sitive eq u ip me n t s u ch as  op tical

micr osc op es. For  e q u ip men t th at is mor e sen sitive, a Detailed Vib r ation  An alys is mu st b e p er f or med.

** Vib r ation - sen sitive eq u ip me n t is gen er ally n ot s en sitive to gr oun d - b or n e n oise ; h owev er , th e manufacturer’s

sp ecification s sh ou ld b e r eviewed f or  ac ou stic an d v i br ation  s en sitivity.

T he criteria for ground - borne vibrat ion and noise for special land uses are 

present ed in T able 6- 4. T he criteria are present ed in t erms of accept able indoor 

ground - borne vibrat ion and noise levels. Impact will occur if t hese levels are 

exceeded. As for t he ot her land uses, t he c riteria for ground - borne vibrat ion 

are expressed in t erms of rms velocity levels in V dB , and criteria for ground-

borne noise are expressed in t erms of sound pressure levels in dBA. 

T abl e 6 - 4 I nd oo r Gro u nd - B or ne V i br ati on a n d N oi s e I m pac t  Cri t eri a fo r S pec i al  Bui l di ngs 

T ype of B ui l di ng or 
Gr ou nd - B or ne V i br ati on I m pac t 

Level s (V dB re 1  m i c ro - i n c h/sec ) 

Gr ou nd - B or ne N oi se I m p ac t 

Level s ( dBA re  20  m i c ro - Pasc al s) 
Room Fr eq u en t 

E ven ts 

O c casio n al or 

In f r eq u en t E ven ts 

Fr eq u en t 

E ven ts 

O c casio n al or 

In f r eq u en t E ven ts 

Co n cer t  h alls 6 5  VdB 6 5  VdB 2 5  dB A 2 5  dB A 

TV st u dios 6 5  VdB 6 5  VdB 2 5  dB A 2 5  dB A 

Record in g st u dios 6 5  VdB 6 5  VdB 2 5  dB A 2 5  dB A 

Au dito riu ms 7 2  VdB 8 0  VdB 3 0  dB A 3 8  dB A 

Th eate rs 7 2  VdB 8 0  VdB 3 5  dB A 4 3  dB A 
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3b . Co n sid er th e p resence o f e xi stin g v ib ration co nd ition s . 

When t he proje ct will cause vibrat ion mo re t han 5 dB above t h e exist ing 

vib r at ion , t he ex ist ing source can be igno red, and the st andard vibrat ion 

criteria in Step 3a are appropriat e. When t h e project will cause vibrat ion less 

t han 5 dB above the exist ing vibrat ion level, use t he inst ruct ions present ed in 

t his sect ion to det ermine the appropriat e impact criteria for t he project . For 

information on charact erizing exist ing vibrat ion cond itions, see Sect ion 6.2 , 

Step 3. 

Use T able 6- 5 and Figure 6- 1 t o det ermine t he appropriat e impact criteria. 

Sources of exist ing vibrat ion are t ypically longer in durat ion t han t he event s 

introduced into t he environment due to t he project . T he frequency of use in t he 

rail corridor is also a fact or in charact erizing t he exist ing cond it ions. Bot h 

fact ors are considered in the process of det ermining appropriat e impact criteria 

in T able 6- 5 and Figure 6- 1. 

Examples of project s considering t he exist ing vibrat ion cond it i ons in T able 6- 5 

and Figure 6- 1 include: 

 An aut omated people mo ver syst em planned for a corridor wit h an

exist ing rapid t ransit service wit h 220 t rains per day that did not have a

significant increase in events from t he exist ing 220 t rains per day and

t hat is not 3 dB above t he exist ing vibrat ion level would cause no

addit ional impact .

 Where a new com mut er rail line shares a heavily - used corridor wit h a

rapid t ransit syst em, the project vibrat ion exceeds t he exist ing vibrat ion

level, t here is not a signifi cant increase in t he number of event s, and t he

project vibrat ion exceeds the exist ing vibrat ion level by 3 dB or more,

t he project ed vibrat ion levels must be evaluated using t he st andard

impact criteria t o det ermine impact .

 If a new t ransit project will us e an exist ing railroad RO W and t he

locat ion of exist ing railroad t racks are shifted, exist ing vibrat ion can be

subst ant ial. T he t rack relocat ion and reconst ruct ion can result in lower

vibrat ion levels t hat would benefit t he receivers and not int roduce any

adverse impact . However, if t he t rack relocat ion causes higher vibrat ion

levels at vibrat ion- sensitive receivers, t hen t he projected vibrat ion levels

must be evaluat ed using t he st andard impact criteria to det ermine

impact .
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T abl e 6 - 5 I m pac t  Cri t eri a Con si deri ng Ex i st i ng Co n di t i ons 

Cate gor y 
Num be r o f O pe rat i on s 

( At p r esen t – with ou t p r oject ) 
Cri t eri a 

H eavil y 

Us ed 

Mo re  t h an  1 2  t rain s p er  day 

Us e t h e st an dard vib rat ion cri t er ia in Section  6 .2 , St ep 3 a  f o r t h e 

f ollow in g s cen arios: 

 Th e e x istin g vib rat ion do es  n ot  ex cee d t h e st an dar d

vib rat ion  cr ite ria .

 Th e e x istin g vib rat ion  ex cee d s t h e st an dard vib rat ion crit er ia

an d t h er e is a  sign ifi c an t  in cre ase  in  even t s.*

 Th e e x istin g vib rat ion  ex cee d s t h e st an dard vib rat ion

crit er ia , an d  t h e p ro ject  vib rat ion  is 3  dB or  more ab ove t h e

ex istin g vib rat ion .

Th e p ro ject  h as n o imp a ct  if  t h e e x istin g vib rat ion  ex cee ds t h e 

st an dar d v ib rat ion  crit er i a, t h e n u mb er  of  even t s doe s n ot  in cre ase 

sign ific an t ly,  an d  t h e p ro ject  vi b rat ion  doe s n ot  ex cee d t h e e x istin g 

vib rat ion  b y 3  d B  or mo re . 

Mo der at ely 

Us ed 

5 – 1 2  t rain s p er  day 

Us e t h e st an dard vib rat ion cri t er ia in  Section 6 .2 St ep  3 a f o r t h e 

f ollow in g s cen arios: 

 Th e e x istin g vib rat ion doe s n ot  ex cee d t h e st an dar d

vib rat ion  cr ite ria .

 Th e e x istin g vib rat ion  ex cee d s t h e st an dard vib rat ion

crit er ia , an d  t h e p ro ject  vib rat ion  is n ot  5  dB  or mo re  b elo w

t h e e x istin g vib rat ion .

Th e p ro ject  h as n o imp a ct  if  t h e e x istin g vib rat ion  ex cee ds t h e 

st an dar d v ib rat ion  crit er i a an d  t h e p ro ject  vib rat ion  is at  lea st  5  dB 

b elo w  t h e e x istin g vib rat ion . 

I n f re q u en t ly 

Us ed 
Fe w er  t h an  5  t rain s p er  day Th e st an dar d v ib rat ion  crit er i a in  Section 6 .2 , St ep  3 a ap p ly . 

* Ap p r ox imate ly dou b lin g th e numb er  of  e ven ts is requ ir ed f or  a sign if ican t in cr ease .
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Fi gure 6 - 1 E xi st i ng V i brat i on x i i  Cri t eri a Fl ow Cha r t 

3c. App ly criteria to f reigh t train s if p art o f the p roject. 

Use t he criteria present ed in Step 3a t o assess t he vibrat ion from freight t rains 

in shared R OW scenarios because no specific impact criteria exist for freight 

railroads. It is important t o co nsider t hat freight operat ions occur over 

subst ant ially great er dist ances t han passenger t rain operat ions and have different 

weight and axle loads. 

When assessing vibrat ion from freight t rain operat ions, consider t he locom ot ive 

and rail car vibrat ion sep arat ely. Since locom ot ive vibrat ion last s for a very short 

t ime, it can be charact erized by t he infrequent event s cat egory in T able 6- 2. R ail 

car vibrat ion from a t ypical line - haul freight t rain usually last s for several minut es 

and can be charact erized by t he frequent event s cat egory in T able 6- 2. Not e 

xii Vibration is abbreviated as “vib.” in this flowchart. 
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t hat locomot ives oft en creat e vibrat ion levels that are 3 t o 8 dB higher than 

t hose creat ed by rail cars. 

Use goo d engineering judgment t o confirm the approach is reasonable for each 

project . For example, s ome spur rail lines carry very litt le rail t raffic ( somet imes 

only o ne t rain per week) or have short t rains, in which case it may not be 

necessary t o evaluat e for impact . If t here is uncert aint y in how to det ermine t he 

appropriat e criteria, cont act the FT A R egional office. 

Decisions t o relocat e freight t racks closer to vibrat ion- sensitive sites should be 

made wit h t he underst anding t hat increased vibrat ion due t o freight rail may not 

be possible t o mit igat e. Freight rail vibrat ion may not always be success fully 

mit igat ed by t he same method s as rail t ransit syst ems. 

O pt ion B : Vibrat ion Impact  Cr it eria for a Det ailed Vibrat ion 

Analysis 

Det ermine t he appropriat e impact criteria for ground -borne vibrat ion and 

ground - borne noise for a Det ailed V ibrat ion Analysis . 

Step  1 :  Gr ound- Bo r n e  V ibr ation 

Choose the appropriate criteria based on Figure 6-2 and Table 6-6. 

Grou nd - borne vibrat ion crit eria present ed in t his sect ion are mo re det ailed 

t han in t he General V ibrat ion Assessment . T he criteria are based on 

int ernat ional st andards for t he effect s of vibrat ion on people relat ed t o 

annoyance and interference wit h act ivities in buildings ( 39) as well as indust ry 

st andards fo r vibrat ion - sensitive equipment . ( 46) T he criteria in t his sect ion are 

used to assess t he pot ent ial for int erference or annoyance from building 

response and t o det ermine performance of vibrat ion reduct ion met hods. Not e 

t hat for highly- sensit ive equipment, specific vibrat ion criteria provided by t he 

manufact urer supersede t he criteria in t his sect ion . 

T he criteria are present ed by cat egory in Figure 6- 2 and are defined by 

int ernat ional and indust ry st andards . ( 39) ( 46) T hese criteria define limit s for 

accept able maximum rms vibrat ion velocit y level wit h a one - second averaging 

t ime at t he f loo r of t he recei ving building in t erms of a one- t hird oct ave band 

frequency spect rum . Band levels t hat exceed a part icular criterion curve indicate 

impact ; and therefore, mit igat ion opt ions should be evaluat ed considering t he 

specific frequency range in which t he t reat men t  is mo st effect ive . Int erpret at ions 

of t he criteria are present ed in T able 6- 6. 
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Fi gure 6 - 2 C ri t eri a for  D et ai l ed V i brat i on A nal y si s  

T abl e 6 - 6 I nt erp ret ati on  o f Vi brat i o n Cri t eri a f or D e t ai l ed V i brat i on A nal y si s  

Cri t eri on 

Cur ve 

Max L v , * 

V dB 
D esc ri pt i o n of Use 

Wor ks h op (I SO) 9 0  
Vib rat ion  t h at  is d istin ct l y f elt . Ap p ro p riat e f o r  w or ks h op s an d simil ar 

are as n ot as se n sitive t o vib ra t ion . 

Of f ice (I S O) 8 4  
Vib rat ion  t h at  c an  b e f elt . Ap p ro p riat e f o r  of f ices  an d sim ilar are as n ot as 

se n sitive t o vib rat ion . 

Residen t ia l D ay 

(I SO) 
7 8  

Vib rat ion  t h at  is b are l y f elt . A deq u at e f or  comp u t er  eq u ip men t  an d low -

p ow er  op t ical mi cro scop es  (u p  t o 2 0 X) . 

Residen t ia l Ni gh t , 

Op er at in g Rooms 

(I SO) 

7 2  

Vib rat ion is n ot  fe lt , b u t  gro u n d - b or n e n oise  may b e au d ib l e in side q u iet 

r oo ms. Su itab le fo r me diu m - p ow er  op t ical m icro s cop es  (1 0 0 X)  an d ot h er 

eq u ip me n t  of  low  sen sitivity. 

VC - A 6 6  
Adeq u at e f or  med iu m - t o h ig h - p ow er  op t ical micro scop es (4 0 0 X) , 

micro b a lan ces , op t ica l b al an ce s , an d s imi lar sp ec ial ize d eq u ip me n t . 

VC - B 6 0  
Adeq u at e f or  h igh - p ow er  op t ical mi cro scop es  (1 0 0 0 X)  an d in sp ect ion an d 

lit h ograp h y eq u ip me n t  t o 3 - micro n lin e w i dt h s. 

VC - C 5 4  
Ap p ro p riat e f or  most  lith ogr a p h y an d in sp ect ion  eq u ip me n t  t o 1 - micro n 

det ail s ize . 

VC - D 4 8  
Su itab le in  most  in st an ces  fo r t h e mo st  dem an din g eq u ip me n t , in clu din g 

ele ct ro n  micro s cop es  op er at i n g t o t h e limit s of  t h eir c ap ab i lit ies . 

VC - E 4 2  
Th e mo st  dem an din g crit er io n  fo r e x t re me ly vib rat ion - se n sitive 

eq u ip me n t . 
* As me asu r ed in 1 /3 - octav e b ands of  f r equ en cy over  th e f r eq u ency  r an ge 8  to 8 0  H z.
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In addit ion t o the uses described in T able 6- 6, t he detailed vibrat ion criteria can 

be applied to t he t hree land use cat egories present ed in T able 6- 3. 

 For residential land uses ( cat egory 2) , use t he residential night criterion 

curve in T able 6-6. 

 For inst itut ional uses ( category 3) , use t he residential day criterion 

curve in T able 6-6. 

 For cat egory 1, the specific use of t he building should be matched t o t he 

appropriat e criterion curve in T able 6- 6. 

 For special buildings, such as t hose found in T able 6- 4, either the criteria 

in T able 6- 4 or specific criteria present ed by the building operator 

should be used. 

T hese criteria use a frequency spect rum because vibrat ion - relat ed problems 

generally occur due t o resonances of t he st ructural com ponent s of a building or 

vibrat ion - sensitive equipment . R esonant response is frequency - dependent . A 

Det ailed V ibrat ion Analysis can provide an assessment t hat ident ifies pot ent ial 

problems resulting from resonances. 

T he det ailed vibrat ion criteria are based on ge neric cases when people are 

st anding or equipment is mount ed on t he floo r in a convent ional manner. 

Consequent ly, t he criteria are less st ringent at very low frequencies below 8 Hz. 

Where special vibrat ion isolat ion has been provided in t he form of pneumat ic 

isolato rs, t he resonant frequency of t he isolation syst em is very low. 

Consequent ly, in t his special case, t he curves may be ext ended flat at lower 

frequencies. 

Step  2 :  Gr ound-b or ne  Noise 

Ground - borne noise impact s are assessed based on criteria for hum an 

annoyance and act ivity interference. T he Det ailed V ibrat ion Analysis procedure 

provide s vibrat ion spect ra inside a building. To evaluate ground- borne noise, 

convert t hese vibrat ion spect ra t o sound pressure level spect ra in t he occupied 

spaces using t he method described in Sect ion 6.5 and com pare to t he criteria as 

follows: 

 For residential buildings, use t he criteria present ed in T able 6- 3. 

 For special buildings list ed in T able 6-4, A- weight ed noise may not be 

sufficient to assess act ivity int erference for a Det ailed V ibrat ion Analysis. 

Each special building may have a unique specificat ion for accept able 

noise levels and criteria must be det ermined on a case - by- case basis . 

For example, a recording st udio may have st ringent requirement s for 

allowable noise in each frequency band. 

6.3 Evaluate I mpact:  V ibration S creening 

Procedure 

Determine the potential for impact using the Vibration Screening Procedure by 

identifying any vibration-sensitive land uses (Table 6-1) within the appropriate 

screening distance. 
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Fi gure 6 - 3 Fl o w C hart of V i brat i on Sc reeni n g P roc ess 

Step  1 : C las sif y  P roj e ct V e hicle s 

Determine the project type and the next step based on the guidelines below. 

O p tio n A: N o Veh icles – T ransit project s t hat do not involve vehicles do not 

have pot en t ial for vibrat ion impact and do not require furt her analysis (Bo x A in 

Figure 6- 3) . 

Many smaller FT A- funded project s, such as bus t erminals, park - and - ride lot s, 

and st at ion rehabilit at ion are in t his cat egory , and do not require furt her analysis 

of grou nd - borne vibrat ion impact . However, if t rack syst em s are mod ified ( e.g., 

t racks mo ved or swit ches mo dified) , proceed to Step 2. 
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O p tio n B: S teel -whee led / S tee l- rail Veh icles – Transit project s wit h st eel-

wheeled/st eel- rail vehicles have pot ent ial for vibra t ion impact ( Box B in Figure 

6- 3) ; proceed to Step 2 . T hese rail syst ems include urban rapid t ransit, LR T ,

com mut er rail, and st eel - wheel intermediat e capacity t ransit ( ICT ) syst ems.

O p tio n C: Rubb er - tire Veh icle s – For project s t hat involve rubber - t ire 

vehicles and do not meet the following condit ions, vibrat ion impact is unlikely , 

and no further analysis is needed . Proceed to Step 2 for project s t hat involve 

rubber- t ire vehicles and meet t he following cond it ions ( Box A in Figure 6.3 ) :  

 Ro adwa y irregu la rity – Expansion joint s, speed bumps, or ot her

design feat ures t hat result in unevenness in t he road surface can result

in percept ible ground- borne vibrat ion at dist ances up t o 75 ft away.

 O peration clo se to vib ration- sen sitive bu ild in gs – B uses, t rucks,

or ot her heavy vehicles operat in g close t o a vibrat ion- sensitive building

( wit hin approximat ely 100 ft from t he propert y line) may impact

vibrat ion - sensitive act ivit ies, such as re search t hat uses elect ron

microscopes o r  manufact uring of com put er chips.

 Veh icle s o peratin g within b uild in gs – Special considerat ions are

oft en required for shared use facilities where vehicles operat e inside or

direct ly underneat h buildings such bus st at ions locat ed inside an office

building complex.

Step  2 : D e te rm ine Project  T ype 

Determine the project type according to Table 6-7. 
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T abl e 6 - 7 Pr oj ec t  T ype s f or V i b rat i on Sc reeni n g P r oc edu re 

Pr oj ec t  T ype 

Num be r 

Pr oj ec t 

T ype 
D esc ri pt i on 

1 

Co n ven t ion al 

Co mmu t er 

Railro ad 

B ot h  locomot ives an d p asse n g er  veh icles cre at e vib rat ion . F o r commu t er 

t rain s, t h e h igh es t  vib rat ion  le vels are t yp ic all y cre at ed b y  t h e locomot i ves . 

E lect ric commu t er  rai l veh i cle s cre at e le vels of gro u n d - b or n e vib rat ion  t h at  are 

comp ar ab le t o e lect ri c rap i d t ran sit veh ic les. 

2 RRT 

Gro u n d - b or n e vib rat ion  imp a ct  f ro m rap i d t ran sit t ra in s is on e o f  t h e major 

en viron me n t al issu es  fo r n ew  syst em s. G ro u n d - b or n e vib rat ion  is u su all y a 

major con cer n f or  su b w ay op er at ion s . I t  is less commo n  fo r at - gr ade an d 

ele vat ed r ap id  t ran sit lin es  t o cre at e in t ru sive gro u n d - b or n e vib rat ion an d 

n oise  sin ce air - b or n e n oise t y p ical ly domin at es . 

3 
L RT an d 

St re et cars 

Th e gro u n d - b or n e vib rat ion  c h aract er isti cs of  l igh t  ra il s yst em s are ver y s imil ar 

t o t h ose  of  rap id t ran sit syst e ms. Be c au se  t h e sp ee ds of  ligh t  rail s yst em s are 

u su ally low e r , t yp ic al vib rat ion  levels are u su all y low er .  St ee l - w h ee l/st ee l - rail 

AG T is in clu de d in  eit h er t h is cat egor y or t h e I C T  c at egor y dep en din g on  t h e 

level of  ser vice an d t r ain  sp ee ds. 

4 

I n t er me diat e 

Cap ac ity 

Tran sit 

B ecau se  of  t h e low  op er at in g sp ee ds of  mo st  IC T syst em s , vib rat ion  p ro b lems 

are  n ot  commo n . H ow ever , s t ee l - w h ee l I CT syst em s t h at  o p er at e close  t o * 

vib rat ion - se n sitive b u il din gs h ave t h e p ot en t ial of  c au sin g in t ru sive vib rat ion . 

With  a st iff  su sp en sion  syst em , an  IC T s yst em  cou l d cre at e i n t ru sive vib rat ion . 

5 

B u s an d 

Ru b b er - Tire 

Tran sit 

Pro ject s 

Th is c at egory en comp asse s m ost  p ro ject s t h at  do n ot  in clu de st ee l - w h ee l 

t rain s of  some  t yp e. E x amp les in clu de diese l b u se s, ele ct ric t ro lley b u se s, an d 

ru b b er - t ired p eo p le movers . Mo st  p ro ject s t h at  do n o t  in cl u de st ee l - w h ee l 

t rain s do n ot  c au se  vib r at ion i mp act s.* * 
*See th e sc r een in g distan ces f or cate gor y 1  lan d u se s in Tab le 6 -8 .

** M ost comp lain ts ab ou t v ibr ation  c au sed b y bu ses  an d tru cks  are r elated to r attlin g of  w in dows or  item s h un g on  th e walls .

Th ese  v ib r ation s ar e u su ally th e resu lt of air b or n e n oise an d n ot grou n d -b or n e vibr ation . I n  th e cas e w h er e gr ou n d -b orn e 

vib r ation  is th e sour ce of  th e c omp lain t, th e vib r ation  c an  usu ally b e attr ibu ted to ir r egu lar ities in  th e r oad. 

Step  3 : De te rm ine Sc re e ning D i stance 

Determine the appropriate screening distances based on land use and project type 

according to Table 6-8. 

T he dist ances are based on t he criteria present ed in Sect ion 6.3, t he procedures 

in Sect ion 6.4 assuming normal vibrat ion propagat ion, and include a 5- d B  factor 

of safet y. Even so, areas wit h very efficient vibrat ion propagat ion can have 

subst ant ially higher vibrat ion levels. 

Because of t he 5- decibel safet y factor, t he screening dist ances will ident ify most 

of t he pot ent ially impact e d areas, even for areas with efficient propagat ion. 

However, when t here is evidence of efficient propagation, such as previous 

com plaints about exist ing transit facilities or a hist ory of problems with 

construct ion vibrat ion, increase t he dist ances in T abl e 6- 8 by a factor of 1.5. 
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T abl e 6 - 8 Sc reeni n g D i st a nc es f or V i b rat i on  As ses s m ents 

T ype of Pr oj ec t 

Cri t i c al  D i st anc e for La n d  Use Cate go ri es * 

D i st anc e from ROW or P rope rty Li ne ,  ft 

Lan d U se 

Cat.  1 

Lan d U se 

Cat.  2 

Lan d U se 

Cat.  3 

Co n ven t ion al Co mmu t e r Ra il ro ad 6 0 0  2 0 0  1 2 0  

RRT 6 0 0  2 0 0  1 2 0  

L RT an d  St re et cars 4 5 0  1 5 0  1 0 0  

I C T  2 0 0  1 0 0  5 0  

B u s Pro ject s (if n ot  p re viou sl y  scre en ed ou t ) 1 0 0  5 0  - -
*For  th e Vib r ation Scr een in g Procedu r e, e valu ate sp ecial b u ildin gs as f ollows: Categ or y 1 - con cer t h alls an d TV 

stu dios , Categor y 2 - th eater s and au ditor iu ms 

Step  4 : Ide ntify V i br ation - Sensit ive Lan d Use s 

Ident ify all vibrat ion - sensit ive land uses ( T able 6- 1) wit hin t he chosen screening 

dist ance. If no vibrat ion - sensitive land uses are ident ified, no furt her vibrat ion 

analysis is needed. If one or mo re of t he vibrat ion - sensitive land uses are in t he 

screening dist ance , complet e a General V ibrat ion Assessment ( Sect ion 6.4) or a 

Det ailed V ibrat ion Analysis ( Sect ion 6.5 ) . 

6.4 Evaluate I mpact: General Vibration 

Asse ssme nt 

Evaluate for impact using the General Vibration Assessment procedure if the Vibration 

Screening Procedure (Section 6.3) identified vibration-sensitive receivers within the 

screening distance of the transit vibration source . 

For guidelines on when t he General V ibrat ion Assessment is appropriat e, 

review Sect ion 6.1. 

T he basic approach for the General V ibrat ion Assessment is to define a curve or 

set of curve s t hat predict s t he overall ground -borne vibrat ion as a funct ion of 

dist ance from the sour ce, then apply adjust ment s t o these curves t o account for 

fact ors such as vehicle speed, geologic cond it ions, building t ype, and receiver 

locat ion wit hin t he building. When t he vehicle t ype is not covered by the curves 

included in t his sect ion, it will be necessary to define an appropriat e curve 

either by ext rapolat ing from exist ing informat ion or performing measurement s 

at an exist ing facility. 

Step  1 : Select Ba se Curve f o r G roun d S urf ace  Vib rat ion 

Le vel 

Select a standard vibration curve to represent general vibration characteristics for the 

source. 

T he curves present ed in Figure 6- 4 are based on measurement s of ground -

borne vibrat ion at represent at ive No rth American t ransit syst ems and can be 

used to represent vibrat ion charact erist ics for st andard t ransp ortat ion syst ems 

in t he General V ibrat ion Assessment . 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

T hese curves assume t ypical ground - borne vibrat ion levels, equipment in good 

cond ition, and speeds of 50 mph for t he rail syst ems and 30 mph for buses. 

Adjust ment s to account for differences in speed and geologic condit ions are 

included in Step 2. 

Select a base curve from Figure 6- 4 according to t he guidelines in T able 6- 9. 

Equat ions for t he curves in Figure 6- 4 are included in T able 6- 10 . Addit ional 

considerat ions for select ing a base curve for syst ems not included in T able 6- 9 

are present ed below by t ransit mod e. 

T abl e 6 - 9 Gr o un d S urf ac e V i brat i on  Level  Ba se C ur ve D esc ri pt i o ns 

Cur ve D esc ri pt i on 

L ocomot ive - Pow er e d 

Passe n ger or  Fre igh t  Cu rve 

Ap p ro p riat e f or  veh icles  p ow er ed b y d iese l or  ele ct ric loco mot ives  in c lu din g 

in t er city p asse n ger  t r ain s an d commu t er  rai l t rain s. 

Rap id Tran sit o r L igh t  R ail 

Veh icles C u rve 

Ap p ro p riat e f or  b ot h  h eavy a n d ligh t - ra il veh icles on at - gr a de an d su b w a y 

t rack . 

Ru b b er - Tire d Veh icles C u r ve 

Ap p ro p riat e f or ru b b er - t ire veh icles. Th es e t yp es  of veh icle s rare ly  cre at e 

gro u n d - b or n e vib rat ion  p ro b lems u n less t h er e is a d iscon t i n u ity or b u mp  in 

t h e r oad t h at  c au se s t h e vib ra t ion . Th is cu rve re p re se n t s t h e vib rat ion  le vel 

f or  a t yp ic al b u s op er at in g  on  smoo t h  roadw a y. 

Fi gure 6 - 4 Gene ral i zed Gr ou nd Su rfac e V i br ati on C urve s 
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T abl e 6 - 1 0  Ge neral i zed  G rou n d S urfac e V i b rat i on  E quati o ns 

Cur ve E quati o n 

L ocomot ive Pow er ed 

Passe n ger  or  Fre igh t  Cu rve 
ഽ෸ ൛ ඊඃෳඃඉ ൔ ංඅෳඉං ඝච඘(വ) ൕ ංඅෳංඈ ඝච඘(വ)൅

ൔංෳඇආ ඝච඘(വ)െ
E q. 6 - 1 

Rap id Tran sit o r L igh t  R ail 

Veh icles C u rve 
ഽ෸ ൛ ඉආෳඉඉ ൕ ංෳඁඇ ඝච඘(വ) ൕ ඃෳ඄ඃ ඝච඘(വ)൅

ൕඁෳඉඈ ඝච඘(വ)െ
E q. 6 - 2 

Ru b b er - Tire d Veh icles C u r ve 
ഽ෸ ൛ ඇඇෳඁඉ ൔ ඄අෳඃඉ ඝච඘(വ) ൕ ඄ඁෳඃආ ඝච඘(വ)൅

ൔආෳඅඁ ඝච඘(വ)െ
E q. 6 - 3 

ഽ෸ = ve locit y le vel , V dB 

വ ൛ distan ce , f t  

Considerat ions for select ing a base curve for d ifferent t ransit mo des include: 

 I n tercity p assen ge r train s – Although int ercity passenger t rains can

be an imp ortant source of environm ent al vibrat ion, it is rare t hat t hey

are considered for FT A- funded project s unless a new transit mo de uses

an exist ing rail alignment . When a new t ransit line uses an exist ing rail

alignment , changes in t he int ercity passenger t ra ffic can result in either

posit ive or negat ive impacts. Use t he locomot ive - powered passenger or

freight curve for intercity passenger t rains u nless t here are specific dat a

available o n t he ground - borne vibrat ion created by t he new t rain

operat ions.

 L o co mo tive- po wered co mmuter r ail – Use t he locomot ive -

powered passenger or freight curve for all com mut er rail syst em

powered by either diesel or elect ric locomo t ives.

 Ele ctric mu ltip le un it (EMU ) – Use t he rapid t ransit or light rail

vehicles curve for s elf- powered e lect ric commut er rail t rains.

 Di esel mu ltiple un it (DMU ) – Self - powered DMUs creat e vibrat ion

levels som ewhere bet ween rapid t ransit vehicles and locomot ive -

powered passenger t rains. A vibrat ion curve for DMUs can be

est imat ed by lowering the lo com ot ive - powered passenger or freight

curve by 5 dB .

 S ub way h eavy r a i l  o r ligh t rail – Use t he rapid t ransit or light rail

vehicles curve for subway heavy rail and subway light rail . Altho ugh

vibrat ions from subway and at- grade t rack s have very different

charact erist ics, t he overall vibrat ion velocity levels are com parable.

When applied t o subways, t he rapid t ransit or light rail vehicles curve

assumes a relat ively light weight bored concret e t unnel in soil. T he

vibrat ion levels will be lower for heavier s ubway st ruct ures such as cut -

and - cover box st ruct ures and st at ions.

 A t - g rad e hea vy rail o r ligh t rail – Use t he rapid t ransit or light rail

vehicles curve for at- grade heavy rail or light rail. H eavy rail and LR T

vehicles have similar suspension syst ems and axle loads and creat e

similar levels of ground - borne vibrat ion.
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 Ele vated gu id ewa ys o r ae rial structu res – V ibrat ion from

operat ions on an elevated st ruct ure is t ypically not an issue unless the

guideway is support ed by a building or locat ed very close to buildings.

Apply t he appropriat e adjust ment for t he aerial st ructures ( Sect ion 6.4,

Step 2) .

 S treetcars – Use the rapid t ransit or light rail vehicles curve for street

cars.

 I CT – Use t he rapid t ransit or light rail vehicles curve for ICT syst em s

wit h st eel wheels and t he rubber - t ired vehicles curve for ICT syst ems

wit h rubber t ires.

 O ther veh icle types – For less commo n modes such as magnet ically -

levitat ed vehicles ( maglev) , mo norail, or AGT , use good engineering

judgment to choo se a st andard curve to best fit t he mo de or if a new

curve needs t o be develop ed , as a funct ion of dist ance from t he t rack.

Examples include:

 V ibrat ion from a rubber- t ire monorail operat ing on aerial

guideway can be approximat ed using t he rubber-t ired vehicles

curve wit h t he appropriat e adjust ment for t he aerial st ruct ure

( Sect ion 6.4, St ep 2 ) .

 Mo st of t he data available on t he noise and vibrat ion

charact erist ics of maglev vehicles com es from high - speed

syst ems intended for int er-city service. Even though t here is no

direct cont act bet ween t he vehicle and t he guideway, t he

dynamic loads on t he guideway can generat e ground - borne

vibrat ion. Measurement s on a German high - speed maglev

resulted in ground -borne vibrat ions at 75 mph which is

com parable to t he base curve for rubber- t ired vehicles at 30

m p h . ( 49 ) 

Step  2 : Ap ply Adj us tments 

Apply project-specific adjustments to the standard vibration curve. 

O nce t he base curve has been select ed, use t he adjustment s in the following 

inst ruct ions t o develop project - specific vibrat ion proj ect ions at each receiver. 

All adjust ment s are given as single numbers t o add to, or subt ract from, t he 

base level. 

Adjust ment s are separat ed by source, path , and receiver and include speed, 

wheel and rail t ype and condit ion, t ype of t rack support syst em, t ype of building 

found at ion, and number of floo rs above t he basement level. Calculat e the 

appropriat e adjustment s to t he base level. An example of t he General V ibrat ion 

Assessment is provided at t he end of t his Sect ion . 

It should be recognized t hat many of t hese adjustments are st rongly dependent 

on t he frequency spect rum of t he vibrat ion source and t he frequency 

dependence of t he vibrat ion propagat ion. T he adjust ment s in t his sect ion are 

suitable for generalized evaluat ion of t he vibrat ion impact and vib rat ion 
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mit igat ion measures because t hey are based on t ypical vibrat ion spect ra. 

However, t hese adjustment s are not adequate for d etailed evaluat ions of impact 

of vibrat ion- sensitive buildings or fo r det ailed specificat ion of mit igat ion 

measures. 

2a. Appl y source adjustment s to t he base curve using T able 6- 11 and t he 

descriptio ns below t o account for t he project - specific source charact erist ics. 

T abl e 6 - 1 1  So urc e A dj ust m ent Fac t or s f or Ge neral i zed Pre di c t i ons of GB V i b rat i on a n d N oi se 

Sou rc e 
Fac t or 

Adj ust m e nt  to 
Pr opa gati on Cu rve 

Com m ent 

Sp ee d 

Veh icle 
Sp ee d 

6 0  mp h 

5 0  mp h 

4 0  mp h 
3 0  mp h 

2 0  mp h 

Ref er en ce Sp ee d 

5 0  mp h 3 0  mp h 

+1 .6  dB +6 .0  dB

0 .0  dB +4 .4  dB

- 1 .9  dB +2 .5  dB
- 4 .4  dB 0 .0  dB

- 8 .0  dB - 3 .5  dB

Vib rat ion  leve l is ap p ro x imat e ly p ro p or t ion al t o 
2 0 log(sp ee d/sp ee d r ef ) , se e E q . 6 - 4 . 

V ehi c l e Param et er s (n ot addi t i ve,  ap pl y g reate st va l ue onl y ) 

Veh icle w ith 
st iff  p rimary 
su sp en sion 

+8  dB

Tran sit veh i cles w ith  st iff  p rim ary su sp en sion s h ave b ee n 
sh ow n  t o creat e h igh  vib r at io n  levels. I n clu de t h is 
adju st me n t  w h en  t h e p rimary su sp en sion  h as a ver t ic al 
re son an ce f re q u en cy gre at er  t h an  1 5  H z . 

Resilien t 
Wh ee ls 

0  dB 
Resilien t  w h ee ls do n ot  gen er all y af f ect gro u n d - b or n e 
vib rat ion  ex cep t  at  fr eq u en cies gre at er  t h an  ab ou t  8 0 
H z . 

Wor n  Wh ee ls 
o r  Wh ee ls wit h 
Flat s 

+1 0  dB
Wh ee l f lat s or  w h ee ls th at  ar e u n even ly w or n  can  c au se 
h igh  vib rat ion  le vels. 

T rac k Co ndi t i on s ( not  a d di t i ve,  appl y greate st  val u e onl y) 

Wor n  or 
Co rr u gat ed 
Track 

+1 0  dB

Co rr u gat ed tr a ck is a commo n  p ro b lem. Mill s cale * on 
n ew  r ail c an  c au se  h igh er  v ib rat ion  levels  u n t il t h e r ail 
h as b ee n  in  u se  fo r so me  t ime. I f  t h er e are  ad ju st me n t s 
f or  veh icle p ar ame t er s an d t h e t rack is w or n o r  
cor ru gat ed , on ly in clu de o n e adju st me n t . 

Sp ecial 
Trackw or k 
w ith in 2 0 0  ft 

+1 0  dB (w ith in  1 0 0 f t )
+5 dB  (b et w ee n  1 0 0  an d 2 0 0 f t )

Wh ee l imp act s at  sp ecia l t ra c kw or k w ill gre at ly in cre a se 
vib rat ion  le vels. Th e in cre ase w ill b e les s at  gre at er 
distan ces  fr o m t h e t rack. Do n ot  in clu de an  a dju st me n t 
f or  sp ecial t r ackw or k mo re  t h an 2 0 0  f t  aw ay. 

J oin t ed Track +5  dB
J oin t ed tr ack c an  c au se  h igh er  vib rat ion  le vels t h an 
w elded tr a ck. 

Un even  Road 
Su rf aces 

+5  dB
Rou gh  roads  or e x p an sion  joi n t s are  sou rces of 
in cre ase d  vib r at ion  fo r ru b b er - t ire t ran sit. 

T rac k T reatm ents  (n ot  a d di t i ve,  appl y greate st  val u e onl y) 

Float in g Slab 
Trackb ed 

- 1 5  dB
Th e r edu ct ion  a ch ieved w ith  a float in g sl ab  t rackb ed is 
st ro n gly dep en den t  on  t h e f re q u en cy ch ara ct er istic s of 
t h e vib rat ion . 

B all ast  Mat s - 1 0  dB
Act u al  re du ct ion  is st ro n g ly d ep en den t  on  fr eq u en cy of 
vib rat ion . 

H igh - Resilie n ce 
Fast en er s 

- 5  dB
Slab  t ra ck w ith  t rack f ast en er s t h at  are  ver y co mp lian t  in 
t h e vert ical dire ct ion  c an  re du ce vib r at ion  at  fr eq u en cies 
gre at er  t h an  4 0  H z . 

*M ill s cale on  a n ew r ail is a s ligh tly cor r u gated con dition  c au sed by cer tain  s teel m ill te ch n iq u es.
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 E q. 6- 4 

T R A N SI T N OI S E A N D VI B R A TI O N I M P A C T A S S E S S M E N T M A N U A L 

I n a d diti o n t o t h e c o m m e nts i n T a bl e 6- 1 1, us e t h e f oll o wi n g g ui d eli n es t o s el e ct 
t h e a p p r o p ri at e a dj ust m e nt f a ct o rs. S o m e a dj ust m e nts i n t h e s a m e c at e g o r y a r e 
n ot c u m ul ati v e ( a d diti v e) a n d o nl y t h e g r e at est a p pli c a bl e a dj ust m e nt s h o ul d b e 
a p pli e d. T h e a dj ust m e nts t h at a r e n ot a d di ti v e a r e n ot e d i n T a bl e 6- 1 1 a n d i n t h e 
d es c ri pti o ns b el o w. N ot e t h at s o m e a dj ust m e nts a r e n ot a d diti v e a c r oss 
m ulti pl e c at e g o ri es a n d a r e n ot e d i n t h e c o m m e nts of T a bl e 6- 1 1. F o r e x a m pl e, 
t h e a dj ust m e nt f o r a v e hi cl e wit h stiff p ri m a r y s us p e nsi o n is 8 d B, a n d t h e 
a dj ust m e nt f o r w h e el fl ats is 1 0 d B. If t h e v e hi cl e h as a stiff p ri m a r y s us p e nsi o n 
a n d h as w h e el fl ats, t h e p r oj e ct e d vi b r at i o n l e v els s h o ul d b e i n c r e as e d b y 1 0 d B, 
n ot 1 8 d B. 

I n a d diti o n, s o m e vi b r ati o n c o nt r ol m e as ur es a r e t a r g et e d f o r s p e cifi c f r e q u e n c y 
r a n g es. T h e s h a p e of t h e a ct u al vi b r ati o n s p e ct r a s h o ul d b e c o nsi d e r e d s o t h at 
a n a p p r o p ri at e vi b r ati o n c o nt r ol m e as u r e m a y b e s el e ct e d. 

S p e e d – T h e l e v els of g r o u n d- b o r n e vi b r ati o n a n d n ois e v a r y,
a p p r o xi m at el y, as 2 0 ti m es t h e l o g a rit h m of s p e e d. T his m e a ns t h at
d o u bli n g t r ai n s p e e d will i n c r e as e t h e vi b r ati o n l e v els a p p r o xi m at el y 6
d B, a n d h al vi n g t r ai n s p e e d will r e d u c e t h e l e v els b y 6 d B. T h e
a dj ust m e nts i n T a bl e 6- 1 1 h a v e b e e n t a b ul at e d f o r r ef e r e n c e v e hi cl e
s p e e ds of 3 0 m p h f o r r u b b e r-ti r e d v e hi cl es a n d 5 0 m p h f o r st e el- w h e el
v e hi cl es. Us e t h e f oll o wi n g r el ati o ns h i p t o c al c ul at e t h e a dj ust m e nts f o r
ot h e r s p e e ds.

V a ri ati o n wit h s p e e d h as b e e n o bs e r v e d t o b e as l o w 

as , b ut u nl ess s p e cifi c s p e e d d at a f o r vi b r ati o n f o r a 

v e hi cl e h as b e e n o bt ai n e d, us e E q. 6- 4 . 

V e hi cl e P a r a m e t e r s – T h e m ost i m p o rt a nt f a ct o rs f o r t h e v e hi cl es
a r e t h e s us p e nsi o n s yst e m, w h e el c o n diti o n, a n d w h e el t y p e. M ost n e w
h e a v y r ail a n d li g ht r ail v e hi cl es h a v e  r el ati v el y s oft p ri m a r y s us p e nsi o ns.
H o w e v e r, a stiff p ri m a r y s us p e ns i o n ( v e rti c al r es o n a n c e f r e q u e n c y
g r e at e r t h a n 1 5 H z) c a n r es ult i n hi g h e r l e v els of g r o u n d- b o r n e vi b r ati o n
t h a n s oft p ri m a r y s us p e nsi o ns. V e hi cl es, f o r w hi c h t h e p ri m a r y
s us p e nsi o n c o nsists of r u b b e r o r n e o p r e n e a r o u n d t h e a xl e b e a ri n g,
us u all y h a v e a v e r y stiff p ri m a r y s u s p e nsi o n wit h a v e rti c al r es o n a n c e
f r e q u e n c y g r e at e r t h a n 4 0 H z o r m o r e.

D et e ri o r at e d w h e el c o n diti o n is a n ot h e r f a ct o r t h at i n c r e as e s vi b r ati o n 
l e v els. It c a n b e ass u m e d t h at a n e w s yst e m h as v e hi cl es wit h w h e els i n 
g o o d c o n diti o n. W h e n ol d e r v e hi cl es  a r e us e d o n n ew t r a c k, it is 
i m p o rt a nt t o c o nsi d e r t h e c o n diti on of t h e w h e els, a n d it m a y b e 
a p p r o p ri at e t o i n cl u d e a n a dj ust m e nt f o r t h e w h e el c o n diti o n. 

R esili e nt w h e els will r e d u c e vi b r ati o n l e v els at f r e q u e n ci es g r e at e r t h a n 
t h e eff e cti v e r es o n a n c e f r e q u e n c y of t h e w h e el. W h e n t his r es o n a n c e 
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frequency is relat ively high, great er t han 80 Hz, resilient wheels may 

only have a marginal effect on ground - borne vibrat ion. 

T he adjust ment s in t his category are not addit ive; apply t he great e st 

applicable value o nly. 

 Track Con dition s – T his cat egory includes t he t ype of rail ( welded,

joint ed , or special t rackwork), t he t rack support syst em, and t he

cond ition of t he rail. T he base curves assume welded rail in goo d

cond ition . Joint ed rail causes h igher vibrat ion levels t han welded rail and

t he increase depends on t he cond it ion of t he joint s.

W heel impact s at special t rackwork , such as frogs at crossovers, creat e

much higher vibrat ion forces t han t ypical t rack cond it ions . Because of

t he higher vib rat ion levels at special t rackwork, crossovers are t he

principal areas of vibrat ion impact on new syst ems. Met hod s of

mit igat ing t he vibrat ion impact include m odifying the t rack support

syst em , inst alling low- impact frogs, or relocat ing t he crossover . Special

t rack support syst ems such as ballast mat s, high - resilience t rack

fast eners, resiliently support ed t ies, and float ing slabs have all been

shown t o be effect ive in reducing vibrat ion levels.

T he cond ition of t he running surface of t he rails can st rong ly affect

vibrat ion levels. Factors such as corrugat ions, general wear , or mill scale

on new t rack can cause vibrat ion levels 5 to 15 dB higher t han normal.

Mill scale will t ypically wear away aft er som e t ime in service, but t he

t rack must be ground to rem ove corrugat ions o r to reduce the

roughness from wear.

R oadway surfaces in t he rubber- t ired vehicle base curve are assumed t o

be smoot h. Rough washboard surfaces, bumps , or uneven expansion

joint s are t he t ypes of running surface defect s t hat cause increa sed

vibrat ion levels over t he smo ot h road condit ion.

T he adjust ment s in t his category are not addit ive ; apply t he great e st

applicable value o nly. If t here are adjust ment s for vehicle paramet ers

and t he t rack is worn or corrugat ed, only include one adjust m ent .

2b . Apply pat h adjustments t o t he base curve using Table 6- 12 and t he 

descriptio ns below t o account for t he project - specific pat h charact erist ics. 
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T abl e 6 - 1 2  Pat h Adj ust m e nt  Fac t or s f or Ge neral i ze d P redi c t i on s of G B  V i bra t i on an d Noi se 

Path Fac t or Adj ust m e nt  to Pr opa gati o n C urve Com m ent 

Resilien t ly 

Su p p or t ed 

Ties 

( L o w -

Vib rat ion 

Track , L VT ) 

- 1 0  dB

Resilien t ly su p p or t ed tie  sy st em s h ave b ee n 

f ou n d t o p ro vide ver y ef f ect iv e con t ro l of 

low - f re q u en cy vib rat ion . 

