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NOLSE AND VIBRATION

INTRODUCTION

This report compiles information from various sources pertaining to noise and vibrationimpacts of the Metro Rail Project. The material contained herein includes a descrip-tion of baseline noise and vibration conditions along alternative alignments, an assess-ment of noise and vibration impacts from various system components and configura-tions, adiscussion of appropriate noise regu2stions, and a discussion of project noise andvibration design criteria.

The report is compiled into a basic text which includes a description of existing condi-tions, an assessment of noise and vibration impacts and a discussion of mitigationoptions. Two attachments are included dealing with design criteria and regulations andguidelines.

For the existing conditions section, noise end vibration measurements have been madeoutside representative buildings and in representative areas adjacent to all proposedMetro Rail system alignments, station yard, and facility locations. The purpose ofthese measurements is to provide a set of existing ambient) baseline, benchmark com-munity noise and vibration levels to which proposed Metro Rail systems generatedlevels may be compared. This data and community noise and vibrations design criteria(i.e., standards of acceptability) provide the basis for determining any areas in thecommunity where system generated levels would potentially cause impacts and wouldtherefore have to he mitigated using special design features. The existing conditionssections present both the data collected and a discussion of the basic units and descrip-
tions used in noise and vibration studies.

To assess the noise and vibration impaets from the Metro Rail system, the expected
levels of noise and vibrations generated by the operation of rolling stock, maintenanceand yard operations, construction and feeder transit systems have been examined andcompared to the existing ambient levels and the Metro Rail Noise and Vibration Cri-teria (Wilson, Ihrig, 1982a,b,e). Since the proposed transit system may consist of both
above and below grade trackage, projections were made of the expected ground-bornenoise levels from train operations in subway sections, and of the expected airborne
noise levels produced by trains operating on the surface and aerial structure alter-natives. The noise impaet of fan and vent shafts, and ancillary facilities such as powersubstations and chiller plants have also been examined. Included in the assessment is anevaluation of the noise impact projections in terms of long-and short-term disturbance.A description is given of the recommended provisions to be included in the design of the
Metro Rail system for minimizing harm to the environment from noise and vibration,and other mitigation measures are presented.

The source materiel for this report is a series of special studies conducted by k'ilsonIhrig and Associates, Inc., who is the noise end vibration engineering design► consultantto Southern California Rapid Transit District on the Metro Rail Project. Source mate-rigl was compiled into this appendix by WESTEC Services, Ina. in association withAcoustical Impacts International. In most cases, the textual material which is includedherein is taken verbatim from the various th'ilson, Ihrig reports (Wilson, Ihrig, 1982athrough f) called out in the reference section.



EXISTING CONDITIONS

Ambient ~foise ~flvironment

Establishing the existing noise level or noise environment in a community can beaccomplished either by estimating the noise Level from data on existing traffic volumes,traffic noise being the most prevalent noise in the communities, or by measuring thenoise in a large number of locations at several different times of day and preferably onseveral different days and different times of the year. Community noise is a con-tinually fluctuating entity dependent upon many factors but, generally, is primarily dueto noise from street and highway traffic. Because the noise level does fluctuate over arelatively wide range, when established by on-site measurements it is necessary thatthe measurements be statistically significant and be amenable to analysis on a statisti-cal basis.

The ~rojeet ~li~nments pass through several dif.~ecent types ~f community ~re~s. in shedowntown area and along Wilshire Boulevard, the area is primarily commercial withoffice buildings and retail stores. There are also a significant number of multi-familyresidences (apartments and condominiums) along some sections of W~~s~ti_*Q ~~!~lpvar~.tiiong ~Fairt-ax Avenue there are sections of commercial buildings and some multi- andsingle-family residences. Between Fountain Avenue and Vineland Avenue the area isgrirn~rily residential with single- and multi-family residences. Between Vineland Ave-nue and Chandler the alignment the area has same commercial as well as residentialareas. Amore detailed description of the lend usage along the alternative alignments isgiven in Table 1. Land use locations are referred to by engineering station numbero Aseries of maps referencing engineering station numbers is given in Attachment 3.

For the commercial areas, with principally daytime occupancy, the possibility of intru-sion from transit train operations ~s primarily a daytime consideration. In residentialareas, the community ambient or background noise level is generally the lowest duringthe evening and nighttime hours and the possibility of intrusion from transit train oper-ations is greatest during this time period. Thus, in the commercial areas, the environ-mental measurements are accomplished mainly in the daytime and the transit syste mdesign criteria are based primarily on daytime operations and noise levels. In theresidential areas, the measurements are performed at several different characteristictimes of the day and the transit system design criteria are based primarily on eveningand nighttime operations and noise levels.

Although community noise data for the daytime in commercial areas and noise data forthe evening and nighttime in residential areas are sufficient to establish the designeriteri~ ~d evaluate tP~e ~tenYi~l impact of the transft system, such measurements arenot sufficient for a complete assessment O~ tt1_E ['c4mtnt~n~t~ grmaya ~;;y±î viaiii2ii~. ~iiCY'Z—fore, measurements are generally made to provide data on the existing noise levels forseveral different times of day. Complete 24-~ou~r sur~,Qyc ~f ±ho ;;~;~ ic~2i ~a;~ ~~performed in order to obtain a complete statistical representation of the daily noiseexposure in ~ eomrm»!?it_; s*~~. T! h~~ ~~~~, ~~rd, ;~~wev~~, 4n~3 3ne noise in eommuni-ties can be eharacterized adequately by making spot-check measurements during atIe~st four characteristic times of day. Because of the purpose of the noise measure-ments reported herein, the spot-check type of survey with a measurement duration of10 minutes was performed at all of the measurement lxations during appropriate char-acteristic times of day. These data are supplemented by complete 24-hour noise sur-veys at several selected measurement locations.
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Table 1

LAND USAGE ALONG THE METRO RAIL ALIGNMENT ALTERNATIVES

Station Number
From Union Station Description of Land Usage

CBD-WILSHIRE SEGMENT

00+00 to 38+00 Low-rise commercial office buildings, Union Station
(historical landmark), and El Pueblo de Los Angeles
(historic district).

38+00 to 51+50 County Courthouse, State and City office buildings,
and Law Library.

51+50 to 107+00 Mid-rise commercial office buildings, International
Jewelry Center, theaters, hotels, apartments,
Angeles Plaza Elderly Housing and Pershing Square.

107+00 to 111+00 Mid-rise office buildings, Hilton Hotel and Hyatt
Regency Hotel.

111+00 to 165+50 Low-rise commercial office buildings, and Interstate
Bank.

165+50 to 178+00 McArthur Park.

178+00 to 181+80 Art gallery, low-rise and mid-rise commercial office
buildings.

181+80 to 191+50 Low-rise and mid-rise commercial buildings.

191+50 to 199+50 Lafayette Park and low-rise office buildings.

199+50 to 218+00 Sheraton West Hotel, bank buildings, department
stores, low-rise and mid-rise commercial office
buildings.

218+00 to 243+50 Mixed commercial, bank building offices and apart-
ments, Ambassador Hotel, other hotels, South West-
ern University. Immanuel Presbyterian Church at
Station 226+50 and Wilshire Church at Station
243+50.

243+50 to 284+00 Wilshire-Hyatt Hotel commercial offices, Union Bank
and other bank buildings and theaters. St. Basil
Roman Catholic Church at Station 254+50, Wilshire
Boulevard Temple at Station 259+50, and St. James
Episcopal Church and St. James Episcopal School
between Stations 280+00 and 282+50.
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Table 1

LAND USAGE ALONG THE METRO RAIL ALIGNMENT ALTERNATIVES (Continued)

Station Number
From Union Station Description of Land Usage

284+00 to 33Q+00 Mixed commercial end office buildings, apartments,
motels and bank buildings. 'l~tieater of Arts at Station
297+50. Scottish Rite and Wilshire 1~Iethodist Church
between Stations 314+50 and 317+50. Wilshire Ebell
Theater at Station 320+00.

330+00 to 350+00 Mixed commercial and office buildings and apart-
ments. Farmers Insurance Home office at Station
340+00.

350~-0~ to 350+00 Residential and office buildings. Leona School and
Burroughs Junior High School between Stations
353+00 and 357+50.

360+00 to 410+00 Commercial, offices bank and residential buildings.

4I0+00 to 435+00 Office buildings. Hancock Park. County Art Museum
at Station 423+00. May Company department store.

435+00 to 460+00 Perk L~ Brea ApaY°tments end mixed cornrnerciaP and
office buildings. Hancock Park School at Station
452+00.

460+00 to 476+00 Mixed commercial, bank and residential buildings.
Farmers Market between Stations 460+00 and 467+50.
CBS Television City at Station 470+00.

476+d0 to 530+00 Mixed eomrrierei~.l, bank and residential buildings and
convalescent homes. Fairfax High School between
Stations 491+00 and 503+50.

HOLLYWOOD SEGMENT
ALTERNATIVE A: CAHUENGA BEND

535+00 to 565+00 Mixed commercial, office, and residential buildings,
and convalescent homes.

5~~1J0 t~ 5o0T~~ Aparimenis and single-family residences.
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Table 1

LAND USAGE ALONG THE METRO RAIL ALIGNMENT ALTERNATIVES (Continued)

Station Number
From Union Station Description of Land Usage

580+00 to 660+00 Mixed commercial, office and residential buildings
and motels. Hollywood High School between Stations
632+00 and 639+00, Blessed Sacrament School ~t
Station 652+00.

660+00 to 692+00 Mixed commercial and office buildings.

692+00 to 710+00 Single-family residential dwellings (close to Holly-
wood Freeway).

710+00 to 730+00 Hollywood Bowl.

730+00 to 760+00 Open space.

760+00 to 820+00 Single-family residential and open space.

820+00 to 860+00 Mixed commercial and office buildings (close to
Hollywood Freeway).

860+00 to 890+00 Apartments and Howard Johnson's Motel. Rio Vista
School at Station 889+00 (all close to Hollywood
Freeway).

890+00 to 910+00 Mixed commercial, apartment and single-family resi-
dential buildings (between Hollywood and Ventura
Freeways).

910+00 to 950+00 Mixed single-family residential, commercial and
apartment buildings.

950+00 to 987+00 Commercial and light industry buildings.

987+00 to 1005+00 Mixed commercial and residential buildings (close to
Hollywood Freeway).

1005+00 to 1038+00 Apartment buildings and single-family residential.

1038+00 to 1042+00 Mixed commercial and apartment buildings.

1042+00 to 1057+00 Apartment buildings and some single-family resi-
dences.
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Table 1

LAND USAGE ALONG THE METRO RAIL ALIGNMENT ALTERNATIVES (Continued)

Station Number
From Union Station Description of Land Usage

1057+00 to 1086+00 Single-family residences and some apartments.

ALTERNATIVE B: FAIRFAX EXTENDED

530+00 to 580+00 Mixed commercial, office and apartment buildings.
Isolated single-family residences. St. Ambrose
School at Station 560+00.

580+00 t~ 594¢00 Singie-family residential and apartments and s~rrae
commercial buildings.

594+00 to 735+00 Single-family residential and open space.

ALTERNATIVE C: L!~ BREA BEND

535+00 to 550+00 Mixed commercial, office and residential buildings.

550+00 to 565+00 Apartments and single-family residences.

565+00 to 596+00 Apartments, isolated single-family residences and
some commercial buildings.

596+00 to 613+00 Apartments and single-family residences.

613+00 to 640+00 Mixed commercial, bank and ~ office buildings
and some apartments. Playhouse theater at Sta-
tion 622+30.

640+00 to 696+00 Mostly open space with a few isolated single-family
residences, at both ends of this section.

696+00 to 760+00 Single-family residences and open space.

I~TORTH HOLLYWOOD SEGMENT
LANKERSHIM ALTERNATNE:

780+00 to ?80+00 San lP-family *p il~At~A~~ ;;.;+s. ~ +~--•~g-- a S... ~.. ~3T°c alai ~~ucasd~.

?80+00 to 803+00 Hollywood Freeway, Universal City Studios end soPne
single-family residences.
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Table 1

LAND US9GE ALONG THE METRO RAIL ALIGNMENT ALTERNATIVES (Continued)

Station Number
From Union Station

803+00 to 864+50

VINELAND ALTERNATIVE:

Description of Land Usage

Mixed commercial, office and bank buildings and
some apartments.

760+00 to 833+00 Single-family residential dwellings.

833+00 to 874+00 Commercial and some office buildings.

874+00 to 905+00 Residential and office buildings, and isolated houses.

905+00 to 1008+00 Mixture of apartments, houses, commercial and
office buildings.

1008+00 to 1020+00 Residential and some commercial buildings.

LAND USAGE ALONG THE ALIGNMENT OF THE INTERMEDIATE
CAPACITY TRANSIT SYSTEM ALTERNATIVE

Station Number
From Fairfax Station Description of Land Usage

0+00 to 130+00 Mixed commercial, office, and bank buildings and
some apartments and motels. Samuel Goldwyn
Studio between Stations 81+50 to 88+50. Holly•rvood
West Hospital at Station 104+50.

130+00 to 150+00 Mixed office buildings and some apartments. Holly-
wood High School between Stations 139+00 end
144+00.

150+00 to 197+00 Mixed commercial, office and apartment buildings.
Selma Avenue School between Stations 162+00 and
164+50.

A series of maps referencing engineering station numbers is given in Attachment 3.

Source: Wilson, Ihrig do Associates, Inc. (1982a,d,e).
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A total of 78 measurement locations were chosen as representative of areas along thevarious proposed alingments. "Spot-check" or short-term noise and vibration measure-ments were made at all ~~ ~~atf~is. ~'~e~tg~-f~drs hoer o. Z~gmt~r~ poise me~sure-ments were also performed at sixteen selected locatiorism

The first noise and vibration survey covered a total of 45 measurement locations alongthe SCRTD Board adopted Preferred Alternative II Route (U.S. DOT, 1980). 'l~at sumvey occurred during September and October 1981. Subsequent to that study, certainportions of the route have been revised, several alternative 8lignments in the Hollywoodand North Hollywood areas have been considered. In order to characterize the existingnoise and vibration environment along these new alignments, additional noise and vibra-tion measurements were made at 33 new locations in September 1982.

'I7~e locations of the measurement sites are indicated in Figures 1 through 4, and a briefdescription of each measurement location and its relation to the alignment is given inTable 2. Table 3 gives a brb~f description of sech of the 2~-hour noise survey Io. ation~~d their rel~ti~r to t}~~ v~~ious p~op~~e~i alignments.

The 1982 measurement locations are numbers 101 through 133 to differentiate them
fy~plp] the 19$1 Ti~~g~rpmcnt lr~+~ro,4t~•rv,+,g iA';~ii',i'i cQiic iiuiiitfiC~CU i inroi~n 4j.

For the purpose of this study, the day was divided into four characteri~tie measurementperiods representing:

Daytime: 10:00 a.rn. to 2000 p.m.

Bush Hour: 4:00 p.m. to 6:00 p.m.

Evening: 7:00 p.m. to 10:00 p.m.

Nighttime: 11:00 p.m. to 2:00 e.m.

No data were taken during the morning rah hour because it is generally found that thenoise level results are essentially the same as for the evening rush hour.

The results of the noise measurements and the description of the noise environmentsprevailing at each of the measurement locations in the community are based on astatistical analysis of the observed noise levels fn decibels. 7T~e factors derived fromthe analysis are the levels exceeded 99 percent ~g the tune, 90 perceauY of the t~~~,50 percent of the time, 10 percent of the time, and 1 percent of the time designated
~9 ~, Ls o, ~s o, Li o, and L1, respectively.

i•~a °•1.̂.~ :.yvai°c ~2Siii~ii3r~ Vi ii`le i~►pfcai minimum or "T@S1dU~" background noise levelobserved during a measurement period, normally made up of the summation ~f ~ ~e~~n~~ber of sound sources distant from the meas~ement position and not usually recog-nizable as infividual sound sources. The most prevalent sotu~ce of this residual noisy isdistant street and highway traffic, bUt L99 and Lyo are not strongly influenced byoccasional local motor vehicle passbys. However, they can be influenced by nearbystationery sources such as air conditioning equipment.
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Lso represents along-term statistical average or median sound level over the measure-ment period and does reveal the long-term influence of local traffic. If the instantane-ous sound level is sampled over a measurement period, the sound level is sampled over ameasurement period, the sound level will be above Lso 50 percent of the time andbelow Lso 50 percent of the time.

Li o describes the average peak or maximum sound level occurring for example, duringnearby passbys of trucks, buses, automobiles, trains, or airplanes. Thus, while Llo doesnot describe the long-term noise prevailing it does describe the typical maximum noiselevels observed at a point and is strongly influenced by the momentary maximum soundlevel occurring during vehicle passbys.

L1, the sound level exceeded 1 percent of the time, is representative of the occasionalmaximum or peak sound level which occurs in an area.

Because of some inherent deficiencies of the simple percentile measures descr;bedabove in evaluating the noise exposure effects of short duration, high level sounds (suchas truck or bus passbys), the Energy Equivalent Level, Leq, has been developed and iswidely used as a valid single-number descriptor of environmental noise. Because it is anenergy integral over time, Leq represents the constant or steady sound level whic'~would give the same energy level as the fluctuating value integrated over the total timeperiod. Because sound energy is proportional to the square of the sound pressure, Leqplaces more emphasis on high noise level periods than does Lso or a straight arithmeticaverage of noise level over time. Some consider Leq a more useful measure than Lsofor the average or typical noise exposure in an area and most recent evaluation s~~stemssuch as CNEL (Community Noise Equivalent level} or Ldn (Day/Night Average Level)use the energy equivalent concept.

The Community Noise Equivalent Level (CNEL) is based on the Leq concept but pro-vides an indication of the subjective response of people to the average community noiselevel over a 24-hour period. To accomplish this subjective sensitivity, acoustic psychol-ogists and scientists have incorporated time weighted penalties into the CNEL measureto account for the increased annoyance people have to disturbing sounds during theevening, and late-night/early morning hours. In averaging evening noise levels into the24 hour noise exposure to detemine the CNEL, e 5 dB burden is added to all noise ea~o-sures between the hours of 7 p.m. and 10 p. m. In averaging late night/early morningnoise levels into the 24 hours noise e~osure to determine the CNEL, a burden of 10 dBis added to all noise exposures between the hours of 10 p.m. and 7 e.m.

The Day-Night Sound Level (Ldn) is similar to the CNEL 24-hour noise descriptor, beingbased on the Leq concept with a penalty being added for the time of day that a noiseoccurs. The difference is that the Ldn is somewhat less sensitive and only weights thelate-night/early morning hours noise exp~ures (with a 20 dB burden). As a rule, formost community noise environments, the difference between the CNEL and Ldn ratingsfor the same location is usually less than 1 dB and therefore not significant.

Existing Noise Levels

Table 4 presents a tabulation of the statistical analysis of the noise observed at each ofthe ?8 noise measurement locations. All of the noise levels are presented in terms ofA-weighted sound level in decibels, abbreviated dB(A). This measurement scale is used
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Table 4

ENVIRONMENTAL NOISE LEVELS MEASURED AT LOCATIONS
ALOIeTG 'd'HE M~T~~ Rt~~ ~iY,YGAIMEAI'Y' ALTERAIA~'YVE~

Location Time of
Number Day Date

1 Rush Hour 9/28/81
Day 9/28/81

Evening 9/28/81
Night 9/28/81

2 Rush Hour 9/22/81
Day 3/21/81

evening 9/22/81

3 Rush Hour 9/22/81
L~~ 9j2ij~1

Evening 9!22/81

4 Rush Hour 9/22/81
Rush Hour* 9/28/81

Day 9 /21 /81
Day* 9/28J81

Evening 9/22/81
Evening* 9/22/81

5 Rush Hour 9/23/81
Rush Hour* 9/28/81

Day 9/21 /81
Day'` 9/28/81

Evening 9/21/1
Evening* 9/28/81
Night 9/22/81

6 Rush Hour 9/21 /81
Day 9/21/81

Evening 9/21/81

7 Rush Hour 9/21/81
Rush Hour• 10/1/81

Day 9/21/81
bays 9/29/81

Evening 9/21 /81
Night 9/21/81

Noise Levels - dB(A)

L99 L90 L50 L10 L1 Leq

62 63 64 66 72 65
5? 58 61 64 68 62
53 54 56 60 66 58
52 53 54 57 60 55

65 67 70 74 81 72
65 67 71 75 82 ?2
63 64 67 71 76 68

62 65 70 7? 84 73
~4 66 69 74 81 ?2
54 57 63 71 79 68

66 68 71 7? 83 74
68 69 72 78 85 75
66 68 72 77 83 ?4
66 68 71 ?6 83 73
59 61 &4 71 79 68
58 60 64 ?0 ?9 68

56 60 66 73 80 .I
57 60 68 74 81 71
56 60 64 69 77 6?
54 57 fi3 70 75 66
51 53 58 65 76 63
52 55 63 70 ?9 68
50 51 55 64 70 60

57 60 66 74 82 71
56 60 65 73 82 70
54 57 63 71 80 68

56 59 66 74 81 70
58 60 66 73 79 69
56 59 66 73 80 70
56 59 65 71 ?8 68
51
49

S?
50

~9
53

v°
62

7'
66

vv
57

28



Table 4

ENVIRONMENTAL NOISE LEVELS MEASURED AT LOCATIONS
ALONG THE METRO RAIL ALIGNMENT ALTERNATIVES (Continued)

Noise Levels
- 

dB(A)
Location. Time of

L99 L90 L50 L10 L1 LeqNumber Day Date

8 Rush Hour 9/21/81 61 64 68 74 81 71
Rush Hour's 10/1/81 61 63 67 72 ?8 69

Day 9/21/81 60 63 67 ?2 ?8 69
Day* 9/29/81 58 61 66 72 ?9 69

Evening S/21/81 55 57 64 ?0 79 67
Night 9/21/81 50 51 57 65 72 61

9 Rush Hour 9/21/81 63 65 69 ?7 83 73
Day 9/22/81 59 62 6? 74 80 70

Evening 9/21/81 56 57 69 69 77 66
Night 9/21/81 54 55 61 68 75 66

10 Rush Hour 9/21/81 64 67 71 ?6 82 74
Rush Hour* 10/1/81 63 66 71 82 84 76

Day 9/22/81 62 65 70 ?5 82 72
Day* 9/29/81 61 64 69 ?8 83 73

Evening 9/21/81 57 60 65 71 78 68
Night 9/21 /81 55 58 64 ?0 76 67

11 Rush Hour 9/21 /81 59 61 69 74 80 71
Rush Hour* 10/1/81 61 64 69 74 82 7'l

Day 9/22/81 62 64 70 76 79 ?2
Day* 9/29/81 63 64 68 72 77 70

Evening 9/21/81 56 59 65 71 74 67
Night 9/22/81 49 51 58 68 75 64

12 Rush Hour 9/23/81 56 59 ?0 74 82 72
Day 9/22/81 56 58 67 ?4 80 70

Evening 9/23/81 51 55 65 71 75 67

13 Rush Hour 9/23/81 57 61 68 73 77 70
Day 9J22/81 56 61 70 76 82 72

Evening 9/22/81 52 56 66 ?1 76 68
Night 9/23/81 44 47 5? 68 74 63

14 Rush Hour 10/1/81 54 57 66 72 76 68
Day 9/29/81 58 60 66 ?2 81 71

15 Rush Hour 9/23/81 57 60 65 69 76 67
Day 9/23/81 50 53 63 69 78 67
Day* 9/29/81 51 54 60 66 75 63

Evening 9/23/81 4? 50 59 67 71 63
Night 9/25/81 40 42 47 63 69 58
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Table 4

ENVIRONMENTAL NOISE LEVELS MEASURED AT LOCATIONS
ALOF3G ~'Hr, Ii~~, i RO t~AII, AL~GNME~~ A~,`TE~NA`~~ES (Continued)

Noise Levels - dB(A)
Location Time of

L99 L90 LSO L10 L1 LeqNumber Day Date

16 Rush Hour 9/24/81 59 62 68 74 83 72
Day 9/23/81 56 59 68 ?5 84 72

Evening 9/23/81 53 58 66 71 75 67

17 Rush Hour 9/24/81 54 58 63 68 73 65
Day 9/23/81 54 58 63 67 ?3 64

evening 9/23/81 47 51 58 64 69 61
Night 9/23/81 45 47 57 64 69 60

18 Rush Hour 9/23/81 50 52 56 59 63 56
Day 9/23/81 49 51 54 58 63 55
Day* 9/23/81 48 50 53 56 60 54
Day* 9/30/81 52 53 55 57 63 55

19 Rush Hour 9/22/81 52 54 57 60 64 58
Rush Hour* 9/30/81 51 54 57 61 65 58

Day 9/22/81 50 53 57 60 63 57
Day# 9/30/81 48 52 55 60 66 57

Evening 9/22/81 48 51 55 59 64 56
Night 9/23/81 39 41 45 52 60 49

20 Rush Hour 9/23/81 50 51 53 57 69 57
Day 9/23/81 51 52 55 59 64 57
Day* 9/29/81 48 50 52 55 60 53
Day* 9/23/81 50 51 54 ~ 58 64 55