T rac k Struc t ure ( not  a d di t i ve,  appl y g rea t est val ue onl y) 

Typ e o f 

Tran sit 

St ru ct u re 

Relat i ve t o at - gr ade  t ie & b al la st : 

E levat ed str u ct u re - 1 0  dB

Op en  cu t 0  dB
I n  gen er al, t h e h eavier  t h e st ru ct u re , t h e 

low er  t h e vib rat ion  level s. Pu t t in g t h e t rack 

in  cu t  may  re du ce t h e v ib rat io n  levels sl igh t ly . 

Rock - b ase d  su b w ays gen er at e h igh er -

f re q u en cy vib rat ion . 

Relat i ve t o b or ed su b w ay t u n n el in  soil: 

St at ion - 5  dB 

Cu t  an d co ver - 3  dB 

Rock - b ase d - 1 5  dB 

Gr ou nd - bo rne Pr op agati o n Effe c t s 

Geo log ic 

con dition s t h at 

p ro mot e 

ef f icien t 

vib rat ion 

p ro p agat ion 

E f f icien t  p ro p agat ion  in  soil +1 0  dB
Ref er  t o t h e t ex t  fo r gu idan ce o n  iden t ifyin g 

are as w h er e e f f ic ien t  p ro p agat ion  is p oss ib le. 

Pro p ag at ion 

in  rock la yer 

D ist. 

5 0  ft 

1 0 0  ft 

1 5 0  ft 

2 0 0  ft 

Adju st . 

+2  dB

+4  dB

+6  dB

+9  dB

Th e p osit ive a dju st me n t  ac co u n t s fo r t h e 

low er  at t en u at ion of  vib rat ion  in  rock 

comp are d  t o so il. I t  i s gen er a ll y more  d iff icu lt 

t o e x cite  vib rat ion s in  ro ck t h an  in  soil at  t h e 

sou rce. 

Co u p lin g t o 

b u ildin g 

f ou n dat ion 

Woo d - Fr ame  H ou se s 

1 - 2  St or y Mason ry

3 - 4  St or y Mason ry

L arge M ason ry on  P iles 

L arge M ason ry on  Sp re a d 

Fo ot in gs 

Fo u n dat ion  in  Rock 

- 5  dB

- 7  dB

- 1 0  dB

- 1 0  dB

- 1 3  dB

0  dB

I n gen er al, t h e h eavier  t h e b u ildin g 

con st ru ct ion , t h e gre at er  t h e cou p lin g loss . 

In addit ion t o th e com ment s in T able 6- 12, use t he following guidelines t o 

select t he appropriat e adjust ment fact ors. 

 Track S tructu re – T he weight and size of a t ransit st ruct ure affect s

t he vibrat ion radiat ed by t hat st ruct ure. In general, vibrat ion levels are

lower for heavier t ransit struct ures. T herefore, t he vibrat ion levels from

a cut - and - cover concret e double - box subway can be assumed to be

lower t han the vibrat ion from a light weight concret e - lined bored t unnel.

T he vibrat ion from elevat ed st ruct ures is lower t ha n from at- grade 

t rack because of the mass and damping of the st ruct ure and t he ext ra 

dist ance that t he vibrat ion must t ravel befo re it reaches t he receiver. 

Elevat ed st ruct ures in AGT applicat ions are som et imes designed t o bear 

on building element s. T his is a special case and may require det ailed 

design considerat ions. 

T he adjust ment s in t his category are not addit ive ; apply t he great e st 

applicable value o nly. 
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 Gro und - Bo rne Prop agatio n Eff ects – Geo lo gic Co nd itio n s –

Altho ugh it is known t hat geologic co ndit ions have a considerable effect

on t he vibrat ion levels, it is rarely possible to develop mo re t han a

general underst anding of t he vibrat ion propagat ion charact erist ics for a

General V ibrat ion Assessment . O ne of t he challenges wit h ident ifying

t he cause of efficient propagat ion is t he difficulty in det ermining whet her

higher t han normal vibrat ion levels are due to geolo gic cond it ions or

due t o special source condit ions ( e.g., rail corrugat ions or wheel flats) .

Some geolo gic condit ions are repeat edly as sociat ed wit h efficient 

propagat ion. Shallow bedrock, less t han 30 ft below t he surface, is likely 

t o have efficient propagat ion. Soil t ype and st iffness are also important 

fact ors in det ermining propagat ion charact erist ics. In part icular, st iff , 

clayey so ils , consolidated sand , gravel, and glacial t ill can be associat ed 

wit h efficient vibrat ion propagat ion. Invest igat ion of soil boring records 

can be used to est imat e dept h t o bedrock and t he presence of problem 

soil cond it ions. 

A conservat ive approach wo uld be t o use the 10 - dB adjust ment for 

efficient propagat ion for areas where efficient propagat ion is likely. 

However, t his adjust ment can great ly overst at e the pot ent ial for 

vibrat ion impact where efficient propagat ion is not present and should 

be applied using good judgment . R eview available geological data and any 

com plaint hist ory from exist ing t ransit lines and major construct ion 

sites near t he t ransit corridor to ident ify areas where efficient 

propagat ion is possible. If there is reason t o suspect eff icient 

propagat ion cond it ions, conduct a Det ailed V ibrat ion Analysis during t he 

engineering phase and include vibrat ion propagat ion t est s at t he areas 

wit h pot ent ial for efficient propagat ion. 

 Track S tructu re an d Geo lo gic Co nd ition s – Examp les

 S ub way

For a subway, det ermine if t he subway will be founded in bedrock.

Bedrock is considered t o be hard rock. It is usually appropriat e to

consider soft silt st one and sandst one t o be mo re like soil t han hard

rock. Whet her a subway is founded in soil or rock can m a ke a 15-

dB difference in t he vibrat ion levels.

When a subway st ruct ure is found ed in rock, include the following 

T rack Struct ure and Ground - borne Propagat ion Effects adjust ment s 

from T able 6- 12: 

- T ype of T ransit St ruct ure adjust ment : R ock -based – 15 dB 

- Geolo gic Cond itions adjustment : Propagat ion in rock layer 

for t he appropriat e dist ance . 

T his adjustment increases wit h dist ance because vibrat ion 

at t enuat es more slowly in rock than in t he soil used as a basis for 

t he reference curve. 

 A t - grad e – When considering at - grade vibrat ion sources, det ermine if

t he vibrat ion propagat ion charact erist ics are t ypical or efficient. Efficient
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vibrat ion propagat ion results in vibrat ion levels approximat ely 10 dB 

higher t han t ypical levels. This mo re t han do ubles t he pot e nt ial impact 

zone for ground- borne vibrat ion. 

 Gro und - Bo rne Prop agatio n Eff ects – Cou pling to Build in g
F ou nd atio n – Since annoyance from ground -borne vibrat ion and noise

is an indoor phenomenon, t he effect s of t he building st ruct ure on t he

vibrat ion must b e considered. Woo d- frame buildings, such as t ypical

residential st ruct ure s, are mo re easily excited by ground vibrat ion t han

heavier buildings. In cont rast , large masonry buildings wit h spread

foo t ings have a low response t o ground vibrat ion.

When a build ing foundation is direct ly on t he rock layer, t here is no 

coupling loss due t o t he weight and st iffness of t he building. Use the 

st andard coupling factors based on building t ype if t here is at least a 10 -

foo t layer of soil bet ween the building foundation a nd t he rock layer. 

2c. Apply receiver adjust ment s to t he base curve using T able 6- 13 and t he 

descriptio ns below t o account for t he project - specific receiver charact erist ics. 

T he data in T able 6- 13 is applicable when t he building st ruct ural feat ures are 

known. 

For mo re generic cases t hat do not have det ailed information o n  individual 

buildings, use a conservat ive approach and apply t he following adjust ment s to 

predict indoo r vibrat ion based on t he out doo r vibrat ion , inst ead of using t he 

adjust ment s in T able 6- 13: (43) ( 50 ) 

 Light - weight , wood - frame construct ion 1st floor: +3 dB

 Light - weight , wood - frame construct ion 2nd and 3rd floo rs: +6 dB

 Large buildings: 0 dB

 Small masonry buildings: +3 dB

T abl e 6 - 1 3  Rec ei ver A dj us t m ent Fac t or s f or Gene ra l i zed Pre di c t i ons of GB V i brat i o n a nd Noi se 

Rec ei ver 

Fac t or 

Adj ust m e nt  to 

Pr opa gati on Cu rve 
Com m ent 

Floo r - t o - f loor 

at t en u at ion 

1  t o 5  floo rs 

ab ove gr ade 

5  t o 1 0  floo rs 

ab ove gr ade 

- 2  dB /f loor

- 1  dB /f loor

Th is fact or ac cou n t s fo r disp e rsion  an d at t en u at ion 

of  t h e vib rat ion  en er gy as it p ro p agat es  t h ro u gh  a 

b u il din g st art in g w ith  t h e f irst  su sp en ded floo r. * 

Amp lif i cat ion 

du e t o 

re son an ces  of 

f loor s, wal ls, 

an d ce ilin gs 

+6  dB

Th e act u al  amp l ific at ion  w ill  v ary gre at l y dep en din g 

on  t h e t yp e o f  con st ru ct ion . Th e amp lif ic at i on  is 

low er  n ear th e w all /f loor  an d w all/ ceil in g 

in t er se ct ion s. 

* Flo or - t o -f l oor  atte n u ation  adju stm en ts f or  th e f ir st f loor  as su me a b asem en t.
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In addit ion t o the com ment s in T able 6- 13, use t he following guidelines t o select 

t he appropriat e adjust ment fact ors. No t e that receiver adjust ment s are addit ive. 

 V ibrat ion generally reduces in level as it propagat es t hrough a building.

As indicat ed in T able 6- 13 , a 1- t o 2 -decibel at t enuat ion per floo r is

t ypically appropriat e.

 R esonances of t he building st ruc t ure, part icularly t he floo rs, will cause

som e amplificat ion of t he vibrat ion. Consequent ly, for a wood - frame

st ruct ure, t he building- related adjustment s nearly cancel o ut . Example:

All adjust ment s for t he first floo r assuming a basement are: - 5 d B  for

t he coupling loss; - 2 d B  for t he propagat ion from t he basement t o t he

first floo r; and +6 d B  for t he floo r amplificat ion. T he tot al adjust ment in

t his case is -1 dB .

2d . Apply adjust ment s to the final adjust ed curve using T able 6- 14 and t he 

descriptio ns below t o convert ground- borne vibrat ion levels to ground - borne 

noise levels. 

T abl e 6 - 1 4  Co nve rsi o n to Gr ou nd - bo rne Noi se 

Con ver si on  to Gr ou nd - bo rne N oi se 

No ise L evel in 

dB A 

Peak fr eq u en cy of  gro u n d vib r at ion : 

L ow  fr eq u en cy (<3 0  H z ) - 5 0  dB

Mid Fre q u en cy (p eak 3 0  t o 
- 3 5  dB

6 0  H z ) 

H igh  fr eq u en cy (>6 0  H z ) - 2 0  dB

Us e t h es e adju st me n t s t o e st imat e t h e A -

w eigh t ed sou n d leve l g iven  t h e aver age 

vib rat ion  ve locit y leve l of  t h e r oo m su rf aces . 

See  t ex t  fo r gu idelin es  fo r se l ect in g low - , 

mid - , or  h igh - f re q u en cy ch ar a ct er istics.  Use 

t h e h igh - f re q u en cy a dju st me n t  fo r su b w ay 

t u n n els in  rock or  if  t h e domi n an t 

f re q u en cies of t h e vib rat ion  sp ect ru m are 

kn ow n  t o b e 60  H z  or gre at er . 

Est imat e t he levels of radiat ed noise using t he average vibrat ion amplitude of t he 

roo m surfaces (floo rs, walls , and ceiling) , and t he t ot al acoustical absorpt ion in 

t he room . 

T he un - weight ed sound pressure level is approximat ely 5 dB ( 37) ( 43 ) less t han t he 

vibrat ion velocity level when t he velocity level is referenced to 1x10 - 6 

inches/sec; but for a bet t er est imat e , it is necessary t o consider general 

frequency ranges. Since ground - borne noise is A- weight ed, t he adjust ment s vary 

by frequency range , as described below . See Appendix B.1.4.1 for mo re 

information on A- weight ing. 

T o select t he appropriat e adjust ment , c lassify t he frequency charact erist ics 

according t o t he guidelines below . 
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 L ow F req uen cy (<30 Hz) – Low- frequency vibrat ion charact erist ics

can be assumed for t he following condit ions:

 Subways surround ed by cohesi o n less sandy soil

 V ibrat ion isolation t rack support syst em s

 M ost surface t rack

 Mid F req uen cy (peak 30 to 60 H z) – T he mid- frequency vibrat ion

charact erist ic can be assumed for t he following condit ions:

 Subways, unless other informat ion indicat es t hat one of t he ot her

assumpt ions is appropriat e ,

 Surface t rack when t he soil is very st iff wit h high clay cont ent

 H igh F req uen cy (>60 Hz) – High- frequency charact erist ics can be

assumed for t he following cond itions:

 Subways wit h t he t ransit struct ure founded in rock

 Subways, when t here is very st iff , clayey soil

Step  3 : Inve nto ry of V ibr ation Im pact 

Take inventory of vibration-sensitive land uses with impact and determine if a Detailed 

Vibration Analysis is required. 

Compare t he project ed vibrat ion levels , including all appropriat e adjust ment s in 

Sect ion 6.4, St ep 2 , to t he criteria t o det ermine if impact from ground- borne 

vibrat ion or noise is likely. No t e that for any t ransit mod e, variat ion in vibrat ion 

levels under apparent ly similar cond itio ns is not uncommo n. In t he Gen eral 

V ibrat ion Assessment , it is preferable t o make a conservat ive assessment of t he 

impact and include buildings t hat may ultimately not be subject t o impact . 

T he st andard curves in Sect ion 6.4, St ep 1, represent t he upper range of 

vibrat ion levels from well-maint ained syst ems. Although act ual levels fluct uat e 

widely, it is rare t hat ground - borne vibrat ion will exceed the se curves by mo re 

t han 1 or 2 d B  unless t here are extenuat ing circumst ances such as wheel- or 

running- surface defect s. However, because act ual levels of ground - borne 

vibrat ion will somet imes differ subst ant ially from t he project ions, use t he 

following guidelines to int erpret vibrat ion impact : 

 Proje cted vib ration is bel ow the impact thresho ld – V ibrat ion impact

is unlikely, and t he enviro nment al do cument should stat e this.

 Proje cted grou nd -b o rne vib ratio n is 0 to 5 d B  gre ater th an th e

imp act th resh old – T here is a st rong chance t hat act ual ground - borne

vibrat ion levels will be below t he impact threshold. T he environm ent al

do cument should report impact at t hese locat ions as exceedin g t he

applicable t hreshold , present possible mit igat ion measures and cost s, and

com mit to conduct ing more det ailed st udies to refine t he vibrat ion impact

analysis during t he engineering phase . During t he Detailed V ibrat ion

Analysis , d et ermine appropriat e mit igat ion , if necessary. A site - specific

Det ailed V ibrat ion Analysis may show that vibrat ion impact s will not occur

and cont rol measures are not needed.
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 Proje cted grou nd -b o rne vib ratio n is 5 d B  o r grea ter th an th e

imp act th resh old – V ibrat ion impact is probable and Det ailed V ibrat ion

Analysis must be cond uct ed during t he engineering phase t o determine

appropriat e vibrat ion cont rol measures. T he environment al document

should report impact at t hese locat ions as ex ceeding t he applicable

t hreshold, present possible mit igat ion measures and costs, and commit t o

cond uct ing mo re det ailed st udies t o refine t he vibrat ion impact analysis

during t he engineering phase. During t he Det ailed V ibrat ion Analysis,

det ermine appropr iat e mit igat ion , if necessary. A site -specific, Det ailed

V ibrat ion Analysis may show t hat very cost ly vibrat ion mit igat ion must be

incorporat ed into the project to eliminat e t he impacts.

FT A recommends t he report ing of a vibrat ion level as a single value and not as a 

range , as ranges t end to confuse t he int erpret at ion of impact .  

Express t he results o f t he General V ibrat ion Assessment in t erms of an 

invent ory wit h t he following com ponent s: 

 Include all vibrat ion - sensitive land uses as identified in t he V ib rat ion

Screening Procedure.

 O rganize t he inventory according to t he cat egories described in T able

6- 8.

 Include informat ion on potent ially feasible mit igat ion measures t o

reduce vibrat ion to accept able levels based on t he generaliz ed reduct ion

est imat es pro vided in this sect ion . T o be considered feasible, t he

measure or combinat ion of measures must provide at least a 5- dB

reduct ion of t he vibrat ion levels and be reasonable in t erms of cost.

T hese pot ent ial mit igat ion measures are considered preliminary. Fin al vibrat ion 

mit igat ion measures can only be specified aft er a Det ailed V ibrat ion Analysis has 

been done ; see Sect ion 6.5 for mo re informat ion. V ibrat ion cont rol is 

frequency- dependent ; t herefore, specific recommendat ions of vibrat ion cont rol 

measures can only be made aft er evaluat ing t he frequency charact erist ics of t he 

vibrat ion. 

E x ample 6 -1  Ge ne r al Vib rat ion As sess me nt – LRT 
Gene ral  V i brat i o n A sse ss m ent for  a n LRT pr oj ec t 

Th e h yp ot h et ical p ro ject  is  a L RT syst em  t h at  op er at es at  4 0  mp h  on  at - grade,  b al l ast  an d  t ie t rack w ith  w el ded 

rail.  Th e f irst  floo r of  h ou se s i s at  1 2 5 f t  f ro m t h e L RT t rack s an d t h er e is ef f ic ien t  p ro p ag at ion  t h ro u gh  t h e so il. 

Th e h ou se s are  con st ru ct ed w ith  w oo d fr ame s. Th e h ou se s w ill b e e x p ose d t o 2 6 0  t rain  p assb ys p er  d ay. 

Calcu l at e t h e gro u n d - b or n e vi b rat ion  an d asse ss f or  imp act . 

Sel ec t  Base C urve fo r G ro un d S urf ac e V i brat i o n 

Det er min e t h e ap p ro p riat e b ase  cu rve an d t h e RMS ve locit y  level ( ഽ෸) . 

Ac cor din g t o T ab le 6 - 9 , t h e Rap id Tr an sit o r L i gh t  Ra il Veh i cles cu r ve is ap p ro p riat e. 

ഽ෸ ൛ ඇආ⁡േ൏ള at  1 2 5  ft  fo r t h is cu rve at  5 0  mp h 

Appl y Adj u st m ents 

Ap p ly t h e ap p ro p riat e so u rce adju st me n t s u sin g T ab le 6 - 1 1 . 
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ൄ൚ൠ൝ൎ൐⁡ൄ൛൐൐൏⁡ല൏ൕൠ൞ൟ൘൐൙ൟ ൛ ඃඁ ඝච඘ ୰ 
අඁ 
ආඁ 
୴ ൛ ⁡ ൕංෳඊ⁡൏ള 

ഽ෸ ൛ ඇආ ൕ ංෳඊ ൛ ඇ඄ෳං⁡േ൏ള 

Ap p ly t h e ap p ro p riat e p at h  ad ju st me n t s u sin g Tab le 6 - 1 2 . 

ശ൑൑ൔൎൔ൐൙ൟ⁡൛൝൚൛ൌ൒ൌൟൔ൚൙ ൛ ൔංඁ⁡൏ള 
ഴ൚ൠ൛ൗൔ൙൒⁡ൟ൚⁡്ൠൔൗ൏ൔ൙൒⁡൑൚ൠ൙൏ൌൟൔ൚൙⁡(ൢ൚൚൏⁡൑൝ൌ൘൐) ൛ ൕආ⁡൏ള 
ഽ෸ ൛ ඇ඄ෳං ൔ ංඁ ൕ ආ ൛ ඇඉෳං⁡േ൏ള 

Ap p ly t h e ap p ro p riat e r ecei ve r adju st me n t s u sin g Tab le 6 - 1 3 . 

ല൘൛ൗൔ൑ൔൎൌൟൔ൚൙⁡൏ൠ൐⁡ൟ൚⁡൝൐൞൚൙ൌ൙ൎ൐⁡൚൑⁡൑ൗ൚൚൝ ൛ ൔඇ⁡൏ള 
ഷൔ൝൞ൟ⁡൑ൗ൚൚൝⁡ൌൟൟ൐൙ൠൌൟൔ൚൙ ൛ ൕඃ⁡൏ള 
ഽ෸ ൛ ඇඉෳං ൔ ඇ ൕ ඃ ൛ ඈඃෳං⁡േ൏ള 
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Asse ss for  I m pac t 

B ecau se t h er e are  more  t h an 7 0  even t s p er  day, t h is p ro jec t  is in  t h e Fre q u en t  E vent s cat egory ( T ab le 6 - 2 ) .  Fo r 

c at egor y 2  l an d u se s (r es iden c es ) w ith  fr eq u ent  even t s, th e imp act  cr ite ria is 7 2  VdB  ( Tab l e 6 - 3 ) . T h er ef or e , 

ac cor din g t o t h e Gen er al Vib r at ion  Asse ssme n t , t h er e is p o t en t ial f or  imp a ct  an d a Det ail ed Vib rat ion An al ysis 

sh ou ld b e comp let ed. 

6. 5 Evaluate I mpact: D etailed Vi bration Analys is 

Evaluate for impact using the Detailed Vibration Analysis procedure, if appropriate 

(Section 6.1). 

T he goal of t he Det ailed V ibrat ion Analysis is to use all available t ools to 

develop accurat e project ions of pot ent ial ground -borne vibrat ion impact and 

when necessary, t o design mit igat ion measures. A Detailed V ibrat ion Analysis 

require s developing est imat es of t he frequency component s of t he vibrat ion 

signal, usually in t erms of 1/3 - oct ave -band spect ra. The analyt ical t echniques for 

solving vibrat ion problems are com plex , and t he t echnolo gy cont inually 

advances. T herefore, t he approach present ed in t his sect ion focuses on t he key 

st eps for t hese analyses. T he key element s of t he Det ailed V ibrat ion Analysis 

procedure and recom mended st eps are described below. 

T he met hod s in this sect ion generally assume a st eel -wheel/rail syst em. T he 

procedures could be adapted to bus syst ems . However, t his is rarely necessary 

because vibrat ion impact is very infrequent with rubber- t ired t ransit. 

In general, when situat ions arise t hat are not explicitly covered in t he Det ailed 

V ibrat i on Analysis, professional judgment may be used t o ext end t hese met hods 

t o cover t hese unique cases, when appropriat e. Appendix G provides 

information on developing and using non - st andard modeling procedures. 

Step  1 : Ch ar acte r iz e E x isting  Vibr ati on  Cond itio n s  

Conduct measurements to survey and document the existing vibration conditions . 

In cont rast to noise impact analysis, t he exist ing ambient vibrat ion is not 

required t o assess vi brat ion impact in mo st cases; but, it is impo rt ant t o 
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do cument general backg round vibrat ion in t he project corridor. Because t he 

exist ing environment al vibrat ion is usually below human percept ion, a limit ed 

vibrat ion survey is sufficient even for a Det ailed V ibration Analysis. 

It is part icularly valuable t o survey vibrat ion cond itions at sensitive locat ions for 

t he following reasons: 

 T o obt ain valuable informat ion on t he t rue sensitivit y of t he act ivit y to

ext ernal vibrat ion and obt ain a reference cond ition under which

vibrat ion is not problemat ic.

 T o do cument t hat exist ing vibrat ion levels are above or below t he

normal threshold of human percept ion for t he exist ing cond it ion.

 T o do cument levels of vibrat ion creat ed by exist ing rail lines. If vibrat ion

from an exist ing rail line is higher t han t he proposed train, t here may

not be impact even if t he standard impact criteria are exceeded.

 T o use exist ing vibrat ion sources t o charact erize propagat ion. Exist ing

vibrat ion sources such as freight t rains, indust rial processes, quarrying

operat ions, or normal t raffic can be used t o charac t erize vibrat ion

propagat ion. Carefully designed and performed measurement s may

eliminat e t he need for mo re com plex propagat ion t ests. See Appendix

G for informat ion on using non - st andard mod eling procedures.

 T o identify t he pot ent ial for efficient vibrat i on propagat ion. I f a

measurement site has existing vibrat ion approaching the range of human

percept ion ( e.g., t he maximum vibrat ion velocity levels are great er t han

about 65 V dB) , t hen this site should be carefully evaluat ed for t he

possibilit y of efficient vibration propagat ion.

Conduct measurement s t o charact erize exist ing vibrat ion condit ions. The goal 

of most ambient vibrat ion measurement s is t o charact erize t he rms vert ical 

vibrat ion velocity level at the ground surface. In almost all cases , it is su fficient to 

measure only vert ical vibrat ion and ignore the t ransverse com ponent s of t he 

vibrat ion. Although t ransverse com ponent s ( 51 ) can t ransmit vibrat ion energy into 

a building, t he vert ical component t ypically do minat es. 

1a . Cho o se Mea su remen t Lo catio n s  – Conduct out doo r and/o r indoor 

measurement s t o charact erize exist ing vibrat ion conditio ns , as appropriat e , 

for t he project . Although ground - borne vibrat ion is almo st exclusively a 

problem inside buildings, it is generally recom mended t o perform 

measure ment s outdo ors because equipment inside the building may cause 

mo re vibrat ion than ext erior sources . Addit ionally, the building st ruct ure 

and t he resonances of t he building can have st rong effect s on t he vibrat ion 

t hat are difficult to predict . It can also be important t o measure and 

d ocument t h ose indoor sources of vibrat ion. T hese indo or sources may 

cause vibrat ion great er t han t hat due t o ext ernal sources like st reet t raffic 

or aircraft overflight s. When measuring ( indoor) floo r vibrat ion , t ake 

measureme nt s near t he cent er of a floo r span where t he vibrat ion 

amplitudes are t he highest . 
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1b . Mea su remen t Con sid eratio n s 

 S ite sel ection – Select ing sites fo r an ambient vibrat ion survey

requires goo d judgment . Sit es select ed to charact erize a t ransit corridor

should be dist ribut ed along t he ent ire project where pot ent ial for

impact s have been ident ified and should be represent at ive of the t ypes

of vibrat ion environment s found in t he corridor. This would com monly

include:

 Measurement s in quiet , residential areas removed from major t raffic

art erials t o charact erize low - ambient vibrat ion areas;

 Measurement s along major t raffic art erials and highways or freeways

t o charact erize high- ambient vibrat ion areas;

 Measurement s in any area wit h vibrat ion - sensitive act iviti es; and

 Measurement s at any major exist ing source of vibrat ion such as

railroad lines.

 Tran sdu cer placemen t – Place t he t ransducers near t he building

set back lin e. For ambient measurement s along railroad lines , it is

recom mended t o include:

 Mult iple site s at several dist ances from t he rail line at each site , and

 4 to 10 t rain passbys for each t est .

Because of t he irregular schedule for freight t rains and t he low number 

of operat ions each day, it is oft en impract ical to perform t est s at mo re 

t han t wo or t hree sites along t he rail line or to measure mo re t han t wo 

or t hree passbys at each site.  

R ail t ype and cond it ion st rongly affect t he vibrat ion levels. 

Consequent ly, it is important t o inspect t he t rack t o locat e any 

swit ches, bad rail joint s, corrugat io ns, or ot her fact ors t hat could be 

responsible fo r higher t han normal vibrat ion levels. Locat ions with t hese 

kinds of irregulari t i es should be represent ed in addit ion to locat ions 

wit h rail in bett er condit ion. 

 Tran sdu cer mo un ting method s – T he way a t ran sducer is mount ed

can affect t he measured levels of ground - borne vibrat ion.

 Straight forward met hod s of mount ing t ransducers on t he ground

surface or o n pavement are adequat e for vert ical vibrat ion

measurement s for the frequencies of concern for ground - borne

vibrat ion ( less t han about 200 Hz) .

 Q uick- drying epoxy, clay, or beeswax can be used to mo unt

t ransducers t o smoot h paved surfaces or met al st akes driven int o

t he ground.

 R ough concret e or rock surfaces require special mo unt ings. O ne

approach is to use a liberal base of epoxy to att ach small aluminum

blocks to t he surface , and then mount the t ransducers on t he

aluminum blocks.

 When in doubt , review t he specific t ransducer document at ion and

discuss addit ional mo unt ing guidance wit h t he t ransducer

manufact urer.
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1c. Existin g Vib ration Ch aracteriza tio n – T he appropriat e met hods of 

charact erizing ambient vibrat ion are dependent on the t ype of informat ion 

required for t he analysis. Consider t he following when charact erizing t he 

exist ing vibrat ion: 

 Amb ien t v ib ration – Ambient vibrat ion is usually charact erized wit h a

cont inuous 10- t o 30 -minut e measurement of vibrat ion. T he rms

velocity level of t he vibrat ion velocit y level over the measurement

period provides an indicat ion of t he average vibrat ion energy. Th e rms

velocity level over t he measurement period is t ypically equivalent t o a

long averaging t ime rms level.

 S peci fic e ven ts – Charact erize specific event s such as t rain passbys by

t he rms level over t he t ime t hat t he t rain passes by. If t he locomot ives

prod uce vibrat ion levels more t han 5 dB higher t han the passenger or

freight cars, obt ain a separat e rms level for t he locomot ives . T he

locomot ives can usually be charact erized by t he L m a x  during t he t rain

passby. T he rms averaging t ime or t ime constant sh ould be 1 second

when d et ermining L m a x . In som e cases, it may be adequat e to

charact erize t he t rain passby using L m a x , which is simpler t o obt ain t han

t he rms averaged over t he ent ire t rain passby.

 S pectral a naly sis – Perform a spect ral analysis of vibrat ion

propagat ion data. For example, if vibrat ion t ransmission of t he ground is

suspect ed of having part icular frequency charact erist ics , use 1/3- oct ave

band chart s t o  describe vibrat ion behavior. Narrowband spect ra also

can be valuable, part icularly for ide nt ifying discret e frequency

com ponent s and designing specific mit igat ion measures.

No t e that it is preferred to charact erize exist ing vibration in t erms of

t he rms velocity level inst ead of t he peak PPV , which is com monly used

t o mo nit or construct ion vibrat ion. As discussed in Sect ion 5.1, rms

velocity is considered more appropriat e t han PPV for describing human

response t o building vibrat ion.

Step  2 : E sti mate  Vi brat ion I mp act 

Estimate ground-borne vibration and noise at sites where significant impact is probable 

and assess for impact. 

Predict ing ground - borne vibrat ion associat ed with a t ransportatio n project 

cont inues t o be a developing field. Because ground - borne vibrat ion is a com plex 

phenomenon t hat is difficult to mo del and predict accurat ely, mo st pr oject ion 

procedures t hat have been used for t ransit project s rely on empirical data. 

T he procedure described in t his sect ion is based on site - specific test s of 

vibrat ion propagat ion. T his procedure was developed under a FT A - funded 

research cont ract ( 52 ) an d  is recom mended for d et ailed evaluat ions of ground -

borne vibrat ion. Ot her approaches t o a predict ion procedur e, such as finit e 

element met hod s , can be used. See Appendix G for informat ion on using non -

st andard mod eling procedures. 
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O ve rview o f Pred iction Proce du re – T his procedure was developed t o 

allow t he use of data collect ed in one locat ion to accurat ely predict vibrat ion 

levels in anot her site where t he geologic cond it ions may be com plet ely different . 

T he procedure is based on t ransfer mobility. T ransfer mo bilit y is t he com plex 

velocity response prod uced by a point force as a funct ion of frequency. It 

represent s t he relat ionship bet ween a vibrat ion source t hat excit es the ground 

and t he resulting vibrat ion of t he ground surface. It is a funct ion of bot h 

frequency and dist ance from t he source. T he analyses in t his manual focus on 

t ransfer mo bility mag nitude, which is t he magnitude fo r t he velocity relat ive to 

t he force without reference to phase. T he t ransfer mobility level is t he level in 

decibels relat ive to 1E - 6 in/lb- s. 

T he t ransfer mobility measured at an exist ing t ransit syst em is used to 

normalize ground- borne vibrat ion dat a and remove t he effect s of geology. T he 

normalized vibrat ion is referred t o as t he force density. Force density is t he 

force per root dist ance along t he t rack in lb/ft 1/2 . T he force density can be 

com bined wit h t ransfer mobility measurement s at vibrat ion - sensitive sites along 

a new project t o develop project ions of fut ure ground - borne vibrat ion. 

T he t ransfer mobility bet ween t wo point s com plet ely defines t he compo site 

vibrat ion propagat ion charact erist ics bet ween the t wo point s. In most pract ical 

cases, receivers are close enough t o t he t rain t racks that t he vibrat ion cannot 

be considered as originat ing from a single point . T herefore, t he vibrat ion source 

must be mod eled as a line-source. Co nsequent ly, t he point t ransfer mobility 

must be mod ified to account for a line - source. T he subsequent line - source 

t ransfer mo bility is given in units of decibels relat ive to 1e- 6 in/s/lb/sqrt ( ft ) . 

T he predict ion procedure considers ground - borne vibrat ion t o be divided int o 

several basic com ponent s described below and shown in Figure 6-5. 

 Exci tation F o rce (F o rce Den sity) – T he vibrat ion energy is creat ed

by oscillat ory and impulsive forces. St eel wheels rolling on smoot h st eel

rails creat e rando m oscillatory forces. When a wheel encount ers a

discont inuit y such as a rail joint , an impulsive force is creat ed. T he force

excites t he t ransit st ruct ure, such as t he subway t unnel o r t he ballast

for at - grade t rack.

In t he predict ion method , the combinat ion of the actual force generat ed 

at the wheel/rail interface and the vibrat ion of t he t ransit st ruct ure are 

usually com bined into an equivalent force density level. T he force 

density level is t he level in decibels of t he fo rce density relat ive to 1 

lb/ft 1/2 and describes t he force t hat excites t he soil/rock surround ing t he 

t ransit st ruct ure. 

 Vib ratio n Propag atio n (Tran sfer Mob ility) – T he vibrat ion of t he

t ransit st ruct ure causes vibrat ion waves in t he soil t hat propagat e away

from t he t ransit st ruct ure. T he vibrat ion energy can propagat e through

t he soil or rock in a variety of wave forms. All ground vibrat ion includes

shear and compression waves. R ayleigh waves ( 49) are also creat ed and

propagat e alon g the ground surface . These R ayleigh waves can be a
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major carrier of vibrat ion energy. T he mathematical mod eling of 

vibrat ion is complicat ed when t here are soil st rat a with different elast ic 

propert ies, which is common . As indicat ed in Figure 6- 5 , the 

prop agat ion t hrough t he soil/rock is mod eled using t he t ransfer 

mo bility, which is usually det ermined experiment ally. 

T he com binat ion of t he force density level and t he t ransfer mo bility is 

used to predict t he ground- surface vibrat ion. This is the major 

difference from the General V ibrat ion Assessment , which generalizes 

est imat es of t he ground -borne vibrat ion. 

 Buil din g Vib ration – When t he ground vibrat ion excites a building

found at ion, it set s t he building into vibrat ory mot ion and vibrat ion

waves propagat e t hroughout t he building st ruct ure. The interact ion

bet ween t he ground and the foundation causes some reduct ion in

vibrat ion levels. T he amo unt of reduct ion is dependent on t he mass and

st iffness of t he foundation. T he mo re massive t he foundation, t he lowe r

t he response to ground vibrat ion. As t he vibrat ion waves propagat e

t hrough t he building, t hey can creat e vibrat ion t hat can be felt and cause

windo ws and household items t o ratt le.

 Aud ib le N oise – In addit ion t o vibrat ion t hat can be felt , the vibrat io n

of room surfaces radiat es low - frequency sound t hat may be audible. T he

sound level is affect ed by the amount of acoustical absorption in t he

receiver roo m.

Fi gure 6 - 5 Gr ou nd- B or ne V i brat i on an d N oi se Mo de l 

A fundament al assumpt ion of t he predict ion a pproach out lined in t his sect ion is 

t hat t he force density, t ransfer mo bility, and t he building coupling t o the ground 

are all independent fact ors. T he following equat ions are t he basis for t he 
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predict ion procedure , where all o f  t he quant ities are one -t hird oct ave band 

spect ral levels in decibels wit h consist ent reference values: 

ഽ෸ ൛ ഷവഽ ൔ ഽൄ൅ാ ൔ ഴ෤෷෫෮෦ Eq . 6 - 5 

w h er e : 

ഽ෉ ൛ ഽ෸ ൔ ෴഼෣෦ ൔ ෉഼ൎ෹෶ Eq . 6 - 6 

ഽ෸ = rms vib rat ion velo c ity le vel i n V dB 

= f or ce den sit y le vel in dB f or  a lin e vib rat ion  sou rce su ch  a s a 

t rain 
ഷവഽ 

= lin e - sou rce t r an sf er  mob ilit y leve l in  dB f ro m  t h e t racks  t o t h e 

se n sitive sit e 

= a dju st me n t s t o ac cou n t  fo r gro u n d - b u ildin g fo u n d at ion 

ഽൄ൅ാ 

ഴ෤෷෫෮෦
in t er act ion  an d at t en u at ion  of vib rat ion amp lit u des as v ib rat ion 

p ro p agat es  t h ro u gh  b u ildin gs 

= A - w ei gh t ed sou n d le vel ഽ෉
= a dju st me n t  t o ac cou n t  fo r c on ver sion  fr om vib rat ion  t o s ou n d 

෴഼෣෦
p re ssu re  level in clu d in g ac cou n t in g fo r t h e amou n t  of  acou st i cal 

ab sor p t ion  in si de t h e r oo m. A  valu e o f - 5  dB c an  b e u se d fo r K r ad 

f or  t yp ica l re siden t i al ro oms w h en  t h e decib el re f er en ce va lu e 

f or  L v is 1  micro in /se c 
( 37 ) ( 50 ) 

= A - w ei gh t in g adju st me n t  at  t h e 1 /3 - octave b an d cen t er  fr eq u en cy
෉഼ൎ෹෶ 

All of t he quant it ies give n above are funct ions of frequency , and t he st andard 

approach is to develop project ions on a 1/3 - oct ave band basis using t he average 

values for each 1/3 -oct ave band. T he end results of t he analysis are t he 1/3 -

oct ave band spect ra of t he ground - borne vibrat ion and t he ground - borne noise. 

T he spect ra are then com pared t o the vibrat ion criteria for t he Det ailed 

V ibrat ion Analysis. T he A-weight ed ground -borne noise level can be calculat ed 

from t he vibrat ion spect rum and com pared to t he criteria . T his mo re det ailed 

approach differs from t he General V ibrat ion Assessment , where t he overall 

vibrat ion velocity level and A - weight ed sound level are predict ed wit hout any 

considerat ion of t he part icular frequency charact erist ics of t he propagat ion path. 

T he key st eps in obt aining quant ities for Eq. 6-5 and Eq. 6- 6 are prese nt ed in the 

following steps and include: 

S tep 2a. Est imat e f orce d ensity 

S tep 2b . Measure t he point - source t ransfer mobility 

S tep 2c. Est imat e line - source t ransfer mo bilit y 

S tep 2d . Project ground- borne vibrat ion and ground-borne noise 

2 a .  Estimate Fo rce Density – T he est imat e of force density can be based on 

previous measurement s or a special t est program can be designed to measure 

t he force densit y at an exist ing facility. 

If no suitable measure ments are available, cond uct test ing at a t ransit facility 

wit h equipment similar t o the planned vehicles. Adjustment s for factors such as 

t rain speed, t rack support syst em, and vehicle suspension may be needed t o 

match t he force density t o t he cond itions at a specific site. R eview t he report 
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" Stat e- o f - t he- Art R eview: Predict ion and Cont rol of Ground -Bo rne No ise and 

V ibrat ion from R ail T ransit T rains" ( 41) for examples of appropriat e adjustment s. 

Force d ensity is not a quant ity t hat can be measured direct ly; it must be inferred 

from measurement s of t ransfer mo bility and t rain vibrat ion at t he same site. To 

derive force density, the best results are achieved by deriving line - source 

t ransfer mo bility from a line of impact s. T he st andard approach is to averag e t he 

force density from measurement s at t hree or more posit ions at one site . If 

feasible, it is recommended t o t ake measurement s at mo re t han one sit e and at 

mult iple speeds. 

If no suitable measurements are available, see Steps 2b and 2c for guidelines o n 

obt aining line - source t ransfer mo bility. 

T he force density for each 1/3 - oct ave band is as follows: 

E q. 6 - 7 

Figure 6- 6 shows example t rackbed force densities in decibels relat ive to 1 

lb/( ft) 1/2 . T hese force densities were developed from measurement s of vibrat ion 

from heavy and LRT vehicles and represent an incoherent line of vibrat ion force 

equal to t he lengt h of t ransit t rains. T his figure provides a comparison of t he 

vibrat ion forces from heavy com mut er t rains and LRT vehicles wit h different 

t ypes of primary suspensions , illust rat ing the range of vibrat ion forces com monly 

experienced in a t ransit syst em. A force density of a vehicle includes t he 

charact erist ics of its t rack support syst em at t he measurement site. Adjust ment s 

must be applied to t he force density to account for d ifferences bet ween the 

facility where the force density was measured and t he new syst em being 

analyzed. 

Figure 6- 7 shows t ypical force densitie s for rail t ransit vehicles at 40 mph on 

ballast and t ie t racks, which are approximat ely wit hin the tolerances shown in 

Figure 6 - 6. T he force densit ies should be applied very carefully for ot her t rack 

t ypes and speeds. T he embedded t racks, although conside rably st iffer t han 

ballast and t ie t racks, are expect ed to show similar force density levels . ( 53 ) T he 

curves in Figure 6 - 7 should also be applied wit h caut ion for newer generat ions 

of light rail vehicles as well as vehicles t hat ut ilize direct fixat ion t rac ks. T he 

preferred approach for vibrat ion predict ions would be to perform force density 

measurement s at a syst em wit h vehicles and operat ions t hat are similar to t hose 

of t he fut ure project . 
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Fi gure 6 - 6 T y pi c al  Fo rc e D ensi t i es fo r Rai l  T ra nsi t V ehi c l es,  4 0 m ph 

Fi gure 6 - 7 T y pi c al  Fo rc e D ensi t i es fo r L RT V ehi c l es,  40  m ph 

2b . Mea su re Po in t -S ou rce Tran sfer Mob ility – Using t he appropriat e 

inst rument at ion, m easure point - source t ransfer mobilit y for sources wit h short 

lengt hs, such as buses or single car veh icles or columns supporting elevat ed 

st ruct ures. For longer vehicles, see Sect ion 2c for a discussion of measuring line -

source t ransfer mobilities. 

T he t est procedure to measure point- source t ransfer mo bility consist s of 

impact ing t he ground by dropping a heavy weight and measuring t he force int o 

t he ground and t he response at several dist ances from t he impact . O t her 

excitat ion sources may include swept sine, sine- dwell, rando m vibrat ion, and 

maximum lengt h sequence. T he goal of t he t est is t o creat e vibra t ion pulses that 
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t ravel from t he source t o the receiver using the same pat h t hat will be t aken by 

t he t ransit syst em vibrat ion. 

Figure 6- 8 illust rat es the field procedure for measuring bot h at - grade and 

subway t est ing of t ransfer mo bility. A weight is dropped from a height of 3 t o 4 

ft onto a force t ransducer. T he responses of t he force and vibrat ion t ransducers 

are recorded on a mult ichannel recorder for later analysis in t he laborat ory. An 

alternat ive approach is to set up the analysis equipment in t he field and capt ure 

t he signals direct ly. T his complicat es t he field t est ing , but eliminat es t he 

laborat ory analysis of recorded dat a. 

Fi gure 6 - 8 T e st  Co nfi gu ra t i on fo r Meas uri n g T ra ns f er M obi l i t y 

When t he procedure is applied to subways, t he force must be locat ed at t he 

approximate dept h of t he subway. T his is done by drilling a bore hole and 

locat ing the force t ransducer at t he bot t om of t he hole. T he t est s are usually 

performed while the bore holes are drilled t o allow for t he use of t he soil -

sampling equipment on t he drill rig for t he t ransfer mobility t est ing. T he force 

t ransducer is att ached t o the bot tom of t he drill st ring and lowered t o t he 

bott om of t he hole. A st andard soil sampling hammer is used to excite t he 

ground ; t ypically, a 140- pound weight is dropped 18 inches ont o a collar t hat is 

at t ached t o the drill st ring. T he force t ransducer must be capable of operat ing 

under wat er if t he wat er t able is near t he surface or a slurry drilling process is 

used. 

Standard signal - processing t echniques are used t o determine t he t ransfer 

funct ion ( frequency response funct ion ) bet ween t he exciting fo rce and t he 

resultant ground - borne vibrat ion. Numerical regression met hod s are used to 

com bine a number of two -point t ransfer funct ions into a smoot h point - sou rce 

t ransfer mo bility level t hat represent s t he average vibrat ion propagat ion 

charact erist ics of a site as a funct ion of both dist ance from the source and 
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frequency. T he t ransfer mobility level is usually expressed in t erms of a group of 

1/3 - oct ave band t ransfer mobilit y levels. Figure 6- 9 is an example of point -

source t ransfer mobilit y levels from a series of t est s at t he T ransport at ion 

T echnology Cent er in Pueblo, Colorado . ( 50) ( 54 ) ( 55 ) ( 56 ) ( 57 ) 

Fi gure 6 - 9 E xam pl e of Poi nt - So urc e T ra ns fer Mo bi l i t y ₋ 

I n strumen tatio n 

Performing a t ransfer mobilit y t est requires specialized equipment , which is 

generally available from commercial sources. T ypical inst rument at ion for field -

t est ing and laboratory analysis of t ransfer mobility is shown in Figure 6- 10. 

A load cell ca n be used as the force t ransducer. T he force t ransducer should be 

capable o f impact loads of 5,000 t o 50,000 pounds depending on t he hammer 

used for t he impact . For borehole t est ing, the load cell must be hermet ically 

sealed and capable of being used at t h e bott om of a 30- to 100 - foot - deep hole 

part ially filled wit h wat er. 

Either accelerom et ers or geopho nes can be used as the vibrat ion t ransducers. 

Geophones should be carefully mo unt ed so t hat they are vert ical. T he 

requirement is t hat t he t ransducers wit h t he associat ed amplifiers be capable of 

accurat ely measuring levels of 0.0001 in/sec at 40 Hz and have a flat frequency 

response from 6 Hz to 400 Hz. Dat a should be acquired wit h a digital 

acquisitio n syst em wit h a flat frequency response over t he range of 6 to 400 Hz. 
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Fi gure 6 - 1 0  E qui pm e nt  Re qui re d f or Fi el d T e st i ng a nd Lab or ator y A nal ysi s 

A narrowband spect rum analyzer or signal - processing soft ware can be used to 

calculat e t he t ransfer funct ion and coherence bet ween t he force and vibrat ion 

data. T he analyzer must be capable o f capt uring impulses from at least t wo 

channels t o calculat e t he frequency spect rum of the t ransfer funct ion bet ween 

t he force and vibrat ion channels. All t ransfer funct ions should include t he 

average of at least 20 impulses. T im e averaging of t he impulses will provide 

subst ant ial signal enhancement , which is usually required to accurat ely 

charact erize t he t ransfer funct ion. Signal enhancement is part icularly import ant 

when the vibrat ion t ransducer is mo re t han 100 ft from t he imp act . 

Alternat ive met hods of determining t ransfer mobility may be used , provided 

t hat t hese t echniques have been demo nst rat ed t o provide t he same results as 

t he conventional weight - drop met hod over the frequency range of 6 Hz to 400 

Hz . S ee Appendix G for informat ion on developing and using non - st andard 

procedures. T hese met hods may include using ot her impulse - response 

measurement syst ems involving t he use of shakers or elect ro - mechanical 

act uat ors, st imuli such as sweeps or m aximum length sequences ( MLS) , and 

various signal processing t echniques. A forthcoming ANSI St andard will describe 

in det ail t he procedures, met hodolo gies , and report ing requirement s for 

performing ground - borne vibrat ion propagat ion measurement s. 

T he t ransfer funct ion can be calculat e d wit h either a spect rum analyzer or 

signal - processing soft ware . No t e that t ransfer funct ions should include t he 

average of at least 20 impulses. Specialized mult i - channel spect rum analyzers 

have built - in capabilities for com put ing t ransfer funct ions and are 

com put at ionally efficient. However, signal- processing soft ware can offer mo re 
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flexibility in analyzing data signals and allows t he use of different digital signal 

processing met hod s. T ypical measurement programs involve acquisitio n of dat a 

in t he field and lat er processing of t he informat ion in a laborat ory. However, 

recent advances in inst rument at ion and signal - processing soft ware allow dat a t o 

be collect ed and analyzed while in t he field. 

2c. Estimate L ine -So u rce Tran sfe r Mob ility – Est imat e line - source 

t ransfer mo bility for long sources such as multi - car t rains. Line- source t ransfer 

mo bilities are used t o normalize measured vibrat ion velocity levels from t rain 

passbys and t o obt ain force density. T wo different approaches can be used t o 

develop est imat es of line - source t ransfer mobility. T he first consist s of using 

lines of t ransducers and t he second consist s of a line of impact posit ions. 

O p tio n A: L ines o f Transd u cers – Develop line- source t ransfer mobility 

curves from test s using one or mo re lines of t ransducers as shown in Figure 

6- 11 and described below .

Fi gure 6 - 1 1  A nal y si s o f Tr ans fer Mo bi l i t y 

A i .  O bt ain the narrowband t ransfer funct ion bet ween source and receiver at 

each measurement posit ion. T here should be a minimum of four d ist ances in any 

t est line. Because of t he possibilit y of local variat ions in propagat ion 

charact erist ics, t wo or mo re lines should be used to charact erize a site if 

possible . A tot al of 10 t o 20 t ransducer posit ions are oft en used t o charact erize 

a site. 

A i i .  Calculat e t he equivalent 1/3 -oct ave band t ransfer funct ions , generally 

bet ween 6 and 400 Hz . T his reduces each spect rum to 15 numbers. As shown 

in Figure 6-11, t he 1/3 -oct ave band spect rum is much smo other t han t he 

narrowband spect rum. 

A i i i .  Calculat e a best- fit curve of t ransfer mo bilit y as a funct ion of dist ance for 

each 1/3 -oct ave band. When analyzing a specific site, the best - fit curve will be 
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based on 10 to 20 point s. Up to several hundred point s could be used t o 

det ermine average best - fit curves for a numb er of sites. 

A i v .  Apply the best - fit curve t o the vibrat ion sources. T he 1/3 - oct ave band 

best - fit curves can be direct ly applied to point vibrat ion sources. Buses can 

usually be considered point- sources, as can columns supporting elevat ed 

st ruct ures. Howe ver, for a line vibrat ion source such as a t rain, numerical 

integrat ion must be used to calculat e t he equivalent line- source t ransfer 

mo bility. T he numerical integrat ion procedures are det ailed in t he T RB 

publicat ion: “A Prediction Procedure for Rail Trans port at ion Ground- Borne 

No ise and V ibrat ion . ”( 50) 

O p tio n B: L in e of I mpu lses – T h is second procedure for est imating line-

source t ransfer mobility is best for det ailed assessment of specific vibrat ion 

pat hs or specific buildings and is a mo re direct approa ch . 

Bi. Measure mult iple point- source t ransfer mobilities according t o t he 

procedures in St ep 2b above . T he vibrat ion t ransducers are placed at specific 

point s of int erest and a line of impact s is used . For example, a 150 - foot t rain 

might be represent ed by a line o f 11 impact posit ions along the t rack cent erline 

at 1 5- foot int ervals ( Figure 6- 12) . 

Bii. Sum the point- source results using Simpson's rule xi i i for numerical 

integrat ion t o calculat e t he line- source t ransfer mobility. 

Figure 6- 13 shows an example of line - source t ransfer mo bilities t hat were 

derived from t he point - source t ransfer mo bilit ies shown in Figure 6- 9. 

Fi gure 6 - 1 2  Sc hem ati c  of T ran sfer M obi l i t y Mea su r em ents Usi ng  a Li ne  of Im pac t s 

xiii Simpson’s rule is a method for approximating in tegr als. 
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Fi gure 6 - 1 3  E xam pl e of Li ne - so urc e T r an sfer M obi l i t y  

₋ 

2d . Project Grou nd - Bo rn e Vib ration and N o ise – Combine force density 

and line - source t ransfer mobility t o project ground - borne vibrat ion. Then, apply 

adjust ment factors to est imat e the building response to the ground - borne 

vibrat ion and to est imat e the A- weight ed sound level inside buildings. 

T he propagat ion of vibrat ion from t he building foundation to t he receiver roo m 

is very com plex and dependent on t he specific design of t he building. Det ailed 

evaluat ion of t he vibrat ion propagat ion would require e xt ensive use of 

numerical procedures such as t he finite element met hod . Such a det ailed 

evaluat ion is generally not pract ical for individual buildings considered in t his 

manual. If t he det ailed feat ures of t he individual buildings are available, t he 

recom m ended procedure is t o est imat e t he propagat ion of vibrat ion t hrough a 

building and t he radiat ion of sound by vibrat ing building surfaces using simple 

empirical or theoret ical models. T he recommended procedures are out lined in 

t he Handbook of Urban R ail No i se and V ibrat ion Cont rol . ( 44) The approach 

consist s of adding t he following adjust ment s t o t he 1/3 - oct ave band spect rum of 

t he project ed ground- borne vibrat ion: 

 Buil din g resp on se o r cou p lin g lo ss – T his adjust ment represent s

t he change in t he incident gro und - borne vibrat ion due t o t he presence

of t he building found at ion. T he adjust ment s described in t he handbook
( 44) are shown in Figure 6- 14 . Not e t hat t he correct ion is zero when

est imat ing basement floor vibrat ion or vibrat ion of at -grade slabs.

Measured values may be used in place of these generic adjust ment s.

 Tran smissio n th rou gh th e bu ildin g – The vibrat ion amplitude

t ypically decreases as t he vibrat ion energy propagat es from the

found at ion t hrough the remainder of the building. T he general

assumpt ion is t hat vibrat ion att enuat es by 1 to 2 dB for each floo r.

 F loo r reson ances – V ibrat ion amplitudes will be amplified because of

resonances of t he floo r/ceiling syst ems. For a t ypical woo d -frame
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residential st ruct ure, t he fundamental resonance is usually in t he 15 to 

20 Hz range. R einforced - concret e slab floo rs in modern buildings will 

have fundament al resonance frequencies in t he 20 to 30 Hz range. An 

amplificat ion resulting in a gain of approximately 6 dB should be used in 

t he frequency range of t he fundam ent al resonance. 

 F loo r vib ration and grou nd -b o rn e no ise – T he project ed floo r

vibrat ion is used to est imate t he levels of ground - borne noise. T he

primary fact ors affect ing noise level are t he average vibrat ion level of

t he room surfaces and t he amo unt of acoustical absorption wit hin t he

roo m. T he radiat ion adjustment is - 5 dB for t ypical room s, ( 37)  ( 50) which

gives:

Eq . 6 - 8 
w h er e: 

= A - w ei gh t ed sou n d le vel in a  1 /3 - octave b an dഽ෉ 
= rms vib rat ion velo c ity le vel i n  t h at  b an dഽ෸ 
= A - w ei gh t in g adju st me n t  at  t h e 1 /3 - oct ave b an d cen t er

෉഼ൎ෹෶ 
f re q u en cy 

T he A- weight ed levels in t he 1/3- oct ave bands are combined t o produce t he 

overall A- weight ed sound level. 
₋ 

Fi gure 6 - 1 4  F ou n dati on  R esp on se f or V a ri ou s T ype s  of B ui l di ngs 

Where det ailed informat ion on t he st ructural feat ures of individual buildings are 

unavailable and t here are no site- specific data on out doo r t o indoor propagat ion 

charact erist ics, t he preferred approach is to apply a com bined factor fo r t he 

found at ion response and the gain from floor resonances. Empirical data based 

on t he T CR P D - 12 Project from 34 measurement sites across 5 cities in North 
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America and ot her st udies suggest t hat the average change in vibrat ion from 

out doo r t o indoo r was 0 dB across all 1/3 - oct ave bands wit h a st andard 

deviat ion of approximat ely 5 to 6 dB in t he 31.5 to 63 Hz frequency . ( 43) ( 48) 

T herefore , t he recom mended approach for predict ing indoo r vibrat ion based on 

out doo r data is t o use an adjust ment of +3 t o +6 dB for light - weight , woo d-

frame construct ion and use an adjust ment of 0 dB for heavier buildings. 

However, for buildings w ith high- vibrat ion sensitivit y or where t here is concern 

regarding interference wit h vibrat ion - sensitive equipment , it is advisable t o 

measure t he out door - indoor response of t he building , using the process 

described in Sect ion 2b or 2c, t o det ermine t he act ual response of t he 

found at ion and building t o vibrat ion. 

Step  3 : A ssess V i br a tion I mp act 

Take inventory of vibration-sensitive land uses with impact . 

Assess vibrat ion impact at each receiver of int erest using t he impact criteria in 

Sect ion 6.3. No t e that ground - borne vibrat ion and noise levels t hat exceeded 

criteria in t he General V ibrat ion Assessment may not cause impact according to 

t he mo re det ailed procedures of t he Det ailed V ibrat ion Analysis; in which case , 

mit igat ion is not required. But if project ed levels st ill exceed t he criteria, 

evaluat e vibrat ion mit igat ion measures using t he spectra provided by t he 

Det ailed V ibrat ion Analysis. 

Step  4 : D e te rm ine V ibr ation M itig at ion  M e asure s 

Select practical vibration control measures that will be effective at the dominant 

vibration frequencies and compatible with the given transit structure and track support 

system. 

T he purpose of vibrat ion mitigat ion is to minimize the adverse effect s t hat t he 

project ground - borne vibrat ion and ground - borne noise will have on sensitive 

land uses. Because ground-borne vibrat ion is not as com mon a problem as 

environm ent al noise, t he mitigat ion approaches have not been as well defined. In 

som e cases it may be necessary t o develop innovat ive approaches t o cont rol t he 

impact . Se e Appendix G for information on using non- st andard met hod s. 

Standard v ibrat ion cont rol measures for rail t ransit syst ems are discussed in this 

st ep . Not e t hat vibrat ion cont rol measures for rail t ransit syst ems are not 

always effect ive for freight t rains. ( xi v ) Bus syst ems rarely cause vibrat ion impact , 

but if impact occurs, roadway roughness or unevenness caused by bumps, pot 

holes, expansion joint s, or driveway t ransitio ns are usually t he cause s . 

Smoot hing t he roadway surface is t ypically t he recommended c ourse of 

act ion . ( xv ) 

xiv Th e h eavy ax le loads ass ociated with  f r eigh t r ail ar e ou tside th e ran ge of app licab le design  p ar ame ter s f or  v ib r ation  r edu cti on 

on  ligh ter  r ail tr an sit s ys tems. Plan s to r elocate  e x istin g r ailr oad tracks  c loser  to vib r ation -sen sitive sites in or der  to 

acc omm odate a n ew r ail tr an sit lin e in  the RO W mu st b e car efu lly con sider ed b ecause it m ay n ot be p oss ib le to m itigate t h e 

in cr ease d v ib r ation  imp act f r om fr eigh t tr ain s. 
xv I n  c ases wh er e a ru bb er -tir ed syste m r un s in side a b u ildin g, s u ch as an  ai r p or t p eop le mover , v ib r ation  c on tr ol m ay in volve 

additi on al m easu r es. L oadin g an d u n loadin g of  gu ideway  s up p or t b eams  m ay gener ate dyn amic f or ces th at tr an sm it in to th e 

b u ildin g s tr u ctu r e. Sp ecial gu ideway  s u pp or t s ys tem s may b e r equ ir ed, s imilar  to th e d isc u ss ion  b elow r egar din g f loatin g s lab s. 
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V ibrat ion reduct ion measures incur addit ional costs to a syst em. Some of t he 

same t reat ment s for noise mit igat ion can be considered for vibrat ion mit igat ion. 

Cost s for noise cont rol measures are do cument ed in a report from t he T ransit 

Coo perat ive R esearch Program ( T CR P ) . ( 31) Where applicable t o vibrat ion 

reduct ion, costs for no ise abat ement met hod s from t hat report are given in t he 

following sect ions. T hese costs reflect t he noise mit igat ion costs as of 1997 

( unless ot herwise not ed) , and should only be used as represent at ive est imates 

when considering noise mitigat ion opt ions. Current noise mit igat ion cost s 

should be researched before decisions on noise mit igat ion opt ions are finalized, 

and t hen t hey should be document ed according t o Se ct ion 8. 

Mit igat ion of vibrat ion impact s may involve t reatment s at t he source, along t he 

source - t o - receiver propagat ion pat h, or at t he receiver. 

1a . Evalu ate So u rce Trea tmen ts – T he most effect ive vibrat ion mit igat ion 

t reat ment s are applied at the vibr at ion source. T his is t he preferred approach to 

mit igat ion when possible. Possible source t reat ment s include: 

 Preve n tative Main tenan ce – Effect ive maint enance programs are

essent ial for cont rolling ground -borne vibrat ion. Key vibrat ion point s

are discusse d below; see Sect ion 4.5 , St ep 7 for more det ailed

information on t he benefit s of effect ive maint enance programs on

co nt rolling t ransit noise and vibrat ion . While t hese are not mit igat ion

measures in t he t radit ional sense, and should not be included as

mit igat ion in an environment al document , t hey can help t o keep bot h

noise and vibration levels at a “like- new” level or reduce both in

syst ems wit h deferred maint enance.

 Rail grind ing is a part icularly import ant pract ice for vibrat ion

mit igat ion for rail t hat develops corrugat ions. T he TCR P report

not es t hat periodic rail grinding results in a net savings per year on

wheel and rail wear. Most transit syst ems cont ract out rail grinding,

altho ugh som e of t he larger syst ems make t he investment and do

t heir own grinding. As ment ioned in Sect ion 4.5, Step 7 , t he t ypical

rail grinding cost would be $1000 t o $7000 per grinding pass mile,

wit h an addit ional investment of approximately $1 million for t he

equipment for a larger t ransit syst em t o do its own grinding.

 D ramatic vib ratio n redu ction results can be achieved by

removing wheel flat s t hrough wh eel truin g . As mentioned in

Sect ion 4.5, St ep 7 , a wheel t ruing machine cost s approximately $1

million, including associat ed maint enance, mat erials , and labor costs.

T he T CR P report figures a syst em wit h 700 vehicles would incur a

yearly cost of $300,000 t o $400,000 for a wheel t ruing program.

 Prof ile grin din g of th e rail h ead in combinat ion wit h a wheel

t ruing program may be t he mo st pract ical approach t o cont rolling

and reducing vibrat ion and noise where such pract ices are not

normally conduct ed. Profiles should be defined during t he design

phase and should be in place when syst em opens . ( 32) The cost of

FE DE RAL  TRAN SI T ADM I N I STRATI O N 16 6 



 

 

   

        

 

 

       

        

   

       

  

     

    

      

       

    

     

  

 

         

       

    

      

     

       

      

       

    

 

        

      

     

    

     

      

     

 

 

         

    

    

    

       

 

      

 

      

         

         

      

    

 

TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

wheel and rail profile matching may be incorporat ed in t he new 

vehicle and new rail costs. 

R ough wheels or rails can increase vibrat ion levels by as much as 20 

dB in ext reme cases, negat ing t he effect s of even t he mo st effect ive 

vibrat ion cont rol measures. Y et , i t is rare that vibrat ion cont rol 

measures ( such as t hose dis cussed below) will provide mo re t han 

15 to 20 dB at t enuat ion. When t here are ground - borne vibrat ion 

impact s wit h exist ing t ransit equipment , the best vibrat ion cont rol 

measure often is t o implement new or improved maint enance 

procedures. Grinding rough or corrugat ed rail and wheel t ruing t o 

eliminat e wheel flat s and rest ore the wheel cont our may provide 

considerable vibrat ion reduct ion. R egular maint enance may replace 

t he need t o mod ify t he exist ing t rack syst em , such as t hrough 

adding float ing slabs. 

 Plan ning an d De sign o f S peci al Trackwo rk – A large percent age of

t he vibrat ion impact from a new t ransit facility is oft en caused by wheel

impact s at special t rackwork for t urnout s and crossovers. When

feasible, t he mo st effect ive vibrat ion cont rol measure is t o relocat e t he

special t rackwork to a less vibrat ion - sensitive area. T his may require

adjust ing the locat ion by several hundred fee t provided it will not have

an adverse impact on the operat ion plan for t he syst em. Careful review

of crossover and turnout locat ions during the project development

phase is an important step t o minimizing pot ent ial for vibrat ion impact .

Anot her approach is t o use special devices ( frogs) at turnout s and 

crossovers t hat incorporate mechanisms t o close t he gaps bet ween 

running rails. Frogs wit h spring - loaded mechanisms and frogs wit h 

mo vable point s can subst ant ially reduce vibrat ion levels near crossovers. 

According t o t he T CRP report, a spring frog costs about $12,000, t wice 

t he cost of a st andard frog. A movable point frog involves elaborat e 

signal and cont rol circuitry resulting in higher costs at approximately 

$200,000. 

 Veh icle Sp ecifi catio n s – T he ideal rail vehicle wit h res pect to

minimizing ground- borne vibrat ion should have the following

charact erist ics:

 L o w , unsprung we ight

 Soft primary suspension

 A m inimum of met al - t o -met al cont act bet ween moving part s of

t he t ruck

 Smo ot h wheels that are perfect ly roun d

A limit for t he vert ical resonance frequency of t he primary suspension 

should be included in t he specificat ions for a ny new vehicle. A vert ical 

resonance frequency of 12 Hz or less is sufficient t o cont rol t he levels 

of ground - borne vibrat ion , altho ugh som e have recommended t he 

vert ical resonance frequency be less than 8 Hz. 
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 S peci al Track Su pp o rt S ystems – When t he vibrat ion assessment

indicat es t hat vibrat ion levels will be excessive, t he t rack support syst em

is t ypically mo dified t o reduce t he vibrat ion levels.

Float ing slabs, resiliently supported t ies, high - resilience fast eners, and

ballast mats can be used t o redu ce t he levels of ground - borne vibrat ion.

T o be effect ive, all of t hese measures must be opt imized for t he

frequency spect rum of t he vibrat ion. Most of t hese relat ively st andard

procedures have been successfully used on several subway project s.

Applicat io ns on at- grade and elevat ed t rack are less commo n. T his is

because vibrat ion impact is less com mon for at - grade and elevat ed

t rack. Not e t hat t he cost of t he se t ypes of vibrat ion cont rol measures is

a higher percent age of t he overall construct ion cost s for at - grade and

elevat ed t rack , and exposure t o t he element s can require subst ant ial

design modificat ions.

Each major vibrat ion cont rol measure for t rack support is discussed

below. Costs for t hese t reat ment s are not covered by t he T CR P report ,

but are give n as est imates based on t ransit agency experience.

 Resilien t fasteners – Resilient fast eners are used t o fast en the

rail t o concret e t rack slabs. Standard resilient fast eners are very

st iff in t he vert ical direct ion, usually in t he range of 200,000

lb/in, and do provide som e vibrat ion reduct ion com pared to t he

rigid fast ening syst ems used on older syst ems ( e.g., woo d half-

t ies embedded in concret e).

Special fast eners wit h vert ical st iffness in t he range of 30,000

lb/in may reduce vibrat ion by as much as 5 t o 10 dB at

frequencies above 30 t o 40 Hz. T hese p remium fasteners vary

in cost and can be priced com pet it ively when purchased in large

quant ities.

 Ballast mats – A ballast mat consist s of a rubber or other t ype

of elastom er pad that is placed under t h e ballast . In general, t he

mat must be placed on a concret e pad t o be effect ive. T hey will

not be as effect ive if placed direct ly on t he soil or t he sub -

ballast . Consequent ly, most ballast mat applicat ions are in

subway or elevat ed st ruct ures.

Ballast mat s can provide 8 t o 12 dB at t enuat ion at frequencies

above 25 to 30 Hz . ( 58 ) Ballast mats are oft en a good ret rofit

measure for exist ing t ie - and - ballast t rack where t here is

vibrat ion impact . Inst alled ballast mats cost approximately $180

per t rack- foot .

 U n d ertie pad s – Undert ie pads ( resiliently support ed

concret e t ies) consist of a rubber pad mo unt ed on the bot tom

of a concret e t ie direct ly on t he ballast . T he pads provide

vibrat ion isolation at frequencies above 25 Hz and are easy to
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inst all or ret rofit. Inst alled undert ie pads cost approximately 

$260 per t rack- foot . 

 Resilien tly su ppo rted ties – T he resiliently supported t ie

syst em consist s of concrete t ies supported by rubber pads

rest ing on t op of a slab t rack or subway invert . T he rails are

fast ened d irect ly to t he concret e t ies using st andard rail clips.

R esiliently supported t ies provide vibrat ion reduct ion in

bet ween 15 t o 40 Hz , which is part icularly appropriate for

t ransit syst ems wit h vibrat ion impact in t he 20 to 30 Hz range.

A resiliently suppo rt ed t ie syst em costs approximately $400 per

t rack- foot .

 F loating slab s – Float ing slabs can be very effect ive at

cont rolling ground - borne vibrat ion and noise and consist of a

concret e slab supported on resilient element s such as rubber or

a similar elast om er. Float ing slabs are effect ive at frequencies

great er t han t heir single -degree- o f - freedom vert ical resonance

frequency.

Float ing slabs are among t he mo st expensive vibrat ion cont rol 

t reat ment s. A t ypical double - t ie floating slab syst em costs 

approxim at ely 4 t imes t he cost of ballast and t ie per track foo t . 

Examples of float ing slabs include: 

- Float ing slabs used in Washingt on , DC; At lant a, GA ; and 

Bo st on , MA, were all designed t o have a vert ical 

resonance in t he 14 t o 17 Hz range. 

- A special syst em refe rred to as t he do uble- t ie syst em 

was first used in T oront o. It consist s of 5 - foo t- long 

slabs wit h four or mo re rubber pads under each slab . 

T his syst em was designed wit h a resonance fre quency in 

t he 12 t o 16 Hz rang3. 

- Anot her special floating slab was used in San Francisco’s 

Bay Area R apid T ransit (BAR T ) syst em. It uses a 

discont inuous precast concret e double -t ie syst em with 

a resonance frequency in the 5 t o 10 Hz frequency 

range. 

 Tire -d erived a ggregate (TDA) – TDA ( shredded tires) consist s

of a layer of t ire shreds wrapped in geot ech fabric pl aced

underneat h t he ballast on hard packed ground. T his is a new, low-

cost opt ion t hat can provide reduct ion in vibrat ion levels at

frequencies above 25 Hz. This mit igat ion measure has proven to be

effect ive for t he D enver R egional T ransport at ion Dist rict ( R TD)

light rail syst em as well as the Sant a Clara V alley T ransportation

Aut horit y (V T A) light rail syst em , ( 59 ) but t he effect ive life of TDA

has not been det ermined. Inst alled T DA cost s approximately $260

per t rack- foot .

 O ther treatmen ts – Changing any feature of the t rack support

syst em can change t he levels of ground - borne vibrat ion. Approaches
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such as using heavier rail, thicker ballast , or heavier t ies can be 

expect ed to reduce t he vibrat ion levels. T here also is som e 

indicat ion t hat vibrat ion levels are lower wit h woo d t ies com pared 

t o concret e t ies. But t here is lit t le confirmation t hat any of t hese 

approaches will make a subst ant ial change in t he vibration levels. 

 O peration al Ch an ges – T he mo st effect ive operat ional change is t o

reduce t he vehicle speed. R educing t he t rain speed by a fact or of t wo

will reduce vibrat ion levels approximately 6 dB. O t her operat ional

changes include:

 Use of equipment t hat generat es t he lowest vibrat ion levels during

t he night t ime hours when people are mo st sensitive to vibrat ion and

noise.

 Adjust ing nightt ime schedules t o minimize mo vement s in t he most

sensitive hours.

While t here are t angible mit igat ion benefit s from speed reduct ions and 

limit s on operat ions during t he most sensi t ive t ime periods, FT A do es not 

generally accept speed reduct ion as a vibrat ion mit igat ion measure for t wo 

import ant reasons: ( 1) speed reduct ion is unenforceable and negat ed if 

vehicle o perators do not adhere to est ablished policies, and (2) it is 

cont rary t o the purpose of t he t ransit invest ment by FT A , which is to move 

as many people as possible as efficiently and safely as possible. FT A do es not 

recom mend limit s on operat ions as a way to reduce vibrat ion impact s. 

1b . Evalu ate Path Treatmen ts – When vibrat ion mit igat ion t reatment s 

cannot be applied at the vibrat ion source or addit ional mit igat ion is required 

aft er t reat ing t he source, the next preferred placement of vibrat ion mit igat ion is 

along t he vibrat ion propagat ion pat h bet ween t he source and recei ver. Possible 

pat h t reat me nt s include: 

 Tren ch es – Use of t renches t o cont rol ground - borne vibrat ion is

analogous to cont rolling airborne noise wit h noise barriers. T his

approach has not received much att ent ion in t he United Stat es , but

t renches could be a pract ical met hod for cont rolling transit vibrat ion

from at- grade t rack. A rule- o f -t humb given by R ichert and Hall ( 60 ) is t hat

if t he t rench is locat ed close to t he source, t he t rench bot t om must be

at least 0.6 t imes t he R ayleigh wavelengt h below t he vibra t ion source.

For mo st soils, R ayleigh waves t ravel at around 600 ft /sec, which means

t hat t he wavelengt h at 30 Hz is 20 ft , requiring t hat a t rench be

approximately 15 ft deep to be effect ive at 30 Hz.

A t rench can be effect ive as a vibrat ion barrier if i t is either open or 

solid. T he T oront o T ransit Commission t est ed a t rench filled wit h 

Styrofo am to keep it open and report ed successful performance over a 

period of at least one year. Solid barriers can be construct ed wit h sheet 

piling or concret e poured i nt o a t rench. 

 Buf fer Zo ne s – Expanding t he rail RO W can be t he mo st economical

met hod of reducing t he vibrat ion impact by simply increasing t he

dist ance bet ween t he source and receiver. A similar approach is to
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negot iat e a vibrat ion easement from t he affe ct ed propert y owners ( e.g. , 

a row of single - family homes adjacent t o a proposed com mut er rail 

line) . There may be legal limit at ions, however, on t he ability of funding 

agencies t o acquire land st rict ly for t he purpose of mitigat ing vibrat ion 

( or noise) imp act . 

1c. Evaluate Receive r Treatmen ts – When vibration mit igat ion t reatment s 

cannot be applied at the source or along t he propagat ion pat h, or if 

com binat ions of t reat ments are required, t reat ment s t o t he receivers can be 

considered as described below. 

 Bu ildin g Mod ificatio n s – In some circumst ances, it is pract ical t o

mo dify t he affect ed building t o reduce t he vibrat ion level. V ibrat ion

isolation of buildings consist s of support ing t he building foundation on

elast om er pads, similar t o bridge bearing pads. V ibrat ion isolation of

buildings is seldom an opt ion for exist ing buildings and is t ypically only

possible for new const ruct ion . V ibrat ion impact s on sensitive laborat ory

inst rument s, such as elect ron microscopes , may be cont rolled wit h

vibrat ion isolatio n t ables.

T his approach is part icularly import ant for shared - use facilities such as 

an office space above a t ransit st at ion or terminal. When vibrat ion -

sensitive equipment such as elect ron microscopes will be affect ed by 

t ransit vibrat ion, specific mod ifi cat ions t o the building st ruct ure may be 

t he mo st cost- effect ive met hod of cont rolling t he impact aside from 

mo dificat ion of equipment mo unt ing syst ems. For example, the floo r 

upon which t he vibrat ion - sensitive equipment is located could be 

st iffened and i solat ed from t he remainder of the building t o reduce t he 

vibrat ion. Alternat ively, t he equipment mo unt ing syst ems could be 

mo dified or t he equipment could be relocat ed t o a different building at 

far less cost. 
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Noise and Vibra ti on d uring 

C onstruct ion 

Co nst ruct ion noise and vibrat ion oft en generat es complaint s from t he 

com munit y, even when const ruct ion is for a limit ed t imeframe. P ublic concerns 

about construct ion noise and vibrat ion increase considerably wit h lengt hy 

periods o f heavy const ruct ion on majo r project s as well as prevalence of 

night t ime const ruct ion ( often scheduled to avoid disrupt ing workday road and 

rail t raffic) . Noise and vibrat ion com plaint s t ypically arise from int erference wit h 

people's act ivities, especially when t he adjacent communit y has no clear 

underst anding of t he ext ent or durat ion of t he construct ion. Misunderst andings 

can arise when t he com munity thinks a cont ractor is being insensitive, and the 

cont ract or believes it is performing t he work in com pliance wit h local 

ordinances. T his situat ion underscores t he need for early identificat ion and 

assessment of pot ent ial problem areas. 

T his sect ion out lines t he procedures for assessing noise and vibrat ion impact s 

during construct ion. T he t ype of assessment ( qualit at ive or quant itat iv e ) and t he 

level o f analysis are det ermined based on t he scale o f the project and 

surround ing land use s. In cases where a full quant it at ive assessment is not 

warrant ed, a qualit at ive assessment of t he construct ion noise and vibrat ion 

environm ent can lead to great er underst anding and tolerance in t he communit y. 

For major project s wit h ext ended periods of construct ion at specific locat ions, a 

quant itat ive assessment can aid cont ract ors in making bids by allowing changes 

in construct ion approach and including mit igat ion costs before t he construct ion 

plans are finalized. 

Generally, local noise ordinances are not very useful for evaluat ing construct ion 

noise impact . They usually relat e to nuisance and hours of allowed act ivity , and 

som et imes specify limit s in t erms of maximum levels, but are generally not 

pract ical for assessing t he impact of a construct ion project . Project construct ion 

noise criteria should t ake int o account the exist ing noise environm ent , the 

absolut e noise levels during construct ion act ivitie s, t he durat ion of t he 

construct ion, and t he adjacent land use s. While it is not t he purpose of t his 

manual to specify st andardized criteria for construct ion noise impact , t he 

following guidelines can be considered reasonable criteria for assessment . If 

t h ese criteria are exceeded, t here may be adverse communit y react ion. 

Procedures for assessing construct ion noise are present ed in Sect ion 7.1 . 

Procedures for assessing construct ion vibrat ion are present ed in Sect ion 7.2. 

7.1 Construction Noise  Ass essment 

No ise impact s from const ruct ion may vary great ly depending on t he durat ion 

and complexit y of t he project . The key element s of t he Const ruct ion Noise 

Assessment procedure and recom mended workflow are as follows. 
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S tep 1 :  Det ermine Level of Const ruct ion No ise Assessment 

S tep 2: Use a Qualit at ive Const ruct ion Noise Assessment t o Est imate 

Const ruct ion Noise 

S tep 3: Use a Quant itat ive Const ruct ion No ise Assessment t o Est imat e 

Const ruct ion Noise 

S tep 4 :  Assess Const ruct ion No ise Impact 

S tep 5 :  Det ermine Const ruct ion No ise Mit igat ion Measures 

If t here is uncert aint y in how t o det ermine t he appropriat e level o f assessment , 

cont act t he FT A R egional office. 

Step  1 : D e te rm ine Le vel of Const ruct i on No ise 

Assess me nt 

Determine the appropriate level of assessment based on the scale and type of the 

project and depending on the stage of environmental review. 

Consider the following factors: 

 Scale o f t he project

 Proximit y of noise - sensitive sites t o t he construct ion zones

 Number of noise- sensitive receivers in t he p roject area

 Durat ion of construct ion act ivities near noise - sensitive receivers

 Schedule, including t he const ruct ion days, hours , and time periods

 Met hod ( e.g., cut- and - cover vs. bored t unneling)

 Concern about construct ion noise expressed in comment s by t he

general public ( e.g., t hrough scoping o r  public meet ing s)

1a . De termine if an assessmen t is requ ired – Construct ion Noise 

Assessment s are not required for many small project s including: 

 Inst allat ion of safet y feat ures like grade - crossing signals;

 T rack improvement s wit hin t he R OW ; or

 Erect ing small buildings and facilities which are similar in scale to t he

surround ing development .

For small project s like t hese, include descriptio ns in the environm ent al 

do cument of t he lengt h of construct ion, t he loudest equipment to be used, t he 

expect ed t ruck access routes, t he avoidance of night t ime act ivit y, and any ot her 

relevant planned construct ion met hod . 

1b . Determin e wh ether a qu ali tative o r qu an titative assessmen t is 

req uired 

 Q uali tative Con struction N o ise Ass essmen t – Q ualit at ive

Const ruct ion Noise Assessment s may be required for project s wit h less

t han a mont h of construct ion t ime in a noise - sensitive area. See St ep 2

for mo re informat ion on Qualit at ive Construct ion No ise Assessment s .
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 Q uan titative Con structi o n No ise Assessmen ts – Q uant itat ive

Const ruct ion Noise Assessment s may be required for project s wit h a

mo nth or mo re of construct ion in noise - sensitive areas or if part icularly

noisy equipment will be involved . See Step 3 for mo re information on

Q uant it at i ve Construct ion No ise Assessment s .

Step  2 : Use  a Q ual it ative C onst ructi on Noise Asses sme nt 

to E sti mate  C onst r uction No ise 

Use a qualitative construction noise assessment to estimate construction noise for 

appropriate projects per Section 7.1, Step 1b. 

P ro vide qualit at ive descriptio n s in t he environm ent al document of t he following 

element s: 

 Durat ion of construct ion (bot h overall and at specific locat ions)

 Equipment expect ed to be used ( e.g., noisiest equipment )

 Schedule wit h limit s on t imes of operat ion (e.g., dayt ime use only )

 Mo nitoring of noise

 Forum for communicat ing wit h t he public

 Commit ment s to limit noise levels to cert ain levels, including any local

ordinances t hat apply

 Considerat ion of applicat ion of noise cont rol t reat ment s used

successfully in o t her project s

Effect ive c ommunit y out reach and relat ions are impo rtant for t hese project s. 

Disseminat e informat ion to t he public early regarding the kinds of construct ion 

equipment , expect ed noise levels , and durat ions t o forewarn pot ent ially affect ed 

neighbors about t he t emporary inconvenience. Including a general descriptio n of 

t he variat ion of noise levels during a t ypical const ruct ion day may also be 

helpful. 

No t e that t he construct ion criteria in St ep 4 do not apply t o qualit at ive 

assessment s. 

Step 3 : Use  a Q uant itative Con struct ion  Noi se Asse s s me nt 

to E sti mate  C onst r uction No ise 

Use a quantitative construction noise assessment to estimate construction noise for 

appropriate projects per Section 7.1, Step 1b. 

For Q uant itat ive Const ruction Noise Asses sment s, follow the recommended 

procedure in t his st ep and include a descriptio n of t he planned const ruct ion 

met hods and any basic measures t hat have been ident ified to reduce the 

pot ent ial impact , such as prohibit ing t he noisiest construct ion act ivit ies du ring 

t he night t ime, in t he environment al do cument . It may be prudent , however, to 

defer final decisions on noise cont rol measures unt il the project and 

construct ion plans are defined in great er det ail during t he engineering phase. 

 N o ise S ou rce Level s from Typ ical Co n struction Eq uip men t

an d O peration s – T he noise levels generat ed by const ruct ion
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equipment vary great ly on fact ors such as t he t ype of equipment , the 

equipment mod el, t he operat ion being performed, and t he cond it ion of 

t he equipment . T ypically, the dominant source of noise from mo st 

construct ion equipment is t he engine, oft en a diesel engine, which 

usually do es not have sufficient muffling. In ot her cases , such as impact 

pile- driving or pavement- breaking, noise generat ed by t he process 

do minates. Const ruct ion equipment can be considered to operat e in 

t he following t wo mod es for Co nst ruct ion Noise Assessment s: 

 S tation ary – Stat ionary equipment operat es in one locat ion for

one or more days at a t ime, wit h either a fixed power operat ion

( pumps, gene rat ors, compressors) or a variable noise operat ion

( pile drivers, pavement breakers) .

 Mo b ile – Mobile equipment moves around t he construct ion site

wit h power applied in cyclic fashion ( bulldo zers, loaders) , or to and

from t he site (t rucks) . Mo vement aroun d t he site is considered in

t he construct ion noise predict ion procedure.

V ariat ion in power imposes addit ional complexit y in charact erizing t he noise 

source level from mobile equipment. Describe t he noise at a reference dist ance 

from t he equipment operating at full power and adjust ing it based on t he dut y 

cycle o f t he act ivity t o det ermine t he L e q( t) of t he operat ion. 

T ypical noise levels from represent at ive equipment are included in T able 7- 1. 

T he levels are based on an EPA Report , ( 61 ) measured dat a from railroad 

construct ion equipment t aken during t he 1976 Northeast Corridor 

Improvement Project , t he FHWA R oadway Const ruct ion No ise Model , and 

ot her measured dat a. 

For equipment t hat is not represent ed in T able 7- 1, measure t he noise levels 

according t o t he st andard procedures for measuring the ext erior noise levels 

for t he cert ificat ion of mo bile and st at ionary construction equipment by t he 

Societ y of Aut omot ive Engineers . ( 62 ) ( 63 ) 
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T abl e 7 - 1 Co nst r uc t i on E qui pm e nt  N oi se E m i ssi o n Level s 

E qui pm e nt 
T ypi c al  No i se Level  50  ft 

from  S ou rc e ,  dBA 

Air Co mp re sso r 8 0  

B ackh oe 8 0  

B all ast  E q u aliz er 8 2  

B all ast  Ta mp er 8 3  

Co mp act or 8 2  

Co n cre t e M ix er 8 5  

Co n cre t e Pu mp 8 2  

Co n cre t e Vib rat or 7 6  

Cr an e, Der ri ck 8 8  

Cr an e, Mo b ile 8 3  

Doz er 8 5  

Gen er at or 8 2  

Gra der 8 5  

I mp ac t Wre n ch 8 5  

J ack H a mme r 8 8  

L oader 8 0  

Pa ver 8 5  

Pile - dr iver  (I mp a ct ) 1 0 1  

Pile - dr iver  (So n i c) 9 5  

Pn eu mat ic Tool 8 5  

Pu mp 7 7  

Rail  Saw 9 0  

Rock Dr ill 9 5  

Roller 8 5  

Saw 7 6  

Scar ifier 8 3  

Scrap er 8 5  

Sh ovel 8 2  

Sp ike  Driver 7 7  

Tie C u t t er 8 4  

Tie H an dler 8 0  

Tie I n se rt er 8 5  

Tru ck 8 4  

3 a .  Use the met ric L e q( t) t o  assess construct ion noise . T his unit is appropriat e 

because L e q( t) can be used to describe: 

 No ise level from operat ion of each piece of equipment separat ely , and

levels can be com bined to represe nt t he noise level from all equipment

operat ing during a given period

 No ise level during an ent ire phase

 Average noise over all phases of t he construct ion

3b . U se Eq. 7-1 t o  predict construct ion noise impact for major t ransit project s , 

considering t he noi se generat ed by t he equipment and noise propagat ion due t o 

dist ance. Calculat e ഽ෧ෳෳ෧ෳ෷෫ෲ for all e quipment individually, t hen use decibel 

addit ion to sum the ഽ෉෧ෳෳ෧ෳ෷෫ෲ for all equipment operat ing during t he same t ime 
period. See App endix B.1.1 for informat ion on decibel addit ion. 
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w h er e : 

ഽ෧ෳ෰෧ෳ෷෫ෲ = ഽ෧ෳ(෶) at  a re ce iver  fr om t h e o p er at ion  of  a s in gle p iece o f 

eq u ip me n t  over a sp ecif ied t i me  p er iod , dB A 

= n oise  emiss ion  level  of  t h e p art icu lar p ie ce o f  eq u ip me n t  at ഽ෧෯෫෵෵෫෱෰
t h e r ef er en ce dist an ce o f  5 0  ft , dB A 

= u sa ge f a ct or t o a ccou n t  fo r t h e f ract ion  of  t ime t h at  t h e ല൏ൕෝ෵෣෩෧ 
eq u ip me n t  is in  u se  over t h e sp ecif ied t ime p er io d 

വ = d istan ce f ro m t h e r ece iver  t o t h e p iece o f  eq u ip me n t , f t  

സ = a  con st an t  t h at  a ccou n t s fo r t op ograp h y an d  gro u n d ef f ec t s 

Det ermine t he quant ities for Eq. 7 - 1 based on t he level o f assessment as  
described below.  

 A general assessment of const ruct ion noise is warrant ed for project s in

an early assessment st age when the equipment rost er and schedule are

undefined and only a rough est imat e of const ruct ion noise levels is

pract ical.

 A det ailed analysis of construct ion noise is warrant ed when many noise-

sensitive sites are adjacent t o a construct ion project or where

cont ract ors are faced with st ringent local ordinances or height ened

public concerns expressed in early out reach effort s.

Complete t he appropriat e assessment for each phase of const ruct ion. Major 

construct ion project s are accom plished in several different phases. Each phase 

has a specific equipment mix , depending on t he work to be accom plished during 

t hat phase. As a result of the e quipment mix, each phase has its own noise 

charact erist ics; som e phases have higher cont inuous noise levels t han ot hers, 

and som e have high er impact noise levels t han ot hers . 

O p tio n A: General Assessmen t – Det ermine t he quant ities for Eq. 7 -1 

based on t h e following assumpt ions for a General Assessment of each phase of 

construct ion . 

 N o ise emission le vel ( ඇකජඞඨඨඞඤඣ ) – Determine t he emission level at

50 ft according t o noise from t ypical construct ion equipment described

above and T able 7-1.

 U s ag e factor ( ർ඙ඟඐඨඖගක ) – Assume a usage fact or of 1. This as sumes a

t ime period of one -hour wit h f ull power operat ion . Most const ruct ion

equipment operat es cont inuously for periods of one -hour o r mo re

during t he construct ion period.

T herefore, 10log(Adj usa g e ) = 0 and can be om itt ed from t he equat ion. 

 Di stan ce (D) – Assume that all equipment operat es at the cent er of

t he project , or centerline for guideway or highway const ruct ion project .
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 Gro und ef fect (G) – G = 0 assuming free- field cond it ions and ignoring

ground effect s. If ground effect s are of specific importance t o the

assessment , consider using t he Det ailed Analysis procedure.

O nly det ermine t he ഽ෧ෳෳ෧ෳ෷෫ෲ for t he t wo noisiest pieces of equipment 
expect ed to be used in each phase of construct ion. Then, sum t he levels for 

each phase of const ruct ion using decibel addit ion . 

O p tio n B: De tail ed A nalysis – Det ermine t he quant ities for Eq. 7- 1 based on 

t he following assumpt ions for a Det ailed Analysis of each phase of const ruct ion. 

Alternat ively, for det ailed, long- t erm , and com plex const ruct ion project s or 

project s near a part icularly sensitive site, the FHWA’s Windows-based 

screening tool, “Ro adway Const ruct ion Noise Mo del (R CNM) ,” can be used for 

t he predict ion of construction noise . ( 64 ) 

 N o ise emission le vel ( ඇකජඞඨඨඞඤඣ ) – Measure or cert ify t he noise

emission level for each piece of equipment .

 U sag e factor ( ർ඙ඟඐඨඖගක ) – Long-t erm construct ion project noise

impact is based on a 30 - day average L d n , the t imes of day of construct ion

act ivity ( night t ime noise is penalized by 10 dB in resident ial areas) , and

t he percent age of t ime t he equipment is used during a period of t ime

t hat will affect ല൏ൕෝ෵෣෩෧ .

For example, an 8- hour L e q (t) is det ermined by making ല൏ൕෝ෵෣෩෧ t he
percent age of t ime each individual piece of equipment operat es under

full power in t hat period. Similarly, t he 30- day average L d n  is det ermined

from t he ല൏ൕෝ෵෣෩෧⁡expressed by t he percent age of t ime t he equipment
is used during t he dayt ime hours ( 7 a.m . t o 10 p.m.) and night t ime ( 10

p.m. to 7 a.m.) , separat ely, over a 30- day period. T o account for

increased sensitivit y to night t ime noise, t he nightt ime noise levels are

adjust ed by 10 d B  in t he L dn com put at ion ( see Appendix B.1.4.5) .

 Di stan ce (D) – Det erm in e t he locat ion of each piece of equipment

during operat ion and t he dist ance to each receiver.

 Gro und ef fect (G) – Use T able 4- 26 in Sect ion 4.5, Step 3 to calculat e

G to account for t he site topo graphy, nat ural and man - made barriers,

and ground effect s.