21 Rush Hour 9/22/81 57 62 68 72 ?6 69
Day 9/22/81 54 59 66 71 76 67
Day' 9/30/81 52 59 6? 73 78 70

Evening 9/22/81 50 58 65 ?1 7? 68
Night 9/25/81 44 50 60 71 78 67

22 Rush Hodaa~ 9/22/81 52 56 64 71 78 68
Day 9/22/81 51 54 63 ?1 82 69

Evenin¢ 9/22/81 48 51 59 ~9 7~ 64
Night 9/24/81 44 46 53 64 70 59

23 Rush Hour 9/24/81 46 49 53 60 67 57
Rush Hour* 9/30/81 46 47 58 60 67 56

Day 9J23/81 42 44 48 57 65 54
Day'` 9/30/81- 43 44 48 58 6? 55

Evening 9/23/81 39 41 4? 54 63 51
Night 9/24/81 34 35 38 49 60 4?
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Table 4

ENVIRONMENTAL NOISE LEVELS iVIEASURED AT LOCATIONS
ALONG THE METRO RAIL ALIGNMENT ALTERNATNES (Continued)

Noise Levels - dB(A)
Location Time of L99 L90 L50 L10 L1 Leq
Number Day Date

24 Rush Hour 9/24/81 56 62 68 72 79 70
Day 9/24/81 59 62 68 72 78 70

Evening 9/24/81 49 54 62 69 72 65
Night 9/24/81 46 49 61 69 75 65

25 Rush Hour 9/24/81 49 57 66 72 ?4 68
Rush Hour* 9/30/81 50 55 64 69 72 66

Day 9/24/81 50 56 66 72 76 68
Day* 9/30/81 46 49 63 69 73 66

Evening 9/24/81 43 48 61 69 ?3 65
Night 9/24/81 44 47 59 69 73 6~

26 Rush Hour 9/24/81 66 68 72 75 8? 73
Day 9/24/81 63 68 ?2 ?6 81 73

Evening 9J24/81 59 62 68 ?3 78 ?0

27 Rush Hour 9/24/81 59 62 66 70 75 67
Dey 9/24/81 55 61 66 71 78 6~

Evening 9/24/81 50 55 63 69 76 66
Night 9/24/81 45 49 60 67 72 63

28 Rush Hour 9/28/81 57 60 65 70 76 67
Day 9/28/81 54 5? 64 69 ?4 66

Evening 9/28/81 54 57 63 69 76 66
Night 9/28/81 45 48 55 63 71 fi0

29 Rush Hour 9/24/81 62 65 ?0 75 80 72
Day 9/24/81 58 62 66 72 77 68
Day* 9/24/81 56 63 68 74 80 70

Evening 9/24/81 57 60 66 73 ?9 69

30 Rush Hour 9/29/81 59 62 67 71 78 69
Day 9/24/81 61 62 66 ?2 77 68

Evening 9/24/81 56 58 62 68 72 64
Evening* 9/24/81 55 57 62 67 ?5 65

31 Rush Hour 9/24/81 54 56 58 61 65 59
Day 9/24/81 52 54 56 59 62 56

Evening 9/24/81 50 53 56 58 62 56
Night 9/24/81 44 4? 52 58 62 54
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Table 4

ENVIRONMENTAL NOISE LEVELS MEASURED AT LOCATIONS
ALONG THE METRO RAIL ALIGNiV~~NT ~~TEItI~AT~1E~ (Co~taa~ued~

Noise Levels- dB(A)
Location . Time of

L99 L90 L50 L10 L1 LeqNumber Day Date _ _ _ _ _

32 Rush Hour 9/29/81 51 55 59 63 67 60
Day 9/25/81 46 49 53 57 65 55

Evening 9/29/81 49 53 58 63 fib 61
Night 9/29/81 46 48 54 58 63 55

33 Rush Hour 9/29/81 52 53 55 59 64 57
Day 9/25/81 55 57 59 63 71 62

~~~ning 9/2~/~Y ~9 50 52 58 73 ~9

34 Rush Hour 9/29/81 53 54 56 60 72 60
n~; 9~~~~~,.~,., .,. ~9 51 53 55 00 ~7

Evening 9/29/81 51 52 54 5? 66 57
Night 9/30/81 49 50 52 56 6? 56

35 Rush Hour 9/29/81 42 44 46 58 67 56
Day 9/25/81 42 43 45 48 60 48

Evening 9/29/81 41 42 44 58 68 55
Night 9/29/81 39 44 45 4? 53 46

36 Rush Hour 9/29/81 40 43 52 63 70 59
Day 9/29/81 41 42 46 59 70 57

Evening 9/29/81 41 42 43 53 69 55
Night 9/29/81 42 43 44 52 62 52

37 l~~ash Hour 9/29/81 3~ 3~ 40 4~ 59 48
Day 9/29/81 37 38 39 42 fit 4^

Evening 9/29/81 44 44 45 46 62 49
1~ight 9/29/81 42 42 43 4S 52 46

38 Rush Hour 9/28/81 45 47 49 55 58 55
Evening 9/28J81 45 46 48 50 54 48
Night 9/29/81 43 44 46 4~ 5~ 4~

39 Rush Hour 9/28/81 64 66 ?0 75 79 72
Day 9/28/81 61 63 67 ?3 78 70

~a of o~ "!1 7y 6y

gu Kush Hour 9j~8j81 56 57 60 66 72 63
Day 9/28/81 56 5? 60 65 ?1 62
Dey• 9/30/81 55 57 60 64 72 62

Evening 9/28/81. 52 54 57 61 66 58
Evening* 9/29/81 54 55 58 65 70 61
Night 9/30/81 49 51 55 60 64 56
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Table 4

ENVIRONMENTAL NOISE LEVELS MEASURED AT LOCATIONS
ALONG THE METRO RAIL ALIGNMENT ALTERNATIVES (Continued)

Noise Levels - dB(A)
Location Time of Lgg Lgp L50 L10 L1 LeqNumber Day Date

41 Rush Hour 9/28/81 55 58 63 68 79 68
Day 9/28/81 55 57 63 69 75 66

Evening 9/28/81 52 54 58 65 73 62
Night 9/29/81 41 43 48 56 66 56

42 Rush Hour 9/28/81 56 58 63 69 ?5 6F
Day 9/28/81 59 61 64 68 75 65

Evening 9/28/81 55 57 60 65 70 62
Night 9/29/81 43 46 50 58 62 54

43 Rush Hour 9/28/81 52 56 65 71 ?6 67
Day 9/28/81 50 54 64 72 79 68

Evening 9/28/81 49 52 61 69 77 66
Night 9/29/81 42 44 50 63 70 59

44 Rush Hour 9/28/81 48 49 54 64 69 59
Day 9/28/81 44 45 53 64 72 61

Evening 9/28/81 44 45 48 54 63 52
Night 9/29/81 42 42 45 46 51 45

45 Rush Hour 9/28/81 56 58 62 70 80 68
Day 9/28/81 53 55 59 68 77 66

Evening 9/28/81 53 54 5? 68 76 64
Night 9128/81 48 49 ~2 56 68 5r

September 1982

101 Rush Hour 9/20-21/82 60 62 68 74 81 71
T~~y 9;2tD-2~/~2 5~ 6C 64 ?0 7' ~7

Evening 9/20-21/82 52 54 59 68 77 65
Night 9/20,22/82 50 51 54 63 ?2 60

102 Rush Hour 9/20-21/82 60 63 6? 73 79 70
Day 9/20-21/82 59 60 64 ?0 76 67

Evening 9/20-21/82 53 55 60 66 75 64
Night 9/21-22/82 50 52 57 66 ?6 63

103 Rush Hour 9/20-21/82 55 61 67 73 77 69
Day 9/20-21/82 59 62 66 71 77 68

Evening 9/20-21/82 52 54 59 6? 71 64
Night 9/21-22/82 50 51 54 62 68 58
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Table 4

ENVIRONMENTAL NOISE LEVELS tVIEASURED AT LOCATIONS
ALONG THE METftO RAIL ALIGNMENT ALTERNATIVES (Continued)

Noise Levels - dB(A)
Location Time of

Lg9 L90 L50 L10 L1 LeqNumber Day Date

104 Rush Hour 9/20-21/82 55 58 63 70 75 66
Day 9120-21/82 56 58 63 69 ?8 67

Evening 9/20-21/82 49 52 58 67 ?4 64
Night 9/20,22/82 47 48 52 63 ?2 60

105 Rush Hour 9/20-21/82 54 56 59 66 74 63
Day 9/20-21/82 54 55 5R 6s ?? ~~

Evening 9/20~21/~2 48 50 54 60 68 58
Night 9/20-21/82 45 46 49 57 66 54

106 Rush HAS x/20;23%82 50 54 5~ 65 72 62
Day 9/21/82 50 54 59 65 7~ 62

i'rcitiit~ 9lZP,23io"2 g7 51 ~~ 62 66 59
Night 9/21,24/82 44 48 56 61 68 58

107 Rush Hour 9/20-21 /82 47 49 54 65 72 61
Day ~/2~-~~!8? 4? 4~ 52 S2 74 SO

Evening 9/20,22/82 44 46 49 57 6? 57
Night 9/21/82 41 43 46 55 66 53

108 Rush Hour 9/20,22/82 48 50 54 61 ?2 60
Day 9/21-22/82 46 48 52 5? 63 54

Evening 9/20,22/82 45 48 52 5? 64 55
Night 9/20/82 44 46 50 54 64 53

109 Rush Hour 9/20-21/82 46 48 52 63 72 6U
Day 9/22-22/82 43 45 49 59 68 57

EveninP 9/20-2i /S? dq dg i; ;g o8 ~g
Night 9/21-22/82 42 43 44 51 59 49

110 Rush Hovr 9/22/82 60 62 68 72 78 69
Day 9/22/82 57 ~ 60 66 7~ 79 E9

Evening 9/22-23/82 59 62 66 ?1 ?8 68Night 9/23/82 56 59 65 ?0 75 6?

111 Rash H~~.:* 9;2~;~~ 5~ v~ ?~ ~~b ~3 ~4
Day 9/21/82 56 59 68 74 78 ?0

112 Rush Hour 9/21-22/82 5? 62 66 ?1 75 68
Day 9/21-22/82 57 62 65 70 ?5 67

Evening 9/21-22/82 52 56 61 67 ?3 64
Night 9/21/82 48 52 58 65 ?1 62
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Table 4

ENVIRONMENTAL NOISE LEVELS MEASURED AT LOCATIONS
ALONG THE METRO RAIL ALIGNMENT ALTERNATIVES (Continued)

Noise Levels- dB(A)
Location ~ Time of

Lg9 L90 L50 L10 L1 LeqNumber Dey Date

113 Rush Hour 9/21-22/82 49 51 55 61 71 59
Day 9/20-21/82 48 51 54 61 69 58

Evening 9/20,23/82 47 49 53 60 68 58
Night 9/20-21/82 44 46 50 57 67 56

114 Rush Hour 9/23/82 50 53 58 64 72 62
Day 9/23-24/82 47 49 53 58 66 57

Evening 9/23/82 45 47 52 60 64 56
Night 9/23/82 43 45 50 60 66 56

115 Rush Hour 9/22/82 54 57 62 67 ?6 65
Dey 9/22-23/82 54 56 62 69 76 67

Evening 9/23/82 48 52 59 66 72 63
Night 9/21/82 45 48 54 62 68 58

116 Rush Hour 9/21-22/82 43 44 46 50 62 SO
Day 9/21,23/82 43 44 46 53 60 51

Evening 9/21-22J82 48 49 51 54 58 5`'
Night 9/20,22/82 43 46 47 49 54 48

117 Bush Hour 9/22-23/82 41 42 44 50 58 48
Day 9/21-22/82 41 42 44 49 56 47

Evening 9/21-22/82 47 48 49 51 56 50
Night 9/21-22/82 44 45 47 48 b2 4?

118 Rush Hour 9/21-22/82 47 49 53 64 73 6l
Day 9/21-22/82 44 45 49 59 68 56

Evening 9/21-22/82 49 50 51 56 69 56
Night 9/20,22/82 46 47 48 51 58 50

119 Rush Hour 9/21-22/82 55 56 59 63 70 61
Day 9/21/82 54 5? 61 66 70 63

Evening 9/21-22/82 54 55 57 60 66 58
Night 9/21-23/82 52 53 55 59 64 5?

120 flush Hour 9/23/82 52 52 54 60 70 60
Day 9/23/82 49 50 54 58 66 56

Evening 9/2~/~2 46 ~ 47 50 53 55 51
Night 9/23/82 47 48 50 52 56 50

121 Rush Hour 9/22-23/82 44 45 47 58 66 54
Day 9/21-22/82 43 44 46 59 69 57

Evening 9/20,22/82 49 50 52 55 66 55
Night 9/20-22/82 44 45 47 51 61 51
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Table 4

ENVIRONMENTAL NOLSE LEVELS MEASURED AT LOCATIONS
ALONG THE METRO RAIL ALIGNMENT ALTERNATIVES (Continued)

Location Time of
Number Day Date

122 Rush Hour 9/21,23/82
Day 9/21,23/82

Evening 9/20-21/82
Night 9/20-21/82

123 Rush Hour 9/21,23/82
uaj~ ajGi~LG%8L

Evening 9/20,23/82
Night 9/22-22/82

124 Rwsh Hour 9J21,23 j82
~8y X121-22/82

Evening 9/20,23/82
Night 9/21,23/82

125 Rush Hour 9/21,23/82
FD~y ~i2i,2~i82

Evening 9120,22/82
Night 9/21,23/82

126 Rush Hour 9/22-23/82
Day 9/21,23/82

Evening 9/20,22/82
Night 9/21,23/82

127 Rush Hour 9/20,23/82
Day 9/21,23/82

~ v~7ing yj2u,22j8L
Night 9/21,23/82

128 Rush Hour 9/20,23/82
Day 9/21-22/ 2

Evening 9/21-22/82
Night 9/20,22/82

i~9 ltus~ Hour 8/20,23/82
Day 9/21-22/82

Evening 9/20,22/82
Night 9/20,22/82

130 Rush Hour 9/20,22/82
Day 9/21-22/82

Evening 9/21,23/82
Night 9120,22/82

Noise Levels - dB(A)

L99 L90 L50 L10 L1 Leq

46 47 50 59 67 56
43 44 47 54 61 51
47 48 49 51 67 55
42 44 45 49 53 4?

45 46 48 58 71 60
gs 44 4~ 52 64 53
46 47 48 51 60 51
44 45 47 50 61 50

48 51 61 68 74 64
44 4~ ~9 ~~ ?g ~~
46 47 53 65 73 61
41 42 45 58 ?1 58

48 49 51 61 71 59
46 48 50 57 74 60
47 48 50 53 64 53
45 47 49 51 54 49

48 49 51 60 ?6 62
44 45 48 53 61 51
48 49 52 55 62 54
44 4~ 48 51 54 49

47 52 56 63 ?7 63
50 52 54 61 66 58
48 49 51 56 64 55
47 49 51 53 57 51

46 47 50 56 70 57
43 44 47 5~ ~~ 54
49 50 53 59 66 56
43 44 45 48 52 46

48 51 59 65 69 61
44 47 55 64 7~ ~0
48 49 51 58 66 54
45 46 47 51 63 52

43 45 49 56 64 54
42 4~ 46 56 S6 5~
47 49 52 58 67 56
42 44 47 49 52 47
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Table 4

ENVIRONMENTAL NOISE LEVELS MEASURED AT LOCATIONS
ALONG THE METRO RAIL ALIGNMENT ALTERNATIVES (Continued)

Noise Levels - dB(A)
Location Time of

L99 L90 L50 L10 LI LeqNumber Day Date

131 Rush Hour 9/21-22/82 42 43 45 55 72 5i
Day 9/22-23/82 38 40 42 51 66 54

Evening 9/21,23/82 45 46 49 51 54 49
Night 9/21-22/82 43 44 46 49 59 50

132 Rush Hour 9/21-22/82 46 48 56 63 69 59
Day 9/22-23/82 41 44 51 61 68 57

Evening 9/21,23/82 44 45 49 58 65 54
Night 9/21-22/82 44 45 4? 54 60 51

133 Rush Hour 9/21-22/82 45 46 50 57 66 55
Day 9/22-23/82 41 42 45 50 58 48

Evening 9/21,23/82 45 46 48 50 56 4R
Night 9/21-22/82 46 47 48 51 55 49

Source: Wilson, Ihrig ~C Associates, Inc. (1982d).
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because it has become accepted as the best compromise scale, using frequency
weighting which approximates the hearing characteristics of the average human ear.
The A-weighted sound level shows good correlation of the subjective response of people
and communities with measured noise levels. Also, most noise ordinances, standards
and specifications are written in terms of A-weighted sound level.

Each measurement to determine the noise data in Table 4 consisted of a ZO minute long
continuous sample of noise at the site, recorded by means of a calibrated multi-channel
precision magnetic tape recorder equipQed with a sound level meter microphone. The
recordings obtained were later analyzed to noise levels. The tape recordings can be
used in the future to obtain spectral analysis of the noise at the sites (such as octave
band or 1/3 octave band analyses) and are permanently retained as a record of the noise
environment existing at the time of the measurements. Most measurement sites were
visited on several occasions, and the data obtained on each day was averaged to obtain
the data shown on Table 4.

Each measurement location was chosen to obtain the lnoise I~ye1S ~hArAn~Prigtin ~f r,.~
area or near a potenti~Ily noise sensitive building. Whererrer possible the measuring
microphone was located at the setback line of the nearby buildings.

Review of the sound level d~t~ obtained during the sit-check or 1^~-minute me~sure-
ments indicates that the residual background noise levels, L99 and L90 range from 37 to
~ ., ~JYaiflg ~h~ ~ ~,~ „~u~~ a,-« day, r~n~ 3~ ~a o"4 ~~~A~ during ine everting and night-

time hours. At most locations the noise levels do show a significant decrease during the
evening and nighttime hours when compared with the rush hour and daytime noise
levels. At some locations, a temperature inversion was evident during the evening and
nighttime measurem~n~~ ~~c~~ ~!~~ *estitp~ i.̂. ~ ~o~2~h~t h~gr~r :g~i~~a~ back~a~,-~~
noise level during the evening and nighttime than during the daytime and rush hour.

The median or Lso noise level for the different sites ranges from 40 to 72 dB(A) during
the rush hour, 39 to ?2 dB(A) during the day, 43 to 69 d&A) during the evening and 38 to
65 dB(A) during the night.

At many meas~ement locations, the data for Llo and L1 show typical levels for a high
volume of vehicular traffic on city streets. This results in L1 o and L1 noise levels
greater than 70 dB(A), and at some locations, greater than 80 dB(A). An L1 noise level
of 80 dB(A) or greater is generally considered a high noise level for commercial and
residential developed gTeAC, At RPVP1~w1 of t}~° m~~e~ ̀T°cII~ iJ2,'ciiviu i,icic 'vrt~.i ~►fiiy ~t
slight decrease in the L 1 and L1 o noise levels during the evening and tighti me hours
which indicates that there is a significant volume of nearby vehiclular traffic at night.

The Energy Equivalent Level, Leq, ranges from 48 to 76 dB(A) during the rash hg~s
47 to 74 dB(A) during the daytime, 48 to 7d dB(A) during the everting and 45 to 6? dB(A)
during the nighttime. As with the noise levels characterized by the other statistical
descriptors, the noise levels represented by the upper bound of the range- for each time
o~ricx~ Arp ~ ~iL? ~3~h M.''° °.d'° ~l:g r!':.^.;~:~j~ ~v Vciivii'a&F iraiii~ c~ii 2re ne~Dy 5Yr@eiS.

Sizc-e rt~os't of tt~ noise impact is from local activities and local traffic, different areas
along the proposed alignment have different noise environments as is shown by the wide
range of noise levels represented by each statistical descriptor when examining ell of
the measurement locations over the entire length of the route. The range of noise
levels encountered during a particular time period over the entire length of the
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alignment is 20 to 30 dB which indicates that very different noise environments wereobserved. Despite this wide range of observed noise levels, the noise data indicate ahigh level of ambient noise along most of the alignment which is primarily due tovehicular traffic.

During the noise and vibration survey, traffic counts were taken during the measure-ment periods. At those measurement locations where possible, these traffic countsmade during the rush hour were compared with those provided by the City of LosAngeles as being characteristic for the year 1980 (LADOT, 1982). This comparisonindicates that the traffic counts observed during the noise and vibration measurementsvaried from the 1980 established taunts by 1 percent to 29 percent with an averagevalue about 14 percent less than that indicated by the City. With respect to the noiseproduced by this local traffic, the correlation is excellent since it takes a 30 percentchange in the local traffic to change the noise exposure level by 1 dB, a change whichwould not be noticeable. A 100 percent change in the traffic volume would change theresulting noise by about 3 dB(4) which would be noticeable since it usually takes atleast a 2 to 3 dB change in the noise level to be noticeable. In addition, at mostlocations, visits during the same time period were made on different days. The averagevariation in Leq on different days for the same location and time period was less than2 dB. Thus the measured environmental noise levels represent a reasonable evaluationof the community environment for the purposes of this environmental study since theresults are based on data and characteristics related to the principal noise source in thearea and since the results are characteristic of particular measurement locations.

As stated previously, 24-hour or long-term noise measurements were made at 16 mea-surement locations. One long-term measurement at LocatiAn 42 was repeated sinee theoriginal measurement made in 1981 was not over a full 24-hour period. These long-term measurements were made in order to obtain a complete statistical representationof the daily noise expsoure in a community area and to show that the short-term orspot-check sample data correlate well with the variation of noise levels characteristicof the four time periods used. As with the spot-check measurements, the 24-hour. orlong-term noise measurements are reported in terms of A-weighted soured level indecibels, abbreviated dB(A).

The equipment used for the long-term noise evaluation consisted of calibrated, preci-sion, digital aeoustieal data acquisition systems with a sampling race of 60 measure-ments Qer minute. These digital data acquisition systems digitize the A-weighted noiselevel each second, and then store these digitized data on tape cassettes for subsequentlaboratory ~t~t~sticsl aa~~grsi~ of the raise i~veYs served. Although the digital dataacquisition systems can provide information on the noise levels over a long period oftime, since these units digitize the A-weighted noise level, they cannot provide infor-mation on the spectrum of noise, i.e., octave band or 1/3 octave band analyses are notpossible.

Since these digital data acquisition systems operate unattended, they were generallysecured to e telephone or street light-pole which usually located the measuring micro-phone closer to nearby vehicular traffic but higher above the ground than the micro-phone of the spot-cheek measuring system. Thus the peak noise levels measured by thedigital data acquisition system are often greater than that observed by the spot-checkmeasurement system. However, these data do show good correlation with that obtainedwith the spot-check measuring system.
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With the long-term measurement system, single number descriptors of the noise envi-ronment over a 24-hour time period can be obtained. The descriptors, CNEL and Ldnare by definition, based on a 24-hour time period and are minor variations of Leq. Asdescribed earlier these descriptors take into consideration the fact that people aregenerally more annoyed by ~ given sound level at night than during the day.

CNEL is the noise descriptor specified in the California State Aeronautic Code for
evaluation of noise impact of aircraft operations. CNEL is also specified in the Cali-
fornia State Noise Insulation ~tandarids for ntw multi-femiYy residential dwellings.
Hence, local compliance with these standards often necessitates that community noise
be specified in terms of CNEL. Although no long term noise descriptor levels are
specified by any legislative body for operation or construction of the Metro Rail Sys-
tem, CNEL, Ldn and Leq (24) are reported for each long-term measurement location.
The CNEL ranges from a low of 58 dB(A) at Location 109 to a high of 78 dB(A) at
Location 32A, while the Leq (24) ranges from a low of 55 dB(A) at Location 109 to a
high of 73 dB(A) at Location 32!x.

Figures 5 through 21 are plots of the time history of the noise levels at the long-term
measurement locations. These figures also show the date and time each survey began,
as well as the values for CNEL, Ldn and Leq (24). These surveys are representative ofweekday activities and generally show the decrease in nose levels during the nighttime
8IDC3 ~fl_y 7iDOY'P11Ii@ ~i1011~`S iiV~`9~~'h ~ P~~?'AC4g~i~4ir ~f ~~~h~n n3'L~~ :.~C.^„ ~~~ ~3j% ~Taiw~v['iu-
tion activities. The data obtained at Location 125 shows the effect of a temperatureinversion. A temperature inversion can have the effect of raising the residual back-
ground noise by focusing some distant noise to a receiver, in this case either the Holly-
wood or Ventura Freeways. Some uncharacteristically high noise levels were obs~rv~d
for short periods at Locations 107 and 109. These high noise levels have not been
included in the determination of the values for CNEL, Ldn and Leq (24) at these loca-
tions, since these high noise levels are not considered characteristic of these noise
measurements.

Based on the ambient noise measurements made during the four characteristic times of
day, the day-night equivalent level, Ldn has been estimated. Except at those locations
where complete 24-hour surveys were performed and Ldn was determined directly, the
estimates are based on the characteristic fluctuations of noise levels over a 24-hour
period as observed via the sixteen 24-hour surveys performed as part of the measure-
ment program and which have also been observed in many other urban areas 9f the
United States. Table 5 presents in tabular form the data shown on Figures 1 through 4.

As previously stated, at each of the long-term measurement locations, the time history
of the noise levels show the characteristic pattern of urban noise dominated by trans-
~ortation ~egivi~ies. Thus the noise levels are the greatest during the rush hour period,
the same or somewhat lower during the daytime, still somewhat lower during the even-
ing and considerably lower during the nighttime. This characteristic pattern of the
variation of noise Level over a full day vve~ ~hQWn ~t PA~h ~?f ~ha ~~~~;Q.~~ ;yr~~~ ~ ~~~a6-
term measurement was made, thus the correlation between the short- and long-term
s~~s~~emen+t~ c.~a~ b~ ~r~wr~ ad theme l~atiazs ~he~e both ~}~pe~ of measuremenits were
made. This noise level variation over a full day has been shown to be characteristic of
noise environments in a large number of urban areas in the USA and Canada. This
correlation of noise measurements during different times of the day can be logically
extended to the short-term noise measurements, thus validating them as characteristic
for the ~pprog*i~te time of day a:~d ac~r~r~t~ly ~hara~terizi~g t}~~ ~ois~ e~rvironmen~ a~
a particular location without the need for a complete 24-hour survey.
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Table 5

ESTIMATED DAY-NIGHT EQUIVALENT LEVELS AT
NOISE MONITORING SITES

Location Estimated Location Estimated
Number L~ - dB(A) Number L~ - dB(A)

1 62-64 29 69-71
2 70-72 30 71-73
3 ?0-?2 31 60-62
4 72-74 32A 77
5 72 * 33 60-62
v by-!1 34 62-64
7 68-70 35 53-55
8 69-?1 36 58-60
9 72-74 37 5~-54
10 73-?5 38 52-54
11 74 * 39 70-72
12 69-71 40 64-66
13 71-73 41 66-68
14 69-71 42 68*
15 65-67 43 68-70
16 70-72 44 57-59
1? 66-68 45 66-68
18 56-58 101 65-67
19 61* 102 74*
zU 56-58 103 67-69
21 74* 104 67-69
22 68-70 ~ 105 64-66
23 65* 106 64-66
24 71-73 107 61*
~5 ~ 3 ° i08 591
~6 ~1-?3 i0~ 58
27 69-71 110 72-74
28 70* 111 71-73
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Table 5

ESTIMATED DAY-NIGHT EQUIVALENT LEVELS AT
NOISE MONITORING SITES (Continued)

Location Estimated Location Estimated
Number L~ - dB(A) Number Ldn - dB(A)

112 68-70 123 56-58

113 62-64 124 66-68

114 62-64 125 64*

115 66-68 126 56-58

116 54-56 127 59-S1

117 53-55 126 55-57

118 63* 129A 61*

119 64-66 130 55-57

120 58-60 131 56-58

121 58-fi0 132 68*

122 54-56 133 55-5^

•Measured during 24-hour survey

Source: Wilson, Ihrig do Associates, Inc. (1982e).
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Ambient Vibration Environment

The perception of vibration by people has been discussed extensively in the literature,however, most of the criteria are based on the results obtained from steady-state sinu-osidal vibration excitation in laboratory environments. Relatively little information isavailable on the response of humans to low level random vibration or to transientvibration levels. Recently more information on this type of vibration has been obtainedfrom the results of measurements and subjective evaluations of transit train vibrationin Toronto, Washington, DC, San Fr,~neis~ ~d Atlanta.

A number of scales for evaluating the effect of vibration on man have been devised.Units such as Pal and Trem have been presented for establishing scales of response tovibration similar to the A-weighted sound level or the various loudness scales whichhave been used for the determination of subjective response to noise IeveLs. None ofthe seales have been widely accepted in evaluating human response to vibration levelsand, in general, the criteria for response are presented as charts with ranges ofresQonse as a fun~stio_n_ ~f y~h*~r;~n f:~quzr,~y. ~ ivc one su~jeciive response to noise,the human sensitivity to vibration varies with frequency. Therefore, the frequencymust be taken into consideration in assessing annoyance due to vibration. A number ofstudies have indicated that at frequencies above approximately 12 to 16 Hz, sensitivityto vibr~tio!~ is primarily determined by the veioeity amplitude and is relatively indepen-dent of frequency. Sinee the frequency range over dvhich human serfsi~g~ggy ;~ A~~*ea:i-:nat~:y ~,~-~~~rtio~~i io veiociiy amplitude covers the range of principal vibration com-ponents from transit trains, and since the noise level generated by the vibration ofbuildings' surfaces is approximately proportional to vibration velocity level, it is appro-priate to present vibration criteria and data in terms of velocity level.

A curve of human response to vibration has evolved from the studies which have beendone and has been documented in the International Standards Organization document2531 and Draft ANSI Standard 53.29-198X. Additional information on human sensitivityto vibration is contained in the CHABA Publication, "Guidelines for Preparing Environ-mental Impact Statements on Noise" which has utilized much of the information con-tained in the LSO Standard. These standards and publications do indicate that belowabout 12 to 16 Hz the sensitivity to vibration velocity is somewhat lower. This ischaracterized in Figure 22 which indicates human response to building vibration. Thecurve shape is based on information in the CHABA publication end in this report will beknown as CHABA weighting. Tfiese curves show the vibration perception level ranges ind6ClbeLg~ r_1$~ rc 1_,(1 ;;;;~; ~, ifli~c~~ ~s ~ i~i~ciion of frequency in Hertz, $2.
The existing exterior vibration sources include automobiles, trucks, buses, undergroundmechanical equipment, and on a local scale, pedestrians. Most of the vibration sources,except stationary mechanical ~~aipravent ~~r~ting euntit~uo~l~, e~e~~e transient vfbra-tion levels. 'I7~e observed level of vibration at a particular loeation is the summation ofthe vibrations erected by all the various sources, near and far. This is analogous toambient community noise which represents the summation of many noise sp~r~~~e
For this survey, the vibration level data were taken ~~rn~~np~~.:.s?3~ ~•:th, ~:~ at t~►cMme Iocat~ons es, the sound level data. Vibration acceleration was measured using apiezoelectric accelerometer, with a signal recorded on one channel of the data taperecorder.

The data were analyzed to obtain asingle-number velocity lew~~ v~►eigh4ed i~ such a ~+ayto appPOximate the CHABA weighting shown in Figure 22. To obtain the weaghted
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velocity level from the acceleration data, an electronic integrator and filter withapproximately the inverse of the CHABA weighting were used.
Although the CHABA weighting is not a standardized measurement, the resultantweighted velocity level is e good single-number indication of the human response tovibration. Figure 22 indicates that weighted vibration velocity levels below about 69 dBoverall level are generally imperceptible or just perceptible as vibration to the averageperson under normal conditions.

The weighted vibration velocity levels obtained in this manner were statistically ana-lyzed to obtain the same statistical parameters used to describe the existing noiselevels; L99, L9o, Lso, Llo, Li, and Leq.

Table 6 presents a complete tabulation of the statistical analysis of the weighted vibra-tion velocity levels observed at each measurement site. In general those locations withthe highest noise levels also have the highest vibration levels and vice versa; sauce i~?most ~~,sPs, ±*~,:c~ a;,~ b~~c~ wnicn produce high noise levels $Iso produce high vibrationlevels. However, this correlation is not always true since airplanes, motorcycles, andsome cars can produce high noise levels but not necessarily high vibration levels.
Review of the vibration data indicates that as for the noise data there is a considerablerange of levels at different locatiart~ over ~h~ 1~.~*.~ cff :h~ au~m~~~. ~'~e lowestvibration levels were observed at Locations 32, 33, 34, 35, and 37, 116, 117, and 118,which are located away from nearby vibration producing activities, especially duringthe evening and nighttime measurement periods. These locations are on or near theHollywood Hills/Santa Monica Mountains which in addition t9 h~~ing fQ~ .̂.~arbydi~:~~i~r. g~u~ii9g ~e~ivities may also be on or near rock. Although rock transmitsvibration more efficiently than soil, it takes a greater vibration energy level at thesource to produce the same vibration amplitude at the receiver.

There are a number of locations where the L1 vibration velocity level exceeds 69 dB.This means that for approximately 6 seconds in 10 minutes the vibration from passingvehicles was at least barely perceptible at the measurement location. Vibration atother locations with the L1 vibration velocity level less than &9 dB should not be per-ceptible as mechanical motion. Excluding Locations 32, 33, 34, 35, 37, 116, 117 and118, the weighted vibration velocity Leq ranges from 34 to 64 dB which is typical ofcommercial and residential areas near heavily traveled streets BiY~ bet~lpvgr~g, r~;;~-fir.*:̂ .~ t~~~2 ~i~ ~viin inai obtained during previous environmental vibration studiesperformed by WIA indicates that the vibration levels are typical of other large cities(such as Baltimore and Chicago).

To provide some in~iraati~ of thz fP~~uency content of the measured ground-bornevibration, five representative examples of the vibration levels are statistically analyzedby 1/3 octave bands. For the statistical analysis the unweighted vibration velocity levelas a function of time was analyzed in each of ~h~ 1%3 ~?^±~v~ ~an~~ ir~~ 3.i5 biz~~ i~u0 I~z. the results of these are shovim on Figures 23 through 27. Althoughseveral analyses indicate sorn~~rh~t sir~1~.^ 3~~erall ~ibentiofl veiociiy levels, each of thecharts show a somewhat different shape for the frequency spectrum.
It should be noted that establishing the existing vibration environment requires thesame measurement and analysis procedures as establishing the existing noise environ-ment. The vibration environment his the Mme gin@r~l stati~tic~I variation as the
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Table 6

WEIGHTED OVERALL VIBRATION VELOCITY LEVELSl
MEASURED AT LOCATIONS ALONG THE METRO RAIL

ALIGNMENT ALTERNATIVES

Weighted Vibration Velocity Levels
(dB re 1 micro in/sec)

Location Time of Lgg L90 L50 L10 L1 LeqNumber Day Date

1 Rush Hour 9/28/81 41 44 48 52 57 49
Day 9/28/81 45 48 51 54 58 52

Evening 9/28/81 37 39 42 48 52 44
Night 9/28/81 34 37 40 46 52 43

2 Rush Hour 9/22/81 46 49 54 60 66 56
Day 9/21/81 48 51 54 60 67 57

Evening 9/22/81 47 48 52 58 66 55

3 Rush Hour 9/22/81 44 47 52 59 68 57
Day 9/21/81 44 48 52 61 69 57

Evening 9/22/81 38 41 46 55 68 54

4 Rush Hour 9/22/81 40 42 46 51 5? 48
Rush Hour* 9/28/81 40 42 46 51 56 48

Day 9/21/81 42 44 48 52 58 51
Day* 9/28/81 41 43 46 50 56 47

Evening 9/22/81 34 36 39 44 54 43
Evening" 9/28/81 33 36 39 45 52 42

5 Rush Hour 9/23/81 42 44 49 57 64 54
Rush Hour* 9/28/81 41 43 49 56 60 52

Day 9/21/81 43 45 49 53 58 50
Evening 9/21/81 34 36 38 43 52 41
Evening# 9/28/81 38 40 44 50 57 47
Night 9/22/81 39 41 44 47 52 45

6 Rush Hours 9/21/81 49 52 58 64 ?0 61
Day 9/2I/S1 49 53 56 62 69 59

Evening 9/21/81 44 48 53 58 68 58

7 Rush Hour 9/21/81 44 46 54 62 71 59
Rush Hour*` 10/01/81 44 4? 54 60 69 58

Day 8/21 /81 46 49 54 60 66 57
Day* 9/29/81 44 47 53 60 68 57

Evening 9/21/81 40 42 46 56 66 53
Night 9/21/81 38 39 42 49 58 48

1Corrected for Human Perception Curve (see text)

'Kepeat Measurements
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Table 6

WEIGHTED OVERALL VIBRATION VELOCITY LEVELS1
MEASURED AT LOCATIONS ALONG THE METRO RAIL

ALIGNMENT ALTERNATIVES (Continued)

Weighted Vibration Velocity Levels
(dB re 1 micro in/see)

Location Time of
L99 L90 L50 L10 Ll LeqNumber Day Date

8 Rush Hour 9/21/81 51 53 57 62 73 61
Rush Hour* 10/iJ81 52 54 58 64 70 60

Dsy 9/21/81 49 50 54 60 65 56
Day* 9/29/81 50 53 56 62 ?0 59

~'vciiiiig ~%il%81 44 4b 5U 54 64 53
Night 9/21/81 46 48 50 56 67 55

9 Rush Hour 9/21/81 44 46 49 55 6Q 52
Day 9/22/81 40 41 45 51 58 48

Evening 9/21/81 40 41 45 51 55 47
Night 9/21/81 39 42 46 51 61 50

10 Rush Hour 9/21/81 50 52 56 62 67 58
Rush Hour* 10/1/81 44 48 54 61 67 57

~i~}r 9%22i8i 5~4 ~fi 30 :~6 61 53
Day* 9/29/81 43 46 50 5? 63 53

Evening 9/21/81 42 45 50 56 59 52
Night 9/21/81 42 44 48 54 61 51

11 Rush Hour 9/21/81 41 43 47 51 59 49
Rush Hour* 10/1/81 38 40 45 56 67 54

Day 9/22/81 37 39 42 46 52 44
Day* 9/29/81 40 43 47 51 56 48

Evening 9/21/81 40 41 45 52 60 50
Night 9/22/81 3? 39 42 46 51 44

12 flush Hour 9/23/81 42 44 49 54 62 52
Day 9/22/81 40 44 47 51 56 48

Evening 9/23/81 42 46 50 56 62 52

13 Rush Hour 9/23/81 40 43 47 54 59 50
Day 9/22/81 33 36 42 50 56 46

Evening 9/23/81 31 33 40 46 56 44
fight 9/23/81 3? 40 43 48 58 47

14 Rush Hour 10/1/81 35 38 43 51 60 49
Day 9/29/81 36 39 44 51 59 49
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Table_ 6

WEIGHTED OVERALL VIBRATION VELOCITY LEVELS1MEASURED AT LOCATIONS ALONG THE METRO RAILALIGNMENT ALTERNATIVES (Continued)

Weighted Vibration Velocity Levels
(dB re 1 micro in/sec)Location Time of

L99 L90 L50 L10 L1 Leq
Number Day Date _ _ _ _ _ _
15 Rush Hour 9/23/81 38 42 46 52 61 50Day 9/23/81 38 42 46 52 62 50Day* 9/29/81 31 34 42 50 61 48Evening 9/23/81 26 30 37 45 54 44Night 9/2/81 22 24 28 39 50 38
16 Rush Hour 9/24/81 43 45 49 56 64 53Day 9/23181 43 46 50 56 62 53Evening 9/23/81 35 39 45 52 62 50
17 Rush Hour 9/24/81 39 43 49 58 68 55Day 9/23/81 38 42 47 54 68 55Evening 9/23/81 38 41 46 52 59 49Night 9/23/81 32 35 44 55 67 53
18 Rush Hour 9/23/81 38 40 44 49 55 46Day 9/23/81 35 40 44 50 55 4?Day* 9/30/81 28 33 38 43 46 39
19 Rush Hour 9/22/81 38 41 44 49 54 46Rush Hour* 9/30/81 36 40 44 50 58 48Day 9/22/81 39 42 46 52 59 49Day* 9/30/81 32 37 41 45 53 44Evening 9/22/81 37 39 43 47 54 45Night 9/23/81 36 39 42 46 54 44
20 Rush Hour 9/23/81 40 42 46 49 54 47Day 9/23/81 42 45 50 54 57 51Day* 9/29/81 38 40 44 48 53 45Evening 9/23/81 39 42 44 50 54 49
21 Rush Hour 9/22/81 42 46 52 57 62 54Day 9/30/81 34 40 52 59 65 55Evening 9/22/81 39 42 49 57 65 54Night 9/25/82 30 32 39 57 6~ 55
22 Rush Hour 9/22/81 44 46 48 51 55 49Day 9/22/81 41 43 45 49 54 47Evening 9/22/81 42 44 46 50 56 48Night 9/24/81 40 42 44 48 53 46
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Table 6

WEIGHTED OVERALL VIBRATION VELOCITY LEVELS1
MEASURED AT LOCATIONS ALONG THE METRO RAIL

ALIGNMENT ALTERNATIVES (Continued)

Location Time of
Number Day Date

23 Rush Hour 9/24/81
Rush Hour* 9/30/81

Day 9/23/81
Day* 9/30/81

Fypnino 0~~~~IIi

Night 9/24/81

24 Rush Hour 9/24/81
day 9/24` 1

Evening 9/24/8
iv fight 9/24/81

25 Rush Hour 9/24/81
Rush Hour* 9/30/81

~i~i`~ g/~i~t j~i

Day* 9/30/81
Evening 9/24/81
Night 9/24/81

26 Rush Hour 9/24/81
Day 9/24/81

Evening 9/24J81

27 flush Hour 9/24/81
Day 9/24/81

+..~Giiu l`~ ~/GY/O1

Night 9/24/81

28 Rush Hour 9/28/81
Day 9/~~l~?

Evening 9/28/81
Night 9/28/81

~~ is~n ii6~r ~%~~jtsl
Day 9/24 j81
Day* 9/24/81

Evening 9/24/81

30 Rush Houn~ 9/29/81
Day 9/24/81

evening 9/24/81
Evening"` 9/24/81

Weighted Vibration Velocity Levels
(dB re 1 micro in/sec?

L99 L90 L50 L10 L1 Leq

36 41 46 50 54 48
31 34 37 43 53 42
39 42 45 48 54 46
32 36 40 44 49 41
vv

35
v i

38
~Q~

41
g4

45
J4

51
4~f

43

44 47 53 59 64 56
39 4s 50 ~~ 68 55
38 41 ~9 5~ 64 54
31 34 43 54 60 50

38 42 47 52 56 49
32 37 44 50 54 46
39 4~ 47 52 5~ 49
34 38 44 50 55 47
30 34 41 49 54 45
36 39 44 51 55 47

42 45 49 53 56 50
42 45 50 54 59 51
35 39 45 52 57 48

41 44 49 55 62 52
42 45 50 56 62 53
s"5
29

4u
33

4ti

42
53
52

57
59

49
48

38 43 49 54 58 50
38 42 49 54 ~~ 5i
32 38 46 54 61 50
26 29 36 49 55 44

4~ 47 55 64 ?0 60
44 47 53 5~ ~4 56
41 46 53 61 67 5?
40 43 50 61 67 57

42 45 50 56 62 53
46 48 53 58 67 59
41 43 4? 56 63 52
38 40 45 53 61 51
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Table 6

h'EIGHTED OVERALL VIBRATION VELOCITY LEVELS1MEASURED AT LOCATIONS ALONG THE METRO RAILALIGNMENT ALTERNATIVES (Continued)

Location Time of
Number Day Dete

31 Rush Hour 9/24/81
Day 9/24/81

Evening 9/24/81
Night 9/24/81

32 Rush Hour 9/29/81
Day 9/25/81

Evening 9/29/81
Night 9/29/81

33 Rush Hour 9/29/81
Dey 9/25/81

Evening 9/29/81

34 Rush Hour 9129/81
Day 9/25/81

Evening 9/29/81
Night 9/30/81

35 Rush Hour 9/29/81
Day 9/25/82

Evening 9/29/81
Night 9/29/81

36 Rush Hovr 9/29/81
Day 9/29/81

Evening 9/29/81
Night 9/29/1

3? flush Hour 9/29/81
Day 9/29/81

Evening 9/29/81
Night 9/29/81

38 Rush Hour 9/28/81
Evening 9/28/81
Night 9/29/81

39 Rush Hour 9/28/81
Day 9/28/81

Evening 9/28/81

Weighted Vibration Velocity Levels
(dB re 2 micro in/sec)

L99 L90 L50 L10 L1 Leq

36 38 41 44 48 42
36 39 42 47 53 44
35 37 41 46 53 43
34 37 41 46 53 44

36 38 41 44 48 41
32 34 37 41 45 38
25 27 32 38 45 35
22 24 29 34 46 34

36 37 40 43 46 41
32 35 38 45 56 44
27 29 32 35 38 33

34 37 40 44 47 41
25 28 32 38 45 35
20 22 26 32 39 29
18 20 24 29 35 26

22 24 29 36 49 36
24 26 32 42 44 39
21 24 28 34 44 33
18 20 24 28 31 25

30 32 35 47 55 43
36 38 41 46 54 44
32 33 35 40 55 42
32 33 35 40 55 43

22 25 29 34 41 32
22 24 2? 30 43 31
20 21 23 26 45 35
20 22 24 27 32 27

37 39 42 46 50 43
33 36 39 44 52 42
30 32 35 40 54 41

39 42 48 53 60 50
36 41 47 54 63 52
29 32 40 48 61 48
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Table 6

WEIGHTED OVERALL VIBRATION VELOCITY LEVELS1
MEASURED AT LOCATIONS ALONG THE METRO RAIL

ALIGNMENT ALTER,NA~'IVES (Continued)

Location Time of
Number Day Date

40 flush Hour 9/28/81
Day 9/28/81
Day' 9/30/81

Evening 9/28/81
~~~ning= 9jiy/~~.
Night 9/30/81