Comput e t he 8 - hour L e q( t) ( ഽ෧ෳෳ෧ෳ෷෫ෲ(ോ෪෴) ) and t he 30 - day average L d n

( ഽ෦෰ෳ෧ෳ෷෫ෲ(െൃ෦෣෻)) for all equipment expect ed to be used in each phase 
of const ruct ion separat ely. T hen, sum t he levels for each phase of 

construct ion using Eq. 4-56 and Eq. 4- 57 in T able 4- 32. 

Step  4 : A ssess Cons tructi on N oise I mp a ct 

Compare the predicted noise levels from the Quantitative Construction Noise 

Assessment with impact criteria to assess impact from construction noise for each 

phase of construction. 
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   T abl e 7 - 2 Ge neral  A sse ss m ent Co nst r uc t i on Noi se Cri t eri a  

ඇකඦෳකඦඪඞඥ(෩ඝට) , dBA  
Lan d U se  

D ay  Ni ght  

Residen t ia l   9 0   8 0  

Co mme rci al   1 0 0   1 0 0  

I n du st rial   1 0 0   1 0 0  

 

      

    

         

   

 T abl e 7 - 3 D et ai l ed A nal y si s Co n st ruc t i o n N oi se C ri t eri a  

Lan d U se  
 ඇකඦෳකඦඪඞඥ(෰ඝට)෰ dBA  

 D ay Ni ght  

 ඇ඙ඣෳකඦඪඞඥ(෫෨඙ඖථ) , dBA  

3 0 - day A verage  

Residen t ia l   8 0   7 0   7 5  

Co mme rci al   8 5   8 5   8 0 * 

I n du st rial   9 0   9 0   8 5 * 
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No st andardized criteria have been developed for assessing construct ion noise 

impact . Consequent ly, criteria must be developed on a project - specific basis 

unless local ordinances apply. As st at ed earlier in t his sect ion , local noise 

ordinances are t ypically not very useful in evaluat ing const ruct ion noise. T hey 

usually relat e to nuisance and hours of allowed act ivity , and somet imes specify 

limit s in t erms of maximum levels, but are generally not pract ical for assessing 

t he impact of a construct ion pr oject . Project const ruct ion noise criteria should 

account for t he exist ing noise environm ent , t he absolut e noise levels during 

construct ion act ivities, t he durat ion of t he construct ion, and t he adjacent land 

use. While it is not t he purpose o f this manual t o specify st andardized criteria 

for const ruct ion noise impact , t he following guidelines can be considered 

reasonable criteria for assessment . If t hese criteria are exceeded, t here may be 

adverse com munit y react ion. 

T he construct ion impact guidelines are present ed based on the level of 

quant itat ive assessment .  

O p tio n A: General Assessmen t – Compare t he combined ഽ෧ෳෳ෧ෳ෷෫ෲ(ൄ෪෴)⁡for 
t he t wo noisiest pieces of equipment for each phase of construct ion det ermined 

in Sect ion 7.1, Step 3 to t he criteria below. T hen, ident ify locat ions where the 

level exceeds t he criteria. 

O p tio n B: De tail ed A nalysis – Compare t he combined ഽ෧ෳෳ෧ෳ෷෫ෲ(ൄ෪෴)⁡and the 

com bined ഽ෦෰ෳ෧ෳ෷෫ෲ(െൃ෦෣෻)⁡for all equipment for each phase of construct ion 
det ermined in Sect ion 7.1, Step 3 to t he criteria below. T hen, ident ify locat ions 

where t he level exceeds t he criteria. 

*Use a 2 4 - h ou r  L e q ( 24 hr ) in ste ad of L dn.equip(30day) .

Step  5 : D e te rm ine Const ructi on Noi se M itig atio n 

M e as ure s 

Evaluate the need for mitigation and select appropriate mitigation measures. 
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Where pot ent ial impact s have been ident ified according t o Sect ion 7.1, St ep 4 , 

evaluat e appropriat e cont rol measures. Include descript ions of how each 

affect ed locat ion will be t reat ed wit h one or mo re mit igat ion measures in t he 

environm ent al do cument . 

5 a .  D et ermine t he appropriat e approach for const ruct ion noise cont rol . 

Cat egories of approaches include: 

 De sign con sideration s an d p ro je ct layou t

 Const ruct noise barriers, s uch as t empo rary walls or piles of

excavat ed mat erial, bet ween noisy act ivit ies and noise -sensitive

receivers.

 R e - rout e t ruck t raffic away from residential st reet s. Select st reets

wit h t he fewest hom es if no alternat ives are available.

 Sit e equipment on t h e const ruct ion lot as far away from noise -

sensitive sites as possible.

 Const ruct walled enclosures around especially noisy act ivities or

clust ers of noisy equipment. For example, shields can be used

around pavement breakers, and loaded vinyl curt ains can b e draped

under elevat ed st ructures.

 S eq uen ce o f op eratio n s

 Combine noisy operat ions t o occur in t he same t ime period. T he

t ot al noise level produced will not be subst ant ial l y great er t han the

level produced if t he operat ions were performed separat ely.

 Av oid nightt ime act ivities. Sensitivit y to noise increases during the

night t ime hours in residential neighborhood s.

 Alternative con struction metho d s

 Avoid impact pile -driving where possible in noise - sensit ive areas.

Drilled piles or t he use of a sonic / vibrat ory pile driver or push pile

driver are quieter alt ernat ives where t he geological cond itions

permit t heir use.

 Use specially- quieted equipment , such as quiet ed and enclosed air

com pressors and properly -working mufflers on all engines.

 Select quiet er demo l ition met hods. For example, sawing bridge

decks into sect ions that can be loaded ont o t rucks results in lower

cumulat ive noise levels than impact demolit ion by pavement

breakers.

Include descriptions o f how each impact ed locat ion will be t reat ed wit h one 

or mo re mit igat ion measures in the environment al impact assessment when 

possible. 

5b . Describe and commit to a mit igat ion plan t hat will be developed lat er when 

t he informat ion is available t o make final decisions ( not oft en available during t he 

project developm ent phase) on all specific mit igat ion measures. T his may be t he 

case for large, complex project s. T he object ive of t he plan should be t o 

minimize const ruct ion noise using all reasonable ( e.g., cost vs. benefit) and 

feasible ( e.g., possible t o const ruct ) means available. 
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Component s of a mit igat ion plan may include som e or all of t he following 

provisions, which should also be specified in construction cont ract s: 

 Eq u ip men t n o ise emissio n limits – Equipment noise limit s are

absolut e noise limit s appli ed to generic classes of equipment at a

reference dist ance ( t ypically 50 ft ) .  T he limit s should be set no higher

t han what is reasonably achievable fo r well -maint ained equipment with

effect ive mufflers. Lower limit s that require source noise cont rol may be

appropriat e for cert ain equipment when needed t o minimize communit y

noise impact , if reasonable and feasible. P rovisions could also be

included t o require equipment noise cert ificat ion t est ing prior to use

o n - site.

 L o t -line co n stru ction no ise limits – Lo t - line const ruct ion noise

limit s are noise limit s t hat apply at t he lot - line of specific noise - sensitive

propert ies. The limit s are typically specified in terms of bot h noise

exposure (usually L e q( t) over a 20- 30 - minut e period) and maximum noise

level. T he y should be based on local noise ordinances if applicable, as

well as pre - const ruct ion baseline noise levels ( usually 3 to 5 d B  above

t he baseline) .

 O peration al and /o r eq uip men t restrictio n s – It may be necessary

t o prohibit or rest rict certain construct ion equipment and act ivities

near residential areas during night t ime hours. T his is part icularly t rue

for act ivities t hat generat e t onal, impulsive , or repet itive sound s, such as

back- up alarms, hoe ram demolit ion , and pile-driving.

 N o ise ab atemen t req uire men ts – In some cases, specificat ions may

be provided for part icular noise cont rol t reat ment s based on t he results

of t he design analysis and/or prior commit ment s made t o the public by

civic aut horit ies. An example wo uld be t he requirement for a t emporary

noise barrier t o shield a part icular com munit y area from noisy

construct ion act ivities.

 N o ise mo nito ring p lan req uiremen ts – Plans can be developed for

pre- project noise mo nit oring t o est ablish baseline noise levels at

sensitive locat ions, as well as for periodic equipment and lot - line noise

mo nitoring during t he const ruct ion period. T he plan should out line t he

measurement and reporting met hod s t hat will be used to demonst rat e

com pliance with t he project noise limit s.

 N o ise co n tro l p lan requiremen ts – For major const ruct ion

project s, preparat ion and submission of noise cont rol plans on a

periodic basis ( e.g., every six mont hs) are generally required. These

plans should predict t he const ruct ion noise at noise - sensitive receiver

locat ions based on the propos ed const ruct ion equipment and met hod s.

If t he analysis predict s t hat t he specified noise limit s will be exceeded,

t he plan should specify t he mit igat ion measures t hat will be applied and

should demonst rat e t he expect ed noise reduct ions t hese measures will

achieve. T he object ive of this proact ive approach is to minimize t he
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likelihoo d of communit y noise com plaints by ensuring t hat any 

necessary mit igat ion measures are included in the const ruct ion plans. 

 Co mp lian ce en fo rcemen t p ro gram – If construction noise is an

issue in t he communit y, it is import ant t hat a program be implement ed

t o mo nit or cont ractor compliance wit h the noise cont rol specificat ions

and mit igat ion plan. It is recom mended t hat t his funct ion be performed

by a const ruct ion management t eam on behalf of t he public agency.

 Pu b lic in fo rmation and co mplain t resp on se p rocedu res – T o

maint ain posit ive com munity relat ions, it is recommended t o keep t he

public informed about t he construct ion plans and effort s t o minimize

noise, and procedures should b e est ablished for prompt response and

correct ive act ion to noise com plaints during const ruct ion.

Mo st of t hese provisions are appropriat e for large - scale project s, where 

construct ion act ivity will cont inue for many mo nt hs, if not years. The linked 

referen ces cont ain mo re informat ion on const ruct ion noise for major 

t ransportation project s . ( 60) ( 65 ) 

7.2 Constructio n V ibration Asse ssment 

Const ruct ion act ivity can result in varying degrees of ground vibrat ion , 

depending on t he equipment and met hods employed. O perat ion of construct ion 

equipment causes ground vibrat ions t hat spread t hrough t he ground and 

diminish in st rengt h wit h dist ance. B uildings founded on t he soil near t he 

construct ion site respond to these vibrat ions wit h varying results , ranging from 

no percept ible effect s at the lowest levels, low rumbling sound s and percept ible 

vibrat ions at moderat e levels, and slight damage at t he highest levels. 

While ground vibrat ions from construct ion act ivities do not oft en reach t he 

levels t hat can damage st ruct ures, fragile buildings must receive special 

considerat ion. T he construct ion vibrat ion criteria include considerat ion of t he 

building condit ion . 

T he key element s of t he Construct ion V ibrat ion Assessment procedures and 

recom mended workflow are as follows: 

S tep 1: Det ermine level o f construct ion vibrat ion assessment 

S tep 2: Use a qualit at ive construct ion vibrat ion assessment 

S tep 3: Use a quant itat ive construct ion vibrat ion assessment 

S tep 4: Assess construct ion vibrat ion impact 

S tep 5: Det ermine construct ion vibrat ion mit igat ion measures 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

Step  1 : D e te rm ine Le vel of Const ruct i on V ib rati on 

Assess me nt 

Determine the appropriate level of assessment based on the scale and type of the 

project and the stage of environmental review. 

1a . De termine if an assessmen t is requ ired . 

Const ruct ion V ibrat ion Assessment s are not required for many small project s 

including: 

 Inst allat ion of safet y feat ures like grade - crossing signals

 T rack improvement s wit hin t he R OW

 Erect ing small buildings and facilities , which are similar i n scale t o the

surround ing development

1b . Determin e wh ether a qu ali tative o r qu an titative assessmen t is 

req uired. 

 Q uali tative Con struction Vib ratio n Assessmen t – A qualit at ive

construct ion vibrat ion assessment is appropriat e for project s where

prolo nged annoyance or d amage from construct ion vibrat ion is not

expect ed. For example, equipment t hat generat es litt le or no ground

vibrat ion —such as air compressors, light t rucks, and hydraulic loaders —

only require qualit at ive descriptio ns. See Sect ion 7.2, St ep 2 for mo re

information on qualit at ive construct ion vibrat ion assessment s.

 Q uan titative Con structio n Vib ration Assessmen t – A

quant itat ive const ruct ion vibrat ion analysis is appropriat e for project s

where construct ion vibrat ion may result in building dama ge or

prolo nged annoyance. For example, act ivities such as blast ing, pile -

driving, vibrat ory com pact ion, demo lit ion, and drilling or excavat ion

near sensitive st ruct ures require a quant itat ive analysis. See Sect ion 7.2,

Step 3 for mo re informat ion on quant itat ive construction vibrat ion

as sessment s.

If t here is uncert aint y in how t o det ermine t he appropriat e level o f assessment , 

cont act t he FT A R egional office. 

Step  2 : Use  a Q ual it ative C onst ructi on V ibr ation 

Assess me nt 

Use a qualitative construction vibration assessment to estimate vibration for 

appropriate projects per Section 7.2, Step 1b. 

P rovide qualit at ive descriptio ns in t he environm ent al document of t he following 

element s: 

 Durat ion of construct ion (bot h overall and at specific locat ions)

 Equipment expect ed to be used

 Descriptio n of how ground- borne vibrat ion will be maintained at an

accept able level
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

No t e that t he criteria in Sect ion 7.2 , Step 4 do not apply t o qualit at ive 

assessment s. 

Step  3 : Use  a Q uant itative Con struct ion  Vibr ation 

Assess me nt 

Use a quantitative construction vibration assessment to estimate vibration for 

appropriate projects per Section 7.2, Step 1b. 

For q uant it at ive construct ion vibrat ion assessment s, follow t he recom mended 

procedure in t his st ep. V ibrat ion source levels from t ypical construct ion 

equipment and operat ions are provided below, and procedures on how t o 

est imat e construct ion vibrat ion for d amage and annoyance are provided in St eps 

3a and 3b, respect ively. 

 Vib ratio n So u rce L eve ls fro m Co n struction Equ ip men t – T able

7- 4 present s average source levels in t erms of velocit y for various t ypes

of const ruct ion equipment measured under a wide variety of

construct ion act ivities. T he approximat e rms vibrat ion velocity levels

were calculat ed from t he PPV limit s using a crest fact or of 4,

represent ing a PPV- rms difference of 12 dB . Not e t hat although t he

t able gives one level for each piece of equipment , t here is considerable

variat ion in reported ground vibrat ion levels from const ruct ion

act ivities. T he data in T able 7- 4 provide a reasonable est imat e for a

wide range of soil cond it ions . ( 66 ) ( 67 ) ( 68 ) ( 69 ) 

T abl e 7 - 4 V i brat i o n S ou rc e Le vel s f or Co nst r uc t i on E qui pm e nt 

E qui pm e nt 
PPV at 2 5 

ft, i n/sec 

App roxi m ate 

Lv * at 2 5 ft 

Pile Driver  ( imp a ct ) 
u p p er  ran ge 1 .5 1 8 1 1 2  

t yp ica l 0 .6 4 4 1 0 4  

Pi le Driver  (so n i c) 
u p p er  ran ge 0 .7 3 4 1 0 5  

t yp ica l 0 .1 7 9 3  

Clam sh ove l dro p  (slu rr y w al l ) 0 .2 0 2 9 4  

H ydro mi ll (slu rr y 

w all) 

in  soil 0 .0 0 8 6 6  

in  rock 0 .0 1 7 7 5  

Vib rat or y Roller 0 .2 1 9 4  

H oe  Ram 0 .0 8 9 8 7  

L arge b u lldoz er 0 .0 8 9 8 7  

Caisso n  dr illin g 0 .0 8 9 8 7  

L oaded tr u cks 0 .0 7 6 8 6  

J ackh am me r 0 .0 3 5 7 9  

Smal l b u lldoz er 0 .0 0 3 5 8  
* RM S v elocity i n  decib els, VdB r e 1  m icr o - in /sec

3a . Da mage Assessment 

Assess for building damage for each piece of equipment individually. 

Const ruct ion vibrat ion is generally asse ssed in t erms of peak part icle velocity 

( PPV ) , as described in Sect ion 5.1. 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

 Det ermine t he vibrat ion source level ( PPV ref ) for each piece of

equipment at a reference dist ance of 25 ft as described above and in

T able 7- 4.

 Use Eq. 7- 2 t o apply t he propagat i on adjust ment to t he source

reference level to account for t he dist ance from t he equipment to t he

receiver. No t e t hat t he equat ion is based on point sources wit h normal

propagat ion cond it ions.

in /se c 

= d istan ce f ro m t h e e q u ip me n t  t o t h e r eceiver , f tവ 

3b . An no yan ce Assessmen t 

Assess for annoyance for each piece of equipment individually. Ground -borne 

vibrat ion relat ed to human annoyance is relat ed t o rms velocity levels, 

expressed in V dB as described in Sect ion 5.1. 

Est imat e t he vibrat ion level ( L v ) using Eq. 7- 3. 

വ 
E q. 7 - 3)ഽ෸ෳ෦෫෵෶෣෰෥෧ ൛ ഽ෸෴෧෨ ൕ ඄ඁൗ൚൒⁡(

ඃආ
w h er e : 

= t h e r ms velo cit y leve l a dju st ed fo r dist an ce , VdBഽ෸ෳ෦෫෵෶෣෰෥෧ 
= t h e s ou rce re f er en ce vib rat i on  level at  2 5  ft , V dB ഽ෸෴෧෨

വ  = d istan ce f ro m t h e e q u ip me n t  t o t h e r eceiver , f t 

Step  4 : A ssess Cons tructi on Vib rat ion I mpa ct 

Compare the predicted vibration levels from the Quantitative Construction Vibration 

Assessment with impact criteria to assess impact from construction vibration. 

Assess pot ent ial damage effect s from construct ion vibrat ion for each piece of 

equipment individually. Note t hat equipment operat ing at t he same t ime could 

increase vibrat ion levels subst ant ially , but predict ing any increase could be 

difficult . T he criteria present ed in t his sect i on should be used during t he 

environm ent al impact assessment phase to ident ify problem locat ions t hat must 

be addressed during the engineering phase. 

Compare t he PPV and approximate L v for each piece of equipment determined 

in Sect ion 7.2, Step 3 to t he vibrat ion damage criteria in T able 7 - 5, which is 

present ed by building/ st ruct ural cat egor y, t o assess impact . ( 70 ) ( 71 ) T he 

approximate rms vibrat ion velocity levels were calculat ed from t he PPV limit s 

using a crest factor of 4. 
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T a bl e 7- 5 C o n s t r u c ti o n Vi b r a ti o n D a m a g e C ri t e ri a 

B uil di n g/ S t r u c t u r al C a t e g o r y P P V, i n/ s e c * A p p r o xi m a t e L v 

I.  R ei nf o r c e d- c o n c r et e, st e el o r ti m b e r ( n o pl ast e r) 0. 5 1 0 2 
II. E n gi n e e r e d c o n c r et e a n d m as o n r y ( n o pl ast e r) 0. 3 9 8 
III.  N o n- e n gi n e e r e d ti m b e r a n d m as o n r y b uil di n gs 0. 2 9 4 
I V. B uil di n gs e xt r e m el y s us ce pti bl e t o vi b r ati o n d a m a g e 0. 1 2 9 0 
* R M S v el o cit y i n d e ci b els, V d B r e 1 mi c r o-i n/s e c

C o m p a r e t h e L v d et e r mi n e d i n S e cti o n 7. 2, St e p 3 t o t h e c rit e ri a f o r t h e 
G e n e r al Vi b r ati o n Ass ess m e nt i n S e cti o n 6. 2 t o ass ess a n n o y a n c e o r 
i nt e rf e r e n c e wit h vi b r ati o n-s e nsiti v e a cti viti es d u e t o c o nst r u cti o n vi b r ati o n. 

S t e p 5: D e t e r mi n e C o n s t r u c ti o n Vi b r a ti o n Mi ti g a ti o n 

M e a s u r e s 

Ev al u at e t h e n e e d f or miti g ati o n a n d s el ect a p pr o pri at e miti g ati o n m e as ur es w h er e 
p ot e nti al h u m a n i m p acts or b uil di n g d a m a g e fr o m c o nstr ucti o n vi br ati o n h av e b e e n 
i d e ntifi e d acc or di n g t o S ecti o n 7. 2, St e p 4. 

5 a. D et e r mi n e t h e a p p r o pri at e a p p r o a c h f o r c o nst r u cti o n vi b r ati o n miti g ati o n 
c o nsi d e ri n g e q ui p m e nt l o c ati o n a n d p r o c ess es. 

D e si g n c o n si d e r a ti o n s a n d p r oj e c t l a y o u t
R o ut e h e a vil y-l o a d e d t r u c ks a w a y f r o m r esi d e nti al st r e ets. S el e ct
st r e ets wit h t h e f e w est h o m es if n o alt e r n ati v es a r e a v ail a bl e.
O p e r at e e a rt h- m o vi n g e q ui p m e nt o n t h e c o nst r u cti o n l ot as f a r
a w a y f r o m vi b r ati o n-s e nsiti v e sit es as p ossi bl e.

S e q u e n c e of o p e r a ti o n s
P h as e d e m oliti o n, e a rt h- m o vi n g, a n d g r o u n d-i m p a cti n g o p e r ati o ns
s o as n ot t o o c c u r i n t h e s a m e ti m e p e ri o d. U nli k e n ois e, t h e t ot al
vi b r ati o n l e v el p r o d u c e d c o ul d b e s u bst a nti all y l ess w h e n e a c h
vi b r ati o n s o u r c e o p e r at es s e p a r at el y.
A v oi d ni g htti m e a cti viti es. S e nsiti vit y t o vi b r ati o n i n c r e as es d u ri n g
t h e ni g htti m e h o u rs i n r esi d e nti al n ei g h b o r h o o ds.

Al t e r n a ti v e c o n s t r u c ti o n m e t h o d s
C a r ef ull y c o nsi d e r t h e us e of i m p a ct pil e- d ri vi n g v e rs us d rill e d pil es
o r t h e us e of a s o ni c/ vi b r at o r y pil e  d ri v e r o r p us h pil e d ri v e r w h e r e
t h os e p r o c ess es mi g ht c r e at e l o w e r vi b r ati o n l e v els if g e ol o gi c al
c o n diti o ns p e r mit t h ei r us e.
- Pil e- d ri vi n g is o n e of t h e g r e at e st s o u r c es of vi b r ati o n ass o ci at e d

wit h e q ui p m e nt us e d d u ri n g c o nst r u cti o n of a p r oj e ct. T h e 
s o u r c e l e v els i n T a bl e 7- 4 i n di c at e t h at s o ni c pil e d ri v ers m a y 
p r o vi d e s u bst a nti al r e d u cti o n of vi b r ati o n l e v els c o m p a r e d t o 
i m p a ct pil e d ri v e rs. B ut, t h e r e a r e s o m e a d diti o n al vi br ati o n 
eff e cts of s o ni c pil e d ri v e rs t h at m a y li mit t h ei r us e i n s e nsiti v e 
l o c ati o ns. 

-  A s o ni c pil e d ri v e r o p e r at es b y c o nt i n u o usl y s h a ki n g t h e pil e at a 
fi x e d f r e q u e n c y, lit e r all y vi br ati n g it i nt o t h e g r o u n d. C o nti n u o us 
o p e r ati o n at a fi x e d f r e q u e n c y m a y, h o w e v e r, b e m o r e 
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n oti c e a bl e t o n e a r b y r esi d e nts, e v e n at l o w e r vi b r ati o n l e v els. 
F u rt h e r m o r e, t h e st e a d y-st at e e x cit ati o n of t h e g r o u n d m a y 
i n d u c e a g r o wt h i n t h e r es o n a nt r es p o ns e of b uil di n g 
c o m p o n e nts. R es o n a nt r es p o ns e m a y b e u n a c c e pt a bl e i n c as es 
of f r a gil e b uil di n gs o r vi b r ati o n-s e nsiti v e m a n uf a ct u ri n g 
p r o c ess es. I m p a ct pil e d ri v e rs, h o w e v e r, p r o d u c e a hi g h 
vi b r ati o n l e v el f o r a s h o rt ti m e ( 0. 2 s e c o n ds) wit h s uffi ci e nt ti m e 
b et w e e n i m p a cts t o all o w a n y r es o n a nt r es p o ns e t o d e c a y. 

- S el e ct d e m oliti o n m et h o ds i n v ol vi n g littl e t o n o i m p a ct, w h e r e 
p ossi bl e. F o r e x a m pl e, s a wi n g b ri d g e d e c ks i nt o s e cti o ns t h at 
c a n b e l o a d e d o nt o t r u c ks r es ults i n l o w e r vi b r ati o n l e v els t h a n 
i m p a ct d e m oliti o n b y p a v e m e nt b r e a k e rs. Milli n g g e n er at es 
l o w e r vi b r ati o n l e v els t h a n e x c a v ati o n usi n g cl a m s h ell o r c his el 
d r o ps. 

-  A v oi d vi b r at o r y r oll e rs a n d p a c k e rs n e a r s e nsiti v e a r e as. 

5 b. D es c ri b e a n d c o m mit t o a miti g ati o n pl a n t h at will b e d e v el o p e d a n d 
i m pl e m e nt e d d u ri n g t h e e n gi n e e ri n g a n d c o nst r u cti o n p h as e w h e n t h e 
i nf o r m ati o n a v ail a bl e d u ri n g t h e p r oj e ct d e v el o p m e nt p h as e will n ot b e s uffi ci e nt 
t o d efi n e s p e cifi c c o nst r u cti o n vi b r ati o n miti g ati o n m e as u r es . T h e o bj e cti v e of 
t h e pl a n s h o ul d b e t o mi ni mi z e c o nst r u cti o n vi b r ati o n d a m a g e usi n g all 
r e as o n a bl e a n d f e asi bl e m e a ns a v ail a bl e. T h e pl a n s h o ul d i n cl u d e t h e f oll o wi n g 
c o m p o n e nts: 

A p r o c e d u r e f o r est a blis hi n g t h r es h ol d a n d li miti n g vi br ati o n v al u es f o r
p ot e nti all y aff e ct e d st r u ct ur es, b as e d o n a n ass ess m e nt of e a c h st r u ct u r e’s
a bilit y t o wit hst a n d t h e l o a ds a n d dis pl a c e m e nts d u e t o c o nst r u cti o n
vi b r ati o ns
A c o m mit m e nt t o d e v el o p a vi b r ati o n m o nit o ri n g pl a n d u ri n g t h e
e n gi n e e ri n g p h as e a n d t o i m pl e m e nt a c o m pli a n c e m o nit o ri n g p r o g r a m
d u ri n g c o nst r u cti o n
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SECT I ON 

8 

TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

Documentation of Noise and  

Vibration Assessment 

T he level of required do cument at ion is det ermined according to t he project 

class of act ion. Sect ion 2.1 covers t he appropriat e class of act ion ( EIS, EA, or 

CE ) fo r different project s. If t here is uncert aint y in t he appropriat e level o f 

do cument at ion, cont act t he FT A R egional o ffice. 

T he noise and vibrat ion analysis must be art iculat ed to the public in a cl ear, 

com prehensive manner for all levels of document at ion. T he t echnical data and 

information necessary t o withstand scrut iny in t he environm ent al review 

process must be documented in a way t hat remains int elligible to t he public. 

Just ificat ion for all ass umpt ions used in t he analysis, such as select ion of 

represent at ive measurement sites and all baseline condit ions, must be present ed 

for review. 

A separat e t echnical report or memorandum is often prepared as a supplement 

t o t he environm ent al do cument . A t echnical report is appropriat e in cases when 

including t he dat a from t he assessment would creat e an un reasonabl y long 

environm ent al do cument . T he det ails of t he analysis are import ant for 

est ablishing t he basis for t he assessment . T herefore, all det ails in t he t echnical 

report should be cont ained in a well - organized format for easy access t o t he 

information. 

For large - scale project s, t he environm ent al do cument should cont ain a summary 

of t he essent ial analysis information to provide subject mat t er cont ext and t he 

analysis findings. For t hese project s, separat e t echnical report s are usually 

prepared as supplement s to the EIS or EA and referred to in the environment al 

do cument . For smaller project s, or project s with minimal noise or vibrat ion 

impact , all of t he t echnical informat ion may be presented in t he environm ent al 

do cument it self or in a t echnical memorandum . O ther project s might have no 

pot ent ial for noise or vibrat ion impact s . For t hose project s, t hat environment al 

do cument at ion should explain t hat no noise or vibrat ion impact s are expect ed. 

T his sect ion provides guidance on present ing t he necessary noise and vibrat ion 

information in t he environment al do cument ( Sect ion 8.1) and the associat ed 

t echnical report ( Sect ion 8.2) .  

8.1 Envi ronmental D oc ume nt 

In t he environment al do cument , provide a summary of t he com prehensive noise 

and vibrat ion informat ion from the t echnical report and emphasize t he salient 

point s of t he analysis in a format and st yle t hat t he public can underst and . 

Smaller project s may have all of t he t echnical information cont ained wit hin the 

environm ent al do cument , so t ake special care in summarizing t he t echnical 

det ails to convey the informat ion adequat ely. 
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Step  1 : Ch o ose t he Inf or mati on to Incl u de 

Choose the appropriate noise and vibration analysis information to include based on 

the level of environmental review and the associated documentation. 

1 a .  Pro vid e fu ll d isclo sure of n o ise and vib ration imp acts in t he 

environm ent al do cum ent , including ident ificat ion of locat ions where impact s 

cannot be mit igat ed below t he severe impact level. In general, an EIS describes 

significant impact s and plans t o mit igate t he impact s. For EAs, completion of t he 

environm ent al review wit h a finding of no significant impact ( FONSI) may 

depend on mit igat io n being considered for incorporat ion in t he proposed 

project . T he way mit igat ion is present ed in t he environment al do cument 

depends on t he t ype of impact ( noise or vibrat ion) and t he st age of project 

development and environment al review. Project s t hat meet t he criteria of a CE 

may also require t he com plet ion of a noise and/or vibrat ion analysis , and t he 

results o f such an analysis should be document ed in a noise memo or t he CE 

do cument at ion. 

1b . Do cumen t no ise imp acts – T ypically, airborne noise impact s c an be 

accurat ely predict ed during t he environm ent al review . For project s that focus 

on a single alternat ive, noise impact s can be accurat ely identified in t he draft 

environm ent al do cument . If mit igat ion is ant icipat ed , then mit igat ion opt ions 

should be exp lored in t he EA or draft EIS; firm decisions on mit igat ion can be 

deferred to t he final document . But for all project s, decisions on noise 

mit igat ion should be made before t he final do cument is approved. 

1c. D o cu men t vib ration impacts – Predict ing vibrat ion impact s accurat ely is 

mo re complex because ground - borne vibrat ion may be st rongly influenced by 

subsurface cond itions. The geot echnical studies t hat reveal t hese cond itions are 

normally undert aken during t he engineering phase, after t he environm ent al 

review process is com plet e. T herefore, t he final environm ent al document will 

usually not be able t o st at e wit h cert ainty whether mit igat ion is needed for 

ground - borne vibrat ion and noise. 

If t he engineering phase is cond uct ed at t he same t ime as t he final environment al 

do cument , report t he result s of t he Det ailed V ibrat ion Analysis in t he final 

environm ent al do cument . If t he engineering phase is cond uct ed aft er the final 

environm ent al do cument , report t he results o f the General V ibrat ion 

Assessment in the final environm ent al do cument . If impact is det ermined, 

include a com mit ment in t he final document t o conduct a Det ailed V ibrat ion 

Analysis during t he engineering phase to complete the impact assessment . Also , 

include a discussion on various cont rol measure s t hat could be used and t he 

likelihoo d t hat t he criteria could be met t hrough t he use of one or mo re of t he 

measures. It may be possible to st at e a commit ment in t he final environment al 

do cument t o adhere t o t he impact criteria for t he Detailed V ibrat ion Analysis, 

while d eferring t he select ion of specific vibrat ion cont rol measures unt il t he 

com pletion of det ailed st udies in t he engineering phase. When work is 

cond uct ed after FT A signs it s final decision document (i.e., R OD, combined 

FEIS/RO D , o r  FONSI) , addit ional do cument at ion, such as a reevaluat ion of t he 

previous decision, may be necessary. FT A recom mends cont act ing t he FT A 

R egional office direct ly in these situat ions. 
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1d . Describe mitiga tio n me asu res in the d eci sio n do cumen t – Aft er t he 

decision document is approved, incorporat e t he mit igat ion measures by 

reference in the actual grant agreement s signed by FTA and t he project sponsor. 

T he mit igat ion measures t hen become cont ract ual condit ions t hat must be 

adhered to by the project sponsor. 

It is t ypi cally appropriat e t o include t he following noise and vibrat ion 

information in t he environment al do cument , as described in Sect ion 8.1: 

 T he exist ing condit ions ( affect ed environm ent )

 T he direct impact s from operat ion ( environm ent al consequences )

 T he construct ion impact s (environm ent al consequences)

Step  2 :  O rg an ize  i nf or mat ion in  the  E nv iron me nt al 

D ocume nt 

Include information in the following sections of the environmental document separating 

out the noise and vibration information. 

2a . Exi sting Co nd itio n s (Af fe cted En viro nmen t ) – Describe t he exist ing 

cond itions ( condit ions without t he project) in t erms of t he exist ing noise 

and vibrat ion condit ions in t his sect ion of the document . T he primary 

funct ion of t his sect ion is to est ablish t he focus and baseline cond itions for 

t he discussion of environment al impact s. Include t he following basic 

information and separat e the noise and vibrat ion sect ions. 

 De scrip tion o f no ise/vibratio n metrics, effects an d typ ical le vel s

– Include a t arget ed summary of relevant info rmat ion from Sect ion 3 of

t his manual. T his will serve as background for the discussions of

noise/vibrat ion levels and charact erist ics t hat will follow in later

sect ions. Provide illust rat ive material t o convey t ypical levels t o the

public.

 I n ven to ry o f no ise/vib ratio n- sen sitive sites – Describe t he

approach for ident ifying noise - and vibrat ion - sensitive sites as well as t he

identified sites and site descriptio ns. Use sufficient detail t o demonstrat e

com pleteness. Document these results o n a map.

 N o ise/ v ib ratio n measuremen ts – Document t he basis for select ing

measurement sites, including t ables of sites coo rdinated wit h maps

showing locat ions of sites. Summarize t he measurement approach and

include t he just ificat ion for t he measurement procedures used.

P resent measurement data in well - organized t ables and figures wit h a

summary and int erpret at ion of measured data. Measurement s are oft en

included in t he t able of measurement sites described in t he previous

paragraph. In som e cases, measurement s may be suppl ement ed or

replaced by collected data relevant to t he noise and vibrat ion

charact erist ics of t he area. For example, soil informat ion for est imat ing

ground - borne vibrat ion propagat ion charact erist ics may be available

from ot her project s in t he area.
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A sum mary and interpret ation of how t he collect ed dat a define the project 

set t ing is fundament al t o t his sect ion. 

2b . Di rect I mpacts – Include t he following in t he discussion on direct impact s 

due t o project operat ion : 

 O ve rview o f app roach – Provide a t argeted summary of relevant 

information on t he assessment procedure for d et ermining 

noise/vibrat ion impact s as a framework for t he following sect ions. 

 Estimated no ise/vib ratio n le vel s – Provide a general descriptio n of 

predict ion mo dels used t o est imat e projec t noise/vibrat ion levels. 

Describe any dist inguishing feat ures unique t o t he project , such as 

source levels associat ed wit h various t echnologies. 

Describe t he results o f the predict ions in general terms first , followed 

by a det ailed account ing of predict ed noise levels. Supplement t his 

information with t ables and illust rat e by cont ours, cross - sect ions, or 

shaded mapping. If contours are included in a t echnical report , it is not 

necessary t o repeat them in t his sect ion. 

 Criteria fo r no ise/vib ratio n imp act – Describe t he impact criteria 

for t he project in det ail and reference the appropriat e sect ion in t his 

manual. Include t ables list ing t he criteria levels or t he figures included in 

t his manual. 

 N o ise/ vib ratio n imp act assessmen t – Present t he impact 

assessment in its own sect ion or combined wit h t he sect ion above. 

Describe t he locat ions, as ident ified in t he screening procedure, where 

noise/vibrat ion impact is expect ed t o occur wit hout implement at ion of 

mit igat ion measures, based on t he screening results, predict ed fut ure 

levels, exist ing levels, and applicat ion of t he impact criteria. 

Include invent ory t ables of impact ed noise- and vibrat ion - sensitive sites 

t o quant ify t he impact s for all noise/vibrat ion- sensitive sites included in 

t he Affect ed Environ ment (Exist ing Condit ions) as described in t he 

Exist ing Condit ions sect ion above . 

 N o ise/ vib ratio n mitigatio n measures – Perhaps the great est 

difference bet ween t he t echnical report and t he environm ent al 

do cument is wit h mit igat ion. T he technical report di scusses mit igat ion 

opt ions and recom mendations, while t he environm ental do cument 

provides t he vehicle for reaching decisions on appropriat e mit igat ion 

measures. 

Begin this sect ion wit h a summary of t he noise/vibrat ion mit igat ion 

measures considered for the impact ed locat ions. Describe t he specific 

measures select ed for implement at ion in det ail. Also , include any 
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applicable, specific noise or vibrat ion policies the project sponsor may 

have in place. 

In cases where it is not possible t o commit t o a specific mit igat ion 

measure in t he final environment al do cument , it may be possible t o 

com mit to a cert ain noise/vibrat ion level. For example, t he 

environm ent al do cument could include a com mit ment t o meet or 

exceed t he impact criteria specified in Sect ion s 4.1 an d  6.2 . 

 U n avo id ab le ad verse enviro nmen tal ef fects – If it is project ed

t hat adverse noise/vibrat ion impact s will result aft er all reasonable

abat ement measures have been incorporat ed, ident ify t hese impact s in

t his sect ion.

2c. Con struction I mp acts – Discuss construct ion impact s in t he 

environm ent al do cument ’s sect ion on construct ion impact s , if present . 

If, because of t he scale of the project , t he environment al do cument do es 

not have a separat e const ruct ion imp act s sect ion , t hen t he const ruct ion 

impact s should be discussed wit h the rest of t he resource impact s. 

When a special sect ion on construct ion noise/vibrat ion impact s is 

included in t he document , it should be organized according t o t he 

com prehensive out line on long - t erm impact s described above. For 

project s wit h relat ively minor effects, include a brief summary of impact . 

8.2 Te chnical Report on Nois e and V ibration 

T he t echnical report is int ended t o present com plet e t echnical data and 

descriptio ns in a manner t hat can be underst ood by t he general p ublic, but is 

mo re t echnical t han t he informat ion found in the environm ent al do cument . All 

necessary background information should be present in t he technical report , 

including t ables, maps, chart s, drawings , and references t hat may be t oo det ailed 

for t he environment al do cument , but which are import ant in helping to draw 

conclusions about t he project 's noise and vibrat ion impact s and mit igat ion 

opt ions. 

Include t he following major subject headings and key informat ion described 

below. If bot h noise and vibrat ion have been assessed, include separat e sect ions 

for no ise and vibrat ion with subsect ions for key information as described below . 

Addit ional det ails on do cument at ion requirement s for t he t echnical report of 

non - st andard procedures and met hodo logies ar e included in Appendix G . 

 O ve rview – Include a brief descriptio n of t he project and an overview

of t he noise/vibrat ion concerns t o highlight init ial considerat ions in

framing t he scope of t he study.

 I n ven to ry o f No ise/Vib ration - Sen sitive S ites – Describe t he

approach for ident ifying noise - and vibrat ion - sensitive sites as well as t he

identified sites and site descriptio ns. Use sufficient detail t o demonstrat e

com pleteness. D ocument results o n a map.
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 Mea su remen ts of Existin g No ise/Vib ratio n Co nd ition s

 Document t he basis for select ing measurement sit es , including

t ables of sites coo rdinat ed wit h maps showing locat ions of sit es.

Summarize t he measurement approach with just ificat ion for t he

measurement procedures used.

 If t he measurement data are used t o es t imat e exist ing cond itions at

ot her locat ions, include t he rat ionale and t he method of est imation.

Describe measurement procedures in det ail.

 Include t ables of measurement inst rument s do cument ing

manufact urer, t ype, serial number , and date of most recent

calibrat ion by aut horized t est ing laborat ory. Document

measurement periods, including the t ime of day and lengt h of t ime

at each site t o demonstrate adequat e represent at ion of ambient

cond itions.

 Present measurement data in well - organized t ables and figur es wit h

a summary and interpret at ion of measured dat a.

 Add ition al Mea su remen ts Related to the Project – Include

det ailed descriptio n of measurement s and results for project s t hat

require specialized measurement s at noise- and vibration - sensitive sites.

Examples include:

 O ut doo r- t o - indoor noise level reduction of hom es

 T ransmission of vibrat ion int o concert halls and recording st udios

 Special source - level characterizat ion

 Pred ictio n s o f N o ise/Vib ration fro m the Proje ct

 Describe t he predict ion mod el used t o est imat e fut ure project

cond itions and specific data used as input to t he models. R eference

t he appropriat e sect ion in this manual. Document any change or

ext ension to t he mo dels recom mended in this manual , so t hat t he

validit y of t he adjustment s can be confirmed. See Appendix G for

mo re informat ion.

 Describe in det ail the modeled scenarios and why t he scenarios

were chosen.

 T abulat e com put ed levels and illust rat e by contours, cross - sect ions,

or shaded mapping. Illust rat e noise/vibrat ion impact s wit h base maps

at a scale wit h enough det ail t o provide reference for t he locat ion.

 N o ise/ Vib ration Criteria

 Describe t he impact criteria for t he project in det ail and reference

t he appropriat e sect ion in this manual. Include t ables specifying t he

criteria levels or t he figures included in t his manual .

 If construct ion noise and/or vibrat ion assessment s were cond ucted,

include t he const ruct ion criteria in a separat e sect ion wit h t he

construct ion assessment det ails. See below for more information.
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 N o ise/ Vib ration I mp act Assessmen t

 Describe t he impact assessment according to t he appropriat e noise

and/o r vibrat ion impact assessment sect ions in t his manual.

 If an alt ernat ives analysis was cond uct ed, present a resulting impact

invent ory for each alt ernat ive mo de or alignment in a format t hat

allows com parison amo ng alternat ives.

 T abulat e t he invent ory according to t he different t ypes of affect ed

noise- and vibrat ion- sensitive sites. Present t he results of t he

assessment both before and aft er mit igat ion.

 N o ise/ Vib r ation Mitiga tio n

 Begin this sect ion wit h a summary of all t reatment s considered,

including t hose not carried t o final considerat ion.

 Consider final candidate mit igat ion t reatment s separat ely and

provide a descriptio n of t he feat ures of t he t reatment , including

costs, expected benefit in reducing impact s, locat ions where t he

benefit would be realized , and a discussion of t he practicalit y of

alternat ive t reat ment s.

 Include enough noise and vibrat ion impact informat ion t o allow t he

project sponsor and FT A to reach decisions on mit igat ion prior to

issuance of an environm ental decision document .

 Co n stru ction N oise/Vibratio n I mp acts

 Describe criteria ado pted for const ruct ion noise or vibrat ion if

construct ion noise and/or vibrat ion assessment s were cond uct ed.

 Describe t he method used for predict ing construct ion noise or

vibrat ion and include input s t o the mo dels such as equipment roster

by construct ion phase, equipment source levels, assumed usage

fact ors, and ot her assumed site charact erist ics.

 Present predicted levels for noise- and vibrat ion - sensit ive sites and

identify short -t erm impact s.

 In cases where const ruct ion impact s are ident ified, discuss feasible

abat ement met hod s using enough det ail t o allow construct ion

cont ract do cument s t o include mit igat ion m easures.

 Ref eren ces – Provide references for all criteria, approaches , and dat a

used in t he analyses, as well as other report s relat ed to the project t hat

may be relied on for information, e.g., geot echnical report s.
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App endix A: Glossary of Terms 

T erm inology used t hrough t he manual is defined in t his appendix . ( 49) ( 72 ) 

A - w eigh t in g

A st an d ard ize d filte r u se d t o a lte r t h e se n sitivity of a sou n d l evel met er  w ith  re sp ect 

t o f re q u en cy so t h at  t h e in st ru me n t  is less se n sitive at  low an d h igh  fr eq u en cies 

w h er e t h e hu man  ear is les s s en sitive. Ab b re vi at ed as dB A. 

Ab solu t e N oise 

I mp act 

No ise t h at  in t er f er es w ith act i vitie s in dep en den t  of  ex istin g n oise  levels an d is 

ex p re sse d as a fix e d leve l t h re sh old. 

Ac cele ro me t er 
A t ran sdu cer  t h at  con ver t s v i b rat or y mot io n  t o an  ele ct ric al si gn al  p ro p or t ion al t o 

t h e accele r at ion  of  t h at  mot io n . 

Amb ien t 
Th e p re - p ro ject  b ackg ro u n d n oise  or vib r at io n  level , w h ich  i s of t en  u se d 

interchangeably with “existing noise” in this manual. 

Amp lit u de Diff er en ce b et w ee n  t h e e xt reme s of  an  osc ill at in g si gn a l. 

Ali gn me n t 
Th e h or izo n t al locat ion  of  a r ailro ad or t r an sit syst em as de scrib ed b y cu rved  an d 

t an gen t  t rack. 

At - gra de Tracks  on  t h e gro u n d su rf ace. 

Au t omat ed Gu idew ay 

Tran sit ( A GT) 

Gu ide d st ee l - w h ee l or  ru b b er - t ired tr an sit p asse n ger veh icl es  op er at in g sin g ly or in 

mu lti - car t r ain s w ith  a fu ll y au t omat ed sy st em  on  fix ed - gu i d ew ays alon g an  ex clu si ve 

RO W . AG T in c lu des  p er son al  rap id t r an sit, gro u p  rap i d t ra n sit , an d au t omat ed 

p eo p le mover syste ms. 

Au x iliar ies 

Th e t er m ap p lied t o a n u mb er  of  sep arat ely  dri ven  ma ch in es , op er at ed b y p ow er 

f ro m t h e main  en gin e o r e le ct ric gen er at ion . Th ey in clu de t h e air comp re sso r, 

radi at or  fan , t r act ion  mot or  b low er , an d air con dition in g eq u ip me n t . 

B all ast  mat 
A 2 - t o 3 - in ch - t h ick e last ome r mat p la ced u n der  t h e n or ma l t rack b all ast  on  t op  of  a 

rigi d sl ab  or p acke d su b - gra de . 

B all ast 
Gran u lar  mat er i al p l ace d on  t h e t rackb ed fo r t h e p u rp ose of  h oldin g t h e t rack in  lin e 

an d at  su rf a ce. 

B u s Rap id Tran sit 

(B RT) 

A t yp e o f  li mite d - st op  b u s op er at io n  t h at  re lies  on  t ech n ology t o h elp  sp ee d u p  t h e 

se rvice.  Bu se s can  op er at e o n  ex clu sive t ran sitw ays , h igh - oc cu p an cy - veh icle lan es , 

ex p re ssw ays, or or d in ary  st re et s. 

Cate n ary 
On  electr i c ra ilro a d an d L RT syst em s, th e t er m des crib in g t h e o ver h ead con du ct o r 

t h at  is con t act e d b y t h e p an t ograp h  or t ro lley , an d it s su p p or t  st ru ct u re . 

Co mmu t er  rail 

Co n ven t ion al p asse n ger  r ailro ad ser vin g are as  su rr ou n din g an  u rb an  cen t er . Mo st 

commu t er  rai lroa ds u t ilize  lo c omo t ive - h au led coa ch es , of t en  in  p u sh - pu ll 

con f igu rat ion . 

Co n sist Th e t ot al n u mb er  an d t yp e o f cars,  loco mot ives , or  t ran sit v eh icles in  a t rain se t . 

Co n t in u ou s w elded 

rail 

A n u mb er  of  rails w e lded  t og et h er  t o f or m u n b roke n  len gth s of  t rack w ith ou t  gap s 

or  join t s. 

Co rr u gat ed r ail 
A rou gh  con d ition  of  al t er n at i n g rid ges  an d gro o ves  w h ich develop s on  t h e r ail  h ead 

in  ser vice . 

Cr es t  fact or Th e r at io of  p eak p art i cle vel ocit y t o m ax imu m R MS a mp lit u de in  an  osc ill at in g si gn al . 

Cr ite ria 
Plural form of “criterion,” the relationship between a measure of expo su re  ( e.g., 

sou n d or vib rat ion  le vel) an d i t s cor re sp on din g ef f ect . 

Cr oss  t ie 

Th e t ran sver se  memb er  of  t h e t rack st ru ct u re  t o w h ich  t h e r ails are  sp ike d  or 

ot h er w ise f ast en ed to  p ro vide  p ro p er  gage an d t o cu sh ion , distr ib u t e, an d t ran sm it 

t h e st re sse s of t raf f ic t h ro u gh  t h e b allast  t o t h e t rackb ed. 

Cr oss over 
Two  t u rn ou t s w ith  th e t rack b et w ee n  th e f ro gs arr an ge d t o f or m a con t in u ou s 

p assa ge b et w ee n  t w o n earb y an d gen er all y p ar allel t r acks . 

Cu mu lat ive 
Th e su mmat ion  of  in di vi du al s ou n ds in t o a sin gle t o t al v alu e  re lat ed to  t h e e f f ect  over 

t ime. 

Cu t 
A t er rain  fe at u re  t yp i cal ly cre at ed to  a llow  fo r a  t rackb ed t o b e at  a low er level t h an 

t h e su rr ou n din g gro u n d. 
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dB See  Decib el. 

dB A See  A - w eigh t in g . 

Decib el 

Th e st an dar d u n it o f  measu re me n t  fo r so u n d p re ssu re  level an d vib rat ion  le vel. 

Tech n ica lly , a  de cib el is th e u n it o f  level wh i ch  den ot es  t h e r at io b et w ee n  t w o 

q u an t itie s t h at  are  p ro p or t ional t o p ow er ; t h e n u mb er  of  decib els is 1 0  t imes t h e 

logar ith m of  t h is rat io. A b b re viat ed as dB . 

DMU Diese l - p ow er ed mu ltip le u n it.  See  Mu ltip le Un it. 

DNL See L dn . 

E lect rific at ion 
A t er m u se d t o des crib e t h e i n st allat ion  of  overh e ad w ire o r t h ird rai l p ow er 

distr ib u t ion  facil itie s t o e n ab le  op er at ion  of  t rain s. 

E mb an km en t 
A b an k o f  eart h , ro ck , or  ot h er  mat e ria l con st ru ct ed ab ove  t h e n at u ral gro u n d 

su rf ace. 

E q u ivalen t  l evel 
Th e level of a st ea dy sou n d , w h ich , in  a st at ed time  p er io d a n d at  a  st at ed lo c at ion , 

h as t h e same sou n d en er g y as  t h e t ime - vary in g sou n d. Also , w rit t en  as L e q . 

E ven t A p assb y of a veh icle ( e. g. , t rai n , b u s, o r  car)  of an y size con sist . 

Fe rr y b oat 
A t ran sit mo de co mp rised of ves se ls to  c arr y  p asse n ger s an d/or veh icles o ver  a  b ody 

of  w at er . 

Fix ed - gu idew ay 
A p u b lic t ran sp or t at ion f a cil ity  w ith  a sep arat e RO W f or  t h e  ex clu sive u se  of  p u b lic 

t ran sp or t at ion  an d ot h er  h igh - occu p an c y veh i cles. 

Flan ge 

Th e vert ic al p ro ject ion alon g t h e in n er  rim of a w h ee l t h at  ser ves , t oget h er  w ith  t h e 

cor re sp on din g p ro ject ion  of  t h e mat in g w h ee l of  a  w h ee l se t , t o k ee p  t h e w h ee l se t 

on  t h e t rack. 

Float in g s lab 
A sp eci al t ra ck su p p or t  syst em  fo r vib rat ion  i solat ion , con s istin g of  con cre t e sl ab s 

su p p or t ed on  re silien t  eleme nt s, u su ally ru b b er  or sim ilar  el ast ome r. 

Fo rce d en sity 

Fo rce den sity is th e f or ce p er ro ot  distan ce alon g t h e t ra ck i n  lb /f t 1/2 . Th e f or ce 

den sity le vel is th e le vel in de c ib els of  t h e f or ce den sity rel at ive t o 1  lb /f t 1/2 an d 

des crib es  t h e veh ic le f or ce t h at  ex cite s t h e so il/ro ck su rr ou n din g t h e t ran sit 

st ru ct u re . 

Fre q u en cy 

Th e n u mb er  of  t imes t h at  a p er iodic al ly o ccu rr in g  q u an t ity re p eats it se lf in  a sp ec ified 

p er iod. With  re f er en ce t o n oise  an d vib rat ion  si gn als , t h e n u mb er  of  cycles  p er 

se con d. 

Fre q u en cy sp ect ru m Distr ib u t ion  of  fr eq u en cy comp on en t s of  a n oise  or vib rat i on  sign al. 

Fro g 

A t ra ck st ru ct u re  u se d at  t h e in t er se ct ion  o f  t w o ru n n in g rails t o p ro vi de su p p or t  fo r 

w h ee ls an d p ass agew ays fo r t h eir f lan ges , t h u s p er mitt in g w h ee ls on  eit h er  rail t o 

cro ss t h e o t h er . 

Ga ge ( of  t ra ck) Th e dist an ce b et w ee n  t h e r ail s on  a t ra ck. 

Gra de cross in g 
Th e p oin t  w h er e a rail l in e an d a m ot or  veh ic le ro a d in t er s ect at  t h e same ver t ic al 

ele vat ion . 

Gu idew ay Su p p or t in g st ru ct u re  t o f or m a t ra ck f or  rollin g or m agn et ic all y - lev itat ed veh icles . 

H ead - E n d Pow er 

(H E P) 

A syst em  of  fu rn ish in g ele ct ric  p ow er  fo r a comp let e r ailw ay  t rain  fr om a  sin gle 

gen er at in g p l an t  in  t h e locom ot ive. 

H eavy r ai l See Rai l R ap id Tran sit. 

H er t z  (H z ) Th e u n it o f  acou st ic or vib rat i on  fr eq u en cy re p re se n t in g cy c les p er  secon d. 

H ou rly aver age  sou n d 

l evel 

Th e t ime - aver age d A - w e igh t ed sou n d leve l, over  a 1 - h ou r p er iod , u su al ly ca lcu l at ed 

b et w ee n  in t egral h ou rs. Ab b re viat ed as L ( 1h ) . 

H yb rid Bu s 

A ru b b er - t ired veh icle t h at  fe at u re s a h yb rid  diese l - ele ct ri c p ro p u lsion  syst em . A 

diese l en g in e r u n s an  electr ic gen er at or  t h at  p ow er s t h e e nt ire veh icle in clu din g 

ele ct ric dr i ve mo t or s t h at  del i ver  p ow er  t o t h e w h ee ls. 

I dle Th e sp ee d at  w h ich an  en gin e ru n s w h en  it  is n ot  un der  load . 

I n t er me diat e C ap a city 

Tran sit ( I CT) 

A t ran sit s yst em  w ith  les s c ap acit y t h an  rai l rap i d t ran sit (R RT) , b u t  more  c ap ac ity 

t h an  t yp ical  b u s op e rat ion s. E x amp les of  IC T in c lu de b u s ra p id t ran sit ( B RT) , 

au t omat ed gu idew ay t ran s it ( AG T), mon or a ils , an d t ro l leys . 

I n t er modal f a cil ity J u n ct ion  of  t w o o r mo re  modes of  t ran sp or t at ion  w h er e t ran sf er s ma y oc cu r. 

J oin t ed rail 
A syst em  of join in g r ails w ith  st ee l me mb er s des i gn ed to  u n ite  t h e ab u t t in g en ds of 

con t igu ou s rails . 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

L ( 1h ) See  H ou rly A ver a ge So u n d L e vel . 

L dn 

Da y - Nigh t  Sou n d L eve l. Th e s ou n d ex p osu re  level fo r a 2 4 - h ou r day ca lcu l at ed b y 

ad din g t h e so u n d ex p osu re  level ob t ain ed du rin g t h e d a yt i me  (7  a.m.  t o 1 0  p .m.) t o 

1 0  t imes t h e so u n d ex p osu re level ob t ain ed  du rin g t h e n igh t t ime (1 0  p .m. t o 7  a.m.). 

Th is u n it is u se d t h ro u gh ou t  th e U n ite d St at es f or  en viron me n t al imp a ct  asse s sme n t . 

Also , w r itt en  as DNL . 

L eq(1hr) 
E q u ivalen t Sou n d L evel . T h e me t ric fo r cu mu l at ive n oise  e x p osu re  over a sp ecif ic 

t ime in t er val is th e e q u ivalen t sou n d level 

L igh t  Rai l Tr an sit 

(L RT) 

A mode  of  p u b lic t ran sit w ith t racke d veh icles  in  mu ltip le u n its o p er at in g in  mix ed 

t raf f ic con dition s on  st re et s a s w ell as  sect ion s of  ex clu si ve RO W . Veh icles are 

gen er all y p ow er ed b y ele ct ric i t y fr om o ver h ea d lin es . 

L ocomot ive 
A self - p ro p elled, n on - re ven u e r ail veh ic le des i gn ed to con ve rt  electr ic al or 

me ch an ic al en er g y in t o t ra ct iv e e f f or t  t o h au l railw a y cars.  S ee  also Pow er Un it . 

Main  lin e Th e p rin cip al l in e o r lin es  of  a  railw ay . 

Magle v 

Magn et ic all y - le vitat ed veh ic le; a veh i cle or  t ra in  of  veh ic les w ith  gu idan ce an d 

p ro p u lsion  p ro vided b y m a gn et ic fo rces. Su p p or t  can  b e p ro vide d b y eit h er  an 

ele ct ro dyn ami c syst em  w h er e in a mo vin g veh icle is lift ed  b y  ma gn et ic fo rces in du ced 

in  t h e gu idew a y or an  ele ct ro magn et i c syst em  w h er ein  t h e magn et i c lift in g fo r ces  are 

act i vely en er gize d in  t h e gu i de w ay. 

Max imu m s ou n d l e vel 

Th e h igh es t  ex p on ent ial - t ime - aver age so u n d le vel,  in  de cib el s, th at  occu rs du rin g a 

st at ed time  p er iod . Ab b re vi at ed as L m ax .  Th e st an d ardiz e d t i me  p er iods are  1  secon d 

f or L m ax , slow , an d 0 .1 2 5  secon d fo r L m ax , f ast . 

Me t ric 
Me asu re me n t  valu e o r a q u an t itat ive des crip t or  u se d t o i de n t ify a sp ecif i c me asu re  of 

s o u n d level. 

Mo n or ail Gu ide d t ran sit veh i cles op er at in g on  or su sp en ded fro m a si n gle rai l, b ea m , or  t u b e. 

Mu ltimoda l Pro je ct 
I n  t h is man u al, t h e t er m mu lti moda l p ro ject  is u se d t o des c rib e a p ro ject  t h at 

in clu des ch an ges  t o b ot h  t ran sit an d h i gh w ay comp o n en t s in  segmen t s of  t h e p ro ject . 

Mu ltip le Un it ( MU ) 

A t er m re f er rin g t o t h e p ract i ce o f  cou p lin g t w o o r mor e di es el - p ow er ed or e lect ric -

p ow er ed p asse n ger  c ars t oget h er  w ith  p ro vision  fo r con t ro llin g t h e t ract ion  mot or s 

on  all u n its f ro m a  sin gle  con t ro ller . 

No ise An y d isa gre eab le or  u n des ired sou n d or o t h er  au dib le dist u rb an ce. 

Oct a ve b an d 
A st an d ard ize d d ivi sion  of  a fr eq u en cy sp ect ru m in  w h ich  t h e in t er val b et w ee n  t w o 

div ision s is a fr eq u en cy rat io of  2 . 

On e - t h ird octa ve 

b an d 

A st an d ard ize d d ivi sion  of  a fr eq u en cy sp ect ru m in  w h ich  t h e o ct ave b an ds are 

div ided  in t o t h irds fo r mo re d et ailed in f or mat ion . Th e in t er val b et w ee n  cen t er 

f re q u en cies is a rat io  of  1 .2 5 . 

Pan t ogr ap h 

A de vice f or colle ct in g cu rr en t  fr om an  overh ea d con du ct or  (cat en ar y), co n si st in g of 

a join t ed fr ame  h eld u p  b y sp r in gs or  co mp re sse d a ir an d h a vin g a cu rr en t  col lect or 

at  t h e t op . 

Park - an d - ride f ac ility 
A parking garage and/or lot used for parking passengers’ automobiles while they use 

t ran sit agen c y f aci lit ies an d ve h icles. 

Peak fa ct or See  Cr es t  fact or . 

Plan - an d - p ro f ile 

Map p in g u se d b y t r an sp or t at ion  p lan n er s t h at  sh ow s t w o - dimen sion al p l an  view s (x -

an d y - ax es ) o n  t h e same p a ge  as t w o - di me n sion al p ro f iles  ( x - an d z - ax es ) o f  a ro ad 

or  t rack. 

Peak Part i cle Velo cit y 

( PPV ) 

Th e p eak sign a l v alu e o f an  oscill at in g vib rat ion velo c ity w av ef or m. Usu all y ex p re sse d 

in  in ch es /se con d in  t h e U n ite d St at es . 

Peak - t o - Peak  (P - P) 

Valu e 

Of  an  os cill at in g q u an t ity,  t h e algeb r aic diff er en ce b et w ee n  t h e e x t re me  valu es  of  t h e 

q u an t ity. 

Po w er  u n it 

A self - p ro p elled veh icle,  ru n n in g on  rails  an d h avin g on e o r mor e e lect ric  mot or s t h at 

drive t h e w h ee ls an d  t h er eb y p ro p el t h e locomot ive an d  t ra in . Th e mo t or s ob t ain 

ele ct ric al en er g y eit h er  fr om a  rail la id n ear , b u t  in su lat ed fr om, t h e t rack r a ils , or 

f ro m a w ire su sp en ded ab ove t h e t rack. Co n t act  w ith  t h e overh ead w ire  is m ade b y a 

p an t ograp h  mou n t ed on  t op  of  t h e u n it. 

Pro ject  se gme n t Por t ion s of  a p ro ject  w ith  sim ilar ch ar act er isti cs. 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

Pu re  t on e Sou n d of  a sin g le fr eq u en cy. 

Rad iu s of  cu rv at u re 
A mea su re  of  t h e se ver ity of a  cu rve in a t ra ck st ru ct u re  b ase d on  t h e len gt h  of  t h e 

radiu s of a c ircle  t h at  w ou ld b e f or me d if  t h e cu rve w er e co n t in u ed. 

Rail 

A rolle d st ee l sh ap e, commo n ly a  T - se ct ion ,  des i gn ed to  b e lai d en d t o e n d in  t w o 

p aralle l lin es  on  cro ss  t ies or ot h er  su itab le su p p or t s t o f orm a t ra ck f or  r ailw ay 

ro llin g st ock . 

Rail  R ap id Tr an sit 

(RRT) 

O ften called “Heavy Rail Transit . ” A mo de o f  p u b lic t ran sit w ith  t racke d veh icles in 

mu ltip le u n its o p er at in g in  ex c lu sive r i gh t s - o f - w ay. T rain s ar e gen er all y p ow er ed b y 

ele ct ricit y fr om a t h ird r ail alo n gside t h e t rack . 

Receiver A st at ion ar y far - f ie ld p osit ion at  w h ich  n oise  or v ib rat ion  le vels are  sp ecif ied . 

Relat i ve N oise  Imp a ct No ise in cre ase  ab ove ex istin g  levels . 

Reso n an ce f re q u en c y 
Th e p h en ome n on  t h at  occu rs in  a st ru ct u re  u n der  con ditio n s of  fo rced v ib rat ion 

su ch  t h at  an y ch an ge in  fr eq u en cy of  ex citat ion  re su lts in  a d ecre ase  in  re sp on se . 

Righ t - o f - W ay Ab b re viat ed as RO W. L an ds or  righ t s u se d or h eld  fo r rai lr oad or t r an sit o p e rat ion . 

Root  Me an  Sq u are 

(r ms) 

Th e sq u are  roo t  of  t h e me an - sq u are  valu e o f an  osci llat in g w avef or m, wh er e t h e 

me an - sq u are  va lu e is ob t ain ed  b y sq u arin g t h e v alu e o f  amp l i t u des  at  ea ch  in st an t  of 

t ime an d t h en  aver a gin g t h es e  valu es  o ver  t h e samp le t i me . 

RMS Velo city Le vel 

(L V) 
See  Vib rat ion  Velo city  L evel. 

SE L See  Sou n d E x p osu re  L evel. 

Sou n d E x p osu re  L evel 

Th e level of  sou n d ac cu mu lat ed over a g iven  t ime in t er val or  even t . Tech n ic all y, t h e 

sou n d ex p osu re  level is t h e level of  t h e t ime - in t egrat ed  me a n  sq u are  A - w eigh t ed 

sou n d fo r a st at ed ti me  in t er v al or  e ven t , w ith  a re f er en ce t ime of  on e se con d. 

Ab b re viat ed as SE L . 

Sou n d 
A p h ysic al distu rb an ce in a me diu m t h at  is cap ab le of  b ein g det ect ed b y t h e h u man 

ear. 

Sp ect ru m See  Fre q u en cy Sp ect ru m. 

Su b - b allast 

An y m at er ia l of  a su p er ior ch ara ct er , w h ich  is sp re ad on  t h e f in ish ed su b grade  of  t h e 

ro adb ed an d b elo w  t h e t op - b all ast , t o p ro vi de b et t er  drain age, p re ven t  u p h eaval b y 

f ro st , an d b et t er  distr ib u t e t h e load  over t h e r oa db ed. 

Su b grade Th e f in ish e d su rf ace o f  t h e r o adb ed b elo w  t h e b all ast an d t r ack. 

Su b u rb an  b u s 
A b u s simil ar t o an  in t er city b u s w ith  h igh - b acke d se at s b u t  n o lu gga ge comp art me n t , 

of t en u se d in  ex p re ss mode t o cit y cen t er s fr om su b u rb an  locat ion s. 

Sw itch A t ra ck st ru ct u re  u se d t o di v er t  rollin g st ock f ro m  on e t ra ck t o an ot h er . 

Tan gen t  t rack Track w ith ou t  cu rvat u re . 

Track 
An  asse mb l y of  ra il, t ies , an d f ast en in gs over w h i ch  c ars, lo c omo t ives , an d t ra in s are 

moved. 

Tract ion m ot or 
A sp eci all y des ign ed dire ct  cu rr en t  ser ies - w ou n d mot or  mou n t ed on  t h e t ru cks  of 

locomo t i ves  an d  self - p ro p elled c ars t o dr ive t h e ax les. 

Train se t A gro u p  of  cou p led car s in clu din g at  least o n e p ow er  u n it. 

Tran sdu cer 

Devi ce des ign ed to  re ceive an  in p u t  sign al of  a  gi ven  kin d (m ot ion , p re ssu re , h eat, 

et c.) an d t o p ro v ide an  ou t p u t sign a l of  a diff er en t  kin d (e lec t rical  volt age,  amp er a ge, 

et c.) in  su ch  a man n er  t h at  de sired ch ara ct er istics of  t h e in p u t  sign al ap p ear in  t h e 

ou t p ut  sign al f or  me asu re me n t  p u rp ose s. 

Tran sf er m ob ilit y 

Tran sf er  mob ilit y is t h e comp l ex  velo city  re sp on se  p ro du ced b y a p oin t  fo rce as a 

f u n ct ion  of  fr eq uen cy an d re p re se n t s t h e r elat ion sh ip  b et wee n  a vib rat ion  sou rce  t h at 

ex cite s t h e gro u n d an d t h e r e su ltin g vib rat ion  of  t h e gro u n d  su rf ace. 

Tran sit cen t er A fix ed lo cat ion  w h er e p asse n ger s in t er ch an ge f ro m  on e r ou t e o r veh icle t o an ot h er . 

Trolley b u s 
A ru b b er - t ired, electr i cal ly - p o w er ed b u s op er at in g on  city  s t re et s draw in g p ow er 

f ro m overh ead lin es . 

Tru ck 

Th e comp let e asse mb l y of  p ar t s in clu din g  w h ee ls, ax les,  b ea rin gs, si d e f ra me s, b olst er , 

b rake  rig gin g,  sp rin gs , an d all a sso ciat e d con n ect in g comp on en t s, th e f u n ct ion  of 

w h ich  is t o p ro vi de su p p or t , mob ility , an d gu id an ce t o a ra i lroad c ar or  lo como t ive . 

Tru n k lin e 
See  Main lin e. Th e main l in e o f  a com mu t er  railro ad  w h er e t h e b ran ch  lin e t raf f ic i s 

comb in ed. 
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Tu rn ou t 
An  arr an gem en t  of  a sw it ch  a n d a fr og  w ith  closu re  ra ils,  b y  mean s of  w h ich  roll in g 

st ock ma y b e di ver t ed fro m o n e t rack t o an ot h er . 

VdB See  Vib rat ion  Velo city  L evel. 

Vib rat ion  Velo city 

L evel (L V) 

Ten  t imes t h e common  lo gari t h m of  t h e r at io of  t h e sq u are of  t h e amp lit u de o f  t h e 

RMS v ib rat ion  velo city to  t h e sq u are  of  t h e amp lit u de o f  t h e r ef er en ce RMS v ib rat ion 

velo cit y. Th e r ef er en ce velo c i t y in  t h e U n ite d St at es  is on e micro - in ch  p er  secon d. 

A b b re viat ed as VdB . 

Vib rat ion 
An  osci llat ion  w h er ein  t h e q u an t ity is a p ar ame t er  t h at  def i n es  t h e mo t ion  of  a 

me ch an ic al s yst em . 

Wh ee l f lat 
A loc al ize d fl at  are a on  a st ee l  w h ee l of  a ra il veh i cle, u su a lly  cau se d  b y ski ddin g on 

st ee l rails , c au sin g a d iscon t in u ity i n  t h e w h ee l radiu s. 

Wh ee l s q u eal 
Th e n oise  p ro du ced b y w h ee l - rai l in t er a ct ion , p art i cu lar ly o n cu rve s w h er e t h e r adiu s 

of  cu rvat u re  is s mal ler t h an  al l ow ed b y t h e se p arat ion  of  t h e ax les in  a  w h ee l se t . 
Additi on al, r elevan t ac ou stic ter min ology an d f or m u las ar e def in ed in  AN SI  S1 .1 -19 94 ( 4 9 ). 
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App endix B: Fun dament als of Noise  
No ise is generally considered to be unwant ed sound. Sound is what we hear when our ears are exposed 

t o small pressure fluct uat ions in the air. T here are many ways in which pressu re fluct uat ions are 

generat ed, but t ypically t hey are caused by vibrat ing movement of a solid object . T his manual uses the 

t erms noise and sound interchangeably because t here is no physical difference bet ween t hem. Noise can 

be described in terms of t hree variables: amplitude ( loud or soft) ; frequency ( pit ch) ; and t ime pat t ern 

( variability). 

B.1 Ampl itude

The loudness of a sound is described by the sound wave’s amplitude of pressure fluctuations above and 

below at mo spheric pressure. P ressure is measured in P ascals. T he mean value of t he posit ive and 

negat ive pressure fluct uat ions is t he st at ic at mospheric pressure and is not a useful met ric of sound. 

However, t he effect ive magnitud e of t he sound pressure in a sound wave can be expressed by t he rms 

of t he oscillat ing pressure. See Figure B- 1 for an illust rat ion of t he rms pressure. 

T he rms pressure is calculat ed according to Eq. B- 1. The values of sound pressure are squared and t ime -

averaged t o smo ot h out variat ions. T he rms pressure is t he square root of t his t ime- averaged value. 

Eq . B - 1 

Fi gure B - 1 RM S Pres s ure I l l ust rat i on 

Mo st humans wit h t ypical or avera ge hearing can perceive sound s ranging from approximately 20 

microP ascals t o 20 million microP ascals or mo re. Because of t he difficulty in dealing wit h such an 

ext reme range of numbers, acousticians use a logarithmic scale t o describe sound levels. Acousticians 

use a compressed scale based on logarithms of the rat ios o f t he sound energy cont ained in the wave 

relat ed to t he square of sound pressures inst ead of t he sound pressures t hemselves, resulting in t he 

“sound pressure level” in decibels (dB). The ‘B’ i n dB is always capitalized because t he unit is named 

aft er Alexander Graham Bell, a leading 19t h century innovat or in communicat ion. 
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Sound pressure level ( L p ) is defined as: 

Eq . B - 2 

w h er e 

= sou n d p re ssu re  level, d Bഽෘ
= RMS  sou n d p re ssu re 

෴ു෯෵
= 2 0  micro Pas c als 

෴ു෧෨

Insert ing t he range of sound pressure values ment ioned above into Eq. B- 2 results in a t ypical quiet est 

sound at 20 microP ascals at 0 dB . A t ypical loudest sound of 20 million microPascals is 120 dB. 

B.1.1 D eci bel Additio n

T he com binat ion of t wo or mo re sound pressure levels at a single lo cat ion requires decibel addit ion , 

which is t he addit ion of logarithm ic quant ities of sound energy (P 2
rm s ) .  

T o add sound energy from mult iple, unique sources, add t he sound energy as shown Eq. B - 3. 

൅൅ ൅ 

Eq . B - 3 

A doubling of ident ical sound sources results in a 3 - dB increase, as shown mat hemat ically below. 
൅൛෴෯෵

ഽෲ ൛ ංඁൗ൚൒ൄൃ(ඃ ൅ ) 
൛෴෧෨

൅൛෴෯෵ 
൛ ංඁൗ൚൒ൄൃ( ൅ ) ൔ ංඁൗ൚൒ൄൃ(ඃ)൛෴෧෨

൅൛෴෯෵
൛ ංඁൗ൚൒ൄൃ( ൅ ) ൔ ඄  

൛෴෧෨

T o ad d decibel levels ( inst ead of sound energy) use t he following equat ion: 

w h er e 
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= sou n d p re ssu re  level,  dB ഽෲ  
ി  = n u mb er  of  samp les 
= in dex  of  su mm at ion 

= in d ivi du al sou n d p re ssu re  levels, dB 
ൔ 
ഽ෫ 

= sou n d p re ssu re  level,  dB ഽෘ 
= in d ivi du al sou rce sou n d p re ssu re  levels t o a dd ഽൄ෰ ഽ൅෰ഽ෰ 

T he equat ion above can be rewritt en as follows: 

Eq . B - 4 

= in d ivi du al sou rce sou n d p re ssu re  levels t o a dd ഽൄ෰ ഽ൅෰ഽ෰ 
Decibel addit ion can be quickly approximated using Figure B - 2. 

Fi gure B - 2 Gr ap h f or A pp roxi m ate  D ec i bel  Addi t i o n 

FE DE RAL  TRAN SI T ADM I N I STRATI O N 20 2 



 

T R A N SI T N OI S E A N D VI B R A TI O N I M P A C T A S S E S S M E N T M A N U A L 

E x a m pl e B- 1 D e ci b el A d di ti o n –  I d e n ti c al B u s e s 

D e ci b el A d di ti o n 

W h at is t h e c o m bi n e d s o u n d p r ess u r e l e v el of t w o i d e nti c al b us es if t h e n ois e f r o m o n e b us r es ult e d i n a s o u n d 
p r ess u r e l e v el of 7 0 d B? 

Si n c e a d o u bli n g of i d e nti c al s o u n d s o u r c es r es ults i n a 3- d B i n c r e as e: 

E x a m pl e B- 2 D e ci b el A d di ti o n –  T w o S o u r c e s 

D e ci b el A d di ti o n 

W h at is t h e c o m bi n e d s o u n d p r ess u r e l e v el of 6 4 d B a n d 6 0 d B? 

U si n g E q. B- 4: 

U si n g Fi g u r e B- 2: 
T h e x- a xis v al u es r e p r es e nt t h e diff e r e n c e b et w e e n t h e t w o s o u n d l e v els, 6 4 a nd 6 0 d B. T h e diff e r e n c e b et w e e n 
t h e s o u n d l e v els i n t his e x a m pl e is 4. T h e p oi nt o n t h e c u r v e c o r r esp o n di n g t o 4 o n t h e x- a xis is 1. 5. T h e y- a xis 
v al u es r e p r es e nt t h e i n c r e m e nt t h at is a d d e d t o t h e hi g h e r l e v el. 

 

B. 1. 2 F r e q u e n c y

S o u n d is a fl u ct u ati o n of ai r p r ess u r e. T h e n u m b e r of ti m es t h e fl u ct u ati o n o c c u rs i n o n e s e c o n d is c all e d 
its f r e q u e n c y. I n a c o usti cs, fr e q u e n c y is q u a ntifi e d i n c y cl es p e r s e c o n d, o r H e rt z ( H z). T h e h e a ri n g f o r a 
t y pi c al h u m a n c o v e rs t h e f r e q u e n c y r a n g e f r o m 2 0 H z t o 2 0, 0 0 0 H z. 

S o m e s o u n ds, li k e w histl es, a r e ass o ci at e d wit h a si n gl e f r e q u e n c y; t his t y p e of  s o u n d is c all e d a p u r e 
t o n e. H o w e v e r, m ost oft e n, n ois e is m a d e u p of m a n y f r e q u e n ci es, c all e d a s p e ct r u m. A n al y zi n g a n ois e 
s p e ct r u m all o ws f o r i d e ntifi c ati o n of d o mi n a nt f r e q u e n c y r a n g es a n d c a n assist i n i d e ntif yi n g n ois e 
s o u r c es. Oft e n a f r e q u e n c y s p e ct r u m is di vi d e d i nt o st a n d a r di z e d f r e q u e n c y b a n ds f o r a n al ysis. M ost 
c o m m o nl y, t h e f r e q u e n c y b a n ds f o r t r a nsit a n al ys es a r e o ct a v e b a n ds ( w h e r e t h e i nt e r v al b et w e e n t w o 
di visi o ns is a f r e q u e n c y r ati o of 2) a n d o n e-t hi r d o ct a v e b a n ds ( w h e r e t h e i nt e r v al b et w e e n c e nt e r 
f r e q u e n ci es is a r ati o of 1. 2 5).( 7 3) 

If t h e s p e ct r u m ass o ci at e d wit h a t r a nsit n ois e s o u r c e is d o mi n at e d b y m a n y l o w-fr e q u e n c y c o m p o n e nts, 
t h e n ois e will h a v e a c h a r a ct e risti c li k e t h e r u m bl e of t h u n d e r; t his is oft e n ass oci at e d wit h n ois e f r o m a 
s u b w a y. Mi d- r a n g e f r e q u e n ci es a r e of t e n ass o ci at e d wit h w h e el/ r ail n ois e, a n d hi g h f r e q u e n ci es m a y b e 
ass o ci at e d wit h w h e el s q u e al d u e t o s h a r p c u r v es o n a t r a c k. 

T h e s p e ct r u m i n Fi g u r e B- 3 ill ust r at es t h e f ull r a n g e of a c o usti c al f r e q u e n ci e s t h at c a n o c c u r n e a r a 
t r a nsit s yst e m. I n t his e x a m pl e, t h e n ois e s p e ct r u m w as m e as u r e d n e ar a t r ai n o n a n el e v at e d st e el 
st r u ct u r e wit h a s h a r p c u r v e. 
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Fi gure B - 3 Noi se Spec t r u m  of Tra n si t  T rai n o n C ur ve an d El evate d Str uc t ure 

T he human auditory syst em does not respond equally t o all frequencies of sound. For sounds normally 

heard in our environment , low frequencies below 250 Hz and frequencies above 10,000 Hz are generally 

considered less audible t han t he frequencies in bet ween. T his is because our ears are less sensitive in 

t hose areas. T o bett er represent human hearing, frequency response funct ions were developed t o  

charact erize t he way people respond to different frequencies. T hese are referred to as A - , B- , and C-

weight ed curves and represent human audit ory response t o normal, very loud , and ext remely loud 

sound levels, respect ively. Environm ent al noise is general ly considered to be in the normal sound level 

range; and , therefore, t he A- weight ed sound level is considered best t o represent the human response. 

T he A- weight ing curve is shown in Figure B - 4. T his curve illust rat es t hat sounds at 50 Hz would have t o 

be amplified by 30 dB t o be perceived as loud as a sound at 1000 Hz at normal sound levels. 
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Fi gure B - 4 A - We i g ht i ng C urve 

Low frequencies have longer wavelengt hs of sound ( cycles are less frequent) and , conversely, high 

frequencies have short er wavelengt hs ( cycles are more frequent ) . T he size of t he wavelengt h in fee t is 

dependent on frequency and speed of sound as follows: 

Eq . B - 5 

w h er e 

= fr eq u en cy in  c yc les p er  sec on d, H z ൑ 
= w a vele n gt h , f tෲ 
= sp ee d of  sou n d, f t /se cൎ 

T he speed o f sound in air varies wit h temperat ure; but at st andard cond it ions , it is approximately 1000 

ft per second . T herefore, at st andard condit ions , a frequency of 1000 Hz has a wavelengt h of 1 foot and 

a frequency of 50 Hz has a wavelengt h of 20 ft . T he scale o f t hese waves explains, in part , t he reason 

humans perceive sounds of 1000 Hz bet t er t han those of 50 Hz . A wavelengt h of 1 foot is similar to t he 

size of a person’s head ; whereas, a wavelengt h of 20 ft is similar t o dimensions associat ed wit h a house, 

which is why low - frequency sound s ( such as t hose from an idling locom ot ive ) are som et imes not 

at t enuat ed by walls and windo ws of a home. T hese sound s t ransmit indoors with relat ively litt le 

reduct ion in st rengt h. 

B.1.3 Ti me Pattern

T he t hird impo rt ant charact erist ic of noise is its variat ion in t ime. Environment al noise is considered to 

be a combinat ion of all outdo or noise sources. When com bined, sources such as dist ant t raffic, wind in 

t rees, and dist ant indust rial or farming act ivities oft en creat e a low - level b ackground noise in which no 

part icular individual source is ident ifiable. Background noise is oft en relat ively const ant from mo ment t o 

mo ment , but varies slowly over t ime as nat ural forces change or as human act ivity follows it s daily cycle. 

In addit ion t o this low- level, slowly varying background noise, a succession of ident ifiable no isy event s of 

relat ively brief d urat ion may be added. T hese event s may include single - vehicle passbys, aircr aft flyovers, 
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screeching of brakes, and ot her short- t erm event s, wh ich all cause the noise level t o subst ant ially 

fluct uat e from moment to mo ment . 

It is possible to describe t hese fluct uat ing noises in t he environm ent using single - number met rics t o 

allow for manageable measurement s, comput at ions, and impact assessment . T he search for adequat e 

single- number noise met rics has encompassed hundreds of at t it udinal surveys and laboratory 

experiments in addit ion to decades of pract ical experience wit h many alternat ive met rics. 

B.1.4 Nois e Metrics

T he noise met rics referred t o in t his manual are described in t he sect ions below. 

B.1.4. 1 A-wei ghted So und L eve l: The Basic  Noise Unit

T he basic noise unit for t ransit noise is t he A - weight ed sound level and is described in ANSI S1.1 - 1994 

( 49) . It describes t he noise level at t he receiver at any mo me nt in t ime and can be read direct ly from 

noise- monito ring equipment when frequency weight ing is set t o A - weight ing. Figure B - 5 shows examples 

of t ypical A- weight ed sound levels for bot h t ransit and non - t ransit sources, ranging from approximat ely 

30 dBA ( very quiet) to 90 dB A ( very loud) .  

T he unit dB A denot es t he decibel level is A- weight ed. T he lett er " A" indicat es t hat the sound has been 

filt ered to reduce t he st rengt h of very low and very high - frequency sounds t o emulat e t he human 

response t o sound leve ls as described in Appendix B.1.2. T his allows for event s t hat are out of t he range 

of human hearing, such as high - frequency dog whist les and low- frequency seismic dist urbances, to be 

filt ered out . O n average, each A - weight ed sound level increase of 10 dB corresponds to an approximat e 

do ubling of subject ive loudness. 

A- weight ed sound levels are ado pt ed as t he basic noise unit for t ransit noise impact assessment s

because t hey:

 Can be measured easily,

 Approximate t he human ear's sensitivit y t o sound s of d ifferent frequ encies,

 Match at t it udinal - survey t est s of annoyanc e bett er than ot her basic unit s,

 Have been in use since the early 1930s, and

 Are endorsed as t he proper basic unit for environment al noise by most agencies concerned wit h

com munit y noise t hrou ghout t he world.
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Fi gure B - 5 T ypi c al  A - we i ght ed S o un d Le vel s 

B.1.4. 2 Maximum  S ound L eve l ( L m ax ) D uring a Singl e Noi se Eve nt

As a t ransit vehicle approaches, passes by, and t hen recedes into t he dist ance, t he A - weight ed sound 

level rises, reaches a maximum, and t hen fades int o the background noise. T he maximum A - weight ed 

sound level reached during t his passby is called the maximum sound level, ( 49) abbreviat ed here as L m ax . 

L m ax is illust rat ed in Figure B- 6 where t ime is plott ed horizont ally , and A- weighted sound level is plott ed 

vert ically. 

Altho ugh L m ax is com monly used in vehicle- noise specificat ions, xvi it is not used for t ransit environm ent al 

noise impact assessment . L m ax do es not include t he number and durat ion of t ransit event s, which are 

import ant for assessing people's react ion s t o noise. It also cannot be normalized t o a one -hour or 

24- hour cumulat ive measure of impact , and t herefore, is not conducive to com parison among different

t ransportation mod es. For example, cumulat ive noise met rics com monly used in highway noise

assessment s are L eq(1hr) and L 10 , t he noise level exceeded for 10 percent of t he peak hour.

xvi For  n oise comp lian ce test s of  tr an sien t s ou rces , s u ch  as  m ovin g tran sit v eh icles un der  c on tr olled c on dition s with  s mooth 

wh eel an d r ail c on dition s, L m ax is typ ically me asu r ed with  th e sound leve l m eter 's time w ei gh tin g s et to " f ast."  H owev er , f or 

test s of  c on tin u ou s or  s tation ar y tr an sit s ou r ces, it is u su ally mor e ap p r op r iate to u se th e " slow"  s ettin g. Wh en  s et to " slo w," 

sou n d leve l m eter s ign or e some of  th e ver y -tr an sien t f lu ctu ation s, w h ich  ar e n egligib le wh en ass ess in g th e over all n oise leve l. 
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Fi gure B - 6 T ypi c al  T ra nsi t - V ehi c l e Pass by 

B.1.4. 3 So und Expo sure L eve l (SEL ): Expos ure f rom a Single

Nois e Eve nt

Sound exposure level, abbreviat ed here a s SEL, is t he cumulat ive noise exposure from a single noise 

event , normalized t o one second ( 49) . SEL cont ains t he same overall sound energy as t he act ual varying 

sound energy during t he event . It is t he primary met ric for t he measurement of transit vehicl e noise 

emissions and an intermediat e met ric in t he measurement and calculat ion of both L eq(1hr) and L d n . T he SEL 

met ric is A- weight ed and is expressed in t he unit dBA. 

T his concept is illust rat ed in Figure B- 6 and Figure B - 7 where t he shaded regions are t he sound 

exposure during and event . T he example in Figure B- 6 is a t ransit - vehicle passby and Figure B- 7 is an 

example of a fixed-t ransit facility as a t ransit bus is st art ed, warmed up, and t hen driven away. For t his 

event , t he noise exposure is large du e t o durat ion of the event . 

SEL is an A- weight ed cumulat ive measure t hat is referenced to one second . Louder event s have great er 

SELs t han quieter event s, and event s of longer durat ion have great er SELs than shorter event s. This is 

generally consist ent with com munit y response to noise. N oise event s of longer durat ion are considered 

mo re disrupt ive t han events of shorter durat ion wit h equal maximum A - weight ed sound levels. 

Fi gure B - 7 T ypi c al  Fi xe d - Fac i l i t y Noi se E ve nt 

FE DE RAL  TRAN SI T ADM I N I STRATI O N 20 8 



 

T R A N SI T N OI S E A N D VI B R A TI O N I M P A C T A S S E S S M E N T M A N U A L 

C o n c e pt u all y, t h e s o u n d e x p os u r e l e v el c a n b e e x p r ess e d as: 

M at h e m ati c all y, t h e s o u n d e x p os u r e l e v el is c o m p ut e d as f oll o ws: 

E q. B- 6 

w h e r e 

S E L = S o u n d e x p os u r e l e v el, d B A 
= n u m b e r of s a m pl es 

= i n d e x of s u m m ati o n 

= i n di vi d u al A- w ei g ht e d s o u n d l e v el, d B A 

T h e e v e nts s h o w n i n Fi g u r e B- 6 a n d Fi g u r e B- 7 a r e c o m p a r e d g r a p hi c all y i n Fi g u r e B- 8 usi n g a 
l o g a rit h mi c v e rti c al s c al e. T h e s ha d e d z o n es i n t h es e fi g u r es i n di c at e n ois e e x p os u r e o v e r ti m e. T h e 
a ct u al e v e nt s h o ws t h e n ois e e x p os u r e o v e r t h e ti m e of t h e e v e nt, a n d t h e e q ui v al e nt S E L s h o ws t h e 
t ot al n ois e e x p os u r e n o r m ali z e d t o o n e s e c o n d. N ot e t h at e v e nts 1 a n d 2 i n Fi g ur e B- 8 h a v e diff e r e nt 
ti m e p e ri o ds a n d n ois e l e v els t h r o u g h o ut t h e e v e nt, b ut t h e s a m e r es ulti n g S E L. 

S E L is us e d i n t r a nsit n o is e a n al ys es b e c a us e it: 
1.  A c c o u nts f o r b ot h t h e d u r ati o n a n d a m plit u d e of a n e v e nt,
2.  All o ws a u nif o r m ass ess m e nt m et h o d f o r b ot h t r a n sit- v e hi cl e p ass b ys a n d fi x e d-f a cilit y n ois e

e v e nts, a n d
3.  C a n b e us e d t o c al c ul at e t h e o n e- h o u r a n d 2 4- h o u r c u m ul ati v e m et ri cs f o r c o m p aris o n a c r oss

diff e r e nt t r a ns p o rt ati o n m o d es.
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Fi gure B - 8 A n E nerg y V i ew  of N oi se E vent s 

B.1.4. 4 Equiv alent Sound L eve l ( L eq( t) )

T he met ric for cumulat ive noise exposure over a specific t ime interval is t he equivalent sound level ( 49) . 

It is a single d ecibel value that account s for tot al sound energy from all sound levels over a specified t ime 

interval ( or t ime period) . The t ime period associat ed wit h t he equivalent sound level met ric can vary for 

different t ypes of analyses. T his met ric is abbreviat ed as L e q ( t ) , where “t ” is t he durat ion of t he t ime 

period. L e q ( t ) represent s a hypot het ical constant sound level and cont ains t he sa m e  overall sound energy 

as the actual varying sound energy during the time period “t”. For most transit noise analyses, an A -

weight ed, hourly equivalent sound level is used, abbreviat ed here as L eq(1hr) . L eq(1hr) is expressed in t he unit , 

dB A. 

Figure B - 9 shows examples of t ypical unmit igat ed hourly L eq(1hr) 's, bot h for t ransit and non -t ransit sources 

ranging from 40 (quiet) t o 80 dB ( loud) . Not e that t hese L eq(1hr) 's depend upon both t he number of 

event s during t he hour as well as each event 's durat ion, which is affect ed by vehicle speed. For example, 

do ubling t he number of event s during t he hour will increase t he L eq(1hr) by 3 decibels, as will do ubling the 

durat ion of each individual event . 
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Fi gure B - 9 T ypi c al  Ho url y L e q(1 hr) ' s  

An example of sound levels over t ime for a single no ise event such as a t rain passing on nearby t racks is 

illust rat ed in t he top frame of Figure B - 10. As the t rain approaches, passes by, and t hen recedes int o t he 

dist ance, t he A- weight ed sound level rises, reaches a maximum, and t hen fades int o t he background 

noise. The equivalent sound level is shown for t hree different t ime periods Figure B -10. T he area under 

t he curve in this top frame is t he noise t hat reaches t he receiver ( noise exposure) over t his five - minut e 

period. T h e cent er frame of t he figure shows sound levels over t he one - hour period, including t he five -

minut e period from t he top frame. T he area under t he curve represent s t he noise exposure for one 

hour. T he bott om frame shows sound levels over a full 24 - hour period and is discussed in Appendix 

B.1.4.5.
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

Fi gure B - 1 0  E xam pl e A - we i ght ed S ou nd  Level  T i m e Hi st ori e s 

Concept ually, t he equivalent sound level can be expressed as: 
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TRAN SI T N O I SE  AN D VIBRATI O N  IM PACT ASSE SSM E N T M AN UAL 

Mathemat ically, t he equat ion is as follows: 

w h er e 

L e q ( t ) = eq u iva len t  sou n d level of  t i me  p er i od “t”, dB A 

= t ime p er io d, se c  (3 6 0 0  fo r an  h ou rly L eq(1hr) )൅ 
= n u mb er  of  samp les, se c (3 6 0 0  fo r an  h ou rly L eq(1hr) )ി 
= in dex  of  su mm at ion 

= in d ivi du al A - w ei gh t ed sou n d leve l, dB A 
ൔ 
ഽ෫

T he equat ion above can be rewritt en as follows for a one - hour t ime period: 

Eq . B - 7 

w h er e 

35.6 = n u me ric al adju st me n t f or  a t ime p er iod of  1  h ou r (1 0 log 10 (t )) 

T he sound energy is t ot aled over a full hour ( 3600 second s) and is accumulat ed for all noise event s 

during t hat hour. When comput ing t he equivalent sound level for a t ime period ot her than one hour, T 

is mo dified in t he equat ion t o t he durat ion of t he t ime period in seconds. The numerical adjust ment 

( 35.6) account s for t ime period of interest , in t his case, one hour. 