41 Rush Hour 9/28/81
➢ay 9/28/81

Evening Q/2~/~1
Night 9/29/81

42 Rush Hour 9/28/81
Day 9/28J81

~venfng 9j28/81
Night 9/29/81

43 Rush Hour 9/28/81
Day 9/28/81

Evening 9/28/81
Night 9/29/81

44 Rush Hour 9/28/81
Day 9/28/81

Evening 9/28/81
ivight 9/29/81

45 Rush Hour 9/28/81
Day 9/28/81

Ever~irr~ s/2~1~i
Night 9/28/81

101 flush Hour 9/20-21/82
Day 9/20-21/82

Ev~na~g ~/~0-21!8?
Night 9/20,22/82

102 Bush Hour 9/20-21/82
Day 9/21 /82

Evening 9/20-~~/~a
Night 9/21-22/82

Weighted Vibration Velocity Levels
fdB re 1 micro in/sec)

L99 L90 L50 L10 L1 Leq

42 44 46 50 56 48
44 46 50 5? 67 55
42 44 48 53 58 50
39 41 44 48 56 46
39 41 44 50 58 49
36 37 41 46 51 43

46 52 57 64 72 61
47 51 56 64 ?4 62
~0 ~4 S1 ~q ~°s ~~
38 40 46 58 71 56

44 46 51 58 67 55
46 48 51 57 64 55
42 46 50 57 64 54
39 41 46 52 58 49

47 50 54 60 66 57
43 46 53 60 67 57
45 48 54 63 69 59
41 43 48 58 66 55

45 47 49 b6 63 53
43 45 49 56 62 52
50 51 52 56 64 54
46 48 50 53 55 51

46 48 52 56 61 54
48 49 50 54 58 52
36 39 43 49 57 47
35 3~ 42 48 56 45

42 46 5~. 57 S~ S5
43 46 51 5? 64 54
36 3°

~37
44 ~4 S~ ~3

35 41 49 58 47

44 49 55 63 ?0 59
41 46 52 59 67 56
37 41 ~? SS 67 55
34 37 43 51 63 51
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Table 6

WEIGHTED OVERALL VIBRATION VELOCITY LEVELS1
MEASURED AT LOCATIONS ALONG THE METRO RAIL

ALIGNMENT ALTERNATIVES (Continued)

Weighted Vibration Velocity Levels
(dB re 1 micro in/sec)Location Time of

Lg9 L90 L50 L10 L1 LeqNumber Day Date

103 Rush Hour 9/20-21/82 43 48 55 65 76 64Day 9/20-21/82 43 48 56 64 74 63Evening 9/20-21/82 37 41 45 58 70 56Night 9/21-22/82 34 38 42 50 62 50

104 Rush Hour 9/20-21/82 37 43 51 58 66 55Day 9/20-21/82 39 45 52 60 67 56Evening 9/20-21/82 31 37 44 52 62 50Night 9/20,22/82 27 32 39 49 62 49

105 Rush Hour 9/20-21/82 39 44 50 57 66 54Day 9/20-21/82 37 41 4? 53 62 51Evening 9/20-21/82 34 38 43 49 59 48Night 9/20-21/82 32 35 40 47 58 46

106 Rush Hour 9/20,23/82 36 40 46 52 58 49
Day 9/21/82 3? 42 48 55 60 52Evening 9/21,23/82 34 39 45 50 5? 48Night 9/21,24/82 31 36 42 49 57 4~

107 Rush Hour 9/20-21/82 33 37 42 48 54 45Day 9/21-22/82 33 36 41 47 54 45Evening 9/20,22/82 31 34 39 45 55 45Night 9/21/82 30 33 39 46 58 45

108 Rush Hour 9/20,22/82 31 36 41 48 53 45Day 9/21-22/82 29 34 40 4? 54 44Evening 9/20,22/82 29 33 38 44 50 41Night 9/20/82 28 31 36 42 49 43

109 Rush Hour 9/21/82 27 31 38 44 53 49Day 9/21-22/82 27 31 37 45 51 42Evening 9/20-21/82 25 29 34 41 55 44Night 9/21-22/82 23 27 32 38 47 36

110 Rash Hour 9jB2/82 34 3~ 44 52 62 51
Day 9/22/82 34 38 44 51 58 48Evening 9/22-23/82 34 38 43 49 56 4?Night 9/23/82 31 35 41 48 56 46

111 Rush Hour 9/21/82 42 47 53 60 67 57
Day 9/21/82 4? 50 55 61 68 58
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Table 6

WEIGHTED OVERALL VIBRATION VELOCITY LEVELSZ
MEASURED AT LOCATIONS ALONG THE METRO RAIL

ALIGNMENT ALTERNATIVES (Continued)

Location Time of
Number Day Date

112 Rush Hour 9/21-22/82
Day 9/21-22/82

Evening 9/21-22/82
~iioht 9/~~ IRS

113 Bush Hour 9/21-22/82
Day 9/20-21/82

Evening 9/20,23/2
Night 9/20-21/82

114 Rush Hour 9/23/82
Day 9/23-24/82

Evening 9/23/82
N1:ght 3/2312

115 Rush Hour 9/22/82
Day 9/22-23/82

Evening 9/23/82
Night 9/21/82

116 flush Hour 9/21-22/82
Day 9/21,23/82

Evening 9/21-22/82
Night 9/20,22/82

117 Rush Hour 9/22-23/82
Day 9/21-22/82

Evening 9/21-22/82
Night 9/21-22/82

118 Rush Hour 9/21-22/82
Day 9/21-22/82

~V2~iiig' ~j21-2~%~2
Night 9/20,22/82

119 Rush Hour 9/21-22/82
Day 9/21/82

Evening 9/21-22/82
Night 9/21,23/82

Weighted Vibration Velocity Levels
(dB re 1 micro in/sec)

L99 L90 L50 L10 L1 Leq

44 48 54 61 68 58
42 47 54 61 68 58
39 44 51 58 65 55
aD -rv~ ~Gi iV JV VY J3

36 40 46 53 61 51
35 40 47 54 61 51
31 3~ ~0 4i 58 45
31 35 40 47 56 45

36 40 44 50 56 49
35 38 43 48 54 47
30 35 41 4? 52 44
2~ 33 39 47 ~3 ~3

43 45 49 53 60 51
43 46 49 54 62 52
33 38 43 50 56 4'
32 36 42 49 58 4?