An alternat e way for comput ing L eq(1hr) for a series of t ransit - noise event s using sound exposure levels can 

be expressed conceptually as follows: 

ശ൙൐൝൒൤⁡ൄൠ൘⁡൚൑⁡
⁡ഽ෧ෳ(ං൓) ൛ ංඁൗ൚൒ൄൃ( ൌൗൗ⁡ൄശഽ൞ 

) ൕ ඄ආෳඇ 

Mathemat ically, t he equat ion is as follows: 
ූ 

⁡∑ ංඁ(ෛ෍ු෣ඳൄൃഽ෧ෳ(ൟ) ൛ ංඁൗ൚൒ൄൃ(
ං )) Eq . B - 8൅ 

෫൏ൄ 

w h er e 

L e q ( t ) = eq u iva len t  sou n d level of  t i me  p er iod “t”, dB A 

= t ime p er io d, se c  (3 6 0 0  fo r an  h ou rly L eq(1hr) )൅ 
= n u mb er  of  samp le, se c (3 6 0 0  fo r an  h ou rly L eq(1hr) )ി 
= in dex  of  su mm at ion ൔ 
= in d ivi du al sou n d ex p osu re  level, dB A ൄശഽ 

Hourly L eq(1hr) is adopt ed as t he measure of cumulat iv e noise impact for non- residential land uses (t hose 

not involving sleep) because L eq(1hr) : 

 Correlat es well wit h speech interference in conversat ion and on the t elephone – as well as

interrupt ion of TV , radio , and music enjoyment ;

 Increases wit h the durat ion of t ransit event s;

 Account s for t he number of t ransit event s over the hour, which is also import ant t o people's

react ion s; and
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T R A N SI T N OI S E A N D VI B R A TI O N I M P A C T A S S E S S M E N T M A N U A L 

Is us e d b y t h e F e d e r al Hi g h w a y A d mi nist r ati o n i n ass essi n g hi g h w a y-t r affi c n ois e i m p a ct.( T h us,
t his n ois e m et ri c c a n b e us e d f o r di r e ctl y c om p a ri n g a n d c o nt r asti n g hi g h w a y, t r a nsit, a n d
m ulti m o d al alt e r n ati v es).

B. 1. 4. 5 D a y- Ni g ht S o u n d L e v el ( L d n ): 2 4- H o u r E x p os u r e f r o m

All E v e nts

T h e m et ri c f o r c u m ul ati v e 2 4- h o u r e x p os u r e is t h e D a y- Ni g ht S o u n d L e v el, ( 4 9) a b b r e vi at e d h e r e as L d n . 
It is a si n gl e, A- w ei g ht e d d e ci b el v al u e t h at a c c o u nts f or t ot al s o u n d e n e r g y f r o m all s o u n d s o u r c es o v e r
2 4 h o u rs a n d is e x p r ess e d i n t h e u nit, d B A. E v e nts b et w e e n 1 0 p. m. a n d 7 a. m. a r e i n c r e as e d b y 1 0 d B t o
a c c o u nt f o r p e o pl e’s g r e at er ni g htti m e s e ns iti vit y t o n ois e. 

Fi g u r e B- 1 1 s h o ws e x a m pl es of t y pi c al L d n ' s, b ot h f o r t r a nsit a n d n o n-t ra nsit s o u r c es, r a n gi n g f r o m 5 0 t o
8 0 d B, w h e r e 5 0 is c o nsi d er e d a q ui et 2 4- h o u r p e ri o d a n d 8 0 a l o u d 2 4- h o u r p e ri o d. N ot e t h at t h es e
L d n ' s d e p e n d u p o n t h e n u m b e r of e v e nts d u ri n g d a y a n d nig ht s e p a r at el y, i n cl u di n g e a c h e v e nt's d u r ati o n, 
w hi c h is aff e ct e d b y v e hi cl e s p e e d.

Fi g u r e B- 1 1 T y pi c al L d n ' s 

A n e x a m pl e of s o u n d l e v el v a ri ati o n o v e r 2 4 h o u rs is vi s u ali z e d i n t h e b ott o m f r a m e of Fi g u r e B- 1 0. T h e 
a r e a u n d e r t h e c u r v e r e p r es e nts t h e r e c ei v e r's n ois e e x p os u r e o v e r t h e 2 4 h o u rs. N ot e t h at s o m e 
v e hi cl e p ass b ys o c c u r at ni g ht, w h e n t h e b a c k g r o u n d  n ois e is t y pi c all y l o w e r a n d t h e 1 0 d B a dj ust m e nt is 
a p pli e d. 

C o n c e pt u all y, t h e d a y- ni g ht l e v el c a n b e e x p r ess e d as: 
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ശ൙൐൝൒൤⁡൞ൠ൘⁡൚൑⁡ ശ൙൐൝൒൤⁡൞ൠ൘⁡൚൑⁡ 
ഽ෦෰ ൛ ංඁൗ൚൒ൄൃ( )) ൕ ං඄ෳඉൔ⁡(൙෣෦෬෰෰ ෪ 

൏ൌ൤ൟൔ൘൐෰ ൓൚ൠ൝ൗ൤⁡ഽ൐൜൞ ൙ൔ൒൓ൟൟൔ൘൐෰ ൓൚ൠ൝ൗ൤⁡ഽ൐൜൞  

Mathemat ically, t he e quat ion is as follows: 

Eq . B - 9

w h er e 

= cu mu l at ive 2 4 - h ou r e x p osure  (da y - n igh t  sou n d leve l), dB Aഽ෦෰
= t ime p er io d du rin g t h e d a yt i me , b et w ee n  7 a.m. an d 1 0 p .m. se c (5 4 ,0 0 0 ) ൅෦

ി  = n u mb er  of  samp les du rin g t h e dayt i me  (5 4 ,0 0 0 ) 
= in dex  of  su mm at ion 

= t ime in t er v al of me asu re me n t s in  secon ds (1 ) 
ൔ 
ൟ෫
= in d ivi du al A - w ei gh t ed sou n d leve l du rin g t h e d a yt ime, dB A ഽ෦෰෫
= t ime p er io d du rin g t h e n igh t t ime, b et w ee n  1 0 p .m. an d 7  p .m. se c (3 2 ,4 0 0 ) ൅෰

ാ  = n u mb er  of  samp les du rin g t h e n igh t t ime (3 2 ,4 0 0 ) 
= in dex  of  su mm at ion 

= t ime in t er v al of me asu re me n t s, sec (1 ) 
ൕ 
ൟ෬
= in d ivi du al A - w ei gh t ed sou n d leve l du rin g t h e n igh t t ime,  d B A ഽ෰෰෬
= n igh t t ime n oise adju st me n t (1 0  dB ) ൙෣෦෬෰෰

T he equat ion above can be rewritt en as follows: 

T he sound energy is t ot aled over a full 24 hours , and t he sound energy is accumulat ed from all noise 

event s during t hat t ime period. T he numerical adjustment ( 49.4) account s for t ime period of interest , in 

t his case, 24 hours. 

An alternat ive way of comput ing L d n  from twenty-four hourly L eq(1hr) 's can be expressed conceptually as 

follows: 

ശ൙൐൝൒൤⁡൞ൠ൘⁡൚൑⁡ ശ൙൐൝൒൤⁡൞ൠ൘⁡൚൑⁡ 
)ൔ (൙෣෦෬෰෰ ෪൏ൌ൤ൟൔ൘൐෰ ൓൚ൠ൝ൗ൤⁡ഽ൐൜൞ ൙ൔ൒൓ൟൟൔ൘൐෰ ൓൚ൠ൝ൗ൤⁡ഽ൐൜൞

ഽ෦෰ ൛ ංඁൗ൚൒ൄൃ( )
൅ൔ൘൐⁡൛൐൝ൔ൚൏⁡(൞൐ൎ൚൙൏൞) 

T he equat ion above can be rewritt en as: 

ശ൙൐൝൒൤⁡൞ൠ൘⁡൚൑⁡ ശ൙൐൝൒൤⁡൞ൠ൘⁡൚൑⁡ 
)ൔ (൙෣෦෬෰෰ ෪൏ൌ൤ൟൔ൘൐෰ ൓൚ൠ൝ൗ൤⁡ഽ൐൜൞ ൙ൔ൒൓ൟൟൔ൘൐෰ ൓൚ൠ൝ൗ൤⁡ഽ൐൜൞

ഽ෦෰ ൛ ංඁൗ൚൒ൄൃ( )
ඉඇඅඁඁ
( )඄ඇඁඁ 

T he equat ion above can be reduced furt her and rewrit t en as: 

Eq . B - 1 0
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L d n d u e t o a s e ri es of t r a nsit- n ois e e v e nts c a n als o b e c o m p ut e d i n t e r ms of S E L. T h e e q u ati o n b el o w 
ass u m es t h at t r a nsit n ois e d o mi n at es t h e 2 4- h o u r n ois e e n vi r o n m e nt, w h e r e ni g htti m e S E Ls a r e 
i n c r e as e d b y 1 0 d B b ef o r e t ot ali n g: 

E q. B- 1 1

L d n i s a d o pt e d as t h e m e as u r e of c u m ul ati v e n ois e i m p a ct f o r r esi d e nti al l a n d us es (t h os e i n v ol vi n g sl e e p), 
b e c a us e it: 

C o r r el at es w ell wit h t h e r es ults of atti t u di n al s u r v e ys of r esi d e nti al n ois e i m p a ct
I n c r e as es wit h t h e d u r ati o n of t r a nsit e v e nts
A c c o u nts f o r t h e n u m b e r of t r a nsit e v e nts o v e r t h e f ull t w e nt y-f o u r h o u rs
A c c o u nts f o r t h e i n c r e as e d s e ns iti vit y t o n ois e at ni g ht, w h e n m ost p e o pl e a r e asl e e p
All o ws c o m p osit e m e as u r e m e nts t o c a pt u r e all s o u r c es of c o m m u nit y n ois e c o m bi n e d
All o w q u a ntit ati v e c o m p a ris o n of t r a nsit n ois e wit h ot h e r c o m m u nit y n ois es
Is t h e d esi g n at e d m et ri c of c h oi c e of ot h e r F ed e r al a g e n ci es ( e. g., H U D, F A A, a n d E P A) a n d h as
wi d e i nt e r n ati o n al a c c e pt a n c e
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App endix C: Backgroun d for Transit Noise Imp act 

Criteria 

T he noise criteria present ed in Sect ion 4.1 of t his manual have been developed based on well -

do cument ed criteria and research on human response t o com munity noise. T he primary goals in 

developing t he noise criteria were to ensure t hat t he impact limit s are firmly fo unded in scientific 

st udies, realist ically based on noise levels associat ed wit h new t ransit project s, and represent a 

reasonable balance bet ween communit y benefit and project costs. T his appendix provides background 

information on t he development of t hese criteria. 

C.1 Re lev ant L iterature

T he following is an annot ated list of t he do cument s t hat are part icularly relevant t o t he noise impact 

criteria: 

1. U . S . EPA ’s "Lev els Do cu men t ” ( 74 ) 

T his report ident ifies noise levels consist ent wit h t he prot ect ion of public health and welfare

against hearing loss, annoyance, and act ivity int erference. It has been used as t he basis of

numerous com munity noise st andards and ordinances.

2. Co mmittee o n H ea rin g, Bioacou stics and Bio mech an ics ( CHABA ) Workin g Gro up

69 , "Gu idel in es fo r Prep arin g En viro n men tal Impa ct S tatemen ts on N o ise ” ( 75 ) 

T his report was t he result of deliberat ions by a group of leading acoustical scientist s wit h t he

goal o f developing a uniform nat ional met hod for noise impact assessment . Although t he

CHABA's propo sed approach has not been ado pt ed, the report serves as an excellent resource

do cument ing research in noise effect s. It provides a strong scientific basis for quant ifying impact s

in t erms of L d n .

3. American Pub lic Tran sp o rtatio n Associatio n (APTA) Gu id elin es fo r De sign o f Rap id

Tran sit F acilities ( 76 ) 

T he noise and vibrat ion sect ions of t he APT A Guidelines have been used successfully in the past

for t he design of rail t ransit facilities. T he APT A Guidelines include criteria for accept able

com munit y noise and v ibrat ion. Experience has shown t hat meet ing t he APT A Guidelines will

usually result in accept able noise levels ; but t he met ric used in the APT A Guidelines is not

appropriat e for environm ent al assessment purpose s.

T he APT A Guidelines criteria are in t erms of L m ax for conventio nal RRT vehicles, and t hey 

cannot be used t o com pare amo ng different mod es of t ransit. Since t he APT A Guidelines are 

expressed in t erms of maximum passby noise, t hey are not sensitive to t he frequency or 

durat ion of noise event s for t r ansit mod es ot her t han conventio nal RRT operat ions wit h 5 t o 10 

minut e headways. T herefore, t he APT A criteria are quest ionable for assessing t he noise impact 

of ot her t ransit mo des t hat differ from convent ional rapid t ransit wit h respect t o source 

emission levels and operat ing charact erist ics ( e.g., commut er rail, AGT , and a variety of bus 

project s) . 

4. S yn th esis of S o cial Su rvey s o n No ise An no yan ce ( 77 ) 

In 1978, Theodore J. Schultz, an internat ionally known acoustical scientist , synt hesized t he

results o f a large number of social surveys concerning annoyance due to t ransport at ion noise. A

group of these surveys were r emarkably consist ent , and t he aut hor propo sed t hat t heir average
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results be t aken as t he best available predict ion of t ransportatio n noise annoya nce. T his 

synt hesis has received essent ially unanimous accept ance by acoust ical scientist s and engineers. 

T he " universal" t ransportation response curve developed by Schultz ( Figure 3- 7) shows t hat t he 

percent of t he population highly annoyed by t ransporta t ion noise increases from zero at an L d n

of approximat ely 50 dB A to 100 % when L d n  is approximately 90 dBA. Most import ant ly, t his 

curve indicat es that for t he same increase in L d n , t here is a great er increase in the number of 

people highly annoyed at high noise levels t han at low noise levels. For example, a 5 dB increase 

at low ambient levels ( 40 - 50 dB) has less impact t han at higher ambient levels ( 65 - 75 dB ) . A 

recent updat e of t he original research cont aining several railroad, t ransit , and st reet t ra ffic noise 

surveys, confirm ing t he shape of t he original Schultz curve ( 12) . 

5. H UD ’s S tan d ard s ( 19) 

HUD has developed noise st andards, criteria , and guidelines t o ensure t hat housing project s

supported by HUD achieve t he goal of a suitable living environm en t . T he HUD accept ability

st andards define 65 dB ( L d n ) as t he t hreshold for a normally unaccept able living environm ent

( mo derat e impact for FT A) and 75 dB ( L d n ) as the t hreshold for an unaccept able living

environm ent ( severe impact for FT A) .

C.2 Basis  for Nois e I mpac t Criteria Curves

T he lower curve in Figure 4- 2 represent s t he onset of m oderat e impact and is based on t he following 

considerat ions: 

 T he EPA finding t hat a communit y noise level of L d n  less t han or equal to 55 dBA is " requisite t o

prot ect public h ealth and welfare wit h an adequat e margin of safet y." ( 72) 

 T he conclusion by EPA and others t hat a 5 dB increase in L d n  or L e q( 1hr) is the minimum required

for a change in com munity react ion.

 T he research conclud es t hat there are very few people highly anno yed when t he L d n  is 50 dB A,

and t hat an increase in L d n  from 50 dB A to 55 dBA results in an average of 2% more people

highly annoyed ( Figure 3- 7).

T he increase in noise level from an exist ing ambient level o f 50 dB A t o a cumulat ive level o f 55 dB A 

because o f  a project is found to cause minimal impact , wit h 2% of people highly annoyed , as described in 

t he bullet s above. T his is considered t he lowest t hreshold where impact st art s to occur. T herefore, for 

an exist ing ambient noise level o f 50 dB A, t he curve represent ing the onset of moderat e impact is at 53 

dB A , the combinat ion of which yields a cumulat ive level o f 55 dB A by decibel additio n . T he remainder of 

t he lower curve in Figure 4- 2 was det ermined from t he annoyance curve ( Figure 3- 7) by allowing a fixed 

2% increase in annoyance at ot her levels of exist ing ambient noise. As cumulat ive noise increases, t he 

increment t o att ain the same 2% increase in highly annoyed people is smaller. While it t akes a 5 - dB 

noise increase to cause a 2% increase in highly anno yed people at an exist ing ambient noise level of 50 

dB , an increase of only 1 dB causes a 2% increase of highly annoyed people at an exist ing ambient noise 

level o f 70 dB A. 

T he upper curve in Figure 4- 2 represent s t he onset of severe impact based on a tot al noise level , 

correspond ing to a higher degree of impact . T he severe noise impact curve is based on t he following 

considerat ions: 

 HUD d efines an L d n  of 65 as t he onset of a normally unaccept able noise zone (mod erat e impact

for FT A) in its environm ent al noise st andards ( 19) . FAA considers t hat resident ial land uses are

not com pat ible wit h noise environm ent s where L d n  is great er t han 65 dB A ( 20) .
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 An increase of 5 dB in L d n  or L e q ( t) is commonly assumed as the minimum required increase for a

change in commu nit y react ion.

 T he research concludes t hat an increase of 5 dB in L dn or L e q( t) represent s a 6.5% increase in t he

number of people highly annoyed ( Figure 3-7) .

T he increase in noise level from an exist ing ambient level o f 60 dB A t o a cumulat ive level o f 6 5 dB A 

caused by a project represent s a change from an accept able noise environment to the t hreshold of an 

unaccept able noise environment . T his is considered t he level at which severe impact st art s t o occur 

wit h a 6.5% increase in t he number of people highl y annoyed as described in t he bullet s above. 

T herefore, for an exist ing ambient noise level of 60 dBA, t he curve represent ing the onset of severe 

impact is at 63 dBA , the combinat ion of which yields a cumulat ive level o f 65 dBA by decibel addit ion . 

T he rem ainder of t he upper curve in Figure 4- 2 was det ermined from t he annoyance curve ( Figure 3- 7) 

by allowing a fixed increase of t he 6.5% increase in annoyance at all exist ing ambient noise levels. 

Bo t h curves incorporat e a maximum limit for t he t ransit proje ct noise in noise - sensitive areas. 

Independent of exist ing noise levels, m o derate impact for land use cat egories 1 and 2 is considered to 

occur whenever t he t ransit L d n  equals or exceeds 65 dBA, and severe impact occurs whenever t he 

t ransit L d n  equals or exceeds 75 dB A. T hese absolut e limit s are intended to rest rict act ivity int erference 

caused by t he t ransit project alone. 

Bo t h curves also incorporat e a maximum limit for cumulat ive noise increase at low exist ing noise levels 

( below approximat ely 45 dBA). T his is a conservat ive limit that reflect s the lack of social survey data on 

people's react ion s t o noise at such low ambient levels. Like t he FHWA approach in assessing t he relat ive 

impact of a highway project , the t ransit noise criteria include limit s on noise incre ase of 10 dB and 15 dB 

for moderat e impact and severe i mpact , respect ively, relat ive t o t he exist ing noise level. 

N ot e that due t o the t ypes of land use included in category 3, t he criteria allow the project noise for 

cat egory 3 sites to be 5 d B great er t han for cat egory 1 and cat egory 2 sites. T his difference is reflect ed 

by t he offset in t he vert ical scale o n t he right side of Figure 4- 2. Aside from act ive parks, which are 

clearly less sensitive t o noise t han cat egory 1 and 2 sites, cat egory 3 sites include primarily indoo r 

act ivities. T herefore, t he criteria account for som e noise reduct ion from the building st ruct ure. 

C.3 Equations f or Nois e I mpac t Criteria Curves

T he equat ions for t he noise impact criteria curves shown in Figure 4- 2 are include d in t his sect ion. 

T hese equat ions may be useful when performing t he noise assessment met hod ology using spreadsheets, 

com put er programs, or other analysis t oo ls. O therwise, such mathemat ical det ail is generally not 

necessary t o implement the criteria, and direct use of Figure 4- 2 is adequat e and less t ime- consuming. 

A t ot al of four cont inuous curves are included in t he criteria, creat ing t w o t hreshold curves for 

m od erat e and severe impact for cat egory 1 and 2 , and t wo curves for cat egory 3 ( S ee T able C -1) . Not e 

t hat for each level of impact , the overall curves for categories 1 and 2 are offset by 5 dB from cat egory 

3. While each curve is graphically cont inuous, each one is defined by a set of three discret e equat ions.

T hese equat ions are approximat ely cont i nuous at the t ransitio n point s . T he following is a description of

t he t hree equat ions:

 T he first equat ion in each set is a linear relat ionship, represent ing the portion of t he curve in

which t he exist ing noise exposure is low , and t he allowable increase is limit ed t o 10 dB and 15

dB for mod erat e impact and severe i mpact , respect ively.
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T hres h ol d o f M o derate  I m pac t 

Category 1 and 2 

ංංෳඅආඁ ൔ ඁෳඊආ඄ഽ෍ ෰⁡ ഽ෍ ൞ අඃ 
൅ഽෲ ൛ െ෰ඈංෳඇඇඃ ൕ ංෳංඇඅഽ෍ ൔ ඁෳඁංඉഽ෍ ൕ අෳඁඉඉ⁡ ൗ ංඁൎൈഽ෍ අඃ ൠ ഽ෍ ൠ ඈං 

ඇආ෰ ⁡ഽ෍ ൟ ඈං 

Category 3 

ංඇෳඅආඁ ൔ ඁෳඊආ඄ഽ෍෰ ഽ෍ ൞ අඃ 
൅ഽෲ ൛ െ෰ඈඇෳඇඇඃ ൕ ංෳංඇඅഽ෍ ൔ ඁෳඁංඉഽ෍ ൕ අෳඁඉඉ⁡ ൗ ංඁൎൈഽ෍ අඃ ൠ ഽ෍ ൠ ඈං 

ඈඁ෰ ⁡ഽ෍ ൟ ඈං 

E q.  C - 1 2  

E q.  C - 1 3  

T hres h ol d o f Se vere I m pa c t 

Category 1 and 2 

ංඈෳ඄ඃඃ ൔ ඁෳඊඅඁഽ෍ ෰ ഽ෍ ൞ අඅ 
ഽෲ ൛ െ෰ඊඇෳඈඃආ ൕ ංෳඊඊඃഽ෍ ൔ ඄ෳඁඃ ൗ ංඁൎ൅ഽ෍ 

൅ ൕ ංෳඁඅ඄⁡ ൗ ංඁൎേഽ෍ ⁡ අඅ ൠ ഽ෍ ൠ ඈඈ 
ඈආ෰ ⁡ഽ෍ ൟ ඈඈ 

Category 3 

ඃඃෳ඄ඃඃ ൔ ඁෳඊඅඁഽ෍ ෰ ഽ෍ ൞ අඅ 
ഽෲ ൛ ංඁංෳඈඃආ ൕ ංෳඊඊඃഽ෍ ൔ ඄ෳඁඃ ൗ ංඁൎ൅ഽ෍ 

൅ ൕ ංෳඁඅ඄⁡ ൗ ංඁൎേഽ෍ 
െ෰⁡ අඅ ൠ ഽ෍ ൠ ඈඈ 

ඉඁ෰ ⁡ഽ෍ ൟ ඈඈ 

E q.  C - 1 4  

E q.  C - 1 5  

 

   

   
 

 

 

  

 T he second equat ion in each set represent s the impact t hreshold over t he range of exist ing

noise exposure for which a fixed percent age of increase in annoyance is allowed, as described in

Appendix C.2 . T his curve is a t hird- order, polynomial approximation derived from t he Schult z

curve ( 75) and covers t he range of noise exposure encount ered in mo st populated areas . T his

curve is used for det ermining noise impact in most cases for t ransit project s.

 T h e t hird equat ion represent s the absolut e limit of project noise imposed by t he criteria for

areas wit h high exist in g noise exposure. For land use cat egory 1 and 2, the absolut e limit is 65

dB A for mod erat e i mpact and 70 dB A f or severe impact . For land use cat egory 3, t he absolut e

limit is 75 dBA for mod erate impact and 80 dB A for severe impact .

T abl e C - 1 T h res hol d  of M oder ate  an d Severe I m pa c t s 

ഽ෍ = th e ex istin g n oise exp osu r e in  ter ms  of  L dn or  L eq(1hr) 

ഽෲ =  t h e p r oject  n o ise exp osu r e wh ich  deter min es imp act in  ter ms  of L dn or  L eq(1hr) ) 
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App endix D: Clu stering Receivers of In terest 

T his appendix supplement s t he informat ion in Sect ion 4.5 o n  clust ering receivers of int erest . 

T he general approach t o select ing noise - se nsit ive receivers in t he st udy area is included in Sect ion 4.5, 

Step 1 . General guidelines are as follows: 

 Select the following t ypes of receivers t o evaluat e individually:

 Every major noise - sensitive public building

 Every isolated residence

 Every relat ively small out doo r noise - sensitive area

 R esidential neighborhoo ds and relat ively large out door noise - sensiti ve areas can oft en be

clust ered and represent ed by a single receiver.

Clust ering similar receivers reduces the number of comput at ions needed lat er, especially for large - scale 

project s where a great er number of noise - sensitive sites may be affect ed. F or t his approach t o be 

effect ive, it is essent ial t hat t he represent at ive receiver accurat ely represent s t he noise environment of 

t he clust er. 

T he major st eps in clust ering receivers include: 

1. First , clust er receivers according to approximately equal exposure t o the primary project noise

source. T hese areas t ypically run parallel to a linear project or circle major st at ionary sources

relat ive t o t he propo sed project .

2. Next , clust er receivers according to major sources of ambient noise . These areas t ypically run

parallel t o or encircle major sources of ambient noise .

3. T hen, clust er receivers according to changes in t he project layout or operat ions along t he

corridor.

4. Finally, select a represent ative receiver for each cluster.

T he major steps are expanded below and include instruct ions on how t o draw clust er boundaries on a 

map. 

1. Boun daries alon g the propo sed p ro ject – Draw clust er boundaries along t he propo sed project

as described below to separat e clust ers base d  on dist ance from t he project . Draw t hese clust er

bound aries for t he project sources list ed as major in T able 4- 19.

With in bo th resid en tial and no ise- sen sitive ou td oo r a rea s:

 Primary p roject so u rce

Draw clust er boundaries at t he following dist ances from t he near edge of t he primary

project source: 0 ft , 50 ft , 100 ft , 200 ft , 400 ft , and 800 ft . For linear source s, such as a rail

line, d raw these bound aries as lines parallel to t he propo sed RO W line. For stationary

sources, draw t hese boundaries as approximate circles around t he source, start ing at t he

propert y line.

Do not extend boundaries beyond t he noise st udy area, identified in t he Noise Screening

Procedure in Sect ion 4.3 or t he General Noise Assessment of Sect ion 4.4.
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 Remain ing p roject so u rces – R epeat t he process for t he primary project source for all ot her

project list ed as major in Table 4- 19, such as subst at ions and crossing signals. If several project

sources are locat ed approximat ely together, only consider one source, since t he ot hers would

prod uce approximat ely t he same bound ary .

It is goo d pract ice t o opt imize t he number of clust ers for a project t o simplify the procedure. 

Wh ere rows o f bu ildin gs p arall el the tran sit co rrido r: 

 Ensure t hat clust er boundaries fall bet ween the following rows of buildings, counting back

away from t he propo sed project :

 Bet ween rows 1 and 2

 Bet ween rows 2 and 3

 Bet ween rows 3 and 4

 Add clust e r boundaries between these rows if not already included.

2. Boun daries alon g sou rces of amb ien t no ise – Draw clust er boundaries along all major sources

of ambient noise based upon dist ance from t hese sources , as described below .

 Draw clust er boundaries a long all int erst at es and major roadway art erials at t he following

dist ances from t he near edge of t he roadway: 0 ft , 100 ft , 200 ft , and 500 ft .

 Draw clust er boundaries a long all ot her roadways that have st at e or count y numbering at 0 ft

and 100 ft from the near edge o f t he roadway.

 For all major indust rial sources of no ise, d raw clust er bound aries that encircle t he source at the

following dist ances from the near propert y line of t he source: 0 ft , 100 ft , 200 ft , and 400 ft .

3. Boun daries b ased on chan ges in p roject layo u t o r op eration s – Furt her subdivision is

needed t o account for changes in project noise where propo sed project layout or o perat ing

cond itions change considerably along t he corridor. Draw a clust er bound ary perpendicular t o t he

corridor ext ending st raight out ward to both sides at the following locat ions:

 Where parallel t racks previously separat ed by more than approximat ely 100 ft are mo ved closer

t ogether

 Approximately where speed and/or thrott le are reduced when approaching st at ions and where

st eady service speed is r eached aft er depart ing st at ions

 Approximately 200 ft up and down t he line from grade crossing bells

 At t ransitions from joint ed t o welded rail

 At t ransitions from one t ype of cross sect ion to anot her including on st ruct ure, on fill, at - grade

and in cut

 At t ransitions from open terrain t o heavily wooded terrain

 At t ransitions bet ween areas free of locomo t ive horn noise and areas subject t o this noise

source

 Any ot her posit ions along the line where project noise is expect ed t o change considerably, such

as up and down t he line from t ight cur ves where wheels may squeal

4. S election o f a rep resen tative receive r from ea ch clu ster – Det ermine a represent at ive

receiver for each clust er bound ary drawn in t he st eps above.

 Resid en tial clu sters

Select a represent at ive receiver wit hin t he clust er at the house closest t o the propo sed project .

If t his receiver is not the clear choice, select t he receiver furt hest from major sources of

ambient noise.

 O u td oo r n o ise - sen sitive clu sters (e. g., u rban park o r amp hith eater)
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Select a represent at ive receiver wit hin t he clust er at the closest point of act ive noise - sensitive 

use. If t his receiver is not  the clear choice, select t he receiver fart her from major sources of 

ambient noise. 

No t e that som e clust ers may fall bet ween areas with receivers of interest . T his could occur when 

operat ional changes or t rack layout s change in an open , undeveloped area. R et ain t hese clust ers. Do not 

merge t hem wit h adjacent  clust ers. D o not select a represent at ive receiver of interest from t hem. 

Example D -1 Cluste ring Re ce ive rs 

Re c ei vers of Inte re st  a nd Cl ust eri ng  Rec ei ver s 

I n  t h is h yp ot h et ical s itu at ion , a n ew  rai l t ran s it lin e, lab ele d "n ew  rail lin e " in Figu re D - 1 , i s p ro p ose d alon g a m ajor 

u rb an  st re et  w ith  comme rcia l  lan d u se . A re si den t ial are a is  locat e d a dj acen t  t o t h e com me r ci al st rip , l o cat e d 

ap p ro x imat ely on e - h alf b lo ck f ro m t h e p ro p ose d t ran sit ali g n me n t . A ma jor art er i al, lab el ed "h i gh w ay ," cro sse s t h e 

ali gn me n t . 

Cl ust er Rec ei vers Al ong  the P ri m ary Pr oj ec t  So urc e 

Primary Project Source 

Th e p rimary  p ro ject  sou rce in  t h is ex amp le is t h e n ew  rail li n e . B ou n daries are  fir st  draw n at  dist an ces  of  0 f t  f ro m 

t h e r igh t - o f - w ay lin e ( ed ge o f  t h e st re et  in  t h is ex amp le) , 5 0 f t , 1 0 0 f t , 20 0 f t , 4 00 f t , an d 8 0 0 f t , ( Figu re  D - 1 ) . 

Distan ces are  l ab ele d at  t h e t op  of  t h e f igu re . 

Th is is p ro p ose d t o b e a con s t an t  sp ee d section  of  t rack,  so  t h er e are  n o ch an ges  in  b ou n daries du e t o ch an ges  in 

op er at ion s alon g t h e corr idor . Mo re over, n o o t h er  p ro ject sou rces are  sh ow n  h er e, b u t if t h er e h ad b ee n  a st at ion 

w ith  a p ark in g lot , lin es  w ou ld  h ave b ee n  dra w n  en velo p in g t h e st at ion  site  at  t h e sp ecif ied dist an ces  fr om t h e 

p ro p er t y lin e. 

Rows of Buildings Parallel to the Transit Corridor 

Th is ex amp le in c lu des ro w s o f  b u ildin gs p ar alle l t o t h e t ran sit corr idor . Th e f irst  set  of b o u n dary l in es  sat isfies t h e 

r eq u ireme n t  t h at  clu st er  b oundaries f all  b et w ee n  row s 1  an d 2 , an d  b et w ee n  row s 2  an d 3 , b u t  t h er e is n o lin e 

b et w ee n  row s 4  an d 5 . Co n se q u en t ly, a clu st er  b ou n dary  la b el ed "R " at  t h e t op  of  t h e f ig u re h as b ee n  draw n 

b et w ee n  th e 4 t h  an d 5 t h  row of  b u ildin gs . 

Cl ust er Rec ei vers Al ong  the P ri m ary Pr oj ec t  So urc e 

Th e r oadw ay art er ia l (l ab ele d "h igh w a y") is th e o n ly m ajor s ou rce of  amb ien t  n oise  sh ow n . 

C lu st er  b ou n daries are  dr aw n  at  0 f t , 1 0 0 f t , 2 0 0 ft an d 5 0 0 f t  f ro m t h e n ear edge o f  t h e r oadw ay on b ot h  side s. 

Th es e lin es  are  sh ow n  w ith  di st an ces  l ab ele d at  t h e side o f  t h e f igu re . 

Sel ec t  a Repre sentat i ve R ec ei ver from  Eac h Cl u st er 

Rep re se n t at ive r ecei ver s are  s h ow n  as filled cir cles in F igu re  D - 1 . No t e t h at  t h e r eceiver s lab e le d with “REC” are 

p rimaril y fo r u se  in Ap p en dix E . 

L ocat e r ecei ver , "R E C  3 ". No t e t h at  t h is clu st er  is loc at ed at  t h e o u t er  edge o f  in f lu en ce f ro m t h e major so u rce 

("h igh w a y") w h er e lo cal  st re et  t raf f ic is  t h e domin an t  sou rce  fo r amb ien t  n oise (in  p ract i ce , t h is w ou ld b e verif ie d 

b y a m e asu re me n t ) . 

"R E C  3 " is ch ose n  t o re p re se n t  t h is clu st er  b ecau se  it  is am on g t h e h ou se s close st  t o t h e p ro p ose d p ro ject  sou rce 

in  t h is clu st er  an d it is in  t h e midd le of  t h e b lock af f ect e d b y t h e domin an t  lo ca l st re et . A mb ien t  n oise  levels at  on e 

en d of t h e clu st er  may  b e in f lu en ced more  b y t h e h igh w a y an d t h e o t h er  en d may  b e af f ect ed more  b y t h e cro ss 

st re et , b u t  t he majorit y of  t h e  clu st er  w ou ld b e r ep re se n t ed b y re cei ver  site  " R E C  3 ." 
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Fi gure D - 1 E xam pl e of Re c ei ver Ma p S howi ng Cl u st er Bo un da ri es 
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Appendix E: Determining Existi ng Noise  
Different opt ions of det ermining exist ing noise , including full measurement , comput at ion from part ial 

measurement s, and t abular loo k- up, are described in Sect ion 4.5, St ep 5 . T his appendix provides 

addit ional det ails associat ed wit h each met hod and examples of when each met hod could be used. 

Addit ional det ails on t he met hod s for est imat ing exist ing noise are provided below: 

O p tio n 1: L eq(1h r) measuremen t (no n- resid en tial) – Full one -hour measurement s are 

recom mend ed t o det ermine exist ing noise for non - residential receivers of interest . T hese 

measurement s are preferred over all other opt ions and will accurat ely represent t he L e q( 1hr) . T he 

following procedures apply t o these full-durat ion measurement s: 

 Measure L e q( 1 hr) at t he receiver of int erest during a t ypical hour of use on t wo non - successive

days. Cho ose t he hour in which maximum project act ivity will occur. T he L e q( 1hr) will be

accurat ely represent ed using t his met hod . T ypically , measuring bet ween noo n Mo nday a nd noon

Friday is recom mended , but weekend days may be more appropriat e for places of worship.

 Po sitio n t he measurement micropho ne for all sites as shown in Figure 4-19, considering relat ive

orient at ion of project and ambient sources. Po sition the microphone in a locat ion t hat is

som ewhat shielded from t he ambient source t o m easure t he ambient noise at t hese locat ions at

t he quietest area on t he propert y .

 Conduct all measurement s in accordance with good engineering pract ice.

O p tio n 2: L d n  mea su remen t (res iden tial) – Full 24 - hour measurement s are recom mended to 
det ermine ambient noise for residential receivers of int erest . T hese measurement s are preferred over 

all ot her opt ions and will accurat ely represent the L d n . T he following procedures apply t o these full-

durat ion measurement s: 

 Measure a full 24 - hour L d n  at the receiver of interest for a single weekday ( generally bet ween

noo n Mond ay and noo n Friday) .

 Po sitio n t he measurement micropho ne for all sites as shown in Figure 4-19 considering relat ive

orient at ion of project and ambient sources. Po sition the microphone in a locat ion t hat is

som ewhat shielded from t he ambient source t o m easure t he ambient noise at t hese locat ions at

t he quietest area on t he propert y.

 Conduct all measurement s in accordance with goo d engineering pract ice.

O p tio n 3: L d n  co mp u tatio n o f L d n  fro m 3 p artial L eq(1h r) measu remen ts (resid en tial ) – An 

alternat ive way t o determine L d n  is to measure L e q( 1hr) for t hree t ypical hours of the day , t hen com put e 

t he L d n  from these t hree L eq( 1hr) measurement s. T his met hod is less precise t han its full - durat ion 

measurement . T he following procedures apply t o this part ial - durat ion measurement met hod for L d n : 

 Measure t he L e q( 1hr) during each of t he following t ime periods:

 During p eak- hour roadway t raffi c

 M idday, bet ween t he morning and aft ernoon roadway - t raffic peak hours

 During lat e night bet ween midnight and 5 a.m.

 Po sitio n t he measurement micropho ne for all sites as shown in Figure 4-19 considering relat ive

orient at ion of project and ambient sources. Po sition the microphone in a locat ion t hat is

som ewhat shielded from t he ambient source t o m easure t he ambient noise at t hese locat ions at

t he quietest area on t he propert y.

 Conduct all measurement s in accordance with good engineering pract ice.

 Comput e t he L d n  using t he equat ion below
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ഽ෦෰ ൝ ഽ෧ෳ ൕ ඃ 

Fo r me asu re me n t s b et w ee n  7 p .m. an d  1 0 p .m.: 

ഽ෦෰ ൝ ഽ෧ෳ ൔ ඄ 

Fo r me asu re me n t s b et w ee n  10 p .m. an d 7 a.m .: 

ഽ෦෰ ൝ ഽ෧ෳ ൔ ඉ 

 

 

 

 

 

 

          

          

          

   

 

             

               

           

        

         

         

         

  

            

 

     

T he resulting L d n will be slight ly underest imat ed due t o t he adjustment to t he measured levels in t hese 

equat ions. T his underest imat ion is intended t o compensat e for t he reduced precision of t he comput ed 

L d n . If using t his met hod , a minimum t ime durat ion of one hour should be used for each measurement 

period in com put ing an Ld n. 

O p tio n 4: Co mp u tatio n o f L d n  fro m 1 p artial L eq(1hr ) measu remen t (resid en tial ) – L d n  can also 

be det ermined by measuring L e q( 1hr) for one hour of t he day, and then com put ing L d n  from t he L e q ( 1hr) . 

T his met hod is less preci se t han com put ing L d n  from 3 L e q( 1hr) measurement s. T his method may be useful 

for project s wit h are many sites assessed by t he General No ise Assessment . T his method may also be 

appropriat e when det ermining if a part icular receiver of int erest represent s a clust er in a Det ailed Noise 

An alysis. T he following procedures apply to t his part ial - durat ion measurement opt ion for L d n : 

 Measure t he L e q( 1hr) for the loudest hour of project - relat ed act ivit y during hours of noise

sensitivit y . If this hour is not select ed, ot her hours may be used with t he understanding t hat t he

est imat e is less precise .

 Po sitio n t he measurement micropho ne for all sites as shown in Figure 4-19, considering relat ive

orient at ion of project and ambient sources. Po sition the microphone in a locat ion t hat is

som ewhat shielded from t he ambient source t o m easure t he ambient noise at t hese locat ions at

t he quietest area on t he propert y.

 Conduct all measurement s in accordance with good engineering pract ice.

 Convert t he measured hourly L e q( 1hr) t o L d n  wit h t he appropriat e equat ion below.

Fo r me asu re me n t s b et w ee n  7 a.m . an d  7 p .m.: 

E q.  E - 2

E q .  E - 3

E q.  E - 4

T he resulting L d n will be moderat ely underest imated due to t he use of the adjustment constant s in t hese 

equat ions. T his underest imat ion is intended t o compensat e for t he reduced precision of t he comput ed 

L d n . If using t his met hod , a minimum t ime durat ion of one hour should be used for each measurement 

period in com put ing an Ldn. 

O p tio n 5: Co mp u tatio n o f L eq(1h r) o r L d n  from L eq (1hr ) o r L d n  o f a co mp arab le site (all lan d 

u ses) – Comput ing L e q( 1hr) or L d n  from t he L e q( 1hr) or L d n  of a comparable sit e where t he ambient noise i s 

do minated by t he same source t hat is comparable in precision t o O pt ion 4 . T his met hod can be used t o 

charact erize noise in several neighborhood s by using a single represent at ive receiver. It is critical t hat 

t he measurement site has a similar noise envir onment t o all areas represent ed. If measurement s made 

by others are available and t he sites are equivalent , the exist ing measurement s can be used t o reduce 

t he amount of project noise monito ring. T he following procedures apply t o this met hod of det ermining 

of ambient noise: 

 Choo se another receiver that is comparable t o t he receiver ( CompR ec) of interest wit h the

following:

 T he same source of do minant ambient noise
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If r o a d w a y s o u r c es d o mi n at e: 

E q. E- 5

If ot h e r s o u r c es d o mi n at e: 

 E q. E- 6

T h e a m bi e nt l e v el of t h e c o m p a r a bl e r e c ei v e r w as m e as u r e d a c c o r di n g t o O pti o n 1 o r
O pti o n 2 a b o v e
T h e a m bi e nt m e as u r e m e nt at t h e c o m p a r a bl e r e c ei v e r w as m a d e i n di r e ct vi e w of t h e m aj o r
s o u r c e of a m bi e nt n ois e, u ns hi el d e d b y n ois e b a r ri e rs, t e r r ai n, r o ws of b uil di n gs, o r d e ns e
t r e e z o n es

D et e r mi n e t h e f oll o wi n g f r o m a pl a n o r a e ri al p h ot o g r a p h:
T h e dist a n c e ( D C o m p R e c ) f r o m t h e c o m p a r a bl e r e c ei v e r t o t h e n e a r e d g e of t h e a m bi e nt
s o u r c e
T h e dist a n c e ( D R e c ) f r o m t his r e c ei v e r of i nt e r est t o t h e n e a r e d g e of t h e a m bi e nt s o u r c e

D et e r mi n e t h e n u m b e r of r o ws of b uil di n gs ( N) t h at i nt e r v e n e b et w e e n t h e r e c ei v e r of i nt e r est
a n d t h e a m bi e nt s o u r c e.
C o m p ut e t h e a m bi e nt l e v el at t h e r e c ei v e r of i nt e r est ( R e c) wit h t h e a p p r o p ri at e e q u ati o n
b el o w

T h e r es ulti n g L R e c will b e m o d e r at el y u n d e r esti m at e d. T his u n d e r esti m ati o n is i nt e n d e d t o c o m p e ns at e 
f o r t h e r e d u c e d p r e cisi o n of t h e c o m p ut e d Ld n . 

O p ti o n 6: E s ti m a ti o n of L d n b y t a bl e l o o k- u p ( all l a n d u s e s) – T h e l e ast p r e cis e w a y t o d et e r mi n e 
t h e a m bi e nt n ois e is t o esti m at e th e l e v el usi n g a t a bl e. A t a b ul a r l o o k- u p c a n b e us e d t o est a blis h 
b as eli n e c o n diti o ns f o r a G e n e r al N ois e Ass ess m e nt if a n ois e m e as u r e m e nt c a n n ot b e m a d e. T his 
m et h o d s h o ul d n ot b e us e d f o r a D et ail e d N ois e A n al ysis. T h e f oll o wi n g i nst r u cti o n a p pli es t o t his 
m et h o d of d et e r mi ni n g of a m bi e nt n ois e: 

Esti m at e eit h e r t h e L e q( 1 h r) o r t h e L d n u si n g T a bl e 4- 1 7 b as e d o n dist a n c e  f r o m m aj o r r o a d w a ys, r ail li n es, 
o r u p o n p o p ul ati o n d e nsiti es. I n g e n e r al, t h es e t a b ul at e d v al u es a r e s u bst a nti all y u n d e r esti m at e d. 

T h e u n d e r esti m ati o n is i nt e n d e d t o c o m p e ns at e f o r t h e r e d u c e d p r e cisi o n of t h e esti m at e d a m bi e nts. 