20 23 28 35 46 35
22 24 28 35 44 33
17 21 24 29 35 27
14 1? 22 26 33 2?

21 24 27 31 37 29
19 22 2fi 31 36 30
18 21 24 27 31 25
~4 ~7 22 26 30 23

15 21 27 38 52 36
19 23 29 36 47 36
i~ lti 22 ~~ 45 33
14 18 22 28 37 29

36 41 49 56 63 53
38 43 50 58 65 55
31 36 44 54 61 54
28 33 40 50 58 47
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Table 6

WEIGHTED OVERALL VIBRATION VELOCITY LEVELS1MEASURED AT LOCATIONS ALONG THE METRO RAILALIGNMENT ALTERNATNES (Continued)

Location Time of
Number Day Date

120 Rush Hour 9/23/82
Day 9/23/82

Evening 9/23/82
Night 9/23%82

121 Rush Hour 9/22-23/82
Day 9/21-22/82

Evening 9/20,22/82
Night 9/20-22/82

122 Rush Hour 9/21,23/82
Day 9/21,23/82

Evening 9/20-21/82
Night 9/2Q-21/82

123 Rush Hour 9/21,23/82
Day 9/21-22/82

Evening 9/20,23/82
Night 9/21-22/82

124 Rush Hour 9/21,23/82
Day 9/21-22/82

Evening 9/20,23/82
Night 9/21,23/82

125 Rush Hour 9/21,23/82
Day 9/21,23/82

Evening 9/20,22/2
Night 9/21,23/82

126 Rush Hour 9/22-23/82
Day 9/21,23/82

Evening 9/20,22/82
Night 9/21,23/82

127 Rush Hour 9/20,23/2
Day 9/21,23/82

Evening 9/20,22/82
Night 9/21,23/82

Weighted Vibration Velocity Levels
(dB re 1 micro in/sec)

L99 X90 L50 L10 L1 Leq

33 36 40 47 57 4532 34 39 46 55 4328 30 34 38 43 36
24 27 32 37 44 34

30 34 38 44 52 42
35 38 42 4? 54 44
33 35 38 43 51 41
28 32 35 39 46 3?

29 33 38 42 47 39
30 34 39 44 50 40
2? 31 35 40 45 37
26 30 34 40 46 37

34 38 44 49 55 46
35 39 44 48 53 46
32 36 41 45 52 46
30 33 38 43 49 .40

39 43 48 56 62 52
35 39 45 53 62 51
32 37 42 52 60 48
2? 30 36 46 56 44

33 37 41 47 55 45
34 38 42 47 53 45
30 33 37 43 53 422? 29 33 38 43 35

43 45 48 52 59 50
43 46 48 52 58 50
35 38 42 4? 5? 46
2? 30 36 42 49 39

39 43 49 54 61 52
40 44 49 55 fi0 5234 38 43 50 56 47
30 34 39 46 56 45
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Table 6

WEIGHTED OVERALL VIBRATION VELOCITY LEVELS1
MEASURED AT LOCATIONS ALONG THE METRO RAIL

ALIGNMENT ALTERNATIVES (Continued)

Weighted Vibration Velocity Levels
(dB re i micro in/sec)

Location Time of
L99 L90 L50 L10 L1 LeqNumber Day Date ~ _ _ _

128 Rush Hour 9/20,23/82 38 41 46 52 58 49
Day 9/21-22/82 36 38 43 48 54 46

Evening 9/21-22/82 34 37 42 48 55 45
Night 9/20,22/82 28 30 34 39 47 3?

129 Rush Hour 9/20,23/82 36 40 47 55 63 52
Day 9/21-22/82 34 39 45 53 61 50

Evening 9/20,22/82 28 32 38 47 54 44
Night 9/20,22/82 23 27 33 41 43 41

130 Rush Hour 9/20,22/82 40 45 50 54 59 52
Day 9/21-22/82 39 43 49 54 59 51

Evening 9/21,23/82 37 41 45 50 55 47
Night 9/20,22/82 30 34 39 46 52 43

131 Rush Hour 9/21-22/82 40 44 49 54 58 51
Day 9/22-23/82 39 42 47 52 57 49

Evening 9/21 /82 34 3? 42 4? 52 44
Night 9/21-22/82 33 37 41 47 52 43

132 Rush Hour 9/21-22/82 36 42 50 60 66 56
Day 9/22-23/82 36 41 47 56 63 53

Evening 9/2I,23/82 29 33 41 54 62 50
Night 9/21-22/82 25 29 35 49 59 4i

i3s Hush Hour 9/21-22/82 36 40 45 51 57 48
Day 9/22-23/82 33 36 41 48 5? 46

Evening 9/21,23/82 29 32 38 44 53 42
Night 9/21-22/82 26 32 38 45 60 47

Source: Wilson, Ihrig ~C Associates, Inc. (1982e).
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existing noise environment. Therefore the remarks about the variance and analysis ofnoise for the most part are applicable to vibration.

ENVIRONMENTAL IMPACT ASSESSMENT

Overview

The impact assessment for the system has been performed on a progressive basis, start-ing at one end of the proposed system (i.e., the Union Station terminal) and incre-mentally stepping along the proposed alignment alternatives, projecting (i.e., modeling)the system generated noise and vibration levels and determining the impacts by thesurrounding land uses and noise and vibration envirnnments. Since the noise and vibra-tion migitating features, which may be incorporated into the system design and con-struction; $~ 1_'~J,iSQ Sit???! ~~~~ ~:;c^ iRl~&ii ~Fv,j@C ̀L1dI1.S t18Ve D@@Il made USitl~ }tStBT!-dard" Metro Rail system faeilities except where reductions would be necessary to com-ply with the Metro Rail design criteria.

A number of the Metro I~.ail s3r~te~ design features and exact locations of facilitieshave nat yet been determined, iaee9 round or hor~e~ho~ tunnels; all ~~n~e~~e ~* see? ~:~~~~epe~e aerial structures, location of fan and vent shafts, etc. However, to determinenoise and vibration impacts, certain general assumptions have been made as to the typeof structures and facilities that will be used in the design of the Metro Rail system.The proposed system will be a "heavy rail" system and it has been assumed that the~h~cs~ra:i~ti~~ ~f the s~s~r~ w~ilfl be similar io the recent vintage rapid transit systemswhich have been built or are being built in San Francisco, Washington, DC, Atlanta, andBaltimore. Thus, the data used for projecting the expected noise and vibration from theMetro Rai system are based to a large degree on operating transit systems whichutilize the latest technology, and have similar vehicles and facilities to those expectedfor the Metro Rail system.

The standard design features used on a modern rail transit system include many provi-sions which result in much lower noise and vibration levels than traditionally expectedfor a rail system. These features include such items as continuous welded rail, resilient(rubber) rail fasteners, concrete aerial structures rather than steel structures, use ofWFIPp~ An!~ *~~~ ~:̂ d::~ ar «-u:,
-,~ T~~nin~~ io maintain the smoothness of the wheels andrail, use of vehicles with lightweight trueks which provide minimum unsprung weight,and the use of noise and vibration limits in the specifications and contract documents.All of these result in baseline noise and vibration levels for the system that are con-siderably reduced comp~~d ~~ older traa~ft ~y~tem~.

A direct comparison of the potential noise and vibration impact of an aerial structureto a subway alignment has not been made fa the followir~ reasons. The ch~r;~~~~r of:,~:sz ~~o~r, i~~s~ Yrains traveling on aerial structures is different from the eharacterof raise which arises from tiransit trains operatar~g in A stsbw~~. '!'h~ :~~i~~ ~re~m winstraveling on aerial structures is airborne and can be perceived by individuals outside ofa building or ir►side of a building at an attenuated level after the noise has passedthrough the windows, door or waIIs of the building. The noise from trains traveling in asubway is gro~►d-borne and can be perceived only when an individual is inside a buildingnear the subway; outdoors the ground-borne noise is not aea~ableo !! gain operating in a
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subway creates vibration at the wheel/rail interface which is transmitted to the subwaystructure to the ground and then through the ground to a building structure where it isthen radiated in the form of slow-frequency noise which can be heard and sometimesfelt as mechanical vibration only inside buildings near the subway. Trains operating onaerial structures will produce vibration levels in the ground which are low enough inlevel that they will not be felt by occupants of nearby buildings, while the vibrationlevels produced by trains operating in subways can in some situations be high enough inlevel that they can be felt by occupants of nearby buildings. As for ground-borne noise,vibration from train operations in subways is only perceived by people irLSide buildings.
Table ?summarizes the preceding discussion for convenience. Examination of Table 7indicates that in order to undertake a meaningful direct comparison of the potentialnoise and vibration impact from subway and aerial structure train operations, the eom-parison must be done for occupants inside buildings adjacent to the alignment. Some ofthe necessary information includes size of the building structure, building constructionmaterials and assemblies, number of doors, operable and inoperable windows facing thealignment, etc. Thus, in order to undertake a general review of the potential commu-nity noise and vibration impact from transit train operations either in subway or onaerial structures, we have compared the expected noise levels from train operationswith appropriate acceptability criteria for the community.

Type of
Structure

Subway

Aerial

Table 7

POSSIBILITY FOR NOISE AND VIBRATIONIMPACTS DITE TO TRANSIT TRAIN OPERATIONS

Outside

None

Possible -due
to airborne
noise

Bootee: Wilson, Ihrig do Associates, Inc. (1982e).

Inside

Possible - due to ground-
borne noise and/or ground-
borne vibration

Possible - due to airborne
noise transmitted through
building walls

Since acoustical impact is a very important factor influencing community and patronacceptance of any new transportation system and, Qerticularly, the acceptance of a newra~1 transit system, the Metro Rail system has established an elaborate criteria forma~dmum noise and vibration levels. These noise level criteria are more restrictivethan those applied to any other transportation system and, while they wiIl not insurezero impact on the community, tee, Ira fact, an~ce restrictive than those applied bymam► community noise standards and ordinances. Therefore, when reviewing the fol-lowing sections on the various impact categories, the quality level of standards andcriteria being used for assessment should be kept in mind. Noise and vibration designcriteria are detailed in Attachment 1.
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Ground-borne Noise and Vibration From Subway Operations

Underground operations of rail rapid transit systems do result in ground-borne vibrationand noise which is transmitted frnm the subway structure to adjacent buildings via theintervening geologic strata. The ground-borne vibration originates st the wheel/railinterface and is due to vibration end noise generated by the wheels rolling on the rails.The level of this vibration at the source is influenced by the degree of roughness orsmoothness of the wheels and rails, the speed of the train, and by the type of subwaystructure and geologic strata in which the structure is founded.

The vibration which can be perceived from the operation of transit trains in subways isgenerally perceived as slow-pitched rumbling noise radiated inside nearby buildings dueto the vibration of the building structure induced by the ground-borne vibration andnoise. The vibration may also be perceptible as mechanical motion, although the usualsensation, if perceived, is that of slow-frequency rumbling noise.

It should be noted that the v~hratio„ ;~ ~±' ~~~~h a 1~~ 1~;:~1 that ~i~ece i~ ~o possibility orpotential f~ structural damage due to the ground-borne vibration transmitted to build-ings near the subways. It should also be noted that tram operating on aerial structureswill produce vibration levels which will be low enough in level that they will not be feltb~ nearby occupants of buflda~. This is die pri~~riiy to the fact that the airbornenose from trains h~aveling on aerial structures generally oeerpower~ the ~rception 6fb ~ua~?-~~. r~~ ~~i~c aid ~~~~a4ion ii there is a perception of the train passby.

The transmission of the ground-borne vibration and noise to buildings near the subwaystructure is affected by a number of factors, primarily the type of intervening stratabetween the s~w.~; ~~ t~i~3:~, i.~., ~a~k ~P ~a~i, ~d by the "type of building andbuilding foundations. In general it has been found that the various factors can begeneralized to reduce the number of variables sufficiently to define classes of situa-tions where the noise can he predicted with a reasonable degree of confidence.

For the distances over which ground-borne vibration from transit trains is of concern,the small variations in soil or rock strata (which can have an influence in vibrationtransmitted over long distances) are insignificant. Therefore, the only significant fac-tor with regard to the strata, as far as transit system ground-borne vibration is con-cerned, is whether the founding and intervening media are rock or earth. Buildings neara subway structure can be classified either as small, lightweight buildings -- such asone- Ot tW0-Story hrirlc ~* t'*~;;;~ ~~,~,,~-*~;niiy w~lu -- or smell commercial build-ings and large, masonry buildings -- such as multi-story office, commercial, hotel orapartment buildings. There is a gray area between the two categories; however, mostbuildings can be assumed to be within one of the two categories. Using these simplifi-cations and the considerable amount of eta from ttae Toronto ~`tansit C~m~i~~ion(TTC) facilities and some data from the Bay Area Rapid Transit District (BART), Wash-ington Metropolitan Area Transit Authority (WMATA Metro) and Metropolitan AtlantaRapid Transit Authority (MARTA) facilities, it is possible to derive expected ground-~*!p ~►~*s~:cx: ~~s+~t~ i;~ t~ ~-eu~~~ spaces of buildings near the subway structures.
R'tece 3~ a considera~~e amount of background information available which permits pre-diction of the noise levels to be expected from ground-borne vibration due to transittrains. The measurements which have been accomplished at TTC, BART, WMATAMetro and MARTA facilities provide swell-founded empirical basis for determining theexpected noise levels. The measurements have included evaluations with different
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types of subway structures and with different types of founding and intervening geo-logic strata, including rock and soil. Data for both types of configurations have beenobtained at the TTC and WMATA Metro facilities. The data provide a basis for evalua-tion and verification of theoretical estimates of the difference between ground-bornevibration from earth-founded and rock-founded subways.

The evaluations of subway operations have also included the determination of theeffects of resilient rail fasteners, resiliently supported ties and floating slab trackbedsfor reduction of ground~orne vibration. These evaluations have shown that resilientlysupported ties reduce the ground-borne noise ar~d vibration by 6 to ld dB, while floatingslab trackbeds reduce the ground-borne noise and vibration by 15 to 20 dB. Thesereductions are relative to the ground-borne noise and vibration that transit trains pro-duce when operating on direct fixation resilient rail fasteners which already reduce theground-borne noise and vibration a significant amount over the direct fasteners whichhave been used on older systems. The reduction of ground-borne noise and vibrationattributable to these special design features occurs in the frequency range where rum-bling noise is most predominant and audible in the buildings near the subway structure.
Figures 28 through 30 show cross-sectional drawings of these three methods of trackfixation in subways as used at particular transit systems. 'I?~ese are the three methodsof track fixation which have been used in the projection of ground-borne noise fromtransit train operations in buildings adjacent to the proQosed subway alignments of theMetro Rail system.

As previously indicated, the Metro Rail system has adopted strict design criteria forground-borne noise and vibration (Wilson, Ihrig ~ Associates, Inc., 1982b, Sections 7.4.2and 7.4.3). Tables 8 through 12 indicate a comparison of the expected performancewith the criterion. These comparisons provide a means for determining those areaswhere special design features (i.e., resiliently supported ties 8nd floating slab track-beds) are needed to reduce the noise and vibration to levels below those for the stand-ard design facilities. Engineering station locations are referenced on the series of mapsineiuded in Attachment 3.

Although the exact tyQe of subway structure has not been determined at this time, forthe purposes of this analysis, it has been assumed that the subway structure will be around tunnel with concrete tunnel lining. The subway structure will be located entirelyin earth (as opQosed to rock). Calculations of the expected ground-twrne noise havebeen completed for a number of buildings or groups of buildings along the alternativealignments using procedures which have been developed based on data obtained fromother rraodern systems ~s previously discussed.

Tables 8 through 12 present the results of calculations of the expected noise levels fromground-borne vibration Clue to transit train operations in the subway structures alongthe locally preferred alternative route as well as the different alternatives under con-sideration. It is noted that the Locally Preferred Alternative and the Minimum Opera-ble Alternative (MOA) are exactly the same from Union Station (Station 11 + 00) toBeverly/Fairfax (Station 480 + ?0) where the MOA terminates. ~e data include thelocation along the ali~rtment by cfvil station nuee9ber, the type of structure, the depth ofthe top-of-pail below grade, the distance from the centerline of the near track subwayto the buildings under consideration, and the maximum train speed for the area. Usingthese data in conjunction with the data and techniques which have been developed forcomputing expected noise levels from ground-borne vibration, the noise levels shownwere calculated for the three different types of track fixation considered. If thee~cpected level for ground-borne noise is significantly below the criterion for acceptable
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levels with the use of the resilient direct fixation fastener, then the predicted noiselevels with the other two types of track fixation are not shown, since these trackfixation methods will reduce the ground-borne noise even further below the criterion.The "distance required for criterion compliance" is indicated at those locations wherethe resilient direct fixation fasteners are not sufficient to reduce the ground-bornenoise to the level required by the criterion. This distance is the separation distancenecessary with the resilient D.F. fasteners for the ground-borne noise to be at or belowthe criterion Ievel.

Since the calculations are done for each frequency range, on an octave band basis, theexpected ground-t~orne noise level is first determined in terms of octave band levels.
The octave band analyses of the expected noise levels have been converted to an equiv-
alent A-weighted noise level. Tables 8 through 12 show the expected A-weighted noiselevel at each location for the different types of track fixation.

Review of the effected levels indicated on Tables 8 through 12 shows that resilientl~~
supported ties or floating slab trackbeds should be used to reduce the levels of ground-
borne noise in buildings adjacent to the subway alignment along significant portions of
the locally preferred alternative and each of the other alternatives.

Table 8 indicates the expected levels along the CBD-Wilshire Segment. Based on the
alignment plan and pmfile currently under study, there are a number of sections that
will require the use of resiliently supported ties or floating slab trackbeds to reduce the
levels of ground-borne noise in buildings adjacent to the subway alignment. In addition,
with the current alignment configuration, there are several locations where the use of
resiliently supported ties or floating slab trackbeds will not reduce the ground-borne
noise from transit train operations to acceptable levels. These locations include the
following: the theater located at station 75+50, Theater of Arts located between sta-
tions 296+90 and 298+20, King Solomon Home for the Elderly located at station 497+00,
Country Villa Wilshire Convalescent Hospital located at station 515+70, Garden of
Palms hest Home located between stations 520+60 and 522+10 and the apartments
located between stations 524+50 and 526+00. The somewhat higher noise levels
expected in these buildings is due primarily to a very shallow tunnel (depth to top-of-
rail of 30 to 40 ft) end/or to the presence of a crossover in the tunnel which raises the
expected noise level on the order of 10 decibels. These specific locations will be reana-
lyzed during final design to determine specific measures which will further reduce the
ground~orne noise. These include such measures as minor alignment relocation, cross-
over relocation, subway structure modification, train speed modification and non-stan-
dard (heavier weight) floating slab.

Tables 9 through it indicate expected ground-borne noise levels for Alternatives A, B,
and C in the Hollywood Segment. As with other sections of the proposed Metro Rail
alignment, there ere sections along each of these alternatives where the use of resil-
iently supported ties or floating slab trackbeds will be needed to reduce the ground-
borne noise levels from transit train operations. For all three alternatives, even with
the use of floating slab trackbeds in the area of the crossover between station 537+50
and approximately 544+00, the levels of ground-borne noise in some buildings adjacent
to the alignment due to transit trains traversing the crossover in the tunnel will be
greater than the appropriate criterion. This is due to the shallow depth of the tunnel at
this crossover location (depth to top-of-rail of approximately 35 feet). This location
will be reanalyzed during final design to determine the specific measures which should
be used to further reduce the noise. These measures include those previously discussed
for such areas along the adopted alignment.
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For Alternative A: Cahuenga Bend, the only other location where a floating slab track-
bed may not reduce the grounc}-borne noise from transit train operations to an accept-
able level is at the Blessed Sacrament School, located between stations 650+30 and
X52¢70. Foy A1tePnative B: F~irf~e ~ctee~ded, the other Yoeatior~ vvF~ere ~ ~o~ting slab
trackbed mey not reduce the ground-borne noise from transit train operations to an
acceptable level are at the apartments located between stations 555+00 and 556+60,
and at the apartments located between station ?26+50 and ?27+50. For Alternative C:
La Brea Hend, the other location where a floating slab trackbed may not reduce the
groundborne noise from transit train operations to an acceptable level is at the resi-
dences located between stations 600+00 and 612+60. As detailed in the previous ~scus-
sion, these locations along the finally adopted alternative wiII be reanalyzed during
final design to determine the specific measures which should be used to further reduce
the ground-borne noise.

Table 12 indicates the expected ground-borne noise levels from transit train operations
in buildings along the North Hollywood Segment, Lankershim Alternative. As with the
other alternatives, there are sections where the use of resiliently supported ties or
floating slab trackbeds will be needed to reduce the ground-borne noise levels from
transit train operations. From station ?97+50 to 800+30, there is a hotel where the
gmun~-borne noise from transit train operations may exceed the appropriate criterion
even with the ~e of a floating slab trackbed. The St. Charles Borromeo Church is also
located along this segment and may require the use of a floating slab trackbed and
resiliently supported ties in order to comply with the maximum single event noise cri-
terion of 35 dB(A) for a church (W~son, Ihrig be Associates, Inc., 19828). If this alterna-
tive is adopted, this location will be reanalyzed during final design to determine the
specific measures as previously discussed which should be used to further reduce the
noise.

With the use of resilient direct fixation fasteners and resiliently supported ties and/or
floating slab trackbeds where required, the ground-borne noise from transit train opera-
tions with the current alignment configuration will not be intrusive to occupants in the
buildings which are adjacent to the Metro flail alignment except possibly at those few
locations detailed above. At those specific locations which have been identified, a
reanalysis during final design will determine what additional measures, if any, are nec-
essary to further reduce the ground-borne noise from transit train operations. These
measures include minor alignment relocation, crossover relocation, subway structure
modification, train speed modification and non-standard floating slab design.

Noise Levels From Surface and Aerial Structure Oations

T~ prav~de ~ basis :or evaluating the epee►~ at~~stieal irrpae~ ~#' ~h~ 1~~tFO ~~ii
system transit train operations, levels of the expected wayside noise from the train
operations have been determined. The background information providing the basis for
the expected performance is based on measured data for a variety of con~tions at
several operating systems: BART, WMATA, MARTA, and TTC. The predictions, there-
f03'2~ ~~e hE1Sed gn the infc~rtnAtinn AVAl~Af1~P frnm tho 1ptoct Ar~vann~ampntc in tonhnnl-

ogy, from data obtained from the newest systems, and from research studies on
wheel/rail noise and aerial struet~e noise.

In the evaluation and control of wayside noise created by steel wheel/rail rapid transit
system operations, for surface and aerial way structures, the use of low sound barrier
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walls at the side of the way structure has been found to be an effective means for
reducing wayside noise expose due to the transit train operations. Evaluations which
have been made at several of the newest systems indicate that a substantial noise
reduction, typically on the order of 9 to 10 dB(A), can be achieved with sound barrier
walls. The predictions which are part of this chapter include determination of the
expected noise level performance with the inclusion of sound barrier wells as part of
the transit system facilities.

The predictions of wayside noise levels to be expected from the Metro transit trains
take into account the operatianal characteristics such as train length, speed, auxiliary
equipment noise and other feat~es which can affect the wayside noise. It has been
assumed that solid wheels with either steel or aluminum hubs will be used on all the
vehicles and that the maximum operational speed will be ?0 mph. It should also be
noted that ra~1 transit train noise is strictly a function of speed. There is no variation
in the noise produced for different operating modes, i.e., acceleration, deceleration,
coastinD, or constant speed.

For surface ballast and tie track installations, one of the most important design fea-
tures of the Metro Rail system, which contributes to quieter operation than may be
expected based on experience with older steel wheel/rail systems, is the use of con-
tinuous welded rail. With the continuous welded rail eliminating the rail joints, which
are one of the major sources of noise in a steel wheel/rail system, and considering all of
the features included on the transit cars for noise reduction, the overall result is a
considerably lower wayside noise level than for older systems which have noisier or
jointed rail and which have vehicle equipment that generates higher noise levels.