E x a m pl e s – E x a m pl es of w h e n e a c h m et h o d of d et er mi n i n g e xisti n g n ois e m ay b e a p p r o p ri at e a r e 
p r o vi d e d b el o w usi n g t h e e x a m pl e f r o m A p p e n di x D . E xisti n g n ois e at t h e r e c ei v e rs l a b el e d “ R E C ” i n 
Fi g u r e D- 1 c o ul d b e esti m at e d as f oll o ws: 

O p ti o n 1: L e q( 1 h r) m e a s u r e m e n t – E xisti n g n ois e at R E C 1 is d u e t o t h e hi g h w a y at t h e si d e
of t his c h u r c h. L e q( 1 h r) c a n b e m e as u r e d d u ri n g a t y pi c al c h u r c h h o u r.
O p ti o n 2: L d n m e a s u r e m e n t – E xisti n g n ois e at t h e r esi d e n c e R E C 2 is d u e t o a c o m bi n ati o n
of t h e hi g h w a y a n d l o c al st r e ets. L d n c a n b e m e as u r e d f o r a f ull 2 4- h o u rs.
O p ti o n 3: L d n c o m p u t a ti o n of L d n f r o m 3 p a r ti al Le q( 1 h r) m e a s u r e m e n t s – E xisti n g n ois e
at t h e r esi d e n c e R E C 3 is d u e t o t h e st r e et i n f r o nt of t his r esi d e n c e. L d n c a n b e c o m p ut e d f r o m
t h r e e Le q( 1 h r) m e as u r e m e nts.
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 O p tio n 4: Co mp u tatio n o f L d n  fro m 1 p artial L eq(1hr ) measu remen t – Exist ing noise at

t he residence R EC 4 is due t o the highway. Because t he highway has a predict able diurnal

pat t ern, L d n  can be com puted from one L e q( 1hr) measurement .

 O p tio n 5: Co mp u tatio n o f L d n  fro m L d n  o f a compa rab le site – Exist ing noise at t he

residence R EC 5 is due to Kee Street . REC 3 is also affect ed by local st reet t raffic and is a

com parable d ist ance fro m the highway. L d n  for R EC 5 can be comput ed based on t he L d n  at

R EC- 3.

 O p tio n 6: Estimatio n of L d n  by tab le lo ok - u p  – Exist ing noise at t he residence R EC 6 is due

t o local t raffic. L d n can be est imat ed by t ables based on populat ion density along t his corr idor.
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App endix F: Computin g Source Levels from 

Measurement s 

T his appendix cont ains t he procedures for com put ing source reference levels ( SEL re f ) from source 

measurement s in cases where t he source reference tables in Sect ion 4.5, Step 2 indicat e measurement s 

are preferred, data are not available fo r t he source of interest , or mo re precise dat a are required t han 

available in t he t able. 

Close- by source measurement s for vehicle passbys may capt ure eit her t he vehicle's sound exposure 

level ( SEL) or maximum noise level ( L m a x ) . Bot h met rics can be measured direct ly by com monly available 

sound level met ers. While t he L m a x  met ric is not used for t ransit noise impact assessment s, it can be 

used to comput e SEL source reference levels. L m a x  measurement s are oft en available from t ransit -

equipment manufact urers and some t ransit syst em equipment specificat ions may limit close -by L m a x 

levels. 

Close- by source measurements for stationary sources capture the source’s SEL over one source event, 

where t he event durat ion may be chosen based on measurement convenience. The durat ion will fact or 

out of t he comput at ion when t he measured value is convert ed t o reference operat ing cond it ions. 

T his manual does not specify elaborat e method s for undert aking t he close - by source measurement s, but 

rat her, provides general processes. It is required that all measurement s confo rm t o goo d engineering 

pract ice, guided by the st andards of t he American Nat ional St andards Inst it ut e and ot her such 

organizat ions ( 27, 28, 29) . 

T his append ix present s information according to noise source as follows: 

 Appendix F.1 : Highway and rail vehicle passbys for vehicles of the same t ype

 Appendix F.2 : Stat ionary sources

 Appendix F.3 : L m a x  for single t rain passbys ( for t rains of mixed consist s)

F . 1 H i ghway and  Rai l Vehi cle Pas s bys
T his sect ion provides information on appropriat e condit ions for vehicle passby measurement s, 

inst ruct ions on convert ing measurement s made under non - reference condit ions to source reference 

levels, and examples of t hese com put at ions. 

T he following cond it ions are required for vehicle passbys , in addit ion t o good engineering pract ice: 

 Measured vehicles must be represent at ive of project vehicles in all aspect s, including

represent at ive accelerat ion and speed condit ions for buses .

 T rack must be relat ively free of corrugat ions and t rain wheels relat ively free of flat s, unless

t hese condit ions are t ypical of t he proposed project .

 R oad surfaces must be smoot h and dry, unless these cond itions are t ypical of t he propo sed

project .

 Perpendicular dist ance between the measurement positio n and the source's centerline must be

100 ft or less.

 V ehicle speed must be 30 m p h  or great er, unless t ypical project speeds are less t han t hat .

 No noise barriers, t errain, buildings, or d ense t ree zones ma y break t he lines- o f -sight bet ween

t he source and t he measurement posit ion.
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When close- by source measurement s are made under non - reference condit ions, use t he inst ruct ions 

below and the equat ions in T able F - 1 to convert t he measured values to source refer ence levels. For rail 

vehicles, measure/convert a group of locomot ives or a group of cars separat ely. T his comput at ion 

requires t hat all measured vehicles be of the same t ype. Fo r t rains of mixed consist s, see Appendix F.3 . 

S EL measured fo r a h igh way - veh icle passb y, o r a p assb y o f a g roup o f id en tical rail veh icles 

 Collect t he following input information:

 SEL m e a s , t he measured SEL for t he vehicle passby

 N, t he consist of the measured group of rail cars or group of locom ot ives

 T , t he average t hrott le set ti ng of t he measured diesel -powered locomot ive(s)

 S m e a s , t he measured passby speed, in miles per hour

 D m e a s , t he closest dist ance bet ween t he measurement posit ion and t he source, in feet

 Comput e t he Source R eference Level SEL ref , using Eq. F- 1.

L m a x mea su red fo r a p assb y o f a grou p of id en tical rail vehicle s 

 Collect t he following input information:

 L m a x , measured for the group passby

 N, t he consist of the measured group of rail cars or group of locom ot ives

 T , t he average t hrott le set ting of t he measured die sel-powered locomot ive(s)

 S m e a s , t he measured passby speed, in miles per hour

 D m e a s , t he closest dist ance bet ween t he measurement posit ion and t he source, in feet

 L m e a s , t he t ot al lengt h of t he measured group of locomot ives or group of rail cars, in fee t

 Com put e t he Source R eference Level SEL ref , using either Eq. F-2 or Eq. F- 3, as appropriat e , for

locomot ives or rail cars.

L ma x mea su red fo r a h igh way - veh icle passb y 

 Collect t he following input information:

 L m a x , measured for the highway - vehicle passby

 S m e a s , t he vehicle speed, in miles per hour

 D m e a s , t he closest dist ance bet ween t he measurement posit ion and t he source, in feet

 Comput e t he Source R eference Level, SELref , using Eq. F- 4.
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T abl e F - 1 Co n versi on t o S ourc e Refere nc e Le vel s  at  50 ft – Hi ghwa y a nd Rai l  Sou rc es 

Mea su red S ou rce Eq u atio n 

SE L 
Veh icle 

p assb y 
ൄ෯෧෣෵ വ෯෧෣෵

ൄശഽ෴෧෨⁡ ൛ ൄശഽ෯෧෣෵ ൔ ංඁඝච඘⁡( ) ൔ ංඁൗ൚൒( ) ൔ ഴ෥෱෰෵෫෵෶ ൔ ഴ෧෯෫෵෵෫෱෰෵ආඁ ආඁ 
E q.  F - 1 

L m ax 

Rail - veh ic le 

p assb y, 

locomo t i ves 

on ly 

ഽ෯෧෣෵ വ෯෧෣෵ 
ൄശഽ෴෧෨ ൛ ഽ෉෯෣෺ ൔ ංඁඝච඘⁡( ) ൔ ංඁඝච඘⁡( ) ൕ ංඁ ඝච඘(ඃ ෮) ൔ ഴ෥෱෰෵෫෵෶ආඁ ආඁ 

⁡⁡ൔഴ෧෯෫෵෵෫෱෰෵ ൔ ඄ෳ඄⁡ 

E q.  F - 2 

Rail - veh ic le 

p assb y, 

cars o n l y 

ഽ෯෧෣෵ വ෯෧෣෵ 
ൄശഽ෴෧෨ ൛ ഽ෉෯෣෺ ൔ ංඁඝච඘⁡( ) ൔ ංඁඝච඘⁡( ) ൕ ංඁ ඝච඘ ⁡}ඃ ෮ ൔ ඤකඟ(ඃ ෮)~ 

ආඁ ආඁ 

⁡⁡ൔഴ෥෱෰෵෫෵෶ ൔ ഴ෧෯෫෵෵෫෱෰෵ ൔ ඄ෳ඄ 

E q.  F - 3 

H igh w ay -

veh icle 

p assb y 

വ෯෧෣෵
ൄശഽ෴෧෨⁡ ൛ ⁡ ഽ෉෯෣෺ ൔ ඃඁඝච඘⁡( ) ൔ ഴ෧෯෫෵෵෫෱෰෵ ൔ ඄ෳ඄ 

ආඁ 
E q.  F - 4 

S m e a s  = sp ee d of  me asu re d veh icle( s ), mp h 

D m e a s  = c lose st  dist an ce b et w ee n  meas u re me n t  p osit ion  an d sou rce, f t  

C consi s t = 0  fo r b u se s an d au t omo b iles 

ൕංඁඝච඘⁡(ി෋෣෴෵)⁡ f or  locomot ives  an d r ai l c ars 
w h er e N  is t h e n u mb er  of  locomot ives o r  r ail cars  in  t h e me asu re d gro u p 

C e m i ssi on = 0 f or  T < 6 f or  locomot ives 

- 2  (T - 5 ) for T ≥ 6 s 

w h er e T is a ver a ge t h ro t t le se t t in g of  measu re d diese l – ele ct ric lo como t i ve( s) 

ൄ෯෧෣෵
⁡ൕ඄ඁ ඝච඘⁡( ) f or  rail cars 

ආඁ 
ൄ෯෧෣෵

⁡ൕඃආ ඝච඘⁡( ) f or  b u se s 
ආඁ 
ൄ෯෧෣෵ 

ൕ඄ඉෳං ඝච඘( ) f or  au t omo b iles 
ආඁ 

E m e a s  = even t  du rat ion  of me asu re me n t , se c 

L m e a s  = t ot al len gt h  of  measu re d gr ou p  of  locomot ives or ra il c ar s, f t  

ු෧ෟෛ෭ ෮ = ar ct an ( )෰⁡rad
൅෌෧ෟෛ෭ 
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E x ample F -1  C alcu l ate  SEL ref – Lo co mo tives 
Com p ut ati on  of SEL re f fr o m  SEL Me as urem e nt  of Fi xe d - gui dew ay S o urc e 

SE L  w as measu re d  fo r a p assb y of  t w o dies el - p ow er ed loco mot ives  w ith  t h e f ollow in g co n dition s: 

SE L m eas = 9 0  dB A 

ി෋෣෴෵ = 2 

T = 6 

S m eas = 5 5  mp h 

D m eas = 6 5  ft 

Co mp u t e t h e so u rce re f er en ce level u sin g E q . F - 1 . 

ൄ෯෧෣෵ വ෯෧෣෵ ൄശഽ෴෧෨⁡ ൛ ൄശഽ෯෧෣෵ ൔ ංඁඝච඘⁡( ) ൔ ංඁൗ൚൒( ) ൔ ഴ෥෱෰෵෫෵෶ ൔ ഴ෧෯෫෵෵෫෱෰෵ආඁ ආඁ 
ආආ ඇආ 

൛ ඊඁ ൔ ංඁ ඝච඘ ୰ ୴ ൔ ංඁ ඝච඘ ୰ ୴ ൕ ංඁ ඝච඘(ඃ) ൔ (ൕඃ(ඇ ൕ ආ))
ආඁ ආඁ 

= 8 6 .5  dB A 

E x ample F -2  C alcu l ate  SEL ref – Ra il Ca r s 
Computa t ion of SEL re f from  L ma x Meas urem e nt  of Fi xe d - G ui dew a y S ourc e 

L m ax w as measu re d fo r a p assb y of  a 4 - c ar con sist  of  7 0 - f t  lon g rai l c ars w ith  t h e f ollow in g con dition s: 

L m ax = 9 0  dB A 

ി෋෣෴෵ = 4 

S m eas = 7 0  mp h 

D m eas = 6 5  ft 

L m eas = 2 8 0  ft 

෮ = 1 .1 4 

Co mp u t e t h e so u rce re f er en ce level u sin g E q . F - 3 . 

ഽ෯෧෣෵ വ෯෧෣෵ ൄശഽ෴෧෨⁡ ൛ ⁡ ഽ෉෯෣෺ ൔ ංඁඝච඘⁡( ) ൔ ංඁඝච඘⁡( ) ൕ ංඁ ඝච඘ ⁡}ඃ ෮ ൔ ඤකඟ(ඃ ෮)~ ൔ ഴ෥෱෰෵෫෵෶ ൔ ഴ෧෯෫෵෵෫෱෰෵ ൔ ඄ෳ඄ 
ආඁ ආඁ 

ඃඉඁ ඇආ ඈඁ 
൛ ⁡ඊඁ ൔ ංඁ ඝච඘( ) ൔ ංඁ ඝච඘( ) ൕ ංඁ ඝච඘ ⁡൲ඃ(ංෳංඅ) ൔ ඤකඟൺඃ(ංෳංඅ)୳൶ ൕ ංඁ ඝච඘(අ) ൕ ඄ඁඝච඘⁡( ) ൔ ඄ෳ඄ 

ආඁ ආඁ ආඁ
= 8 6 .7  dB A 
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E x ample F-3  C alcu l ate  SEL ref – Bus 
Computa t ion of SEL re f from L ma x Meas urem e nt  of Hi ghwa y V ehi c l e So urc e 

L m ax w as measu re d fo r a b u s w ith  t h e f ollow in g con dition s: 

L m ax = 7 8  dB A 

D m eas = 8 0  ft 

S m eas = 4 0  mp h 

Co mp u t e t h e so u rce re f er en ce level u sin g E q . F - 4 

വ෯෧෣෵ ൄശഽ෴෧෨⁡ ൛ ⁡ ഽ෯෣෺ ൔ ඃඁඝච඘⁡( ) ൔ ഴ෧෯෫෵෵෫෱෰෵ ൔ ඄ෳ඄ 
ආඁ 

ඉඁ අඁ 
൛ ⁡ඈඉ ൔ ඃඁඝච඘⁡( ) ൕ ඃආඝච඘⁡( ) ൔ ඄ෳ඄ 

ආඁ ආඁ
= 8 7 .8  dB A 

F . 2 Statio nary So urces

T his sect ion provides information on appropriat e condit ions for stat ionary source measurement s, 

inst ruct ions on convert ing measurement s made under non - reference condit ions to source reference 

levels, and an example of this t ype of com put at ion. 

T he following cond it ions are required for stationary sources , in addit ion to good engineering pract ice: 

 Measured source operat ions must be represent at ive of project operat ions in all aspect s.

 T he following rat io must be 2 or less, and t he dist ance to t he closest source compo nent must

be 200 ft or less.
෌෫෵෶෣෰෥෧⁡෶෱⁡෶෪෧⁡෨෣෴෶෪෧෵෶⁡෵෱෷෴෥෧⁡෥෱෯ෲ෱෰෧෰෶ 
෌෫෵෶෣෰෥෧⁡෶෱⁡෶෪෧⁡෥෮෱෵෧෵෶⁡෵෱෷෴෥෧⁡෥෱෯ෲ෱෰෧෰෶ 

If bot h cond it io ns cannot simultaneously be met , separat e close- by measurement s of individual 

com ponent s of t his source must be made , for which these dist ance cond it ions can be met . 

 T he following rat io must be 2 or less:

ු෣෶෧෴෣෮⁡෮෧෰෩෶෪⁡෱෨⁡෶෪෧⁡෵෱෷෴෥෧⁡෣෴෧෣ 
෌෫෵෶෣෰෥෧⁡෶෱⁡෶෪෧⁡෥෮෱෵෧෵෶⁡෵෱෷෴෥෧⁡෥෱෯ෲ෱෰෧෰෶ 

T he lat eral lengt h of the source area is measured perpendicular t o t he general line - o f - sight 

bet ween source and measurement posit ion s. 

If t his cond it ion cannot be me t , t hen make separat e close- by measurement s of individual 

com ponent s of t his source, for which this cond it ion can be met . 

 No noise barriers, t errain, buildings, or d ense t ree zones may break t he lines - o f -sight bet ween

t he source and t he measurement posit ion.

When close- by source measurement s are made under non - reference condit ions, use t he inst ruct ions 

below and the equat ion in T able F- 2 to convert t he measured values to source reference levels. 

FE DE RAL  TRAN SI T ADM I N I STRATI O N 23 3 



 

   

      

 

      

        

 

     

           

        

      

     

 
 

 

 

 

  

 

 

   
 

  
 

  
 

 

   

    

 

 
 

  

  

  

 

  

  

 
 

 
 

 

  

 
         

         

 

      

          

       

      

          

            

      

            

 

      

      

S EL wa s measured fo r a station ary n o ise sou rce 

 Collect t he following input information:

 SEL m e a s , t he measured SEL for t he noise source, for what ever source " event" is convenient

t o measure

 E m e a s , t he event durat ion, in second s

 D m e a s , t he closest dist ance bet ween t he measurement posit ion and t he source, in feet

 Comput e t he source reference level, SELref using Eq. F- 5.

T abl e F - 2 Co n versi on t o S ourc e Refere nc e Le vel s  at  50 ft - Stat i ona ry So urc es 

Mea sure d Sou rc e E quati o n 

SE L 
St at ion ary 

n oise  sou rce 
ശ෯෧෣෵ വ෯෧෣෵ E q.  F - 5ൄശഽ෴෧෨⁡ ൛ ൄശഽ෯෧෣෵ ൕ ංඁඝච඘⁡( ) ൔ ඃඁඝච඘⁡( )
඄ඇඁඁ ආඁ 

S m eas = sp eed of  m easu r ed veh icle(s), i n  m iles p er h ou r 

E m eas = eve n t du r ation  of  m easu r em ent, in  s econ ds 

D m eas = closes t distan ce b etwe en  m easu r em en t p osition  an d s ou rce, in  f e e t 

E x ample F -4  C alcu l ate  SEL ref – Sig n al C ross ing 
Computa t ion of SEL re f from  SEL Mea su rem ent of Stat i onar y S o urc e 

SE L  w as measu re d  fo r a s ign a l  cro ssin g w ith  t h e f ollow in g c on dition s: 

SE L m eas = 7 0  dB A 

E m eas = 1 0  sec 

D m eas = 6 5  ft 

Co mp u t e t h e so u rce re f er en ce level u sin g E q . F - 5 . 
ശ෯෧෣෵ വ෯෧෣෵ൄശഽ෴෧෨⁡ ൛ ⁡ ൄ ശഽ෯෧෣෵ ൕ ංඁඝච඘⁡( ) ൔ ඃඁඝච඘⁡( )
඄ඇඁඁ ආඁ 

ංඁ ඇආ 
൛ ඈඁ ൕ ංඁඝච඘⁡( ) ൔ ඃඁඝච඘⁡( )

඄ඇඁඁ ආඁ
= 9 7 .8  dB A 

F . 3 L m ax for Single  Train  Pass by

T his sect ion provides procedures for t he com put at ion of L m a x  for a single t rain passby. T his procedure 

can be used to charact erize t rains of mixed consist s using L m a x . Follow t he inst ruct ions below . 

 Collect t he following input information:

 SEL re f , from Sect ion 4.5, specific t o bot h t he locomo t ive t ype and car t ype of t he t rain

 N l oco , t he number of locomot ives in t he t rain

 N ca rs , t he number of cars in t he t rain

 L l oco , t he tot al lengt h of the t rain's locomo t ive( s) , in fee t (or N l oco unit lengt h)

 L ca rs , t he tot al lengt h of t he t rain's set of rail car( s) , in f eet ( or N ca rs unit lengt h)

 S, t he t rain speed, in miles per hour

 D, t he closest dist ance between the receiver of int erest and t he t rain, in fee t

 Use t he equat ions in T able F- 3 t o com put e t he following:

 L m a x . l oco for t he locomot ive(s) using Eq. F- 6
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 L m a x . ca rs for t he rail car( s) using t he Eq. F- 7

 L m a x. tota l , t he larger L m a x  from t he locom ot ives( s) and rail car( s) is t he L m a x  for t he t ot al t rain

passby, see Eq. F - 8.

T abl e F - 3 Co n versi on t o L m a x  at t he Rec ei ver,  f or a Si ngl e T rai n Pa ss by 

S ou rce Eq u atio n 

L ocomot ives 
ൄ ഽ E q.  F - 6ഽ෯෣෺ෳු෱෥෱⁡ ൛ ⁡ ൄ ശഽ෮෱෥෱෵ ൔ ංඁൗ൚൒ ୰ ୴ ൕ ංඁൗ൚൒ ୰ ୴ ൔ ංඁඝච඘⁡(ඃ ෮) ൕ ඄ෳ඄ 
ආඁ ආඁ 

Rail  Cars 

ൄ ഽ 
ഽ෯෣෺ෳේ෥෣෴෵⁡ ൛ ⁡ ൄ ശഽේ෥෣෴෵ ൔ ංඁൗ൚൒ ୰ ୴ ൕ ංඁൗ൚൒ ୰ ୴ ൔ ංඁඝච඘⁡(ඃ E q.  F - 7ආඁ ආඁ 

෮ ൔ ඤකඟ(ඃ ෮)) ൕ ඄ෳ඄ 

Tot al Tr ain E q.  F - 8ഽ෯෣෺ෳ෶෱෶෣෮⁡ ൛ ⁡൘ൌൣ(ഽ෯෣෺ෳු෱෥෱⁡൚൝⁡ഽ෯෣෺ෳේ෋෣෴෵⁡) 

L = total len gth  of  m easur ed gr oup of  locomot ive(s) or  r ail c ar (s), f t 

S = veh icle sp eed , mph 

ු
෮ = ar ctan ( ) , r ad 

൅෌
D = closes t distan ce b etwe en  r eceiver  an d s our ce , f t  
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E x ample F -5  C alcu l ate  L ma x – T ra in P as sby 

Com p ut ati on  of L ma x for T rai n Pas s by 

Calcu l at e t h e L m ax o f  commu t er  t rain  a t re ce iver  of  in t er es t ac cor din g t o t h e f ollow in g co n dition s: 

SE L r ef = 9 2  dB A f or locomo t i ves 

= 8 2  dB A f or  r ai l c ars  
ിු෱෥෱ = 1  
ി෋෣෴෵ = 6  

S = 4 3  miles  p er  h ou r  
D = 1 2 5 f t  
= 0 .2 7  ෮෮෱෥෱෵ 
= 1 .0 3 ෮෥෣෴෵ 

Th e locomot i ve an d  rai l c ars each  h a ve a u n it len gt h (L ) of 7 0 f t . 

Det er min e t h e t ot al len gt h  of  t h e locomot ive an d r ail cars . 

L L o co = 7 0 f t  

L car s = 4 2 0 f t  

Co mp u t e L m ax f or  t h e locomot ive u sin g E q . F - 6 : 

ൄ ഽ 
ഽ෯෣෺ෳු෱෥෱⁡ ൛⁡ൄശഽൗ൚ൎ൚ ൔ ංඁൗ൚൒( ) ൕ ංඁൗ൚൒ ( ) ൔ ංඁඝච඘⁡(ඃ ෮) ൕ ඄ෳ඄ 

ආඁ ආඁ

අ඄ ඈඁ 
൛ ඊඃ ൔ ංඁൗ൚൒ ( ) ൕ ංඁൗ൚൒ ( ) ൔ ංඁඝච඘⁡(ඃ ൗ ඁ ෳඃඈ) ൕ ඄ෳ඄ 

ආඁ ආඁ
= 8 4 .0 dB A 

Co mp u t e L m ax f or  t h e r a il cars u sin g E q . F - 7 : 

ൄ ഽ 
ഽ෯෣෺ෳේ෥෣෴෵⁡ ൛⁡ൄശഽൃൎൌ൝൞ ൔ ංඁൗ൚൒( ) ൕ ංඁൗ൚൒( ) ൔ ංඁඝච඘⁡(ඃ ෮ ൔඤකඟ(ඃ ෮)) ൕ ඄ෳ඄ 

ආඁ ආඁ

අ඄ අඃඁ 
൛ ඉඃ ൔ ංඁൗ൚൒ ( ) ൕ ංඁൗ൚൒ ( ) ൔ ංඁඝච඘⁡((ඃ ൗ ංෳඁ඄) ൔ ඤකඟ(ඃ ൗ ංෳඁ඄)) ൕ ඄ෳ඄ 

ආඁ ආඁ 
= 7 3 .5 dB A 

Fin d t h e t ot al L m ax f or  t h e t ra i n  p assb y u sin g E q . F - 8 . 

ഽ෯෣෺ෳ෶෱෶෣෮⁡ ൛ ⁡൘ൌൣ(ഽ൘ൌൣෳഽ൚ൎ൚⁡൚൝⁡ഽ൘ൌൣෳൃൎൌ൝൞⁡) 
=8 4 .0  dB A 
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App endix G: Non -Standard Modeling Procedures and 

Methodology 

T his manual provides guidance for preparing and reviewing t he noise and vibrat ion sect ions of 

environm ent al do cument s, as well as FT A- approved met hod s and procedures t o det ermine t he level of 

noise and vibrat ion impact resulting from mo st federally - funded t ransit project s. Situat ions may arise , 

however, t hat are not explicitly covered in this manual. Professional judgment may be used to ext end 

t he basic met hod s t o cover t hese cases, when appropriat e. It is important to not e t hat each project is 

unique and must be evaluated on a case - by- case basis. T his appendix provi des procedures for t he use of 

non - st andard noise and vibrat ion mod eling procedures and met hod olog ies on public t ransportation 

project s. 

S ub mittal Procedu re – T he procedure for using non - st andard mod eling procedures and 

met hodo logy is as follows: 

1. T he t ransit project manager should cont act the FT A Regional office to discuss the propo sed

met hods and/o r dat a not described in this manual prior to use of t he non - st andard approach.

2. T he non- st andard met hodolo gy should be documented according t o t he guidelines be low as

part of t he technical report described in Sect ion 8.2.

Exa mples o f Metho d s th at Requ ire Co mmun ication an d Do cu men tatio n – T he following 

noise and vibrat ion analysis method s and data require com municat ion wit h t he FT A R egional office and 

do cument at i on: 

 N o n - st andard t ransit noise and vibrat ion mo deling and analysis met hod s not described in t his

manual ( including non - st andard adjust ment s, com put at ions, and assumpt ions). T his includes

mo dificat ions to st andard FT A noise and vibrat ion method s.

 N o n - st and ard t ransit noise and vibrat ion reference dat a not described in t his manual ( including

measured data, subst itut ion data, data at non - st andard reference dist ances and/or speeds, new

t ransit noise sources, and transit noise sources operating in non - st andard condit ions).

 N o n - st andard t ransit noise and vibrat ion impact criteria not described in t his manual , including

t he maximum sound pressure level met ric.

 N o n - st andard met hod s of evaluat ing construct ion noise, including non - st andard construct ion

noise impact criteria.

 O t her noise mo deling too ls besides t he FT A Noise Impact Assessment Spreadsheet or T raffic

No ise Mo del (T NM ® ) for highway noise mo deling , such as t he developm ent of a finit e element

met hod mo del .

 Any t ransit noise and vibrat ion analysis t hat invol ves an impact area or noise source t hat is

cont roversial.

Do cu men tatio n Gu idel in es – T he use of non - st andard noise and vibrat ion analysis met hod s or d at a 

requires t he following do cument at ion com ponent s in a t echnical memo randum at tached to t he 

environm ent al do cument : 

 Backg ro un d

Briefly describe t he t ransit project for which non - default met hod s or data are needed. St at e t he

do minant noise sources, t ype of analysis, and t he impact criteria. Include any addit ional relevant

information.
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 S tatemen t o f Ben ef i t

Briefly describe t he benefit of t he non -default noise and vibrat ion met hod s or data t o t he t ransit

project . Describe t he appropriat eness of the non -default met hod s or data, as well as why t he

st andard met hod or d at a are insufficient or problematic.

 N on - stan dard Da ta De scription

Describe t he non- st andard noise or vibrat ion data in det ail. Include source t ype, manufact urer,

reference cond itions ( speed, dist ance, and operat ional cond it ions) , name of data supplier, and a

date associat ed with dat a development /measurement . For measured noise or vibrat ion data,

provide correspond ing data do cument at ion ( such as a data measurement or a development

report ) . For subst it ut ion data, a comparison bet ween the non - st andard data and correspond ing

st andard data should be provided. Furt hermo re, if outside sources recom mend the use of t he

non - st andard dat a ( such as a t echnical societ y, a st andards organizat ion , or a vehicle

manufact urer) , references for t hose recommendat ions should be included.

 N on - stan dard Metho d s De scrip t ion

Describe t he non- st andard noise or vibrat ion analysis met hod in det ail. This should include a

det ailed descriptio n and derivat ion of t he met hod ( including dat a used in t he development of t he

met hod) , a description of the usage of t he met hod , and a comp arison bet ween the non- st andard

met hod and t he corresponding st andard method in t he cont ext of t he t ransit analysis. If t he

met hod has been validated against measurement dat a, a descriptio n of t hat validation analysis

should be provided. If t he met hod is d erived from anot her source ( such as a different

t ransportation noise or vibrat ion met hod ) , provide correspond ing do cument at ion for t hat

source. A d escriptio n of how t he met hod is conservat ive ( for example, est imat ing t he worst-

case scenario) or some discussion on t he probabilit y of exceeding t he predict ed level should be

provided. Furthermo re, if out side sources recom mend t he use of t he non - st andard method

( such as a t echnical societ y or standards organizat ion) , references for t hose recommendat ions

should b e included .

 N on - stan dard Too ls Description

Describe in det ail any non -st andard noise or vibrat ion models t hat have not been explicitly

recom mended in t his manual. T his should include a det ailed description of t he t ool ( including

data used, t he comput at io ns implement ed in t he t ool, any mo dificat ions or adjustment s t o t he

t oo l or t he correspond ing data, and t he usage of t he too l), a description of t he validation of t he

t oo l ( including reference document at ion and validation analyses) , and a comparison bet wee n t he

non - st andard too l and t he equivalent st andard t oo l in t he cont ext of t he t ransit analysis.

Q uant it at ive com parisons, such as t he st andard deviation of t he non - st andard t ool and an

est imat e of t he least mean square of differences bet ween the st andard and non - st andard t oo ls,

should be provided and explained. A descriptio n of how the met hod is conservat ive ( for

example, est imating t he worst - case scenario) or som e discussion on t he probability of exceeding

t he predict ed level should be provided. If out sid e sources recom mend t he use of t he non -

st andard too l ( such as a technical societ y or st andards organizat ion) , references for t hose

recom mendat ions should be included.
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Foreword 

ISO (the International Organization for Standardization) is a worldwide fed-
eration of national standards bodies (ISO member bodies). The work of 
preparing International Standards is normally carried out through ISO 
technical committees. Each member body interested in a subject for 
which a technical committee has been established has the right to be 
represented on that committee. International organizations, governmental 
and non-governmental, in liaison with ISO, also take part in the work. ISO 
collaborates closely with the International Electrotechnical Commission 
(IEC) on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are 
circulated to· the member bodies for voting. Publication as an International 
Standard requires approval by at least 75 % of the member bodies casting 
a vote. 

International Standard ISO 9613-2 was prepared by Technical Committee 
ISO/TC 43, Acoustics, Subcommittee SC 1, Noise. 

ISO 9613 consists of the following parts, under the general title Acous-
tics - Attenuation of sound during propagation outdoors: 

Part 1: Calculation of the absorption of sound by the atmosphere 

Part 2: General method of calculation 

Part 1 is a detailed treatment restricted to the attenuation by atmospheric 
absorption processes. Part 2 is a more approximate and empirical treat-
ment of a wider subject - the attenuation by all physical mechanisms. 

Annexes A and B of this part of ISO 9613 are for information only. 
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Introduction 

The ISO 1996 series of standards specifies methods for the description of 
noise outdoors in community environments. Other standards, on the other 
hand, specify methods for determining the sound power levels emitted by 
various noise sources, such as machinery and specified equipment 
(ISO 3740 series). or industrial plants (ISO 8297). This part of ISO 9613 is 
intended to bridge the gap between these two types of standard, to en-
able noise levels in the community to be predicted from sources of known 
sound emission. The method described in this part of ISO 9613 is general 
in the sense that it may be applied to a wide variety of noise sources, and 
covers most of the major mechanisms of attenuation. There are, however, 
constraints on its use, which arise principally from the description of en-
vironmental noise in the ISO 1996 series of standards. 
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Acoustics - Attenuation of sound during propagation outdoors -

Part 2: 
General method of calculation 

1 Scope 

This part of ISO 9613 specifies an engineering method 
for calculating the attenuation of sound during propa-
gation outdoors in order to predict the levels of en-
vironmental noise at a distance from a variety of 
sources. The method predicts the equivalent continu-
ous A-weighted sound pressure level (as described in 
parts 1 to 3 of ISO 1996) under meteorological con-
ditions favourable to propagation from sources of 
known sound emission. 

These conditions are for downwind propagation, as 
specified in 5.4.3.3 of ISO 1996-2: 1987 or, equivalently, 
propagation under a well-developed moderate ground-
based temperature inversion, such as commonly oc-
curs at night. Inversion conditions over water surfaces 
are not covered and may result in higher sound press-
ure levels than predicted from this part of ISO 9613. 

The method also predicts a long-term average A-
weighted sound pressure level as specified in 
ISO 1996-1 and ISO 1996-2. The long-term average A-
weighted sound pressure level encompasses levels 
for a wide variety of meteorological conditions. 

The method specified in this part of ISO 9613 consists 
specifically of octave-band algorithms (with nominal 
midband frequencies from 63 Hz to 8 kHz) for calculat-
ing the attenuation of sound which originates from a 
point sound source, or an assembly of point sources. 
The source (or sources} may be moving or stationary. 
Specific terms are provided in the algorithms for the 
following physical effects: 

geometrical divergence; 

atmospheric absorption; 
ground effect; 
reflection from surfaces; 
screening by obstacles. 

Additional information concerning propagation through 
housing, foliage and industrial sites is given in an-
nex A. 

This method is applicable in practice to a great variety 
of noise sources and environments. It is applicable, 
directly or indirectly, to most situations concerning 
road or rail traffic, industrial noise sources, construc-
tion activities, and many other ground-based noise · 
sources. It does not apply to sound from aircraft in 
flight, or to blast waves from mining, military or similar 
operations. 

To apply the method of this part of ISO 9613, several 
parameters need to be known with respect to the ge-
ometry of the source and of the environment, the 
ground surface characteristics, and the source 
strength in terms of octave-band sound power levels 
for directions relevant to the propagation. 

NOTE 1 If only A-weighted sound power levels of the 
sources are known, the attenuation terms for 500 Hz may 
be used to estimate the resulting attenuation. 

The accuracy of the method and the limitations to its 
use in practice are described in clause 9. 

2 Normative references 

The following standards contain prov1s1ons which, 
through reference in this text, constitute provisions of 
this part of ISO 9613. At the time of publication, the 
editions indicated were valid. All standards are subject 
to revision, and parties to agreements based on this 
part of ISO 9613 are encouraged to investigate the 
possibility of applying the most recent editions of the 
standards indicated below. Members of IEC and ISO 
maintain registers of currently valid International Stan-
dards. 

ISO 1996-1: 1982, Acoustics - Description and meas-
urement of environmental noise - Part 7: Basic 
quantities and procedures. 
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ISO 1996-2:1987, Acoustics - Description and meas-
urement of environmental noise - Part 2: Acquisition 
of data pertinent to land use. 

ISO 1996-3: 1987, Acoustics - Description and meas-
urement of environmental noise - Part 3: Application 
to noise limits. 

©ISO 

... ( 1) 

where 

ISO 9613-1: 1993, Acoustics - Attenuation of sound 
during propagation outdoors - Part 1: Calculation of 
the absorption of sound by the atmosphere. 

PA(t) is the instantaneous A-weighted sound 
pressure, in pascals; 

I EC 651: 1979, Sound level meters, and Amend-
ment 1:1993. 

Po is the reference sound pressure 
(= 20 x 10-6 Pa); 

T is a specified time interval, in seconds. 

3 Definitions The A-frequency weighting is that specified for sound 
level meters in IEC 651. For the purposes of this part of ISO 9613, the defi-

nitions given in ISO 1996-1 and the following defi-
nitions apply. (See table 1 for symbols and units.) 

3.1 equivalent continuous A-weighted sound 
pressure level, LA7: Sound pressure level, in decibels, 
defined by equation (1 ): 

NOTE 2 The time interval T should be long enough to 
average the effects of varying meteorological parameters. 
Two different situations are considered in this part of 
ISO 9613, namely short-term downwind anq long-term overall 
averages. 

Table 1 - Symbols and units 

Symbol Definition Unit 

A octave-band attenuation dB 

Cmet meteorological correction dB 

d distance from point source to receiver (see figure 3) m 

dp distance from point source to receiver projected onto the ground plane (see figure 1) m 

ds,o distance between source and point of reflection on the reflecting obstacle (see figure 8) m 

do,r distance between point of reflection on the reflecting obstacle and receiver (see figure 8) m 

dss distance from source to (first) diffraction edge (see figures 6 and 7) m 

dsr distance from (second) diffraction edge to receiver (see figures 6 and 7) m 

D1 directivity index of the point sound source -
Dz screening attenuation -
e distance between the first and second diffraction edge (see figure 7) m 

G ground factor -
h mean height of source and receiver m 

hs height of point source above ground (see figure 1) m 

h, height of receiver above ground (see figure 1 J m 

hm mean height of the propagation path above the ground (see figure 3) m 

Hmax largest dimension of the sources m 

lmin minimum dimension (length or height) of the reflecting plane (see figure 8) m 
L sound pressure level dB 
a atmospheric attenuation coefficient dB/km 
[3 angle of incidence rad 
p sound reflection coefficient -

"" 
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3.2 equivalent continuous downwind octave-
band sound pressure level, Lp{DW): Sound pressure 
level, in decibels, defined by equation (2): 

... (2) 

where p1 (t) is the instantaneous octave-band sound 
pressure downwind, in pascals, and the subscript f 
represents a nominal midband frequency of an octave-
band filter. 

NOTE 3 The electrical characteristics of the octave-band 
filters should comply at least with the class 2 requirements 
of IEC 1260. 

3.3 insertion loss (of a barrier): Difference, in deci-
bels, between the sound pressure levels at a receiver 
in a specified position under two conditions: 

a) with the barrier removed, and 

b) with the barrier present (inserted), 

and no other significant changes that affect the 
propagation of sound. 

4 Source description 

The equations to be used are for the attenuation of 
sound from point sources. Extended noise sources, 
therefore, such as road and rail traffic or an industrial 
site (which mav include several installations or plants, 
together with traffic moving on the site) shall be rep-
resented by a set of sections (cells). each having a 
certain sound power and directivity. Attenuation calcu-
lated for sound from a representative point within a 
section is used to represent the attenuation of sound 
from the entire section. A line source may be divided 
into line sections, an area source into area sections, 
each represented by a point source at its centre. 

However, a group of point sources may be described 
by an equivalent point sound source situated in the 
middle of the group, in particular if 

al the sources have approximately the same 
strength and height above the local ground plane, 

b) the same propagation conditions exist from the 
sources to the point of reception. and 

c) the distance d from the single equivalent point 
source to the receiver exceeds twice the largest 
dimension Hmax of the sources (d > 2Hmaxl-
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If the distance d is smaller (d..;; 2Hrnaxl, or if the 
propagation conditions for the component point 
sources are different (e.g. due to screening), the total 
sound source shall be divided into its component point 
sources. 

NOTE 4 In addition to the real sources described above 
image sources will be introduced to describe the reflectio~ 
of sound from walls and ceilings (but not by the ground), as 
described in 7.5. 

5 Meteorological conditions 

Downwind propagation conditions for the method 
specified in this part of ISO 9613 are as specified in 
5.4.3.3 of ISO 1996-2: 1987, namely 

wind direction within an angle of ± 45° of the di-
rection connecting the centre of the dominant 
sound source and the centre of the specified re-
ceiver region, with the wind blowing from source 
to receiver, and 

wind speed between approximately 1 m/s and 
5 m/s, measured at a height of 3 m to 11 m 
above the ground. 

The equations for calculating the average downwind 
sound pressure level LArJ..DW) in this part of ISO 9613, 
including the equations for attenuation given in 
clause 7, are the average for meteorological con-
ditions within these limits. The term average here 
means the average over a short time interval. as de-
fined in 3.1. 

These equations also hold, equivalently, for average 
propagation under a well-developed moderate ground-
based temperature inversion, such as commonly oc-
curs on clear, calm nights. 

6 Basic equations 

The equivalent continuous downwind octave-band 
sound pressure level at a rece_iver location, L.,rJ..DW), 
shall be calculated for each point source, and its im-
age sources, and for the eight octave bands with 
nominal midband frequencies from 63 Hz to 8 kHz, 
from equation (3): 

... (3) 

where 

Lw is the octave-band sound power level, in 
decibels, produced by the point sound source 
relative to a reference sound power of one 
picowatt (1 pW); 
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De is the directivity correction, in decibels, that 
describes the extent by which the equivalent 
continuous sound pressure level from the 
point sound source deviates in a specified di-
rection from the level of an omnidirectional 
point sound source producing sound power 
level Lw: De equals the directivity index D1 of 
the point sound source plus an index Dn that 
accounts for sound propagation into solid 
angles less than 41t steradians; for an omni-
directional point sound source radiating into 
free space, De= 0 dB; 

A is the octave-band attenuation, in decibels, 
that occurs during propagation from the point 
sound source to the receiver. 

NOTES 

5 The letter symbol A (in italic type) signifies attenuation in 
this part of ISO 9613 except in subscripts, where it desig-
nates the A-frequency weighting (in roman type). 

6 Sound power levels in equation (3) may be determined 
from measurements, for example as described in the 
ISO 3740 series (for machinery) or in ISO 8297 (for indus-
trial plants). 

The attenuation term A in equation (3) is given by 
equation (4): 

... (4) 

where 

Adiv is the attenuation due to geometrical diver-
gence (see 7.1); 

Aatm is the attenuation due to atmospheric ab-
sorption (see 7.2); 

is the attenuation due to the ground effect 
(see 7.3); 

is the attenuation due to a barrier (see 7.4); 

Amisc is the attenuation due to miscellaneous 
other effects (see annex A). 

General methods for calculating the first four terms in 
equation (4) are specified in this part of ISO 9613. In-
formation on three contributions to the last term, Amise 
(the attenuation due to propagation through foliage, 
industrial sites and areas of houses), is given in an-
nex A. 

The equivalent continuous A-weighted downwind 
sound pressure level shall be obtained by summing 
the contributing time-mean-square sound pressures 
c;:ilculated accordino to equations (3) and (4) for each 
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point sound source, for each of their image sources, 
and for each octave band, as specified by equation (5): 

LArlDWJ; 1019 l:t[t 10°-1[LJTW)+A.rUl]]l dB 
1,=1 J=1 

... (5) 

where 

n is the number of contributions i (sources and 
paths); 

j is an index indicating the eight standard 
octave-band midband frequencies from 63 Hz 
to 8 kHz; 

A1 denotes the standard A-weighting (see 
IEC 651). 

The long-term average A-weighted sound pressure 
level LAr(L Tl shall be calculated according to 

... (6) 

where Cmet is the meteorological correction described 
in clause 8. 

The calculation and significance of the various terms 
in equations (1) to (6) are explained in the following 
clauses. For a more detailed treatment of the at-
tenuation terms, see the literature references given in 
annex B. 

7 Calculation of the attenuation terms 

7 .1 Geometrical divergence (Adivl 

The geometrical divergence accounts for spherical 
spreading in the free field from a point sound source, 
making the attenuation, in decibels, equal to 

Adiv=[201g(d/d0 )+11] dB ... (7) 

where 

d is the distance from the source to receiver, in 
metres; 

do is the reference distance (= 1 ml. 

NOTE 7 The constant in equation (7) relates the sound 
power level to the sound pressure level at a reference dis-
tance d0 which is 1 m from an omnidirectional point sound 
source. 

'' r 
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7 .2 Atmospheric absorption (Aatml 

The attenuation due to atmospheric absorption Aatm• 
in decibels, during propagation through a distance d, in 
metres, is given by equation (8): 

Aatm = ad/1 000 ... (8) 

where a is the atmospheric attenuation coefficient, in 
decibels per kilometre, for each octave band at the 
midband frequency (see table 2). 

For values of a at atmospheric conditions not covered 
in table 2, see ISO 9613-1. 

NOTES 
8 The atmospheric attenuation coefficient depends 
strongly on the frequency of the sound, the ambient tem-
perature and relative humidity of the air, but only weakly on 
the ambient pressure. 
9 For calculation of environmental noise levels, the at-
mospheric attenuation coefficient should be based on aver-
age values determined by the range of ambient weather 
which is relevant to the locality. 

7 .3 Ground effect (A9rl 

7 .3.1 General method of calculation 

Ground attenuation, Agr- is mainly the result of sound 
reflected by the ground surface interfering with the 
sound propagating directly from source to receiver. 
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The downward-curving propagation path (downwind) 
ensures that this attenuation is determined primarily 
by the ground surfaces near the source and near the 
receiver. This method of calculating the ground effect 
is applicable only to ground which is approximately 
flat, either horizontally or with a constant slope. Three 
distinct regions for ground attenuation are specified 
(see figure 1 ): 

a) the source region, stretching over a distance from 
the source towards the receiver of 30h5, with a 
maximum distance of dp (h5 is the source height, 
and dp the distance from source to receiver, as 
projected on the ground plane); 

b) the receiver region, stretching over a distance 
from the receiver back towards the source of 
30hr, with a maximum distance of dp (hr is the r,e-
ceiver height); 

c) a middle region, stretching over the distance be-
tween the source and receiver regions. If 
dp < (30h5 + 30hr). the source and receiver regions 
will overlap, and there is no middle region. 