Figure 31 indicates the expected wayside noise a~ a function of speed for Metro Rail
trains operating on an at-grade track as observed 50 feet from track centerline. The
data on the chart is for operations of the vehicles using rail and wheels which are
maintained in a smooth condition using rail and wheel grinding equipment. Experience
with the BART equipment indicates that the 2 dB(~ range shown on the chart is the
normal variation in performance which can be expected from the transit trains with
normal maintenance of the wheels and rails.

One of the noisiest modes of operation of rail rapid transit systems in the past has been
operation on elevated or aerial structures. The lightweight steel structures of the
Chicago and New York elevated, with direct or rigi~y attached rails, produce very
intense noise due to mechanical vibration of the structure as the transit trains pass by.
This noise has resulted in considerable impact on the neighboring areas and buildings
and is one of the factors which has resulted in the general public view that ra~1 rapid
transit systems are noisy. The noise generated by the steel aerial structure also results
in high noise levels in the transit ear, decreasing the quality of the environment pre-
sented to the transit system patrons.

For many years it has been lrnown that concxete deck and ell-concrete aerial structures
result in much less structuresradiated wayside noise and in-car noise for aerial struc-
ture operations when compared to older all-steel structures. At BART, WMATA '.Vietro
~r~d ~R~'A, Lhe ~~ cf ~a~crete s2ri~ ~4re~etbar~s or c~racr~i~l~t~~ ~traactasre~ with
resilient direct fixation rail fasteners has been demonstrated to be very effective in
reducing wayside and in-car noise. The noise radiated by the meehanical vibration of
the concrete or composite steel/concrete aerial struct~e is less than the noise radiated
by the car and the noise produced during aerial structure operations is primarily due to
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the characteristics of the car. The concrete structure is so effective, in fact, that it is
possible to use e sound barrier wall for further reduction of the wayside noise since the
noise is primarily radiated from the transit car and rails. With a sound barrier wall it is
possible to reduce the wayside noise to levels 9 to 12 dB(A), less than the levels pro-
duced by the car alone, thus further reducing the noise of aerial structiae operations on
the neighboring communities (without significantly affecting car interior noise).

With concrete aerial structures there is a small increase in the wayside and in-car noise
compared to baIlast and tie operations; however, this increase is primarily due to the
sound reflective characteristics of the concrete trackbed compared to the absorptive
characteristies of the ballast and tie trackbed. The wayside noise for operation on an
all-concrete aerial structure is only 2 to 4 dB greater than for operation on ballast and
tie tracks. Similarly, the in-car noise is about 3 dB greater on concrete aerial struc-
tures than for ballast and tie tracks. These higher noise levels on the concrete aerial
structure are primarily due to the reflection of the midge frequency range sound from
the concrete trackbed and are not due to mechanical vibration of the aerial structure.

With steel aerial structures the noise radiated from the structure is greater than the
noise from the transit cars and wayside sound levels of 100 to 110 dB(A) are typical at
distances of about 50 feet from the track centerline. With a concrete aeri8l structure,
levels of 80 to 88 dB(A) at 50 feet are typical for even higher speed operation than is
characteristic of the systems using steel aerial structures. With sound barrier walls the
levels can be further reduced to the range of 70 to 78 dB(A) at 50 feet for concrete
aerial structures whereas the noise from a steel structure cannot be reduced at all with
a simple sound barrier.

Figure 32 indicates the expected wayside noise level at 50 feet from track centerline as
a function of train speed for Metro Rail trains operating on aerial structures. As with
the be.11ast and tie track wayside noise, the continuous welded and gro~md rail is of con-
siderable benefit in reducing the wayside noise expected from the aerial structure.
Further, where the trackbed is concrete as on an aerial struct~e, the ~e of resilient
direct fixation rail fasteners of the same type as used in subways contributes to the
lowering of vibration and noise levels. These rail fasteners are to be used on the Metro
Rail aerial structures.

In regions where sQecial trackwork is included, such as at crossovers, the wheel impact
against the frogs, switch points or other discontinuities can signifieantly increase the
radiated noise levels. As such, a correction factor must be added to Figures 31 and 32
in order to project the maximum train operations. A correction factor of +6 d&A) has
been added to account for the added wheel/rail noise at the c~scontinuities at special
traekwork sections.

To derive the impact for the community noise exposure from the wayside noise level
data given on Figures 31 and 32 it is necessary to provide information on the decrease
of the noise level with distance away from the track centerline. Figure 33 indicates the
maximum wayside noise levels as a function of distance from track centerline for loca-
tions perpendicular to the center of the train as the train passes by, assuming open level
~~a~u~e Thy chest f~ dotted f~ p ~aa~anea~ t~s gaee s ~~ra~e~ti~~: factor tea be ep~:~ed to
the levels on Figures 31 and 32 for different distances from track centerline and for
different lengths of trains.
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The curves of decreasing sound level with distance on Figure 33 are for application to
both aerial structure and at-grade operations in open terrain. If there are rows of
buildings along the transit structure alignment, the sound levels at large distances from
the track may be somewhat less than given by Figure 33. For at-grade ballast and tie
traek the sound level beyond the first mw of buildings or fret row of houses will be
10 to 15 dB(A) less than indicated on the chart because of the shadowing effect created
by the buildings. This shadowing effect is only present when the sound waves from the
transit train are directly shadowed by intervening buildings artd only the first row of
buildings provides any noise reduction. The subsequent rows of buildings or homes do
not create any additional or additive noise reduction beyond that created by the first
row of shadowing buildings. At tfiose locations along an aerial structure where the first
row of buildings is of two stories or more fn height, additional attenuation of the train
noise will be provided behind these buildings for locations which are lower than the
building closest to the transit alignment. Having the aerial structure at high elevation
relative to grade in order to traverse the Hollywood and Ventura Freeways will be
essentially the same as for a standard height serial structure et an equivalent distance.
The only potential differenee would be the lack of shielding that would normally be
provided behind tall buildings adjacent to the structure.

A basic and effective procedure available for abatement of the transit system wayside
noise in critical areas is the use of a sound barrier wall such as that shown on Figure 34
for an aerial structure installation on a MARIA concrete aerial structure. A low sound
barrier or shadow wall located at the side of the way structure is in an ideal location to
shield all of the sound sources present on a transit car and, thus, can be used as a very
effective means of producing extra sound abatement in critical areas. All of the noise
generated by a transit car in operation ori~in~tes ira the area beneath the earn The main
sources ere the noise radiated by vibration of the wheels and rails due to wheel rail
interaction and the noise radiated by the propulsion system. The auxiliary equipment
and vibration of other undercar components also contribute to the noise, but aero-
dynamic noise and vibration of the upper parts of the car body do not contribute sig-
nificantly to the wayside noise. Therefore, a sound barrier wall shielding or shadowing
the noise from beneath the car is a very effective noise abatement technique.

One of the most important features of the I~rf~r wg~ ~gS~gn ig ~h~ ~~ah~ p~ ~ho ~~~
relative to the transit car wheels and side skirt. Another important feature is that the
wall must have no holes or slots which would allow transmission of sound through the
wall. In special eases, the provision of sound-~t~sa~bi~g a~~t~ri~ 4n ~hQ ~n~Qr~c~r f~~P ~,g
the wall can be considered for maximizing the efficiency of the wall as a noise reduc-
tion element.

For ball$st and tie installations the sound barrier walls can be constructed in a variety
of configurations. ~e basfe requirement ~s the provision of a solid wall with sufficient
height to shadow the noise transmitted from the transit trains to the wayside. No sound
absorption is necessary on a ballast and tie track sound barrier wall for full effective-
ness ~~►as~ 4~ the so~~nc~ A~rr~i~n ~rnyirig~i h~ tha hgllnr„ct, Fir o~n;n~l°~ a ;~~aj~u

^s
wall which extends above the top-of-rail elevation or an earth berm or earth cut which
c.:~2i~u a~`ivvc `u`ic iv~i-r8ii iiV`tu sec~e ~ ~ iA~Sy31a@ ~OU11Q barrier IOP P@dtlCliig Ltl2
wayside noise level from operations on surface baIIast and tie tracks.

Figures 31 and 32 include the expected wayside noise level as a function of speed for
operations on the ballast and tie track and aerial structure, respectively, with sound
barrier wall in place. Figure 32 for the sound barrier wall on aerial structure indicates
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the results expected with e typical non-absorptive barrier wa1L A sound barrier wall
with absorption can be used in the most critical areas to obtain 2 to 3 dB(A) more
reduction. However, for most areas the sound barrier without absorption will dive
adequate nofse reduction to give satisfactory results.

As with other aspects of the Metro Rail system, strict design criteria have been
adopted for wayside airborne noise from transit train operations (Wilson, Ihrig ~C Asso-ciates, Inc., 1982b). Tables 13 and 14 indicate a comparison of the expected waysidenoise levels from 6-car transit train passbys with the criteria. 'Il~ese comparisons
indicate where sound barrier walls should be used to reduce the noise to the appropriatelevel and are based on the simple concept of single event passby noise. The data shownon these tables provide information on the noise levels of an individual passby but donot account for the duration of each passby or the number of events per hour or day.These factors are, however, accounted for when evaluating the noise exposure levels forthe transit trains utilizing the energy equivalent noise level, Leq.

The aerial heavy rail seetions of the alternative binder study occur in the North Hally-wood area. The Metro Rail trains will travel at the maximum speed of 70 mph alongmuch of these alternatives except in the vicinity of stations. For evaluation of poten-tial impact, projeetions of the maximum expected WBVSIde noise ~t g ni~mhor .,f h~~,~,~_
ings along the alignment have been determined. The predicted noise levels have beencalculated using the procedures and techniques described for determination of maxi-mum wayside noise levels and determination of the areas where sound barrier walls areneeded.

Tables 13 and 14 present the results of calculations of the expected m~imum way§idenoise levels due to transit train operations for various alternatives studied for NorthHollywood. An Aerial Option to the proposed project has been defined which utilizeLankershim Boulevard from a Santa Monica Mountains portal to Camarillo Street, thenutilizes Vineland Avenue from Camarillo to a station terminus at Chandler Boulevard.The data presented include the location along the alignments by civil station numberand direction from the alignment, the type of building structure, the distance from thenear track centerline to the nearest buildings under consideration, the maximum trainspeed for the area, the criteria for allowab~~ ~~ve~s a_n~ tt,p p~po~,o~ ;y;a~~~u;~ ~~y~,~~
noise levels with and without sound barrier walls for 6-car trains. 'The noise levels for6-car trains are used since the majority of Metro Rail train operations will be with6-car trains.

The noise and vibration surveys (Wilson, Ihrig do Associates, Inc., 1982d) in conjunctionwith the identification of land usage indicate that the areas along the North Hollywoodalternatives are best characterized as average residential, high density residential andeornrreFCial. ~e commercial areas consist of office buildings and retail stores, consis-ting primarily of buildings with daytime occupancy. Most of the areas alongLankershim Boulevard, Vineland Avenue and Chandler Boulevard are best characterizedas high density urban residenti~~. ~'3h1? ?~d_~ ~f the r*«a*;; ~~~~;; ~°till ~iii~.ivil~ ~1[-i~' txAssociates, Inc., 1982b) gives the criteria for maximum airborne noise from Metro Railtrain nnornt~nn~,~ ;;ii";~,ui i2 aiii - ilic ~ eC:lilC CC1L@fib IOP 811 SiLl18L10I1S the b8S1C
r..,. ,....,. ~~ ~K P ~criteria ace that the maximum airborne noise from a single transit train passby shouldnot exceed ?5 dB(A) at single-family residences, 80 dB(A) at multi-family residencesand 85 dB(A) at commercial buildings. In addition, the criteria indicate that themaximum airborne noise from transit train operations should not exceed 75 dB(A) at anychurches, theaters, schools, hospitals, museums or libraries.
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Review of Tables 13 and 14 indicate that there are significant portions of the proposedaerial structure alignments which will require the use of barrier wa1Ls to reduce thelevel to less than that required by the criterion. At some locations an absorptivebarrier well could be considered to further reduce the wayside passby noise. The fol-lowing summarizes the projections of Tables 13 and 14 and is based on the maximumwayside passby noise levels with typical non-absorptive barrier wall for aerial structureoperations and non-absorptive barrier wall for at-grade operations.

For the Vineland Aeri81 Alternative, from the north slope of the Santa Monica Moun-tains to the Hollywood Freeway on Changer Boial~ve~rds the maxirnsam jingle eventairborne noise criteria ere exceeded at approximately 27single-family residences by upto 7 dB(A) with an average exceedance of approximately 3 dB(A), and at approximately22 apartment buildings by up to 2 dB(A) with an average exceedance of approximatelyI dB(A), which (considering its location with respect to Vineland Avenue and theHollywood Freeway) is insignificant.

For the Chandler Extension, the maximum single event airborne noise criteria for aerialstructure operations is exceeded at approximately 18 single-family residences by 1 to4 dB(A), with an average exceedance of approximately 3 dB(A). If the at-grade optionis constructed, the levels on Table 13 for a barrier will be reduced by approximately3 to 4 dB(A) which will then make the wayside noise level acceptable at all of the.nearest wayside buildings.

For the Lankershim Aerial Alternative, the maximum single event airborne noisecriteria are exceeded at approximately 28 single-family residences by 2 to 6 dB(A), withan average exceedance of approximately 4 dB(A), and at approximately 7 apartmentbuildings by up to 3 dB(A), with an average exceedance of approximately 1 d&A). Allof these exceedances occur between the portal location and the Universal City station.

Tht~, even with the use of a typical barrier wall there are certain locations where themaximum effected wayside noise from transit train operations will exceed the noiselevel goal. These locations are primarily single-family residential dwellings which arelocated within 125 to 150 feet of the proposed serial structure where the trains will beoperating up to the maximum speed of 70 mph.

As previoi.~ly discussed, the single-event passby noise does not account for the cumula-tive effect of noise since the noise level from an individual passby does not account forthe duration of each passby or the number of events per hour or day. This is because aloud noise occurring very seldom may be less annoying or intrusive than a moderatenoise occurring many times.

The noise exposure due to heavy rail transit train operations on aerial structures ispresented in Table 15 in terms of the day-night average Level (Ldn) for two train speedsand at distances of 50, 100 and 200 feet. This measure allows an assessment of theexpected long-term noise exposure that individuals living or working near the transitroute will experience for an entire day without taking into accotmt the effects ofexisting ambient noise. This estimate of noise exposure is based on the passby soundlevels, the dur~ti9r~ of the so~c~ ~~ the ~um~~ of pessby~ per F~~r. "Y~e num't>er ofpa~bys per hour is based upon the proposed 2000 weekdeiy operating schedule. Table 15also indicates the noise exposure levels with the use of sound barrier walls attached tothe sides of the aerial structure (as discussed previously). The sound barrier walls resultin a noise exposure level reduction of up to 10 dB(A?.
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Table 15 presents the projected noise exposure that will be created by the heavy railtransit trains on aerial structures and thus represents only the transit train noise and

Table 15

EXPECTED OUTDOOR NOISE EXPOSURE LEVELS FOR 'METRO RAILTRANSIT TRAINS OPERATING ON AERIAL STRUCTURE - LDN IN DB(A)
'I~ain At 50 ft At 100 ft At 200 ftSpeed No SBW SBW No SBW SBW No SBW SBh
50 mph 71-75 62-66 68-72 59-63 63-67 54-58
70 mph ?4-78 64-68 71-75 61-65 66-70 56-60

Sources SNiLson, Ihrig ~C ~,ssoci~tes, Ync., 1982e.

does not account for any other noise sources. Comparison of the transit train noiseexposure W1tI'1 t}1 P. PY7Clirlb •;~.~~ ~x~.:,~ur~ i►-~~~~r~ies Lne degree Lo which the transit trainoperations will affect the total noise exposure levels.

Based on the ambient noise measurements made in 1981 and 1982 the day-night equiv-alent level, Ldn that has been measured and estimated is presented in Table 16 alongwith the operation of the transit trains on aerial structures. The measurement locationnumbers refer to the ~oc~tion n~amb~r~ in the pP~viously referenced noise surveyreports.

Table 16 indicates that without the use of sound barrier walls the noise from the oper-ation of Metro Rail trains on aerial structures would raise the Ldn levels by 0 to10 dB(A), with an average value of 4 to 5 dB(A). With the use of sound barrier walls thenoise from operation of the Metro Rail trains on aerial structures would raise the Ldnlevels at the noise measurement locations by 0 to 3 dB(A), with an average value of lessthan 1 dB(A). ~th~Lgh s ~ t~ ~ d~(A) i~icF~~~e in i~dn is considered significant, a1 dB(A) increase is considered insignificant.

Although there ~r~ n~ r~is~ r~ga;~«~i,~ ~f ~i~~ ~i4.~ off' i~os f~ngeles which directly affectthe operation of transit trains, it is understood that the Los Angeles City PlanningDepartment uses the "Guidelines for Environmental (Exterior) Noise Compatible LandUse" which is presented in Figure 35. Comparison of Table 15 and Figure 35 indicatesthat with the use of sound barrier wa11s ~~ ~r~n~it Lrai~ rations ~iTil ~a~ply with thenormally acceptable guidelines of Figure 35 for even the most critical land use cate-gories at distances of 100 feet or more. However, the data in Teble 16 indicate thateven without transit train operations the existing noise levels exceed the Ldn 9~fi5 ~BlA1 h; ~ ~::~h a; 5 ~~~Ai. i~~~ce, in ine community areas along Vineland Avenueand Lankershim Boulevard, the noise abatement measures (i.e.; S~un[~ harrio* ;yQ;;~) ry;;i:.:,2 ~z~~;te iiie iorai noise exposure unless steps are taken to reduce the existing noise.
As part of the Fairfax Extended end La Brea Bend alternatives analysis, special studieswere undertaken to determine noise aid vibration characteristics of alternative transittechnologies, i.e., an Intermediate Capacity Transit System (ICTS) on an aerial

160



LAND USE 
DAY—NIGHT AVERAGE LEVEL, Ldn•

55 GO 65 70 ?5 80
RESIDENTIAL — SINGLE ... .. _... ...
FAMILY, DUPLEX,
T96~ILE HOMES

SCHOOLS, CHURCHES, ....
HOSPITALS

OUTDOOR SPECTATOR
SPORTS , ...... .PLAYGROUNDS, :::::
NEIGHBORHOOD
PARKS

GOLF COURSES,
RIDING STABLES, :.: ~ : ::::
WATER RECREATION, .............. ......... .............CEMETARIES

OFFICE BUILDINGS, .............. .•.•.•.•.•.PERSONAL, BUSINESS : ; :: ~ ::
AND PROFESSIONAL

COMMERCIAL
WHOLESALE, SOME ..............RETAIL, INDUSTRIAL, ::::: :::::
MANUFACTURING,
UTILITIES

I.EGEIV'D

CLEARLY NORMALLY NORMALLY
ACCEPTABLE ACCEPTABLE UNACCEPTABLE

Source: City of Los Angeles EIR Manual

Guidelines for Environmental Noise Land Use Com~atability

`~WESTEC Serviceq Inc.

CLEARLY
UNACCEPTABLE

FIGURE
3.~.v



Table 16

ESTIMATED AND MEASURED DAY-NIGHT EQUIVALENT LEVELSALONG THE PROPOSED 1VIETRO RAIL AERIAL ALIGNMENTS

Measurement Location Ldn ° no trains Ldn with trains

u„ cuw euw

40 64-66 dB(A) 70-72 dB(Al 65-66 dB(A1
41 66-68 74-76 68-70
42 68* 72-75 6~-70
43 68-70 75-77 70-'2
44 57-59 62-64 58-60
45 66-68 73-?5 68-70

(if yard here) 68-70 66-68
119 64-66 65-67 64-6&
iz0 58-60 64-66 59-61
121 58-60 61-63 58-60
122 54-56 61-63 55-57
123 56-58 65-67 58-60
9.24 66-68 66-68 66-68
125 64* 64-66 64-65
126 56-58 64-66 58-60
127 59-61 61-63 59-61
128 55-57 60-62 56-58
L~9~! S'* 62-64 61-62
130 55-57 59-61 56-58
~3i ~S°SS Sy-bi 56-58
132 68* 68-70 68-69
133 55-57 57-59 55-57

*Measured in 24-hour survey
~~w = ~::~ ~aPI'ici ~i&u
Source: Wilson, Ihrig and Associates, Inc. (1982 e).

162



structure and a Light Rail Transit (LRT) system at grade. The results of the noise and
vibration analysis are contained in the Special Analysis documents (Special Analysis
Task Force, 1982). In summary, the ICTS will be audible outdoors, having an Ldn of 64-
66 dB(A) at a distance of 50 feet for maximum travel rates of 45 mph. With absorptive
barriers the level could fall as low as an Ldn of 38-40 dB(A). Those levels are below
community ambients and could increase ambient Ldns by less than 1 dB(A). The LRT
system could create noise as high as 54-56 dB(A) Ldn for the 35 mph maximum speed
without side barrier walls. This is noisier than either the subway heavy rail or the ICTS.
There could be an increase in the community ambient of 1 dB(A) for locations 50 feet
from the centerline. Side barrier walls would cause the ambient to be exceeded by less
than ~ d~(A), which is considered insignificant.

Storage and '.Maintenance Yard Noise

The activities in storage and maintenance yards result in noise due to a numbe^ of
sources, as given in the following listing of the major sources.

• Wheel squeal on curves,

~ Clicks and pings as wheels pass over rail joints and through switches,

• Train rolling noise,

• Transit car auxiliary equipment operation,

• Coupling and decoupling of cars,

• Train horns,

• Workmen shouting, end

• Telephone or warning buzzers or horns, announcement or call loudspeakers and
noise created by maintenance work.

There are two additional sources of noise that have been encountered in yard operations
but that are not included in the above list and will not occur with the Metro Rail cars:
the sound of brakes squealing and the sound of air release frequently encountered with
air brakes or dumping cycles of air compressor and air brake systems. Neither of these
sources of noise is present as a significant noise source on modern transit vehicles
because of the use of quiet operating brakes and the use of systems which do not
require dumping of air in the operating cycle, thus eliminating the characteristic air
release sound.

The principal noises which have been found to create annoyance in residential areas
near transit system yards are:

• The noise from auxiliary equipment on the transit ears,

• The wise from car propulsion systems and the wheel and rail interaction when
the cars are moving on the track,
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• The pings, clicks and bangs which occur as wheels pass through switches and over
frogs and joints in the special trackwork included in the yard, and

• The wheel squeal which results when the cars move on short radius tracks enter-
ing the yard or on the turnaround track.

These sources produce randomly occurring noises which are of considerably different
character than typical community background noise and, therefore, if of sufficient level
they can be roticeable and intrusive. Most of the noise produced by the transit vehicles
themselves is controlled (due to the specification requirements for fn-car noise and
subway station platform noise) to a level that will avoid impact on adjacent areas unless
the separation distance from the yard and the residential or other noise critical areas is
very small.

All auxiliary equipment on modern transit cars is required to meet a specification of
68 dB(A) at 15 feet from each individual item. With all equipment operating, the maxi-
mum allowable noise level is 60 dB(A) 50 feet from the center of the vehicle. With
older vehicles it has been found that efr compres~or~ end other it~rns which operate
either constantly or cyclicly can typically produce noise levels as high ss 75 to 80 dB(A)
at 15 feet from the car. The noise limit specifications on auxiliary equipment for the
Metro $811 LC8I1SIt V8j91C1@S iNlll eliminate these noises Ac gn»rnPg of ir~rngnf ;n tho
community near the system yards.

Trafn speeds in yards are generally limited to the range of 15 to 20 mph maximum so
that noise from the trains rolling is generally a maximum of 70 dB(A) at 50 feet and
usually is considerably less - in the range of 60 to 65 dB(A) at 50 feet. Because of the
noise limit specifications on vehicle ~~ilia_ry ardd propulsion equipanent end because of
Iow speeds of operation in yards, the general rolling noise due to train operations does
not result in any impact in adjacent communities and is comparable with and compati-
ble with typical community background noise.

Table 17 indicates the noise levels expected at 50, 100, 300 and 600 feet from 2-car
trains stopped or moving on the yard tracks. Included are the expected levels when the
noise is shielded by either a sound barrier or deep cut.

Storage yards have been proposed in various locations at the North Hollywood end of
the alignment. These include an aerial yard on Chandler west of the original North
Hollywood stations afl at--¢['8de ST1d Subway yA~'d i~ tie s~~~ I~~ti~n gnu A ~,~~~y~~ jAf~~
on Chandler east of Lankershim. Yard location and configuration for the present
Locally Preferred Alternative have not been established although it will probably be
below ground and not have an impact on the surrounding community. Aerial yards along
Chandler ere as close as 80 feet from buildings, and could have significant noise
impacts if not stuelded as considered in Table 17. It should be noted that wheel squeal
which results when the cars move on short radius tracks is not anticipated since North
Hollywood yards will be used primarily for storage, are not large and do not have any
$~9~'t ~'9alUS ~LSv~S: Tt ~E+rit~l nw myr4'$,~n° `~.°~"~c~ °dd'~ pt:~ :,̂■~v as a ~2~► L~iy ~ii2 a~~uiui~
wayside noise IeveLs will be lower and lower still if covered by a parking lot.

Noise generation at any of the four passible downtown yard locatior~ will not be signif-
icant in light of the high ambients and industrial land uses whfch occur.
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Table 17

NOISE LEVELS FROM 2-CAR TRAINS OPERATING
ON YARD TRACKS

Noise Source Distance From Track Centerline

50 Feet 100 Feet 300 Feet 600 Feet

Cer Stationary

Auxiliaries Operating 61 dB(A) 57 dB(A) 47 dB(A) 41 dB(A)

Train Moving at 20 mph

Aerial Structure

No Shielding 73 69 60 54
With Sound Barrier Wall 68 64 55 49

Ballast and Tie

No Shielding 70 66 57 51
With Sound Barrier V1'all 62 58 49 43
Deep Cut 55 51 42 36

Source: Wilson, Ihrig do Associates, Inc. (1982e).

Fan and Vent Shaft Noise Levels

Transit system facilities or operations which can create noise intrusion or annoyance
include fan and vent shafts. At ventilation shafts, the train noise transmitted to the
surface gratings and thence to the surrounding community areas depends on the speed
of the transit trains and the presence or absence of sound absorption material in the
shafts or in the tunnels in the area near the vent shaft. At fan shafts the main noise is
from the fans, but the noise from the transit trains can also transmit through the
shafts. It has been found that the attenuation required for the fan noise provides more
than adequate attenuation for the transit train noise. In general, the noise from the fan
shafts is dependent upon the number of fans required in the shaft, i.e., the total volume
of air to be handled by the shaft. The noise from the subway ventilation fan units is
limited by a specification requiring certified maximum sound power levels which is
included in the contract documents. This specification of maximum sound power level
from the fans determines the maximum noise level which can be expected from opera-
tion of fans at each fan shaft in the absence of any attenuation treatment.

Yn the absence of acoustical treatment in the shafts, both measurements and calcula-
tions or estimates of the sound transmission through the various configurations of fan
and vent shaft show that there will be very little attenuation of the transit train noise
or the fen noise as it is transmitted through the ducts to the surface. This is because
the shafts are of concrete, which has a negligible sound absorption coefficient, and
because the shafts are of large cross-sectional area.

165



Reduction of the noise from the transit trains and from the ventilation farms can beachieved through: 1) the use of sound absorption treatment applied to the wall andeeiling surfaces of the shafts, and 2) the use of sound attenuators on the ventilationfans. In general, the sound absorption treatment applied to vent shaft walls and ceilingsis a 2-inch to 4-inch nominal thickness panel material of expanded cellular glass ormineral fiber. `I~e sound absorption coefficient will be at least 0.75 in the middle
frequency range (the range included in the 500 Hz and 1000 Hz octaves) where themaximum reduction of noise is needed to give appropriate noise reduction to reduce the
noise in accordance with the requirements of the design criteria.

At this time, the exact locations of only a few fan and vent shafts have been deter-
mined, thus a general discussion follows which indicates the design criteria which willbe applied to achieve noise levels which are comparable to or less than the existing
typical ambient noise levels and, therefore, will not contribute significantly to the noiseenvironment.

The design criteria for fan and vent shafts are given to Table 7.7.1 of the DesignCriteria document (Wilson, Ihrig ~C Associates, Inc., 1982b) and are repeated here forconvenience ~s Tab1e 18. A~ eaith ether aspects of the design criteria, the appropriatenoise level design goal limit depends on the activities of occupants as well as thebackground noise in the area. The acceptable levels of noise from vent shafts and fanshafts are different. This is because the noes? frnrr~ a y~+nf S};°f+ I~ .~cail~iĉiii iii iluilii-ewhile that from a fan shaft is continuous. Transient raises are acceptable at higherlevels than continuous noises. Thus the transient noise design goals apply to the trainpassby noise transmitted from vent shaft openings and the continuous noise design goalsapply to the fan noise from fan shaft openings.

Table 18

DESIGN CRITERIA FOR NOISE FROM TRANSIT SYSTEM
FAN AND VENT SHAFTS

Community Area
Category

Low Density Residential

Maximum Noise Level, dB(A)
Vent Shaft Fan Shaft

50 40

II Average Residenti~ 55 YJ

III High Density Residential 60 50

N Commercial 65 55

V Industrial/Highway ?5 65

':'~2 .:~:~e~-;a s;~~u oe appiiea ai a disiance of ~0 feet from the shaft outlet or shallbe applied at the setback line of the nearest building or occupied area, whichever iscloser.

Source: Wilson, Ihrig do Associates, Inc. (1982e).
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The design criteria in terms of community category area are indicated below for loca-tions where fan and vent shafts have been determined. These apply to subway alterna-
tives primac~ily.

Location Community Category Area

Union Station V
FirstlHill Station N
Fifth/Hill Station N
Seventh/Flower Station N
Alvarado/Wilshire Station N
Vermont/Wilshire Station N
Normandie/Wilshire Station N
Western/K'ilshire Station N
Western/Wilshire Station N
Crenshaw/Wilshire Station N
La Brea/Wilshire Station N
Fairfax/Wilshire Station N
Beverly/Fairfax Station N
Santa Monica/Fairfax Station N
La Brea/Sunset Station N
Hollywood/Cahuenga Station N
Universal City Station N
North Hollywood Station N, V

Ancillary Facility Noise

The location of all ancillary facilities has not been defined at the time of this study;
however, a general discussion of the noise from ancillary facilities follows. As with thenoise from fan and vent shaft openings, the noise from ancillary facilities is subject tothe Metro Rail design criteria for maximum permissible noise levels.

Ancillary facilities include such items as power sub-stations, emergency power genera-
tion equipment and chiller plants. The criterion for noise from these ancillary facilitiesis essentially the same as that shown for fan shafts in Table 18, except that sub-~tation
and emergency power generation noise shall be limited to 5 dB(A) less sound level than
given in Table 18. This is due to the fact that transformer noise and continuous noise
with tonal components can be more obtrusive due to their tonal nature, which is
accounted for by making the criteria more restrictive. It is noted that most power
transformers will be located below ground which mitigates noise impact.

The specification of a maximum permissible noise level from ancillary facilities is
intended to control the level of sound to minimize or eliminate annoyance due to noise
f~ra~ the f~cilit~es. ~'he de~i~n of @~~h f~cili4y ~ ~~Gr~i~ed to Y~earpor~~e noise reduc-
tion features sufficient to achieve the appropriate noise level for the site. 'Ihe noise
reduction features of typical facilities include sound barrier walls surrounding the noise
sources; complete enclosures around the noise sources; sound attentuators on fans,
blowers or cooling towers; and the use of sound absorption material, both inside enclo-
sures and on the noise source side of sound barriers.
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The net eff~et of the provisions in the Metro Rail design procedures for reducing noisegenerated by these facilities is that, regardless of the final location chosen for theancillary facilities, the noise generated will- be compatible with the ambient noise ofthe surrounding area. In most cases the noise will be comparable to the pre-existing~~ekgro~aaad noise. Ian ~m~ ca~2s the noise will be audible but will not be intrusive norwill it be of a higher level than is appropriate for the land use and type of buildingsnearby. The criteria are generally a more severe requirement than is placed on typicalresidenti8l air conditioning systems and other mechanical equipment found in residen-tial and semi-residential/commercial areas.

Noise Level Changes Due to Changes in Traffic Patterns

With the implementation of the Metro Rail System, traffic analysis shows that therewill be some reduction in traffic (from the year 2000 base condition) since a certainnumber of trips will be accomplished using the transit system instead of automobiles.The reduction is most apparent on freeways (especially the Hollywood Freeway) andmajor arterials. Traffic reductions of between 1 and 15 percent are projected in someLocations. °I"hese traffic reductions will not significantly affect noise levels since thereduction in traffic flow would have to be Sd percent or more before a reduction in thenoise exposure level from traffic will be noticeable.

The changes in traffic patterns around the proposed stations will primarily consist of anincrease in bus traffic due to feeder buses, and an increase in the local traffic due topark-and-ride and kiss-and-ride trips. Stations most affected by increased traffic areat North Hollywood, Universal City, Beverly/Fairfax, Wilshire/Curson and Union Sta-tion. The resulting total change in automobile traffic (up to a 20 percent increase) willriot be suffieier~~ to cause significant changes in the noise exposure levels. The full
extent of bus traffic changes is root known, thin :m~act~ ~aznot ~e qua~tifi~~.

Construction Noise Levels

One of the impacts associated with s rail rapid transit system project is the short-term
noise and vibration impact of construction activities. As with any large Qroject, theeci~~ruc~ion of a rapid transit system involves the use of machines and procedureswhich, in the past, have resulted in intense noise levels and, occasionally, high vibrationlevels in and around the construction site. The construction activities include demoli-ti~~, clearing, grading, excavating, pile driving, drilling, materiels handling and place-ment, erection end finish work and will involve the use of all the various kinds ofmachines and procedures which are associated with these activities. It is also possiblethat blasting will be used for excavation and tunneling in rock.

In recent years considerable progress has been made in the reduction and control ofconstruction rbise through modifications of the equipment to reduce noise generated atthe source, through modifications of construction procedures and by selection of ~hgsQconstruction procedure alternates which are less rainy. Also, in many areas and formany types of COItS~I'l1CtlOA DPOleCL4 ~}~er~ ~tAVP hpon nni~ 1i;;s~t~ ~a ~ ;,e +~---~~--~~a~ ~ qua auai u,included in the construction eantracts or applied by governmental agencies in order tolimit the noise impact from the construction. These efforts at reducing eonstruetionnoise have produced considerable success and with new construction projects the workcan be and is accomplished with considerably less noise impact than is traditionallyexpected.
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The three general configurations of transit way structures, subway, aerial and at-grade,
have different construction techniques involved and, hence, produce somewhat different
noise and vibration.

For at-grade construction the impact will be due to demolition; clearing and grading;
placement of materials, including any retaining walls and the ballast and ties and rails;
plus any finishing activities such as fencing and landscaping.

For the aerial structure configuration the activities will include demolition; ground
clearing and grading; erection of foundations including, possibly, pile driving; construc-
tion of the aerial structure columns; erection of girders and the finishing,

For subway eonstruction the acoustical impacts can be of two different characters. In
the areas where tunneling is used the only impact due to the construction activities
(exeept at access shafts) will be the ground-borne vibration due to the excavation pro-cess, either the tunnel boring machine or blasting. Also, there may be some ground-
borne vibration due to the vehicles used to remove material. For cut-and-cover subway
there will be impacts due to ground clearing, excavation, erection and finishing activi-
ties.

Construction Equipment Noise Levels. There is considerable information available on
the typical noise levels created by modern construction equipment and there is a grow-
ing body of information on lower noise levels which can be aehieved with modified
equipment or equipment which is designed with noise reduction and control as one of
the design parameters.

Measurements made at transit system construction project sites provide the best infor-
mation relative to expected noise levels from the type of construction activities which
are associated with the Metro Rail system.

Table 19 presents a series of noise levels observed for various types of machines and
activities associated with the WMATA Metro construction project. These data are for
early construction activities using standard present-day equipment without noise
control or noise reduction modifications to the equipment. The data were obtained
before raise restrictions and limits h8d been applied to the construction activities on
the Metro project.

Typical noise levels at construction sites, as indicated by Table 19, do result in substan-
tial acoustic impact on neighboring communities and in new and future projects such
noise levels are considered unacceptable. There are many techniques available for
reducing the noise, some of which involve little or no cost and some of which involve
considerable cyst. In same instances modifications of procedures or use of different
procedures and equipment can result in much lower noise levels and impact. For the
Metro fta~ project one of the procedures, a very effective procedure, will be to include
noise limit specifications in the construction contracts in order to reduce or limit
acoustic impact due to construction activities. Examples of other noise reduction mea-
sures include:

• Replacement of individual operations and techniques by less noisy ones — e.g.,
using drilled pies or vibratory pile drivers instead of impact pie drivers, using
welding instead of riveting, miacing concrete offsite instead of onsite, and
employing prefabricated structures instead of assembling them onsite.
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Table 19

TYPICAL NOISE LEVELS OBSERVED AT RAIL TRANSIT
SYSTEM CONSTRUCTION PROJECTS

Equipment or Distance Noise Levels
Process (feet) dB(A)

Air Hammer Cutting Concrete 50 85-90

Crepe do Pile Drilling Rig 50
Crane ~C Pile Moving Dcill 90
Crane do Pile Emptying Auger 86
Crane do Pile Idling 82Crane do Pile Drilling 83-88
Crane do Pile Placing Pflle 74
Crane do Pile Setting Pile 88

Concrete Mix Truck Placiru~ Concrete 5n Q1-45

Diesel Hammer Pile Driver 24 95-106

Compressor 24 83-90

Hydraulic Cranes 24 ~8-90

Derrick Crane 50 88

Tamper 50 88

Scraper 50 88

Rock Drill 50 aQ

Trucks 50 85-91

Paver 50 89

~~i~ee: iWilson, ff~rig and Associates, Inc. (1982e).
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• Selecting the quietest of alternative items of equipment — e.g., electric insteadof diesel-powered equipment, hydraulic tools instead of pneumatic impact tools.

• Scheduling of equipment operations to keep average levels low, to have noisiestoperations coincide with times of highest ambient levels, and to keep noise levelsrelatively uniform in time; also turning off idling equipment.

~ Keeping noisy equipment as far as possible from site boundaries.

~ Providing enclosures for stationary items of equipment and barriers around par-tieularly noisy area o~ th@ site ~r around the e~rtiP~ ~i~e.

Use of the above techniques can result in a 5 to 15 percent reduction in noise genera-tion from specific construction equipment or operations.

Project construction will require considerable earthwork, including the hauling of spoilmaterial to acceptable disposal sites. Noise from heavy-duty trucks can have a sub-stsntial impact on the community in terms of both intrusive and average noise levels.Haul routes for muck disposal have been proposed (Sedway/Cooke, 1982) to mitigatepotential noise impacts by avoiding sensitive land uses such as residential areas. Thus,noise from muck disposal truck traffic should not result in significant noise impact.

Ground-Borne Vibration from Construction. Because of the nature of some constructionactivities, high amplitudes of ground-borne vibration may result in some impact inneighboring community areas. Blasting and impact pile driving are two types of activi-ties traditionally associated with high levels of ground-borne vibration. It is also pos-sible that some types of heavy vehicles and excavation activities can generate suffi-cient ground-borne vibration levels to be perceptible or noticeable in nearby buildings.

The vibration levels created by the normal movement of vehicles including graders,loaders, dozers, scrapers and trucks generally are of the same order of magnitude as theground-borne vibration created by heavy vehicles running on streets and highways.Large trucks and buses operating on city streets and on highways generate ground-bornevibration due to wheel/roadway interaction and particularly high vibration levels can beassociated with truck and bus operations on rough or pock-marked streets. In general,the ground-borne vibration from vehicle operations on streets, even very rough streets,is not sufficient to create noticeable impact on adjacent community areas. This vibra-tion is of a level that is generally imperceptible or barely perceptible acid is consideredacceptable, producing little or no impact. Thus, it can be expected that the normalvehicle activities at the construction sites will not generate sufficient ground-bornevibration to result in significant impact.

Blasting, drilling and excavation procedures for cut-and-cover subways can result inground-borne vibration levels which are perceptible or noticeable in adjacent commu-nity areas. The amplitudes of vibration from such activities are limited for safetyreasons by procedural techniques. For example, through the use of time delay chargesin blasting, the maximum amplitude of the ground-borne vibration is limited to a levelwell below the criteria for structural damage to adjacent facilities. Impact pile driv-
ers, v~hieh ~~te eonsiderabTe noise and vibration, also produce vibration levels whichare well below the intensity required for structural damage to adjacent buildings andother facilities.
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Tunnel boring machines also create ground-borne vibration and noise; however, experi-ence to date indicates that the vibration from the use of such machines is of consider-ably less intensity than that from blasting or pile driving. Also, ground-borne noisefrom TBMs is rat significantly greater than the ~nibrstiora crated by heavy muckstraveling on city streets.

If the transit line in the San Fernando Valley is to be a subway structure, the probablemethod of excavation will be with the use of a tunnel boring machine (TBM). With theuse of a TBM the potential noise end vibration impact is considerably lower than iftraditional blasting techniques are used. Blasting can have a considerable noise andvibration impact on a community. As for transit trains operating in subway, the Qossi-bility of noise and vibration impact from the operation of a TBM is to occupants insidebuildings adjacent to the new subway alignment. Outsfde of a building, there is nopossibility of noise or vibration impact from TBM operation.

Use of a TBM will create vibration levels which are generally imperceptible at dis-tances greater than 75 to 100 feet from the operating TBM. Even at a distance of50 feet, the operation of the TBM will create ̀ vibration levels which are just percep-tible. As stated above, the possibility of noise impact from the TBM will be to occu-pants inside of buildings, similar to the possible noise impact from operations of transittrains in subway. Por the deed tu_n_~1_ oCti~~ ~sYr~x:rna«~y i2~ ice`[ ~eiow grade), theground-borne noise from the TBM should be unnoticeable in buildings which are 100 feetor more in horizontal distance from the alignment. If the tunnel is approximately35 feet below grade, then there is some possibility that the ground-borne noise would benoticed by building occupants at buildings which are approximately 100 feet in horizon-tal dist8nce from the alignment. The relative noise levels would depend on the type ofbuilding structure, and type of actieSti~~ in the building. However, the ground-bornenoise and vibration from tunnel boring machines is of very short duration since themachine passes by an area in, at most, s few days, so that there wrill be no significantimpact.

Special study has been undertaken to assess construction vibration impact on theSt. Charles Borromeo Church located at the corner of Lankershim Boulevard and Moor-park Street, North Hollywood (Wilson, Ihrig 8c Associates, Inc., 19828). At a distance of50 feet, which is the ~~~rc~ximatp ~i~±~nC~ ~ug~ac@Ti the h~~~ ~~bway centerline and thenearest part of the church, the operation of the TBM will create vibration levels whichmay be just perceptible to people in the church. During boring of the far tunnel, theground noise should be eQn~~~t~*ab~; Z~~ sx~~~~~~~le mid ~~~aps unnoticeable. Therelative impact will be minor et most since the time of operation of the TBM in closeproximity to the church will be a few days at most. During construction, arrangementscan be made with the contractor to er~ure that the TBM will not be operated in closeproximity to the church during any scheduled service or fun~taone

MITIGATION OPTIONS

T!:~ 6 ̂~~ a~ aE,~,~-~az i ~nai nas peen used by the Metro flail design team to avoidadverse noise and vibration impact from construction and operation has been to specifythem away, i.e., to incorQorate into the system plans any one or combination of severalpresently available very effective noise and vibration design features wherever the"standard" system design would cause problems. Each of these features raises the cost
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of construction and some may, in fact, also raise maintenance costs and therefore arenot contemplated to be incorporated carte blanche system-wide. The design criteria
and specific impact mitigation measures are detailed in a Noise and Vibration DesignCriteria document (Wilson, Ihrig do Associates, Inc., 1982x). Most of the criteria from
the aforementioned publication are also contained in Attachment 1 of this report for
easy referenee.

As noted in previous sections, even with incorporation of the available proven ar~d
practical noise and vibration mitigation measures there will still be a number of loca-
tions which will experience adverse impaets. Therefore, additional methods beyond
s~rstern engineering Noise and yibratiar, ~ortrol ~t~st ~ employed to ameliorate the
impacts. There are several strategies available: local area speed limits, i.e., speed
reduction of transit trains to reduce impacts since both noise and vibration radiation
increase dramatically with speed; conversion of the adversely impacted land use to a
noise and vibration compatible use through condemnation proceedings and/or purchase;
shielding of impacted areas using berms or walls; adjustment of the transit system
alignment to avoid the close proximity to the sensitive use. Such measures are the
subject of continuing study by SCRTD.

Mitigation of noise and vibration impact through incorporation of design features is the
responsibility of SCRTD. Enforcement of operational noise criteria which are consis-
tent with city standards will be accomplished by City of Los Angeles. Enforcement of
operational standards more stringent than city standards rests with SCRTD. Enforcement
could involve also the California Department of Occupational Safety and Health
Administration, the Department of Health, and the Public Ut~ities Commission.

Responsibility for enforcement of noise standards during project construction rests with
the construciton contractor through response to design criteria built into project
construction specifications. Secondarily, complaints about construction noise may be
made to local agencies such as the City of Los Angeles, the Department of Health, or
SCftTD which may result in follow-up enforcement activities.
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NOISE AND VIBRATION DESIGN CRITERIA

Introduction

To ensure that the community surrounding the Metro Rail system is not adverselyimpacted by noise and vibration and provide compliance with all legal statutes andguidelines pertaining to noise and vibrations, the SCRTD hes adopted Noise and Vibra-tion Design Criteria (Wilson, Ihrig do Associates, Inc., 1982b). The criteria requirecontrol of airborne and ground-borne noise and vibration from transit train operations,and from transit ancillary areas and facilities sueh ss yard operations, vent and fanshafts of tt~e ~►ent~ation system, electrical substations, emergency service buildings,and air conditioning chiller plants. In addition, the noise from construction operationsis also limited by specifications. In the establishment of transit system noise andvibration criteria, for the protection of the surrounding community, which it serves,there are several factors that must be included: numeric limits to the allowableimpacts; ~ standardized, appropriate, well-documented metric specification; and a setof measurement methodology criteria for determining compliance with standards. Inthe following sections, the metrics, measurement methodologies, and crfteria levelse~tAhlishPrl fnr tho lyj"̀~ An;i ~;►Tvjc~:i i~i~ii~vn~ tflrlg CC A3SOC18I@S~ lAC.~ 1982b) will bediscussed.

Noise and Vibration Metrics

The Heise ~riteri~ developed foP the McQro Ftaii project is based upon scales thet mostclosely correlate with subjective evaluation of noise. For most typical noise sources, ithas been found that the A-weighted sound level gives good correlation with subjectiveevaluation of response to noise. Thus, the A-weighted sound level, which can be readdirectly from a sound level meter, is best for evaluating the response of people to thenoise created by transit system operation and construction.

As fa the subjective response to noise, the human sensitivity to vibration varies withfrr+y~„o~~y, T;;~~E,~lc, ~i~~ f~~c~ueney musi de taken into consideration in assessingannoyance due to vibration. A number of studies have indicated that at frequenciesabove approximately 12 to 16 Hz, sensitivity to vibration is primarily determined by the~elx~±; $^:~~n~~..d~ a;,d ;s r-~:ativ~iy i~~~ndeni of frequency. since the frequencyrange over which human sensitivity is approximately proportional to velocity amplitudecovers the range of principal vibration components from transit trains and since thenoise level generated by the vibration of buildings' surfaces is approximately propor-tional to vibration velocity level; a~ a~ ~propria±e tQ pre~er~'t vibration ~°i Feria mid ~a~ain terms of velocity level

A curve of human response to vibration has evolved from the studies which have been.~~~ a;~ ,`►~ `v~ei, ~E~~enied in the international Standards Organization document2631 and Draft ANSI Standard S3.29-198%. Additional iflformgtio~ en h»mAn gip.+=;±:~_±~
io vibration is contained in the CHABA Publication, "Guidelines for Preparing Environ-mental Impact Statements on Noise," ~rhieh has utilized much of the information con-ta9ned in the LSO Standard. These standards and publications do indicate that belowabout 12 to 16 Hz the sensitivity to vibration velocfty is somewhat lower. The curvesof human response to building vibrations based on the CHABA data show graphically thevibrations perception level ranges in decibels (dB) re 1.0 micro inch/second as a



function of frequency in Hertz (Hz). The amount in dB that this response deviates from
a linear response as a function of frequency is defined to be the CHABA weighting for
the frequency in question. Although the CHABA weighting is not a standardized mea-
surement, the resultant weighted velocity level is a good single--number indication of
the human response to vibration, and is used as a basis for specification of the ambient
conditions to which the system levels are compared.

Measureri~ent Procedures and Assumptions

general. iJnless otherwise i~dic~ted, ~ll noise levels or measurements refer to the use
~` A-weighting and "slow" response of an instrument complying with the Type 2
requirements of the latest revision of American National Standards Institute (ANSI)
51.4-1971, "Specification for Sound Level Meters" (ANSI, 1971).

All noise levels are expressed in decibels referenced to 20 x 10-6 Pa (0.0002 microbar)
as measured with the A-weighting network of a standard sound level meter, abbreviated
dB(A).

Transit System Wayside Noise and Vibration Measurements. TY~ansit wayside noise
guidelines are based on measurements taken at appropriate distances and performed in
essentially afree-field or open space environment away from reflective or shielding
surfaces. Unless otherwise indicated, vibration guidelines are based on measurements
of vibration in the vertical direction on the ground surface or on building floors.

Construction Noise and Vibration Measurements.

• Measure construction noise in accordance with Section 2.1. In addition, all impul-
sive o: impact noise levels or measurements refer to use of an impulsive sound
level meter complying with the criteria of IEC 179 (IEC, 1973) for impulse sound
level meters. As an alternative procedure, a 'I~ipe 2 General Purpose sound level
meter on C-weighting and "fast" response may be used to estimate peak values of
impulsive or impact noises.

• Noise levels at buildings affected acoustically by the Contractor's operations
refer to measurements 8t points between 3 feet and 6 feet from building facades
or building setback lines or a distance of 200 feet from the Construction Limits,
whichever is closer.

• Vibration levels at buildings affected by construction operations refer to vertical
direction vibration on the ground surface or building floor, or 150 feet from the
Construction Limits, whichever is closer.

• Vibration levels at buildings affected by blasting operations refer to the 3-axis
vector sum of vibration velocity on the ground surface or building floor, or
200 feet from the Construction Limits, whichever is closer.