According to this scheme, the ground attenuation 
does not increase with the size of the middle region, · 
but is mostly dependent on the properties of source 
and receiver regions. 

The acoustical properties of each ground region are 
taken into account through a ground factor G. Three 
categories of reflecting surface are specified as fol-
lows. 

Table 2 - Atmospheric attenuation coefficient a for octave bands of noise 

Tempera-
ture 
oc 
10 

20 

30 

15 ,, 
15 

15 

Relative 
humidity 

% 

70 

70 

70 

20 

50 

80 

63 

0, 1 

0.1 

0,1 

0,3 

0, 1 

0.1 

Source 
region 

125 

0.4 

0,3 

0,3 

0,6 

0,5 

0,3 

Atmospheric attenuation coefficient a, dB/km 

Nominal midband frequency, Hz 

250 500 1 000 2 000 4 000 

1,0 1,9 3,7 9,7 32,8 

1. 1 2,8 5,0 9,0 22,9 
1,0 3, 1 7.4 12,7 23,1 

1,2 2,7 8,2 28,2 88,8 

1,2 2,2 4,2 10,8 36,2 
1,1 2.4 4,1 8,3 23,7 

30hr 

1 · t,t"' 
Middle region 

! 
I 

I 

: ! 
Receiver region / t 

•I 
I 

Figure 1 - Three distinct regions for determination of ground attenuation 

8 000 

117 

76,6 

59,3 

202 

129 

82,8 
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a) Hard ground, which includes paving, water, ice, 
concrete and all other ground surfaces having a 
low porosity. Tamped ground, for example, as of-
ten occurs around industrial sites, can be con-
sidered hard. For hard ground G = 0. 

NOTE 1 O It should be recalled that inversion con-
ditions over water are not covered by this part of 
ISO 9613. 

bl Porous ground, which includes ground covered 
by grass, trees or other vegetation, and all other 
ground surfaces suitable for the growth of veg-
etation, such as farming land. For porous ground 
G = 1. 

c) Mixed ground: if the surface consists of both 
hard and porous ground, then G takes on values 

al 125 Hz 

8 - h = 1.5 m 

6 - h = 3.0 m 
a) 
,:, 

·,. h = 6.0 m 
4 

h = 7.5 m 

2 
h?: 10,0 m 

20 50 125 250 500 1000 2 000 

Distance dp, m 

cl 500 Hz 

8 

h = 1,5 m 
6 

a) 
,:, h=1.75m 

" 4 h = 2.0 m 

h = 2.5 m 
2 

h?: 3,0 m 

20 50 125 250 500 1000 2 000 

Distance dp, m 
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ranging from O to 1, the value being the fraction 
of the region that is porous. 

To calculate the ground attenuation for a specific oc-
tave band, first calculate the component attenuations 
As for the source region specified by the ground factor 
Gs (for that region). Ar for the receiver region specified 
by the ground factor Gr, and Am for the middle region 
specified by the ground factor Gm, using the expres-
sions in table 3. (Alternatively, the functions a', b', c' 
and d' in table 3 may be obtained directly from the 
curves in figure 2.) The total ground attenuation for 
that octave band shall be obtained from equation (9): 

... (9) 

NOTE 11 In regions with buildings, the influence of the 
ground on sound propagation may be changed (see A.3). 

a) 
,:, 

:.:, 

a) 
,:, 

bl 250 Hz 

h = 1.5 m 
8 

h = 2.0 m 

h = 2.5 m 
6 

h = 3,0 m 

h = 3.5 m 
4 

h = 4.0 m 

h = 5.0 m 
2 

h?: 10,0 m 

20 50 125 250 500 1000 2 000 

Distance d P• m 

d) 1 000 Hz 

8 ... 

2 k:;...:---------------, h = 1,5 m 
h"' 3,0 m 

I I I I I 

20 50 125 250 500 1 000 2 000 

Distance d 0 • m 

Figure 2 - Functions a', b', c' and d' representing the influence of the source-to-receiver distance dp and the 
c:n11rro nr rol'oiv1>r hAinht J., roc::nor-tivolu nn th.,, nrn11nrl ""ttcn., .. tinn A /r-,...,rnn1 ,tcrl fr,-,m c,n1 ,<>tir,nc, in T<:>hlo ".)\ 
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Table 3 - Expressions to be used for calculating ground attenuation contributions A5, Ar and Am 
in octave bands 

Nominal midband frequency As or Ar1l Am 
Hz dB dB 

63 -1,5 -3q2l 

125 - 1,5 + G x a'(h) 

250 - 1,5 + G x b'(h) 

500 - 1,5 + G x c'(h) 

1 000 - 1,5 + G x d(h) -3q(1 - Gm) 

2 000 -1,5( 1 - G) 

4 000 -1,5( 1 - G) 

8 000 -1,5( 1 - G) 

NOTES 

( )2 ) ( -6 x d 2 ) a'(h)=1,5+3,0xe-0.12h-5 (1-e-dp/50 +5,7xe-0,09h2 1-e-2,8x10 P 

b'(h) = 1,5 + 8,6 x e-o.o9h
2 (1 - e-dP150 ) 

c'(h)= 1,5 + 14,0 x e- 0.46h2 (1- e-dp/SO) 

d'(lz) = 1,5 + 5,0 x e-O.Sh2 (1 - e-dP150 ) 

1) For calculating As, take G = G5 and lz = h5 . For calculating Ar, take G =Grand h = hr. See 7.3.1 for values of G for various 
ground surfaces. 
2) q = 0 when dp 30(hs + hrl 

q=1-
30h +hr) 

when dp > 30(h5 + hrl 
dp 

where dp is the source-to-receiver distance, in metres, projected onto the ground planes. 

7 .3.2 Alternative method of calculation for 
A-weighted sound pressure levels 

Under the following specific conditions 

only the A-weighted sound pressure level at the 
receiver position is of interest. 

the sound propagation occurs over porous ground 
or mixed ground most of which is porous (see 
7.3.1 ), 

the sound is not a pure tone, 

and for ground surfaces of any shape, the ground at-
tenuation may be calculated from equation (10): 

Agr = 4,8 -(2hm/d) [17 + (300/d)] ;.. 0 dB ... (10) 

where 

hm is the mean height of the propagation path 
above the ground, in metres; 

d is the distance from the source to receiver, in 
metres. 

The mean height hm may be evaluated by the method 
shown in figure 3. Negative values for Agr from 
equation (10) shall be replaced by zeros. 

NOTE 12 For short distances d, equation (1 O) predicts no 
attenuation and equation (9) may be more accurate. 

When the ground attenuation is calculated using 
equation ( 10), the directivity correction De in 
equation (3) shall include a term Dn, in decibels, to ac-
count for the apparent increase in sound power level 
of the source due to reflections from the ground near 
the source. 

Dn = 10 lg {1 + [dl + (h5 -hr )2]/[dl + (h5 + hr )2]} dB 

... (11) 
where 

h5 is the height of the source above the ground, 
in metres; 



ISO 9613-2:1996(E) 

hr is the height of the receiver above the 
ground, in metres; 

dp is the source-to-receiver distance projected 
onto the ground plane, in metres. 

7 .4 Screening (Abarl 

An object shall be taken into account as a screening 
obstacle (often called a barrier) if it meets the follow-
ing requirements: 

- the surface density is at least 10 kg/m2; 
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the object has a closed surface without large 
cracks or gaps (consequently process installations 
in chemical plants, for example, are ignored); 

the horizontal dimension of the object normal to 
the source-receiver line is larger than the acoustic 
wavelength A at the nominal midband frequency 
for the octave band of interest; in other words 
11 + lr > A (see figure 4). 

Each object that fulfils these requirements shall be 
represented by a barrier with vertical edges. The top 
edge of the barrier is a straight line that may be slop-
ing. 

Receiver 

Ground profile 

hm = F/d. where F is the area 

Figure 3 - Method for evaluating the mean height hm 

s 

s R 

NOTE - An object is only considered to be a screening obstacle when its horizontal dimension perpendicular to the source-
receiver line SR is larger than the wavelength: (11 + lr) > 1 

Fin11rP- 4 - Plan v iP-'IN nf t'INn nhc::hu•I ,: .. : h o-t\Aloon cn11rl'A f~ \ D n~ +h .. • .,.,.,.;.,,.. ID ! 
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For the purposes of this part of ISO 9613, the attenu-
ation by a barrier, Abar- shall be given by the insertion 
loss. Diffraction over the top edge and around a verti-
cal edge of a barrier may both be important. (See fig-
ure 5.) For downwind sound propagation, the effect of 
diffraction (in decibels) over the top edge shall be cal-
culated by 

... (12) 

and for diffraction around a vertical edge by 

... (13) 

where 

Dz is the barrier attenuation for each octave 
band [see equation (14)]; 

Agr is the ground attenuation in the absence of 
the barrier (i.e. with the screening obstacle 
removed) (see 7.3). 

R 

Figure 5 - Different sound propagation paths 
at a barrier 

NOTES 
13 When Abar as defined by equation (12) is substituted in 
equation (4) to find the total attenuation A, the two A9, 
terms in equation (4) will cancel. The barrier attenuation D2 
in equation (12) then includes the effect of the ground in 
the presence of the barrier. 
14. For large distances and high barriers, the insertion loss 
calculated by equation (12) is not sufficiently confirmed by 
measurements. 
15 In calculation of the insertion loss for multisource in-
dustrial plants by high buildings (more than 1 O m above the 
ground), and also for high-noise sources within the plant, 
equation (13) should be used in both cases for determining 
the long-term average sound pressure level [using equation 
(6)). 

16 For sound from a depressed highway, there may be 
attenuation in addition to that indicated by equation (12) 
along a ground surface outside the depression. due to that 
ground surface. 
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To calculate the barrier attenuation Dz, assume that 
only one significant sound-propagation path exists 
from the sound source to the receiver. If this assump-
tion is not valid, separate calculations are required for 
other propagation paths (as illustrated in figure 5) and 
the contributions from the various paths to the 
squared sound pressure at the receiver are summed. 

The barrier attenuation Dz, in decibels, shall be calcu-
lated for this path by equation (14): 

... (14) 

where 

C2 is equal to 20, and includes the effect of 
ground reflections; if in special cases 
ground reflections are taken into account 
separately by image sources, c2 = 40; 

c3 is equal to 1 for single diffraction (see fig-
ure 6); 

for double diffraction (see figure 7); 

il is the wavelength of sound at the nominal 
midband frequency of the octave band, in 
metres; 

z is the difference between the pathlengths 
of diffracted and direct sound, as calculated 
by equations (16) and (17), in metres; 

Kmet is the correction factor for meteorological 
effects, given by equation (18); 

e is the distance between the two diffraction 
edges in the case of double diffraction (see 
figure 7). 

For single diffraction, as shown in figure 6, the path-
length difference z shall be calculated by means of 
equation (16): 

[ 
2 ]1/2 z = (dss + dsr) + a2 - d ... (16) 

where 

d55 is the distance from the source to the (first) 
diffraction edge, in metres; 

d5r is the distance from the (second) diffraction 
edge to the receiver, in metres; 

a is the component distance parallel to the 
barrier edge between source and receiver, in 
metres. 
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Figure 6 - Geometrical quantities for determining 
the pathlength difference for single diffraction 

Figure 7 - Geometrical quantities for determining 
the pathlength difference for double diffraction 

If the line of sight between the source S and receiver 
R passes above the top edge of the barrier, z is given 
a negative sign. 

For double diffraction, as shown in figure 7, the path-
length difference z shall be calculated by 

[ 2 2]
112 

z = (d55 + d5r + e) + a - d ... (17) 

The correction factor Kmet for meteorological con-
ditions in equation (14) shall be calculated using 
equation (18): 

Y = 1 fnr 7,;;; 0 

for z > O 

... (18) 

For lateral diffraction around obstacles, it shall be as-
sumed that Kmet = 1 (see figure 5). 

NOTES 

17 For source-to-receiver distances less than 100 m, the 
calculation using equation (14) shows that Kmet may be as-
sumed equal to 1, to an accuracy of 1 dB. 

18 Equation (15) provides a continuous transition from the 
case of single diffraction (e = 0) where c3 = 1, to that of a 
well-separated double diffraction (e ;\.) where c3 = 3. 

19 A barrier may be less effective than calculated by 
equations (12) to (18) as a result of reflections from other 
acoustically hard surfaces near the sound path from the 
source to the receiver or by multiple reflections between an 
'!:lf"'f'\1 teti,-.'!llh, h~rrl h~rrior '!lnrl -tho c:-r\l ,r,.....o 

"' 
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The barrier attenuation D2, in any octave band, should 
not be taken to be greater than 20 dB in the case of 
single diffraction (i.e. thin barriers) and 25 dB in the 
case of double diffraction (i.e. thick barriers). 

The barrier attenuation for two barriers is calculated 
using equation ( 14) for double diffraction, as indicated 
in the lower part of figure 7. The barrier attenuation for 
more than two barriers may also be calculated 
approximately using equation (14). by choosing the 
two most effective barriers, neglecting the effects of 
the others. 

7 .5 Reflections 

Reflections are considered here in terms of image 
sources. These reflections are from outdoor ceilings 
and more or less vertical surfaces, such as the fa-
<;ades of buildings, which can increase the sound 
pressure levels at the receiver. The effect of reflec-
tions from the ground are not included because they 
enter into the calculation of Agr· 

The reflections from an obstacle shall be calculated for 
all octave bands for which all the following require-
ments are met: 

a specular reflection can be constructed, as 
shown in figure 8; 

the magnitude of the sound reflection coefficient 
for the surface of the obstacle is greater than 0,2; 

the surface is large enough for the nominal mid-
band wavelength A (in metres) for the octave 
band under consideration to obey the relationship 

1/A >[2/(tmin cosf3)2][ds,odo,r/(ds,o +do.r)] 

S; e,,- - - -
\ 

\ 
\ 

\ 
\ 
\ , 

\ ,' ,,,.,,,..,.,,,.? ., \ 

\ 
\ 

\ 

s 

... (19) 

where 
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A is the wavelength of sound (in metres) at 

the nominal midband frequency f (in hertz) 

of the octave band l A= 340 ;/s ) ; 

d5 ,0 is the distance between the source and 
the point of reflection on the obstacle; 

d0 ,r is the distance between the point of re-
flection on the obstacle and the receiver; 

/3 is the angle of incidence, in radians (see 
figure 8); 

lmin is the minimum dimension (length or 
height) of the reflecting surface (see fig-
ure 8). 

If any of these conditions is not met for a given octave 
band, then reflections shall be neglected. 

The real source and source image are handled sepa-
rately. The sound power level of the source image 
Lw,im shall be calculated from 

Lw,im = Lw + 10 lg (p) dB+ D1r ... (20) 

where 

p is the sound reflection coefficient at angle /3 
on the surface of the obstacle (;;;. 0,2) (see 
figure 8); 

D1r is the directivity index of the source in the di-
rection of the receiver image. 

If specific data for the sound reflection coefficient are 
not available, the value may be estimated using 
table 4. 

For the sound source image, the attenuation terms of 
equation (4). as well as p and D1r in equation (20). shall 
be determined according to the propagation path of 
the reflected sound. 

Obstacle 

NOTE - A path d5,0 + d0 ,r connecting the source S and receiver R by reflection from the obstacle exists in which /3. the angle 
of incidence, is equal to the angle of reflection. The reflected sound appears to come from the source images,. 

figure 8 - Specular reflection from an obstacle 
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Table 4 - Estimates of the sound reflection coefficient p 

Object p 

Flat hard walls 1 

Walls of building with windows and small additions or bay 0,8 

Factory walls with 50 % of the surface consisting of open-
0,4 ings, installations or pipes 

Cylinders with hard surfaces (tanks, silos) D sin(lf>/2) *> 
2dsc 

where 

D is the diameter of the cylinder; 

dsc is the distance from the source to the centre C of 
the cylinder; 

"' 
is the supplement of the angle between lines SC 
and CR. 

Open installations (pipes, towers, etc.) 0 

*) This expression applies only if the distance dsc from the source S to cylinder C is much smaller than the distance dcr 
from the cylinder to receiver; see figure 9. 

0 

R 

s 

Figure 9 - Estimation of sound reflection coefficient for a cylinder 

8 Meteorological correction (Cmet) 

Use of equation (3) leads directly to an equivalent 
continuous A-weighted sound pressure level LAT at 
the receiver for meteorological conditions which are 
favourable for propagation from the sound source to 
that receiver, as described in clause 5. This may be 
the appropriate condition for meeting a specific com-
munity noise limit, i.e. a level which is seldom ex-
ceeded (see ISO 1996-3). Often, however, a long-term 
average A-weighted sound pressure level LAT(L T) is 
required, where the time interval T is several months 
or a year. Such a period will normally include a variety 
of meteorological conditions, both favourable and un-
favourable to propagation. A value for LAT (LT) may be 
obtained in this situation from that calculated for 
LAT (DW) via equation (3), by using the meteorological 
correction Cmet in equation (6). 

A value (in decibels) for Cmet in equation (6) may be 
calculated using equations (21) and (22) for the case of 
a point sound source with an output which is effec-
tively constant with time: 

Cmet =0 ... (21) 

if d_ =s;; 1 O(h_ + h.) 

... (22) 

where 

h5 is the source height, in metres; 

hr is the receiver height, in metres; 

dp is the distance between the source and re-
ceiver projected to the horizontal ground 
plane, in metres; 

C0 is a factor, in decibels, which depends on local 
meteorological statistics for wind speed and 
direction, and temperature gradients. 

The effects of meteorological conditions on sound 
propagation are small for short distances dp, and for 
longer distances at greater source and receiver 
heights. Equations (21) and (22) account approxi-
.................... ,., ,_.,. +L-.-. ..... ,,.., ..... ,,.. ............... -- -.L..-.. - ·- :- .£: __ --- .. I"'\ 

.. . 
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Values 1n metres 

1.0 

0,8 

0,6 
Cmet 
Ca 

0,4 

0,2 h, +hr= 

0 
20 40 100 200 400 1 000 2 000 

Distance dp, m 

Figure 10- Meteorological correction Cmet 

NOTES 

20 A value for c0 in equations (21) and (22) may be esti-
mated from an elementary analysis of the local meteoro-
logical statistics. For example. if the meteorological 
conditions favourable to propagation described in clause 5 
are found to occur for 50 % of the time period of interest. 
and the attenuation during the other 50 % is higher by 
1 O dB or more. then the sound energy which arrives for 
meteorological conditions unfavourable to propagation may 
be neglected. and Co will be approximately + 3 dB. 

21 The meteorological conditions for evaluating Co may be 
established by the local authorities. 

22 Experience indicates that values of C0 in practice are 
limited to the range from zero to approximately + 5 dB. and 
values in excess of 2 dB are exceptional. Thus only very 
elementary statistics of the local meteorology are needed 
for a ± 1 dB accuracy in C0. 

For a source that is composed of several component 
point sources, lz5 in equations (21) and (22) represents 
the predominant source height, and dp the distance 
from the centre of that source to the receiver. 

9 Accuracy and limitations 
of the method 

The attenuation of sound propagating outdoors be-
tween a fixed source and receiver fluctuates due to 
variations in the meteorological conditions along the 
propagation path. Restricting attention to moderate 
downwind conditions of propagation, as specified in 
clause 5, limits the effect of variable meteorological 
conditions on attenuation to reasonable values. 

There is information to support the method of calcula-
tion given in clauses 4·to 8 (see annex B) for broad-
band noise sources. The agreement between 
calculated and measured values of the average A-
weighted sound pressure level for downwind propa-
gation, LAr(DW). supports the estimated accuracy of 
calculation shown in table 5. These estimates of accu-
racy are restricted to the range of conditions specified 
for the validity of the equations in clauses 3 to 8 and 
are independent of uncertainties in sound power de-
termination. 

NOTE 24 The estimates of accuracy in table 5 are for 
downwind conditions averaged over independent situations 
(as specified in clause 5). They should not necessarily be 
expected to agree with the variation in measurements 
made at a given site on a given day. The latter can be ex-
pected to be considerably larger than the values in table 5. 

The estimated errors in calculating the average 
downwind octave-band sound pressure levels, as well 
as pure-tone sound pressure levels, under the same 
conditions, may be somewhat larger than the esti-
mated errors given for A-weighted sound pressure 
levels of broad-band sources in table 5. 

In table 5, an estimate of accuracy is not provided in 
this part of ISO 9613 for distances d greater than the 
1 000 m upper limit. 

Throughout this part of ISO 9613 the meteorological 
conditions under consideration are limited to only two 
cases: 

al moderate downwind conditions of propagation, or 
their equivalent, as defined in clause 5; 

bl a variety of meteorological conditions as they 
exist over months or years. 
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The use of equations (1) to (5) and (7) to (20) (and 
therefore also table 5) is limited to case a): meteoro-
logical conditions only. Case b) is relevant only to the 
use of equations (6), (21) and (22). There are also a 
substantial number of limitations (non-meteorological) 
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in the use of individual equations. Equation (9) is, for 
example, limited to approximately flat terrain. These 
specific limitations are described in the text ac-
companying the relevant equation. 

Table 5 - Estimated accuracy for broadband noise of LAr(DW) calculated using equations (1) to (10) 

Height, h *1 Distance, d •i 

0 <d< 100 m 1 00 m < d < 1 000 m 

0<h<5m ±3 dB ±3 dB 
5 m < h <30 m ± 1 dB ±3 dB 

•) h is the mean height of the source and receiver. 
d is the distance between the source and receiver. 

NOTE - These estimates have been made from situations where there are no effects due to reflection or attenuation due 
to screening. 

- .. 

. 
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Annex A 
(informative) 

Additional types of attenuation (Amisd 

The term Amisc in equation (4) covers contributions to 
the attenuation from miscellaneous effects not ac-
cessible by the general methods of calculating the at-
tenuation specified in clause 7. These contributions 
include 

A101 , the attenuation of sound during propagation 
through foliage, 

Asite• the attenuation during propagation through 
an industrial site, and 

Ahaus• the attenuation during propagation through 
a built-up region of houses, 

which are all considered in this annex. 

For calculating these additional contributions to the 
attenuation, the curved downwind propagation path 
may be approximated by an arc of a circle of radius 
5 km, as shown in figure A.1. 

NOTE -di= d1 + d2 

A.1 Foliage (Afo1) 

The foliage of trees and shrubs provides a small 
amount of attenuation, but only if it is sufficiently 
dense to completely block the view along the propa-
gation path, i.e. when it is impossible to see a short 
distance through the foliage. The attenuation may be 
by vegetation close to the source, or close to the re-, 
ceiver, or by both situations, as illustrated in figure 
A.1. Alternatively, the path for the distances d1 and d2 
may be taken as falling along lines at propagation an-
gles of 15° to the ground. 

The first line in table A.1 gives the attenuation to be 
expected from dense foliage if the total path length 
through the foliage is between 1 0 m and 20 m, and 
the second line if it is between 20 m and 200 m. For 
pc3th lengths greater than 200 m through dense foli-
age, the attenuation for 200 m should be used. 

For calculating d1 and d2, the curved path radius may be assumed to be 5 km. 

Figure A.1 - Attenuation due to propagation through foliage increases linearly with propagation distance 
d1 through the foliage 

Table A.1 - Attenuation of an octave band of noise due to propagation a distance dt through 
dense foliage 

Propagation distance di Nominal midband frequency 
Hz 

m 63 I 125 250 500 1 000 2 000 4 000 
Attenuation, dB: 

10..; d1 ..; 20 0 I 0 1 1 1 1 2 
Attenuation, dB/m: 

20..; d1.;; 200 0,02 I 0,03 0,04 0,05 0,06 0,08 0,09 

8 000 

3 

0,12 
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A.2 Industrial sites (Asitel 

At industrial sites, an attenuation can occur due to 
scattering from installations (and other objects), which 
may be described as Asite• unless accounted for under 
Abar• or the sound source radiation specification. The 
term installations includes miscellaneous pipes, valves, 
boxes, structural elements, etc. 

As the value of Asite depends strongly on the type of 
site, it is recommended that it is determined by 
measurements. However, for an estimate of this at-
tenuation, the values in table A.2 may be used. The 
attenuation increases linearly with the length of the 
curved path ds through the installations (see fig-
ure A.2), with a maximum of 10 dB. 

A.3 Housing (Ahousl 

A.3.1 When either the source or receiver, or both 
are situated in a built-up region of houses, an attenua-
tion will occur due to screening by the houses. How-
ever, this effect may largely be compensated by 
propagation between houses and by reflections from 
other houses in the vicinity. This combined effect of 
screening and reflections that constitutes Ahaus can be 
calculated for a specific situation, at least in principle, 
by applying the procedures for both Abar and reflec-
tions described in 7.4 and 7.5. Because the value of 
Ahaus is very situation-dependent, such a calculation 
may be justified in practice. A mor~ useful alternative, 
particularly for the case of multiple reflections where 
the accuracy of calculation suffers, may be to 
measure the effect, either in the field or by modelling. 
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A.3.2 An approximate value for the A-weighted at-
tenuation Ahaus• which should not exceed 1 O dB, may 
also be estimated as follows. There are two separate 
contributions 

... (A.1) 

A.3.3 An average value for Ahaus., (in decibels) may 
be calculated using the equation 

Ahaus, 1 = 0, 1 Bdb dB 

where 

... (A.2) 

B is the density of the buildings along that path, 
given by the total plan area of the houses di-
vided by the total ground area (including that 
covered by the houses); 

db is the length of the sound path, in metres, 
through the built-up region of houses, de-
termined by a procedure analogous to that 
shown in figure A.1 . 

The path length db may include a portion d1 near the 
source and a portion d2 near the receiver, as indicated 
in figure A.1 . 

The value of Ahaus shall be set equal to zero in the 
case of a small source with a direct, unobstructed line 
of sight to the receiver down a corridor gap betw~en 
housing structures. 

NOTE 25 The A-weighted sound pressure level at specific 
individual positions in a region of houses may differ by up to 
10 dB from the average value predicted using equations 
(A.1) and (A.2). 

Table A.2 - Attenuation coefficient of an octave band of noise during propagation through 
installations at industrial plants 

Nominal midband frequency, Hz 63 125 250 500 1 000 2 000 4 000 8 000 

Asite• dB/m 0 0,015 0,025 0,025 0,02 0,02 0,015 0,015 

-------------

Figure A.2 - The attenuation Asite increases linearly with the propagation distanced through 
the installations at industrial nlants 

5 
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A.3.4 If there are well-defined rows of buildings near 
a road, a railway, or a similar corridor, an additional 
term Ahous,2 may be included (provided this term is 
less than the insertion loss of a barrier at the same 
position with the mean height of the buildings): 

Ahous,2 = - 10 lg[1 - (p/100)] dB ... (A.3) 

where p (the percentage of the length of the fac;ades 
relative to the total length of the road or railway in the 
vicinity) is :s;:; 90 % . 

A.3.5 In a built-up region of houses, the value of 
Ahous., [as calculated by equation (A.2)] interacts as 
follows with the value for A9r, the attenuation due to 

ISO 9613-2:1996(E) 

the ground las calculated by equation (9) or equa-
tion (10)]. 

Let A9r,b be the ground attenuation in the built-up re-
gion, and A9r,o be the ground attenuation if the houses 
were removed [i.e. as calculated by equation (9) or 
equ~tion (10)]. For propagation through the built-up 
region in general, A9r,b is assumed to be zero in equa-
tion (4). If, however, t~e value of Agr,o is greater than 
that of Ahous• then the influence of Aho is ignored and 
only the value of A9r,o is included in eq~~tion (4). 

The interaction above is essentially to allow for a 
range of housing density B. For low-density housing, 
the value of A9r is dominant, while for high-density 
housing Ahous dominates. 
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M
etal b uil di n g i ns ul ati o n

h as b e e n us e d f or m a n y

y e ars t o t h er m all y i ns u-

l at e t h e w alls a n d r o ofs of m et al

b uil di n gs. A n a d diti o n al b e n e fit is

t h at it pr o vi d es a b ett er a c o usti c al

e n vir o n m e nt b ot h i nsi d e a n d o ut-

si d e t h e b uil di n g. M et al b uil di n g

i ns ul ati o n c a n a bs or b i nt eri or

n ois e t o pr o vi d e a q ui et er w or k

e n vir o n m e nt. It c a n als o d e cr e as e

t h e a m o u nt of n ois e tr a ns mitt e d

i nt o or o ut of a b uil di n g. 

B e c a u s e of t h e p or o u s n at ur e

of m et al b uil di n g i n s ul ati o n, it i s

a n e x c ell e nt a b s or b er of s o u n d.

It c a n r e d u c e n oi s e l e v el s i n a

b uil di n g u p t o 5- 6 d B. T hi s s a m e

s o u n d a b s or bi n g pr o p ert y i s u s e d

t o r e d u c e t h e a m o u nt of s o u n d

t h at i s tr a n s mitt e d t hr o u g h a w all

or r o of. T h u s, it c a n r e d u c e

e q ui p m e nt n oi s e tr a n s mitt e d t o

n ei g h b or s. It c a n al s o r e d u c e o ut-

si d e n oi s e s o t h at b uil di n g o c c u-

p a nt s ar e n ot di st ur b e d b y e xt e-

ri or n oi s e s o ur c e s s u c h a s tr af fi c.

S o u n d A b s o r pti o n
C o ef fi ci e nt
T h e s o u n d a b s or pti o n pr o p erti e s

of a m at eri al ar e e x pr e s s e d i n

t er m s of a s o u n d a b s or pti o n c o ef-

fi ci e nt. T hi s c o ef fi ci e nt t y pi c all y

r a n g e s fr o m 0. 0 5 t o 1. 2 0. T h e

hi g h er t h e c o ef fi ci e nt t h e b ett er

t h e m at eri al a b s or b s s o u n d.

S o u n d a b s or pti o n c o ef fi ci e nt s

ar e m e a s ur e d at s e v er al fr e q u e n-

ci e s si n c e it v ari e s wit h fr e-

q u e n c y. A m at eri al wit h a n

a b s or pti o n c o ef fi ci e nt of 0. 6 6 at

a p arti c ul ar fr e q u e n c y, m e a n s

t h at 6 6 % of t h e s o u n d t h at stri k e s

t h at m at eri al i s a b s or b e d or c o n-

v er s el y 3 4 % of t h e s o u n d i s

r e fl e ct e d b a c k i nt o t h e r o o m. 

M et al b uil di n g i n s ul ati o n i s a n

e x c ell e nt s o u n d a bs or b er wit h c o ef-

fi ci e nts r a n gi n g fr o m 0. 2 0 t o 1. 2 0.

N oi s e R e d u cti o n
C o ef fi ci e nt ( N R C )
A si n gl e n u m b er r ati n g h a s b e e n

e st a bli s h e d t o e x pr e s s t h e a bilit y

of a m at eri al t o a b s or b s o u n d at

m ulti pl e fr e q u e n ci e s. T hi s si n gl e

n u m b er r ati n g i s c all e d t h e n oi s e

r e d u cti o n c o ef fi ci e nt ( N R C).

A g ai n, t h e hi g h er t h e N R C v al u e,

t h e b ett er a m at eri al a b s or b s

s o u n d. N R C v al u e s f or f a c e d

m et al b uil di n g i n s ul ati o n r a n g e

fr o m a b o ut 0. 7 5 t o 0. 9 0. 

T h e F a cts A b o ut t h e
A c o usti c al P erf or m a n c e of
M et al B uil di n g I ns ul ati o n

M et al B uil di n g i ns ul ati o n g r e atl y r e d u c es t h e l e v el of b ot h e xt e ri o r a n d

i nt e ri o r n ois e b y p r e v e nti n g t r a ns missi o n of e xt e ri o r s o u n ds t o t h e

i nt e ri o r of t h e b uil di n g a n d a bs o r bi n g r e v e r b e r ati n g s o u n ds wit hi n t h e

b uil di n g. T his f a ct s h e et dis c uss es t h e f u n d a m e nt als of a c o usti c al p e r-

f o r m a n c e a n d s h o ws h o w t o i m p r o v e s o u n d c o nt r ol i n t y pi c al w all

a n d r o of ass e m bli es t h r o u g h t h e us e of  fi b e r gl ass i ns ul ati o n.
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S o u n d 
T r a n s mi s si o n L o s s
T h e a bilit y of a w all or r o of t o

r e d u c e t h e a m o u nt of s o u n d tr a ns-

mitt e d t hr o u g h it is c all e d s o u n d

tr a ns missi o n l oss. S o u n d tr a ns mis-

si o n l oss is e x pr ess e d i n d e ci b els

( d B) a n d it als o v ari es wit h fr e-

q u e n c y. M ost m at eri als a n d c o n-

str u cti o ns r e d u c e t h e tr a ns missi o n

of hi g h fr e q u e n c y s o u n ds m or e

t h a n l o w fr e q u e n c y s o u n ds. 

W h e n b uil di n g a w all or r o of it

i s i m p er ati v e t h at t h er e ar e n o air

( s o u n d) l e a k s i n t h e c o n str u c-

ti o n. S o u n d l e a k s c a n dr a sti c all y

r e d u c e t h e eff e cti v e n e s s of a w all

t o r e d u c e t h e tr a n s mi s si o n of

s o u n d fr o m o n e s p a c e t o

a n ot h er.  T h e c o n str u cti o n

s h o ul d b e a s ti g ht a s p o s si bl e.

W h er e g a p s e xi st, t h e y s h o ul d b e

fill e d wit h a fl e xi bl e s e al a nt s u c h

a s a n o n- c uri n g B ut yl, sili c o ni z e d

a cr yli c l at e x or a n a cr yli c l at e x.

S o u n d Tr a n s mi s si o n
Cl a s s ( S T C )
A si n gl e n u m b er r ati n g s y st e m

u s e d t o e x pr e s s t h e s o u n d tr a n s-

mi s si o n l o s s pr o p erti e s of a w all

or r o of i s t h e s o u n d tr a n s mi s si o n

cl a s s ( S T C). T h e hi g h er t h e S T C

v al u e, t h e b ett er a c o n str u cti o n

r e d u c e s t h e tr a n s mi s si o n of

s o u n d. I n a t y pi c al m et al b uil d-

i n g c o n str u cti o n t h e v al u e s f or

S T C r a n g e fr o m a l o w of a b o ut

2 0 t o a hi g h of 5 5.

T h e S T C r ati n g h a s

b e e n i n e xi st e n c e f or

m a n y y e ar s a n d i s

b a s e d o n s p e e c h s o u n d s. 

O u t d o o r-I n d o o r
T r a n s mi s si o n Cl a s s
( OI T C )
R e c e ntl y a n e w si n gl e n u m b er

r ati n g h a s b e e n i ntr o d u c e d. It i s

c all e d t h e o ut d o or-i n d o or tr a n s-

mi s si o n cl a s s ( OI T C). It i s u s e d

t o s p e cif y t h e s o u n d tr a n s mi s-

si o n l o s s pr o p erti e s of e xt eri or

b uil di n g el e m e nt s s u c h a s w all s

a n d wi n d o w s.  T h e OI T C u s e s

o ut si d e n oi s e s o ur c e s s u c h a s

tr af fi c, air cr aft a n d tr ai n s t o c al-

c ul at e a si n gl e n u m b er r ati n g.

T h e OI T C i s t h e pr ef err e d r ati n g

f or e xt eri or w all s a n d r o of s of

m et al b uil di n g s. 

C o n cl u si o n
N ois e i s b e c o mi n g a n i n d o or

e n vir o n m e nt al p oll uti o n i s s u e a s

it c a n eff e ct t h e h e alt h a n d p er-

f or m a n c e of t h e b uil di n g o c c u-

p a nt s. C o n str u cti o n t e c h ni q u e s

t o r e d u c e s o u n d ar e b e c o mi n g

i n cr e a si n gl y i m p ort a nt a n d m a n y

b uil d er s a n d ar c hit e ct s ar e l o o k-

i n g f or c o st- eff e cti v e w a y s t o f ur-

t h er r e d u c e s o u n d tr a n s mi s si o n

i n m et al b uil di n g s.

A d di n g f a c e d m et al b uil di n g

i n s ul ati o n al o n e t o t h e m et al

b uil di n g c o n str u cti o n c a n r e d u c e

n oi s e l e v el s i n a m et al b uil di n g

b y 5- 6 d B. H o w e v er, c o n str u cti o n

t e c h ni q u e s d o i m p a ct t h e w a y

s o u n d tr a v el s. T o m a xi mi z e a

m et al b uil di n g’ s a c o u sti c al p er-

f or m a n c e, t h e w all a n d/ or r o of

p a n el s s h o ul d i n cl u d e at l e a st

o n e l a y er of f a c e d m et al b uil di n g

i n s ul ati o n, a n d o n e l a y er of

u nf a c e d m et al b uil di n g i n s ul a-

ti o n. A d diti o n all y, t h e c o n str u c-

ti o n s h o ul d b e ti g ht, wit h att e n-

ti o n t o d et ail s u c h a s filli n g g a p s

wit h fl e xi bl e s e al a nt s t o a s s ur e

t h at s o u n d d o e s n ot tr a n sit vi a air

l e a k s fr o m o n e s p a c e t o a n ot h er.

V a p o r R et a r d e r F a ci n g  N oi s e R e d u cti o n C o ef fi ci e nt s ( N R C )

P S K Li g ht D ut y . 8 5

P S K St a n d ar d D ut y . 8 5

P S K H e a v y D ut y . 7 5

F S K H e a v y D ut y . 8 0

P S F . 9 0

Vi n yl . 8 5

N R C r ati n g is f or f a ci n g l a mi n at e d t o R 1 0 a n d R 1 9 fii b er gl ass.
T est e d i n a c c or d a n c e wit h A S T M C 4 2 3 o n a n “ A ” m o u nti n g.



S T C 2 4 / OI T C 1 8

N o I ns ul ati o n

S T C 2 9 / OI T C 2 0

R- 1 0 F a c e d 2 0 2- 9 6 I ns ul ati o n 

O v er t h e P urli ns

S T C 3 2 / OI T C 2 2

R- 1 9 F a c e d I ns ul ati o n O v er t h e P urli ns

S T C a n d OI T C R ati n g s f o r T y pi c al M et al B uil di n g C o n st r u cti o n s

W all s

R o of s

S T C 5 4 / OI T C 3 9

R- 1 3 F a c e d 2 0 2- 9 6 I n s ul ati o n

O v er t h e Girt s 

3 5 / 8 ” St e el St u d s o n 

2 4 ” C e nt er s wit h 

R- 1 1 B att s a n d 

1 / 2 ” G y p. B o ar d o n I nt eri or

S T C 5 0 / OI T C 3 5

R- 1 3 F a c e d 2 0 2- 9 6 I ns ul ati o n

O v er t h e Girts

3 5/ 8 ” St e el St u ds o n 

2 4 ” C e nt ers wit h 

1/ 2 ” G y p. B o ar d o n I nt eri or

S T C 2 8 / OI T C 2 0

R- 1 0 F a c e d 2 0 2- 9 6 I ns ul ati o n

O v er t h e Girts

S T C 2 1 / OI T C 1 7

N o I ns ul ati o n

S T C 2 9 / OI T C 2 0
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O v er t h e Girts

Ass e m bli es t est e d i n a c c or d a n c e wit h A S T M E 9 0.
S T C r ati n g d et er mi n e d i n a c c or d a n c e wit h A S T M E 4 1 3.
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N AI M A is t h e ass o ci ati o n f or N ort h
A m eri c a n m a n uf a ct ur ers of fi b er gl ass,
r o c k w o ol, a n d sl a g w o ol i ns ul ati o n
pr o d u cts.  Its r ol e is t o pr o m ot e e n er g y
ef fi ci e n c y a n d e n vir o n m e nt al pr es er v a-
ti o n t hr o u g h t h e us e of fi b er gl ass, r o c k
w o ol, a n d sl a g w o ol i ns ul ati o n, a n d t o
e n c o ur a g e t h e s af e pr o d u cti o n a n d us e
of t h es e m at eri als.

F or a d diti o n al i nf or m ati o n o n m et al
b uil di n g i n s ul ati o n, c o nt a ct:

N AI M A
4 4 C a n al C e nt e r Pl a z a, S uit e 3 1 0
Al e x a n d ri a, V A 2 2 3 1 4
T el: 7 0 3 / 6 8 4- 0 0 8 4
F a x: 7 0 3 / 6 8 4- 0 4 2 7
E- m ail: i n s ul ati o n @ n ai m a. o r g
W e b sit e: htt p: / / w w w. n ai m a. o r g

N AI M A M et al B uil di n g C o m mitt e e M e m b ers:

C ert ai n T e e d C or p.
P. O. B o x 8 6 0, V all e y F or g e, P A 1 9 4 8 2
8 0 0- 2 3 3- 8 9 9 0

J o h ns M a n vill e C or p.
P. O. B o x 5 1 0 8, D e n v er, C O 8 0 2 1 7
8 0 0- 6 5 4- 3 1 0 3

K n a uf Fi b er Gl ass
O n e K n a uf Dri v e, S h el b y vill e, I N 4 6 1 7 6
8 0 0- 8 2 5- 4 4 3 4

O w e ns C or ni n g
O n e O w e ns C or ni n g P ar k w a y, T ol e d o, O H 4 3 6 5 9

8 0 0- G E T- PI N K

Pri nt e d  o n  R e c y cl e d  P a p er P U B. N O. M B 3 1 5   4 / 0 1

0. 8 9

S o u n d Tr a ns missi o n Cl ass ( S T C) i n
a c c or d a n c e wit h A S T M E 9 0.

R o of c o nstr u cti o n is 2 4 g a st a n di n g
s e a m r o of wit h 8 ” Z p urli ns o n
5’ c e nt ers.

W all c o nstr u cti o n is 2 6 g a w all
p a n els s cr e w e d t o 8 ” Z girts pl a c e d
o n 7’ c e nt ers.

I nt eri or m et al f urri n g w all st u ds w er e
3 5/ 8 ” b y 2 5 g a o n 2 4 ” c e nt ers.

S o u n d A bs or pti o n C o ef fii ci e nt i n a c c or d a n c e wit h A S T M C 4 2 3 usi n g a n “ A ” m o u nti n g.

M e t al B uil di n g A c o u sti c al P e rf o r m a n c e

R 1 9 I n s ul ati o n L a mi n at e d 
wit h V a p o r R et a r d e r F a ci n g 1 2 5 2 5 0 5 0 0 1 0 0 0 2 0 0 0 4 0 0 0 N R C

P S K Li g ht D ut y F a ci n g 1. 0 6 1. 2 0. 9 3 0. 8 0. 5 1 0. 3 0. 8 5

P S K St a n d a r d D ut y F a ci n g 1. 0 4 1. 2 3 0. 9 1 0. 7 8 0. 4 9 0. 2 8 0. 8 5

P S K H e a v y D ut y F a ci n g 1. 0 7 1. 1 7 0. 8 3 0. 6 3 0. 3 5 0. 2 0. 7 5

F S K H e a v y D ut y F a ci n g 1. 0 6 1. 1 7 0. 8 9 0. 7 2 0. 4 3 0. 2 4 0. 8 0

P S K F a ci n g 1. 0 6 1. 2 2 0. 9 3 0. 8 3 0. 5 7 0. 3 4 0. 9 0

Vi n yl F a ci n g 0. 9 5 1. 2 0. 9 4 0. 7 3 0. 5 2 0. 3 7 0. 8 5

U nf a c e d 1. 2 2 1. 0 2 0. 9 8 1. 0 1 1. 0 0 1. 0 5

A b s o r pti o n C o ef fi ci e nt s @ O ct a v e B a n d F r e q u e n ci e s

A b s o r pti o n C o ef fi ci e nt s @ O ct a v e B a n d F r e q u e n ci e sS o u n d A b s o r pti o n

A b o ut N AI M A

S T C
R ati n g

OI T C
R ati n gC o n st r u cti o n T y p e 1 2 5 2 5 0 5 0 0 1 0 0 0 2 0 0 0 4 0 0 0

R o of N o I ns ul ati o n 1 2 1 3 1 9 2 4 3 0 3 2 2 4 1 8

R- 1 0 F a c e d 2 0 2- 9 6 ( R e v. 2 0 0 0)
i ns ul ati o n o v er t h e p urli ns

1 2 1 6 2 6 3 7 4 5 4 9 2 9 2 0

R- 1 9 F a c e d 2 0 2- 9 6 ( R e v. 2 0 0 0)
i ns ul ati o n o v er t h e p urli ns

1 3 2 0 3 0 4 1 4 9 5 1 3 2 2 2

2 0 2- 9 6 ( R e v. 2 0 0 0) i ns ul ati o n o v er
t h e p urli n a n d b et w e e n t h e p urli n t o
fill t h e c a vit y ( R 2 5 c o m bi n e d)

1 4 2 4 3 4 4 4 5 3 5 6 3 6 2 4

W alls N o I ns ul ati o n 1 2 1 4 1 9 1 9 2 0 2 7 2 1 1 7

R 1 0 f a c e d 2 0 2- 9 6 ( R e v. 2 0 0 0)
i ns ul ati o n o v er t h e girts

1 3 1 6 2 5 3 2 3 7 4 6 2 8 2 0

R 1 3 f a c e d 2 0 2- 9 6 ( R e v. 2 0 0 0)
i ns ul ati o n o v er t h e girts

1 3 1 7 2 6 3 3 3 6 4 7 2 9 2 0

R 1 3 f a c e d 2 0 2- 9 6 ( R e v. 2 0 0 0)
i ns ul ati o n o v er t h e girts, 3 5/ 8 ” st e el
st u ds o n 2 4 ” c e nt ers wit h 1/ 2 ” g y p.
b o ar d o n i nt eri or

2 6 4 0 5 1 6 0 6 4 6 5 5 0 3 5

R 1 3 f a c e d 2 0 2- 9 6 ( R e v. 2 0 0 0)
i ns ul ati o n o v er t h e girts, 3 5/ 8 ” st e el
st u ds o n 2 4 ” c e nt ers wit h R- 1 1 B atts
a n d 1/ 2 ” g y p. b o ar d o n i nt eri or

3 1 4 3 5 5 6 8 7 3 7 5 5 4 3 9

T r a n s mi s si o n L o s s - d B at O ct a v e B a n d F r e q u e n ci e s

S o u n d Tr a n s mi s si o n L o s s

R o of s

W all s
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