Community Categories and Relation to Criteria for Wayside Noise and Vibration

A wayside community noise impact criterion provides a basis from which to determine
the type and extent of noise reduction measures necessary to avoid annoyance in the
community. ~e wayside noise criteria must be related to the type of activity taking
place in the building or community and the ambient noise levels in the absence of
transit system noise. Obviously, a passby noise Level of s given magnitude is more
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objectionable in e quiet residential area at night than in a busy commercial area duringthe day.

The typical existing ambient or background noise ar~d vibration levels vary significantlyfr~rrp one 4ype of eorrnrnunity to ~~e next. °~"herefore, it is necessary to make a judgmentas to the nature of the community in which the transit system is to be located beforedetermining the appropriate criteria for permissible noise or vibration levels from thetransit system in that community.

Table 1-1 indicates the five generalized categories of wayside areas into which thecommunities along the transit corridors can be categorized for the purpose of assigningappropriate noise and vibration criteria. The table indicates the description of theareas and the normal expected range of ambient n~ase levels. Theme eat~gories andnoise levels are based, in part, on the information developed from several studies of railtransit corridor environments along with data presented in the 1974 U.S. EnvironmentalProtection Agency (EPA) document, "Information on Levels of Environmental NoiseRequisite to Protect Public Health and Welfare with an Adequate Margin of Safety,"usually referred to es the "Levels Document" (EPA, 1974}~ and other ffeld dst~ obtainedin many community areas in the USA.

The categories defined in Table 1-1 are used in determining appropriate desiot't c!ritarigfc~-r ine ~ieiro itaii system noise and vibration. The land use or area categories pre-sented above are similar to those used for other transit properties and presented in theAPIA Publication, "Guidelines for Design of Rapid Transit Facilities" (APTA, 1979). Inmost cases, exQerience with the new systems riow in operation has indicated that thesecategories and the associated criteria provide for adequate results and most of theneighbors of the transit facility find the noise and vibration a~~~p~ble~

Wayside Noise and Vibration Due to Transit O[>erations

Airborne Noise from Above-Ground Train O erations. Table 1-2 presents design crite-ria or single-event maximum noise levels for airborne noise from transit trains forvarious types of buildings in each of the land use or area categories listed in Table 1-1.These criteria are generally applied to ti¢httime oge~~~ac~ns ~+P~a»sp ±!:e ~~:►~itiy~ty ~:,noise is greater at night than during daytime. The ma~cimum levels are based on themaximum level that will not cause significant intrusion or alteration of the pre-existingnoise environment and represent noise levels which are epn~i~~~o~ A~~QrtsS~~ f~~ ~h~Type of land use in each area. The criteria presented in Table 2-2 are generally appli-cable at the ne8rside of the nearest dwelling or occupied building under consideration orat 50 feet from the track centerline, whichever is closer.

Foy some 't;~~ of ~uild~~ car ~eeupancies maximum noise level limits should beapplied regarcIless of the community area cate¢osw. 'The d&sipr►. Sh~~,~i~ *efl~~t ~ar~f~consideration of noise control when the transit line is near auditoriums, TV studios,schools, theatres, amphitheatres, and chur~h~~ ~'ghlp ? -3 ?fls*.~ ~~~ig.^. ~~~ .~~ ►;,a.~i-mum airborne noise from transit operations in these areas.

Ground-Borne Noise from Train O erations. Table 1-4 presents the pertinent criteriaor maximum ground-borne noise due to transit train oper~tio~ for e►arfoe~s types ofresidential communities. It is noted that ground-borne noise and ground-borne vibrationare exactly the same phenomenon up to the point of perception at the dwelling.
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Table 1-1

GENERAL CATEGORIES OF COMMUNITIES
ALONG METRO RAIL SYSTEM CORRIDORS

'I~►pical
(Average Typical
or Ls o *) Day/Night

Ambient Noise ExQosure
Category Area Description Level - dB(A) Levels - Ldn

I Low Density urban residen- 40-50 -day Below 50
till, open space park, sub- 35-45 -night
urban residential or quiet
recreational area. No near-
by highways or boulevards.

II Average urban residential, 45-55 -day 50-60
quiet apartments and hotels, 40-50 -night
open space, suburban residen-
tial, or occupied outdoor
areas near busy streets.

III High Density urban residential, 50-60 -day 55-65
average semi-residential/com- 45-55 -night
mercial areas, parks, museum,
and non-commercial public
building areas.

IV Commercial areas with office 60-70 Over 60
buildings, retail stores, etc.,
primarily daytime occupancy.
Central Business Districts.

V Industrial areas or Freeway Over 60 Over 65
and Highway Corridors.

'L$~ is the long-term statistical median noise level.
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Table 1-2

CRITERIA FOR MAXIMUM AIRBORNE
NOISE FROM METRO TRAIN OPERA,~'IONS

Maximum Single Event Noise Level
Single Multi-
Family Family Commercial

Community Area Dwellings Dwellings Buildings
Category dB(A) dB(A) dB(A)

I Low Density Residential 70 75 80

II Average Residential 75 ?5 80

III High Density Residential ?5 80 85

I~ Com merci~l ~0 8d 85

V Industrial/Highway 80 85 85

Table 1-3

CRITERIA FOR MAXI:VlL?h1 AIRBORNE NOISE FROlt1
METRO TRAIN OPERATIONS NEAR SPECIFIC TYPES OF BUILDINGS

Maximum
Single Event

Building or Occupancy Type Noise Level

Arn~hithogtpos VJ ~DIA/

"Quiet" Outdoor Reeregtion Areas 70 dB(A)

Concert Ha1Ls, Radio and TV Studios 70 dB(A)

Churches, Theatres, Schools, Hospitals,
Museums, Libraries 75 c~~(,~)
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Table 1-4

CRITERIA FOR MAXIMUM GROUND-BORNE
NOISE FROM METRO TRAIN OPERATIONS

Community Area
Category

Low Density Residential

II Average Residential

III High Density Resident; al

IV Commercial

V Industrial/Highway

Maximum Single Event Noise Level
Single- Multi- Hotel/
Family Family Motel

Dwellings Dwellings Buildings
dB(A) dB(A) dB(A)

30 35 40

35 40 45

35 40 45

40 45 50

40 45 50

Ground-borne vibration describes waves in the ground which can be measured using
vibration pickups mounted on sidewalks, foundations, basement walls, or stakes in the
ground and which can be perceived as mechanical motion. Ground-borne noise describes
sound generated when the same waves in the ground reach room surfaces in buildings,
causing them to vibrate and radiate sound waves into the room.

Wayside impact due to transit vibration is normally described in terms of ground-borne
noise because in most situations the noise produced by the vibration of room surfaces is
audible at ground-borne vibration levels below those which are perceptible to tactile
senses. Thus, in most, but not every case, a criterion limiting audible noise levels will
provide adequate protection against tactile ground-borne vibration levels.

In most cases for surface or aerial transit operations the airborne noise is significantly
louder than the ground-borne noise and the ground-borne noise is not perceived sepa-
rately from the airborne noise. Thus, assessment of the acoustic noise levels due to
vibration instead of ground vibration levels facilitates comparison with expected inte-
rior airborne noise.

As with airborne noise, there are some types of buildings for which specific design
criteria should be applied, regardless of area category. Table 1-5 presents design cri-
teria for generally acceptable levels of transient ground-borne noise levels in occupied
spaces of various types of buildings and occupancies. This table is not intended to be all
inclusive but may be a convenient general guide to the designer.
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Table 1-S

CRITERIA FOR MAXIMUM GROUND-BORNE NOISE FROM
METRO TRAIN OPERATIONS NEAR SPECIFIC TYPES OF BUILDINGS

'I~pe of Building or Room

Concert Ha1Ls and TV Studios

Auditoriums and Music Rooms

Churches and Theatres

Hospital Sleeping Rooms

Courtroomsar

Schools and Libraries

University Buildings

Offices

Commercial Buildings

Maximum
Single Event
Noise Level

25 dB(A)

30 dB(A)

35 dB(A)

35-40 dB(A)

35 dB(A)

40 dB(A)

35-40 dB(A)

35-45 dB(A)

45-55 dB(A)

Ground-borne noise which meets the design criteria listed above will not be inaudible in
all cases; however, the level will be sufficiently low that no significant intrusion or
annoyance should occur. In most cases, there will be noise from street traffic, other
occupants of a building, or other sources, which will create intrusion that is equivalent
to or greater in level than the noise from transit trains passing by.

A range for the maximum ground-borne noise limit is liven i~ some ~~ses t9 ~rnn~t the
designer to adjust the design criterion to be suitable for the environment and location
of the building. For example, at offices in a quiet, landscaped industrial park area the
limit should be at the low end of the r~n~e; 35 dB(~), whereas fQ~ o~fiees ~oea~QCl At ~
busy intersection or in a noisy central business district the limit can be at the upper end
of the range, 45 dB(A).

Ground-Borne Vibration from Train O rations. Table 1-6 presents the appropriate
criteria or maximum ground-borne vibration or various types of residential buildings.
T~1e eriteTi~ $DDly to m~ACetr~m~n~c of ypr~irAl vihraatinn ~f flnnr ciarfanQg within tha

buildings.
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Table 1-6

CRITERIA FOR MAXI?VIUM GROUND-BORNE
VIBRATION FROM METRO TRAIN OPEftATIQNS

Maximum Single Event Ground-borne
Vibration Velocity Level
(dB re 20-6 in/sec)

Single Multi- Hotel/
Community Area Family Family Motel

C~t~~ory Dwellings Dwellings Buildings

I Low Density Residential 70 70 70

II Average Residential 70 70 75

III High Density Residential 70 75 75

IV Commercial 70 ?5 75

V Industrial/Highway 75 75 75

As with ground-borne noise, there are some types of buildings for which specific design
criteria for ground-borne vibration should be applied, regardless of area category.
Table 1-? presents design goals or generally acceptable levels of transient ground-borne
vibration levels in occupied spaces of various types of buildings and occupancies. This
table is not intended to be all inclusive.

Table 1-7

CRITERIA FOR MAXIMUM GROUND-BORNE VIBRATION FROM TRAIN
OPERATIONS

~e of Buildine or Room

Concert Halls and TV Studios

Auditoriums and Music Rooms

Churches and Theatres

Hospital Sleeping Rooms

Courtrooms

Schools and Libraries

University Buildings

~fficPs

Commercial Buildings
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Maximum Single Event
Vibration Velocity Level
(dB re 10-6 in/sec)

65

70

?0

75

?5

?5

75-80

7~-~0

75-85



Ground-borne vibration which meets the design criteria listed above will not be imper-
ceptible in all cases; however, the level will be sufficiently low that no significant
intrusion or annoyance should occur. In most cases, there will be vibration from street
traffic, other occupants of a building, or other sources, which will create intrusion that
is equivalent to or greater in level than the vibration from the metro trains.

A range for the maximum ground-borne vibration limit is given in some cases to permit
the designer to adjust the design criterion to be suitable for the environment and loca-
tion of the building. For example, at offices in a quiet, landscaped industrial park area
the limit should be at the low end of the range, 75 dB, whereas for offices located at a
busy intersection or in a noisy central business district the limit can be at the upper end
of the range, 80 dB.

Airborne Noise from Transit Ancillary Facilities

General Introduction. There are sources of community noise in a subway or above-
grade transit system other than trains. The two basic types of airborne noise from
ancillary facilities ire transient and continuous. For example, transient noise occurs
during train passbys as noise is transmitted from vent shaft openings. Power sub-
stations, chiller plants and fan noise may be characterized as continuous ancillary
equipment noise. These noises can be obtrusive due to their tonal and eontinurn~c
nature. The appropriate noise level design goal limit depends on the activities of
occupants as well as background noise in the area. The acceptable levels of transient
and continuous noises are different. Transient noises are acceptable at higher levels
than continuous noises, particularly continuous noises containing pure tones.

Table 1-8 presents the design foals for the transit system ancillary facility noises in
each of the community area categories listed in Table 1-1. This should result in general
community acceptance.

Table 1-8

DESIGN CRITERIA FOR CONTINUOUS NOISE
FROM TRANSIT SYSTEM ANCILLARY FA.C~~~T~~S

Community Area
Category

Low Density Residential

!! Average Residential

III High Density Residential

IV Commercial

V Industrial/Highway
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Transient Continuous

50 40

55 45

60 50

65 ~ 55

75 65



The criteria in Table 1-8 shall be applied at a distance of 50 feet from the shaft outletor other ancillary facility or shall be applied_ at the setback line of the nearest buildingor occupied area, whichever is closer.

As stated previously, transient noise design goals apply to short time duration eventssuch as train passby noise transmitted from vent shaft openings. Continuous noisedesign goals apply to noises such as fans, cooling towers or other long-duration noisesexcept electrical transformer hum. The design goals for transformer noise, or othersources with tonal components, should be 5 dB(A) less than given in the Table 1-8.Sound attenuation is not required on the outlet of emergency exhaust fans except inc~~e~ tvh~re the emerg~~cy ~~iau~~ Bans are used as part og a station ventilation sys-tem.

Fans and Vent Shafts. For fan and vent shafts with surface gratings or openings thenoise shall be limited in accordance with the criteria for exterior noise from aneillaryfacilities, Table 1-8.

Vent shaft noise reduction shall be achieved by absorption treatment in the shafts -applied to the walls and ceilings. Fan shaft noise reduction shall be achieved by use ofstandard duct attenuators in shafts where the fans are near the surface gratings. Forshafts with fans located remotely from the grating the noise reduction shall be achievedby the use of standard attenuators and sound absorption treatment applied to the fanroom and shaft walls and ceilings with the combination to achieve the total attenuationrequired. Sound absorption treatment sha21 eonsist of 2- to 4-inch-thick mechanicallyattached panels, e.g. expanded cellular glass foam blocks.

Substations and Emergency Power Generation. Substation and emergency power gen-eration equipment noise shall be limited to 5 dB(A) less sound level than listed for con-tinuous noise in Table 1-8. Reduction of noise from these sources shall be achieved bybarriers, enclosures, sound absorption materials and mufflers, as applicable to the indi-vidual facility or unit design.

Chiller Plar►t Noise. Chiller plant noise levels shall comply with design criteria listedfor continuous noise in Table 1-8. Reduction of noise from chiller plants shall beachieved by barriers, enclosures and sound absorption materials, as applicable to theindividual facility or unit design (AMCA, n.d.).

Noise in Subway Tunnels

High-speed train operations in tunnels can generate excessive noise levels and noiseabatement techniques shall be used to reduce the noise to an acceptable level. Themaximum interior car noise at maximum tunnel operating speeds shall not exceed80 d8(A). An acoustical absorption system may be employed in the tunnel or additionalsound insulation may be provided on the cars to meet this design goal. Tunnel soundabsorption treatment can, for instance, provide 5 dB(A) or more redvetion of noiselevels inside the car. Reducing tunnel noise by a sound absorption system improves theacoustical environment for system employees and aids in complying with the statutorynoise limits set by the Occupational Safety and Health Administration.
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Shop Equipment Noise

To avoid excessive noise exposure for employees and to comply with existing and pro-
posed standards and requirements ~f the 9ccup~tional Safety aa~~ I~ealth Administr~-
tion, shop equipment noise should not exceed SS dB(A) at operator stations and should
not exceed 90 dB(A) at any point 3 feet from the equipment.

Vibration.Lsolation of Subway Structures

Scope. Vibration isolation shall be provided at any point where the subway structure is
in very close proximity to or directly against a building structure or building foundation
elements.

General Considerations. Vibration isolation in the form of a resilient element shall be
provided between the subway structure elements and building structure elements to
prevent direct transmission of noise and vibration to buildings.

Lsolatian Elements.

• The resilient element between the two structures shall consist of intervening soil
Af At 1PACt ? foot th~n4noe~c~ nw Anr.th e~.w nF.~tl F.e e., 1.~~.+.......~ a u.,.a.....~_. ♦a,,.

va ~c.Y ~u~ va a~iau t!G Wa ~14JLV 111 G1 ~JGU LlGIYY CCiI UtC

subway structure and building.

• The elastomer pad shall be a 1- or 2-inch thickness closed-cell e~cpanded neo-
prene, selected to give proper support of hydraulic or structural loads with deflec-
tion of the elastomer pad not exceeding 10 percent to 20 percent of pad thickness.

Construction Noise and Vibration Control

General Perform construction operations in a manner to minimize noise and vibration.
Provide working machinery and equipment with efficient noise suppression devices and
employ other noise and vibration abatement measures necessary for protection of both
employees and the public. In addition, restrict working hours end schedule operations in
a manner that will minimize to the greatest extent feasible the disturbance to the
~,~ht;~ a^ Q^~~ Q~j~~~;~~ iv ii2 :.%vier fiini i~ ~~~ii~ai~u vi c'Suiii~ii~ iii t~i~ vic~~iYy of Yr~e
work. Protect employees and the public against noise exposure in accordance with the
requirement of the Occupational Safety and Health Act of 1970 and the current statu-
:vr~ n i lirni4 4 L.. +L... /1,~....... ... a.~~..t c~_t a__ ~ •r__uL ♦ i. n., ..~~3,~~ +.,,,..~ ~~~ .,~ Luc Vt~.~:1~~/tillVlliil ani~~y iuw neniui rifitnii~is[rt~~ioFi ~lytG1.
Compliance with the requirements of this Section will not relieve the Contractor from
responsibility for compliance with state and local ordinances, regulations, and other
Sections of this criteria document.

Special l~equirements. Compliance with the requirements of this Section will require
u~a ~c vi iltlSWl1J1C, wi~ri e~iec4ive ini~II1~~5 OP @I1CiC~UP~S 8I1a S21BCL10I1 OI quieier
alternative procedures. Compliance may also require the use of completely closed
cii~ic5~iire~ ~2ang~e-C~n~-gi6OVe p131WOOa Sit@8T[ilflgj 81'Ol1I1a WOt1C 31teS OP 8 COTflbinB~lOR Of
closed boarding and effective mufflers or enclosures. It will also be necessary to
arrange haul routes to minimize noise end vibration at residential sites and it may be
necessary to place operating limitations on machines and trucks. Shop drawir~s of work
sites and haul routes showing provisions for control of construe4ion poise shall be sub-
mitted to the Engineer for approval



Monitoring. Monitor noise and vibration levels of work operations to assure compliancewith the noise and vibration limitations contained herein and retain records of noise andvibration measurements for inspection by the Engineer. Promptly inform the Engineerof any complaints received from the public regarding noise and vibration. Describe theaction proposed and the schedule for implementation and subsequently inform the Engi-
neer of the results of the action.

Definitions.

• Daytime refers to the period from 7:00 a.m. to 8:00 p.m. local time daily except
Sund~y~ and legal holidays. ~1i~ht4i~~ e~fers ~o aYi other times including all day
Sunday and legal holidays.

• Construction Limits are defined for the purpose of these noise and vibration con-
trol requirements as the Right-of-Way lines, Construction Easement Boundary or
property lines as indicated on the drawings.

• Special Zones or Special Construction Sites, outside of Construction Limits, may
be designated by the agency having jurisdiction to be considered as being within
the Construction Limits.

Noise Level Restrictions.

Noise Level Restrictions in All Areas. In no case expose the public to construc-
tion noise levels exceeding 90 dB A slow or to impulsive noise levels with a peak
sound pressure level exceeding 140 dB as measured on an impulse sound level meter or
125 dBC maximum transient level as measured on a general purpose sound level meter
on t'fast" meter responses.

Noise Level Restrictions at Affected Structures. Conduct construction activities
in such a manner that the noise levels 200 feet from the Construction Limits or at the
nearest affected building, whichever is closer, do not exceed the. levels listed below.

• Continuous Noise: Prevent noises from stationary sources, parked mobile
sources or any source or combination of sources producing repetitive or
long-term noise lasting more than a few hours from exceeding the limits of
Table 1-9.

• Intermittent Noise: Prevent noises from non stationary mobile equipment
oQerated by a driver or from any source of non-scheduled, intermittent,
non-repetitive, short-term noises not lasting more than a few hours from
exceeding the limits of Table 1-10.

Special Zone or Special Construction Site. In areas outside of Construction Limits
but for which the Contraetor has obtained designation as a Special Zone or Special
Construction Site from the agency having jurisdiction, the noise limitations for build-
ings in industrial areas apply.

~n zones designated by the local agency having jurisdiction as a special zone or
special premise or special facilities, sueh as hospital zones, the noise level and working
time restrictions imposed by the agency shall apply. These zones and work hour restric-
tions shall be obtained by the Contractor from the local agency.
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Table 1-9

LIMITS FOR CONTINUOUS CONSTRUCTION NOISE

Affected Structure or Area

Residential

single family residence

along an arterial or in mu~lti-
family residential areas,
including hospitals

in semi-residentiallcommercial
mreas, including hotels

Commercial

in semi-residential/commercial
areas, including schools

in commercial areas with no
nighttime residency

Industrial

all locations

1-13

Maximum Allowable
Continuous Noise Level, dB(A)

Da ime Ni ttime

60 50

65 55

70 60

At All Times

70

?5

80



Table 1-10

LIMITS FOR INTERMITTENT CONSTRUCTION NOISE

Affected Structure or Area

Residential

s~r3gle gamily ~esidene~

along an arterial or in multi-
family residential areas,
ineluding hospitals

in semi-residential/commercial
areas, including hotels

Commercial

in semi-residential/commercial
areas, including schools

in commercial areas with no
nighttime residency

Industrial

all locations

Maximum Allowable
Continuous Noise Level, dB(A)

Da ime Nighttime

75 60

80 65

85 70

At All Times

85

85

90

More Than One Limit A lieable. Where more than one noise limit is applicable,use the more restrictive requirement or determining compliance.

Noise Emission Restrictions. Use only equipment meeting the noise emission limitslisted in Table 1-11, as measured at a distance of 50 feet from the equipment in sub-stantial conformity with the provisions of the latest revisions of SAE J366b, SAE J88,and SAE J952b (SAE, 1973a,b, 1979) or in accordance with the measurement proceduresspecified herein.
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Table 1-11

NOISE EMISSION LIMITS ON CONSTRUCTION NOISE

TYPE OF EQUIPMENT

All equipment other than highway
trucks; including hand tools and
heavy equipment

Highway trucks in an5~ operating
mode or location

tT:l~'_a" T _• r_~~urnuvii Level nesicicLions.

MAXIMUM NOISE LIMIT

Date Equipment
Acquired

Before
January 1, 1982

90 dB(A)

83 dB(A)

On or After
January 1, 1982

85 dB(A)

80 dB(A)

Vibration Limits in All Areas. Conduct construction activities in sueh a manner
that vibration levels at a distance of 150 feet from the Construction Limits or at the
nearest affected building, whichever is closer, do not exceed root-mean-square (rms)
vibration velocity levels of 0.01 inches per second in any direction over the frequency
C$~~~ Of 1 ZO ZOO HG.

Special Zones. In zones designated by the local agency having jurisdiction as a
special zone or special premise or special facilities, the vibration level and working
time restrictions imposed by the agency shall apply. These zones and work hour restric-
tions shall be obtained by the Contractor from the local agency.

Noise and Vibration Control Re uirements. Notwithstanding the specific noise and
vi~P~~ion ievei iimiie~ions speci ied Herein, utilize the noise and vibration control mea-
sures listed below to minimize to the greatest extent feasible the noise and vibration
levels in all areas outside the Construction Limits.

e

•

•

•

Utilize shields, impervious fences or other physical sound barriers to inhibit trans-
mission of noise.

~7t~zs sc>>.aaud~e*_ea~dart ~►cr3asi*~gs ~r ~:ae?~sur~~ ~roa~~ roi~-~r~~.:cir~g ~~nip~~rt.

uiiiize efieciive intake and exhaust mufflers on internal combustion engines and
compressors.

Line or cover hoppers, storage bins and chutes with sound-cleaden~r~ mAterial,

Do not use air- or gasoline-driven saws.

Conduct truck loading, unloading and hauling operations so that noise and vibra-
tion are kept to a minimum.
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• Route construction equipment and vehicles carrying spoil, concrete or other
materials over streets and routes that will cause the least disturbance to residents
in the vicinity of the work. Advise the engineer in writing of the proposed haul
routes prior to securing a permit from the local government.

• Site stationary equipment to minimize noise and vibration impact on the com-
munity, sub}ect to approval of the Engineer.

• Use vibratory pile drivers or augering fa setting piles in lieu of impact pile
drivers. If impact pile drivers must be used, their use is restricted to the hours
from $:00 a.:r.. 'ta ~:~~ g.rr~. ~reekdays iii ~esid~~4i~1 and semi-residential/com-
mercial areas.

Blastine Noise and Vibration Control

General. Perform blasting operations in a manner to minimize noise and vibration. Use
blasting procedures and covers providing effective suppression of noise and vibration
and employ other abatement measures necessary for protection of both employees and
the public. In addition, restrict working hours and schedule operations in a manner that
will minimize to the greatest extent feasible the disturbance to the public in areas
adjacent to the work and to occupants of buildings in the vicinity of the work. Com-
pliance with the requirements of this Section will not relieve the Contractor fromresponsibility for compliance with state and local ordinances, regulations, and other
Sections of this criteria document.

Monitoring. Monitor noise and vibration levels of work operations to assure compliance
with the limitations contained herein and retain records of measurements for inspection
by the Engineer. Promptly inform the Engineer of any complaints received from the
public regarding noise or vibration. Describe the action proposed and the schedule for
implementation and subsequently inform the Engineer of the results of the action.

Time of Blasting.

General. Restrict blasting to daytime hours, 7:00 a.m. to 8:00 p.m. daily except
Sundays and legal holidays.

Emergency. In the event that safety or emergency considerations require blasting
during nighttime hours, 8:00 p.m. to 7:00 a.m., and Sundays and legal holidays, blasts
may be fired at such times subject to prior notice to and approval by the Engineer and
subject to the restrictions of Section 7.12.4.B.

Special Considerations. In addition to the restrictions of Section 7.12.3. A, ifsituations and circumstances regcure, restrict blasting to within reasonably safe dis-tances of noise and vibration sensitive premises or facilities to specific daytime periods
determined by the Engineer and schedule and coordinate each shot with the Engineer.

Ground Vibration Due to Blasting.

general. Conduct blasting operations to avoid damage to structures or buildingsand to prevent peak particle velocity of blest-induced motion from exceeding 2.0 inches
per second on or in the nearest structure or on the ground at the nearest structure or200 feet from the Construction Limits, whichever is closer.
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Peak particle velocity is defined as the instantaneous maximum vector sum of the
velocity vectors in three mutually perpendicular directions at the point of interest.

Emergency Blasting. Emergency blasting required to protect the safety of the
project during the nighttime period will be controlled to prevent peak particle velocity
of ground vibration at the nearest building having nighttime occupancy or 200 feet fram
the Construction Limits, whichever is closer, from exceeding 0.2 inches per second.
Notwithstanding the above, if the emergency arises from inability of Contractor to fire
loaded holes within the daytime period solely due to unavoidable conditions, peak par-
ticle velocity of ground vibration may exceed 0.2 inches per second but will not exceed
2.0 inches per second.

New Concrete. Conduct blasting operations to prevent peak particle e►elocity of
ground vibration from exceeding 1.0 inch per second at concrete less than 3 days old or
2.0 inches per second at concrete less than 7 days old. Do not blest within 25 feet of
concrete less than 7 days old unless a satisf8etory plan has been submitted in writing
and accepted by the Engineer.

Noise (Overpressure) Due to Blasting.

General. Conduct daytime blasting in such a manner as to limit instantaneous
peak overpressure to 0.01 psi at the nearest building or 200 feet from the Construction
Limits, whichever is closer. All instrumentation must be linear in response with a range
of at least 5 Hz to 200 Hz.

Emergency. Conduct nighttime blasting in such a manner as to limit instanta-
neous peak overpressure to 0.0004 psi at the nearest building or 200 feet from the
Construction Limits, whichever is closer.

Overpressure Control Measures. Notwithstanding the specific limitations speci-
fied herein, utilize control measures such as listed below to minimize to the greatest
extent feasible the blasting overpressure in all areas outside the Construction Limits.

• tTtilize weighted covers on vertical and inclined shafts to contain blasting
overpressure.

• Utilize blasting mats at the excavation where feasible.

• Minimize charge per delay.

• Arrange covers and excavation to maximize underground volume e~osed
to blast pressure.

Test Blasts. Perform at least one small charge test blast at each new drill and blast
excavation site prior to commencement of production blasting. The purpose is to estab-
lish local ¢round-borne vibration and airborne ~v~~~a~~su~re ~m~gAtti~n ~hArA~tPrigti~g
and anomalies to aid in determination of efficient charges that will not cause the
swn»nA~Mwnn ~ril~wntiww enA r►... tt ta. a. L- -~-~ ^---°e--~6...... a... vva arc, ~avaa~avaa aaa~a °QU VViiIC VYC1~ElltjJtil"C 111111 tJ lU UC Cl[(; f'G''(~eU. li~C7lVlI~~e

scheduling of each test blast with the Engineer.
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General Precautions in Blasting Operations.

• Notify all parties owning or operating subsurface utilities 72 hours before com-
mencing blasting operations.

• Coordinate and obtain the Engineer's approval for the daily blasting schedule.

• Use controlled blasting techniques to minimize fracturing the rock outside the
neat lines of the excavation.

~ ~3se such sizes and arrangement of explosive charges and such method of detona-
tion that will reduce the magnitude of vibration resulting from the explosion to
the limits specified in previous Sections to prevent damage to the constructed
works as well as to services, buildings or property in the neighborhood; and to
minimize nuisance to nearby residents.

• Employ all necessary and satisfactory means of protection, such as temporary
bridges, staging, chains, rope-nets, mats, timber and the like, to prevent any
stones and fragments of rock or other materials from being shot or thrown out of
any excavation.

• As the excavation proceeds and immediately after each blast, test the roof and
walls and scale loose and shattered rock which is liable to fall. Carr}' out similar
checks of previously excavated sections at least every 48 hours.

• Do not blast in ground which, in the opinion of the Engineer, is loose or liable to
slip. Wedging and barring only shall be allowed in such ground.

• Before blasting within 15 feet of an existing line of water, gas or sewer pipes or
within 50 feet of any completed part of the works, submit and obtain approval of
a plan showing the relative positions of the existing service or completed part of
the Works and the area to be blasted and the blasting technique to be employed.
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NOISE AND VI~RATiON REGULI~TIOP1~ AND GUIDELINES

Introduction

In rapid transit systems, the noise and vibration produced by operation of the vehicles
and, in some cases, from ancillary facilities can cause significant environmental
impacts. In reaction to this and other community raise sources, there has been cvnsid-
erable legislative action, at the local, state and federal levels, which has produced
regulations that may affect the design and operation requirements for a new rail transit
facility. Such ordinances in almost all cases address the noise from ancillary facilities
and may address the noise from facility construction activities. In addition, some stan-
dards or ordinances enacted directly address the noise from rail transit system vehicle
operations.

Although some agencies are beginning to consider ground-borne vibration and/or build-
ing vibration standards as an adjunct or supplement to noise standards and ordinances,
at the present time there are very few standards which sQecify vibration level limits.
Since ground-borne vibration is one of the most significant environmental aspects of a
rail transit system, it is appropriate and necessary to consider the effects of ground-
borne vibration even though there may be no applicable standards or ordinances which
~~re~t~y a~u c~ tii~ iac~or. ne maieriai presented in finis aiiachment is divided into
two sections: e compendium and review of the legal statutes and guidelines which may
pertain to the construction operation and maintenance of the Metro Rail project (Los
Angeles County Board of Supervisors, n.d.); and a digest of the Metro Rail Noise and
Vibration Design Criteria.

Leal Statutes and Guidelines

Overview. The proposed 18.6-mile route of the Metro Rail project will be located
entirely within the County of Los Angeles and, for the most part, within the incorpo-
rated area of the City of Los Angeles. Thus, the applicable legislation includes any
federal, State of California, or City and County of Los Angeles standards or ordinances
which address noise and vibration aspects of the Metro flail project.

One of the most important pieces of legislation that has had a major impact on noise
control and on the issuance of noise regulations in the USA is the Noise Control Act of
i~72 ~u.~. Congress, l~~~j. ~Tnder this Act, states and municipalities retain primary
responsibility for noise eontroL The Act authorizes the U.S. Environmental Protection
Agency (EPA) to provide technical assistance to states and municipalities to facilitate
development and implementation of their environmental noise control programs. The
A~± sp~~i~e~ ~oa~s~tru~tior @qui~ment s~ arse of tt~~ fo~t~r- ~t~gari~s of e~us~~iea4 46 ~e
studied by the EPA.

Pursuant to the California Government Code (1972), Section 65302 (g), both the County
and the City have adopted Noise Elements as part of their General Plans. The Cali-
fornia Government Code requires lbut does not limit) thu~t the e;pnpr~~ piwn Flpmont
include consideration of the following sources of noise generation:
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• Highways and freeways

• Primary arterials and local streets

• Passenger and freight on-line railroad operations

• Rapid transit system operations

• Commercial, general aviation, heliport, helistop 8nd military airport operations,aircraft overflights, jet engine test stands, and all other ground facilities andnn~inte~~.nce f~anct~~n~ related to airport oper~tio~.s

• Local industrial plants including railroad classification yards

• Other stationary noise sources identified by local agencies as contributing to thecommunity noise environment (California Department of Health; Governor'sOffice of Planning and Research, 1976).

Both the County and City of Los Angeles have complied with the requirements of theCalifornia Government Code Section 65302 (g) by adopting a Noise Element to theGeneral Plan. These Noise Elements in combination with the City and County NoiseOrdinances result in some limitations and requirements of the Metro Rail project. Pri-marily these restrictions apply to construction noise and vibration and to ancillaryfacility noise during operation. They do not apply to vehicle operation during revenueservice.

The State of California has enacted a number of laws intended to control noise. Noneof these state laws directly affect the Metro Rail project. The California Administra-tive Code, Title 25, does indirectly establish a noise exposure limit standard for airborne noise from rail transit vehicle operations. None of the federal agencies, EPA,DOT o~ UMTA, have produced regulations which are applicable to the Metro Rail Proj-ect other than some EPA regulations which affect construction equipment noise emis-sion. The general policy of UMTA is to review and comment on environmental impactstatements and to assure compliance with commitments of the environmental impactstatement.

Transit industry practices generally follow the noise and vibration design limits as out-lined in the APTA Publication, "Guidelines for Design of Rapid Transit Facilities." Thisincludes ell of the newer system facilities end equipment recently designed and built inWashington, DC, Baltimore, Atlanta, and Buffalo.

Existing General Plan Elements and Local Noise Ordinances

County General Plan Noise Element. The Los Angeles County General Plan NoiseElement was adopted in 1974 and is essentially an Action Plan which establishes a listof priority actions to be undertaken by the County to meet Plan objectives (Los AngelesCounty Department of Regional Planning, 1974). One of these recommendations callsfor the passage of "a comprehensive Noise Ordinance" and amendments to the "buildingeod~, ~ub~ivisic~n, ~d ~o~iflg ~dinanees... to reflect the latest noise abatement tech-niques." One result of the Action Plan has been the passage of Ordinance 11,778, theNoise Control Ordinance of the County of Los Angeles (Los Angeles County Board ofSupervisors, n.d.).
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Count Noise Ordinance. The County I~ois~ Ordf nonce tLos Angeles County hoard ofSupervisors, n.d. relates to the control of noise and vibration and states: "It shall bethe policy of the County to maintain quiet in those areas which exhibit low noise levelsand to implement programs aimed at reducing noise in those areas where noise levels
are above acceptable v~lu~o"

The Ordinance adopted measurement standards, established community noise criteria,
defined prohibited actions, provided a variance mechanism, and charged the County
Health Officer with the principal role of enforcement (Los Angeles County Board ofSupervisors, n.d.). The impact of the County Noise Ordinance on the construction endoperation of the transit system is evaluated later in this reQort.

Cit General Plan Noise Element. The City of Los Angeles General Plan Noise Elementwas adopted in 1975 and ocuses significant attention upon the transportation sector esa noise generator and places particular emphasis on aviation noise sources (Los AngelesCounty Department of Regional Planning, 1975). The Noise Element does not suggest aspecific action program; rather, it outlines broad conceptual programs and leaves it upto various City Departments to develop the required regulations and/or ordinances.

Cit Noise Ordinance. The City of Los Angeles' first Noise Ordinance (144,331) (City ofLos Angeles, 1973 predates the City General Plan Noise Element (6) and was adopted
V t}IP ~It j r t~nn~l ~n 1 7R T4 '~ ~ a `- nh O ~9~.,. ~~ ;~ avuii~~ iv►ili?iCi~c:iYl~ wiin aeciion 111.U1~ lII Lh@ LOS

Angeles Municipal Code. The Ordinance was recently submitted to the City Council for
amendment in areas which do not affect the construction and operation of the transit
system. The City Noise Ordinance establishes standards for ambient noise levels within
various land use zones and the criteria for maximum noise levels. The potential impact
of the City Noise Ordinance upon the construction and operation of the transit system
is discussed belaw.

Potential Impacts of Local and Federal Aeencv Re¢ul~tions

The impacts of local and federal regulatians upon the construction and operations of theMetro Rail project are discussed separately herein Both construction and operations
may be affected by either the City and County Noise Ordinances or the EPA noise
emission standards, or both.

Construction -Local Regulations. Both the City and County Noise Ordinances pre-
~~~i~ u,~,:~ ~~~ ~;~strurtia~ aai~~. mc~s~ of one transit alignment is to be located
within the municipal boundaries of the City of Los Angeles and will therefore fall under
jurisdiction of the Municipal Code (City of Los Angeles, 1973).

First, the City Noise Ordinance ~rola~~~ts ~h~ g~~er~*_imn ~f ~~ar~tr~c~i~r. r~l~te~ res:se
during the hours of 9:00 p.m. to ?:00 e.m. (Slaughter, 1981). Further, Section 112.05(x)
of the City Noise Ordinance states that no person shall operate any powered equipment
or powered hand tool that exceeds a maximum noise level of ?5 d8(A) at a distance of
~0 ~~t, iiw ~a~mum floe iimii applies to iii construction and industrial machinery
including crawlertractors, dozers, rotary drills and au¢ers. loaders; Dower shovels;
cranes, derricks, motor graders, paving machines, offfiighway trucks, ditchers,
trenchers, compactors, scrapers, wagons, pavement breakers, compressors, and pneu-
matirpowered equipment.
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The City Noise Ordinance also states that the noise limits for particular equipment
listed above shall be deemed to be superseded and replaced by noise limits for such
equipment from and after their establishment by final regulations adopted by the Fed-
eral Environmental Protection Agency and publication in the Federal Register.

However, the City Noise Ordinance recognizes the difficulty of achieving the strict
noise limits for all the equipment and states that said limitations shall not apply where
compliance therewith is technically infeasible (emphasis added). The burden of proving
that compliance is technically infeasible shall be upon the person or persons, i.e., the
contractor, charged with non-compliance. Technical infeasibility shall mean that said
noise limitations cannot be achieved despite the use of mufflers, shields, sound barriers
and/or eny other noise reduction devices or techniques during operation of the equip-
ment (City of Los Angeles, 1973).

The County Noise Ordinance (Los Angeles County Board of Supervisors, n.d.) aLso
addresses construction-related noise and vibration nuisance. It states (in part): "Not-
withstanding any other provisions of this ordinance, the following acts and the causing
or permitting thereof are declared to be in violation of this ordinance: Operating or
causing the operation of any tools or equipment used in construction, drilling, repair,
alteration, or demolition work, between weekday hours of 8:00 p.m. and 7:00 e.m. (note
that this should be 8:00 p.m. to be consistent with other provisions of the'Ordinance) or
at any time on Sundays or holidays, such that the sound therefrom creates a noise
disturbance across a residential or commercial real property line, except for emergener
work of public service utilities or by variance issued by the Health Officer." The
County Noise Ordinance stipulates that the contractor shall conduct construction activ-
ities in such a manner that the maximum noise levels at the affected buildings will not
exceed the following.

At Residential Structures.

• Mobile Equipment

Maximum noise levels for nonscheduled, intermittent, short-term operation
(less than 10 days) of mobile equipment:

Daily, except
Sundays and
Legal holidays
7a.m.to8p.m.

Single Family
Residenti8l

75 dB(A)

Daily, 8 p. m. 60 dB(A)
to 7 a. m., end
all day Sundays
and legalholideys

• Stationary Equipment

Multi-Family Semi-Residential!
Residential Commercial

80 dB(A) 85 dB(A)

65 dB(A) ?0 dB(A)

Maximum noise levels for repetitively scheduled and relatively long-term
operation (periods of 10 days or more of stationary equipment):
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Single Family
Residential

Deily, except
Sundays and legal
holidays 7 a.m.
to 8 p. m.

Daily, 8 p. m.
to 7 a. m., and
all day Sundays
and legal holidays

At Business Structures.

60 dB(A)

50 dB(A)

• Mobile Equipment

Multi-Family Semi-Residential/
Residential Commercial

65 dB(A) ?0 dB(A)

55 dB(A) 60 dB(A)

Maximum noise levels for nonscheduled, intermittent, short-term opera-
tion of mobile equipment: daily, including Sundays and legal holidays,
all hours; maximum of 85 dB(A).

The County Noise Ordinance also states that in case of a conflict between
this ordinance and any other ordinance regulating construction activities,
provisions of any sQecific ordinance regulating construction activities shall
control. This statement implies that in areas of the City, the City Noise
Ordinance shall apply. The implication is also that any ordinance which has
more strict regulations will control; however, this is not e~2icitly stated.

In addition to the noise limits, the County Noise Ordinance prohibits oper-
ating or permitting the operation of eny device that creates a vibration
which is above the vibration perception threshold of an individual at or
beyond the property boundary of the source, if on private property, or at
150 feet (46 m) from the source if on a public space or public right-of-way.
The perception threshold shall be a motion velocity of 0.01 in/sec. over the
range of 1 to 100 Hertz. The Ordinance fails to clarify whether peak or
R!VIS vibration velocity is to be considered.

Construction -EPA Emission Standards. The pertinent EPA noise emission standards
are those relating to portable air compressors and for new wheel and crawler tractors.

On January 14, 1976, EPA published final regulations on newly manufactured portable
air compressors (Federal Register, 1976). I`fiis document speciffes a test procedure
involving measurement at five orthogonal positions 7 m from the compressor surface,
the measurement pcc~itions in the plane horizontal to the (hard) ground being at a height
gf 1,5 m, ThP _a~~ifiPC~ pr~PrA~ino n_~nc~itinn IC fll~~ ~AA[I AT1~ tFIP TP.C~II~t$ i11'P. [~ATT1~1]tP~ AP
the basis of energy averaged sound level at 7 m distance. The noise emission standard
was ~2 at 7o c viAi.

On July 11, 1977, EPA futher published noise emission regulations for new wheel and
crawler tractors having horsepower ratings from 20 hp to 500 hp (Federal Register,
1977). The regu]ation stipulates the following limits, measured at 15 m.
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Not to Exceed
A-Weighted

Machine Horse- Sound Effective
Type power Level (dB(A)) Date

Crawler Tractor 20 to 199 ?7 Mareh 1981
?4 March 1984

Crawler Tractor 2a0 to 450 83 March 1981
80 March 1984

Wheel Loader 20 to 249 79 March 1981
?6 March 1984

Wheel Loader 250 to 500 84 March 1981
80 March 1984

Wheel Tractor 20 plus 74 March 1981

'IYansit System Operations - Local Regulations. Neither the City nor County of LosAngeles Noise Ordinance establishes speci i~`'c -criteria for transportation vehicle gen-erated raise. This may be partially due to the fact that the federal and state govern-ments have preempted much of this area of law. In the case of transit operations, thepertinent noise and vibration criteria are generally based on the American Public Tran-sit Association document, "Guidelines for Design of Rapid Transit Facilities," usuallyreferred to as the "APTA Guidelines" (APTA, 1979). These criteria are fully considered
in the report "Noise and Vibration Design Criteria for the Metro Rail project," datedApril 1982. The standards regarding noise and vibration in general use by the transitindustry are presented in Section 5 of this report.

While the City and County Noise Ordinances do not specifically address (through pro-hibitions, establishment of criteria, etc.) transit vehicle noise, they do address transitancillary facility noise sources associated with the system operations, specifically ven-tilation and air conditioning equipment noise.

Section 112.02 of the Los Angeles Municipal Code (City of Los Angeles, 1973) is cur-rently under consideration for amendment to read: "It shall be unlawful for any person,within any zone of the City, to operate any air conditioning, refrigeration, or heatingequipment for any residence or other structure or to operate any pumping, filtering, orheating equipment for any pool or reservoir in such a manner as to create on thepremises of any other occupied property any noise which would cause the noise level toexceed the ambient noise level by more than five (5) decibels."

Article V of the County Noise Ordinance (Los Angeles County Board of SuQervisors,n.d.) prohibits the operation of any air conditioning or refrigeration equipment in such amanner as to elevate the ambient noise level on the property line of any adjoiningr~ci~enee beyond 55 d~(A).

Transit S stem O rations -State Re tions. The California Noise Control Act of1973 Cali ornie Health and Sa ety Cale, 1973) does not specifically address rapid
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transit system operations or construction. However, it does declare that excessivenoise is a serious hazard to the public health and welfare and that it is a policy of thestate to provide an environment for all Californians free from noise that may be haz-ardous to their health or welfare. Thereafter, the Act assigns the Office of NAi~e~r►troY of the California Department of Health the responsibility for developing cri-teria and guidelines for use in setting standards for human exposure to noise in coopera-tion with local governments or the State Legislature. Most of the effect of the Cali-fornia Noise Control Act is via the local noise ordinances and standards, as discussedabove. However, there are some state laws or standards which potentially affect theoperation of a transit system.

The California Vehicle Code (n.d.) includes e number of sections which provide specificnoise limits for motor vehicles subject to regi~tr~tion and off-highway vehicles subjectto identification. Because of the definition as motor vehicles and the requirements forregistration or identification, these limits do not apply to transit vehicles.

The California Noise Insulation Standards (n.d.) include a provision which fndfrectlyaffects noise from rail transit system oper~ti~ns. do Subsection (e) (n.d.) of T25-28,Noise Insulation Standards, the indication is that, where residential buildings or struc-tures will be located within an annual exterior Community Noise Equivalent Level(CNEL) contour of 60 dB(A) adjacent to rapid transit lines; there shAtt nP ~ A~~~~±;c41~analysis showing that the proposed building has been designed to limit intruding noise tothe allowable interior noise levels prescribed in Section (e) (n.d.). An exception is listedfor railroads where there are no nighttime operations and daytime operations do notexceed four trains per day. This requirement applies to new residential buildings orstructures to be located near the noise source. However, the implication is that when anew noise source, such as a rail transit s~rstem, is Qlaced in proac~rxaity t~ residentialstructures, the noise exposure level created by that new noise source should not exceeda CNEL 60 dB(A) level at the residential structures. While this interpretation is notspecifically stated in any of the California Administrative Code Sections, the Standarddoes provide an appropriate design criterion for airborne noise from transit vehicleoperations for a new transit system. Note that many jurisdictions are applying theCalifornia Administrative Code standards to any change in use of residential structures,such as conversion of apartments to condominiums.

There are a number of other California laws involving noise including: the CaliforniaNoise Control Safety Orders (n.d.), the California Airport Noise Standards (n.d.), theCalifornia Aircraft Noise Limits Law (1971), ~hg ~s,~lifnrnig T.ww ~;~ F~~~~,~y ~T;,,~~
Affecting Classrooms (n.d.), and the California Motorboat Noise Law (1973). However,none of these address any of the noise or vibration aspects of a rail transit project.

Transit System Operations - Federal Agency ~tegulations. While the U.S. EPA providest~~t~riieai ~istatice to state and local agencies to alitate implementation of envi-ronmental noise control programs, the EPA has not produced any regulations specific totransit system operations. The only regulations implemented are those which apply tosome tyQes of equipment use ~n ennct,~~+_~~n gn~1 f*r;n,4e +,.u~ iii iiii~l~~aiZ Z-~Ti3~iecCe.

Thp iT C Tlcnn~.tme..♦ ~' ~.,~••••__a-ae-- i......,...~,~.. .~..~ ~a ~ ~ a.o~,r ~~ uvn wv ~ ~ and ine urban iv~ass ~ansportationAgency (UMTA) of DOT also do not have any specific noise and vibration guidelines orcriteria for rapid transit systems. Their ~etivity in thas area is limited t~ review ofenvironmental impact statements and review of design features to assure compliancewith the environmental impact statement requirements and standard industry practices.
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Transit Industry Practices

There are basically two sets of standards regarding noise and vibration which are in
general use by the transit industry. These are:

• The Institute for Rapid Transit (IRT) Guidelines developed in 1970 to 1972 and
published in May 1973 (IRT, 1973), entitled: "Guidelines and Principles for Design
of Rapid Transit Facilities."

~ The revised noise and vibration standards in the American Public Transit Asso-
ciation document, "Guidelines for Design of Rapid Transit Facilities," developed
in 196 to 1978 and published in 1979 (APTA, 1979), usually referred to as the
"APTA Guidelines."

The noise and vibration standards indicated in the original I~tT Guidelines and in the
APTA Guidelines are widely used by the transit industry for determining appropriate
design criteria or design goals for noise and vibration produced by various components
of a transit system. The guidelines include noise and vibration from transit vehicles for
operations both below ground and above ground, design criteria for stations for control
of noise from all sources and desigm criteria for fan and vent shaft noise or other
ancillary facility noise. The guidelines also include the noise and vibration limit speci-
fications to be applied to transit vehicles via the purchase contract documents.

The main difference between the noise and vibration guidelines or design goals in the
newer APTA 1979 publication, compared to the original IRT specification, is some
modification of the transit vehicle noise level limits or design goals. Because of experi-
ence with some of the vehicles produced in the 1970s, it was thought that the noise
limit specifications for some items of the vehicle equipment were too severe and were
causing extra cost and difficulty in producing the cars. As a result, some of the ear
interior and car exterior noise limits, particularly for auxiliary equipment, were
increased by 2 to 5 dB(A). This was in response. to criticism and requests from the
manufacturers. As it has turned out, evaluation of vehicles and equipment produced by
manufacturers have shown that it was, in fact, possible to have produced the equipment
within the noise level specifications required with simple designs and at reasonable
costs. Thus, it was not necessary to have raised the limits. However, insufficient
information on the characteristics of the equipment was available at the time tl~e
guidelines were developed.
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ATTACHMENT 3

ENGINEERING LINE STATION REFERENCE MAPS
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Fairfax Extended Alternative
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